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NATURE 1 


DISTRIBUTION OF SCIENTIFIC EFFORT 


DES thirteenth annual report of the National Science 
Foundation *, covering the year July 1, 1962—June 30, 
1983, is the first annual report of the Foundation to be 
transmitted over the signature of the new director, Dr. 
L. J. Haworth. The activities described were carried out 
under Dr. A. T. Waterman’s directorate and much of the 
interest of the report lies in Dr. Waterman’s farewell 
statement as director. Essentially it follows the pattern 
of the twelfth annual reportt, covering the year ended 
June 80, 1962, and earlier ones. Dr. Waterman's stabe- 
ment in the twelfth annual report is of particular interest, 
however, as it emphasizes the important new dimension 
acquired by science and one fraught with far-reaching 
social problems, namely, its potentiality for oreeting 
radical or large-scale changes in man’s environment. Dr. 
Waterman’s statement first directs attention to the major 
limitations imposed in the overall planning process by 
fingnoe. In this connexion he observes that it is not 
- sufficient merely to identify the immediate objectives, 
and proceed on the basis of studies of practicability, 
organization and procedure with a selected series of under- 
takings, basing the support of all scientific and techno- 
logical activities on these speciflo objectives, in spite of 
the appeal of this approach from the point of view of 
management practice and efficiency. He emphasizes that 
our planning must encourage research in arees that are 
highly signifloant from the scientific point of view, and 
insists that we should not be limited by whether or not 
such research appears to have any immediate practical 
application. Basic research should contribute to the 
achievement of foreseeable objectives by providing 
assistance in all directions that science itself regards as 
significant and. feasible. 

Finanoe, however, is not the only limiting factor, and 
Dr. Waterman onoe again insiste that the moet important 
limitation is that imposed by manpower. He reminds us 
of the faot that there is a firm limit provided by the 
proportion of the population possessing ability to enter 
the professions of science and engineering—e factor to 
which insufficient attention is sometimes directed m 
planning the expansion of higher education in Britain. 
For a free society the problem, he suggesta, is to identify 
and to stimulate the fraction of the population possessing 
such aptitudes and to provide for their education and 
training. Nor should it be overlooked that somethmg 
like 40 per cent of studente specializing in science and 
engineering shoyld undertake academic careers if we are 
to be sure that sufficient research, and instruction of the 
high quality required, will be available to achieve our 
overall objectives. 

This said, however, Dr. Waterman insista, as does the 
Commoner Report (Nature, 206, 1277; 1965), that it is 
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man's new capacity to effect major changes in his environ- 
ment and in himself that should engage our most serious 
attention. Technical developmente directly influence our 
environment on an unprecedented scale, and it may well 
be asked whether man is giving sufficient consideration to 
the possible consequences of experimenting on the present 
scale. Dr. Waterman points out that ıb is essential that 
we abould fully recognize the dangers as well as the 
benefits that may attend modern research programmes 
and the application of new products an an ever-increasing 
scale. If every possible precaution is to be taken in 
experiments and pilot operations on a global scale, inter- 
national co-operation is indispensable. He insiste that it 
is easential that nations should come together in an effort 
to determine the extent of the hazards involved in such 
matters as nuclear explosions, water pollution: and the 
manipulation. of weather and climate, and to consider the 
types of controls that should be instituted. This is quite 
apart from the increasing extent to which the scale of the 
producta involves resources far beyond those which a 
single nation could afford. Dr. Waterman concludes this 
statement by referring to some striking examples of suo- 
cessful international co-operation in this field, such as the 
International Geophysical Year and the programmes 
growing out of it, the International Year of the Quiet 


` Bun and research on the upper mantle of the Earth's 


crust. The World Health Organisation, the Food and 
Agriculture Organization, and the World Meteorological 
Organization of the United Nations provide other 
examples of successful international oo-operation in 
science, while the United Nations Educational, Scientific 
and Cultural Organization has alao played an important 
part, especially among the undeveloped nations. Necessity 
as the primary motive for discovery is fast disappearing, 
but we are now faced with innovation on & constantly 
growing scale, and with the question of.whether we will 
continue to exploit Nature (including man himself) for 
immediate practical objectives with the minimum regard 
for possible long-range consequences. The greater the 
innovation and the larger the effort we devote to it, the 
heavier the responsibility for thorough study of its 
purpose, motive and consequences. We should be seeking 
not merely knowledge but understanding and, to the 
extent that it is possible, wisdom. In this basic research 
the outstanding individual will always provide the most 
important and vital contribution. 

Dr. Waterman’s valedictory statement in the thirteenth 
annual report follows appropriately on his previous year’s 
statement, being essentially a review and critical analysis 
of overall trends in research and development in scientiflo 
manpower, and their significance for national strength in 
science and technology. While the Federal Government 
played a leading part in providing funda and introducing 
and supporting large and oritical programmes in the 
spectacular development of science and technology in the 
United States in recent years, Dr. Waterman points out 
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that the scale of the national effort demands careful 
consideration of certain questions. Among these questions 
the moet important are: whether the grand total for 
research and development can be justified 1n the national 
interest in terms of money, manpower and other resources; 
whether the objectives of the ing represent & 
wise, prudent and adequate selection of national priorities; 
to what extent the component programmes in the effort 
are feasible and are intelligently designed to meet these 
objectivea; whether the effort is conducted with proper 
efficiency and economy; and whether there existe, now 
and for the foreseeable future, the requisite scientific and 
engineermg manpower. These are all pointa which call 
for consideration in framing soientiflo policy whether in 
the scientific fleld narrowly considered or on the wider 
national soale: they oall for consideration by other 
Governments as much as by that of the United States, 
where the National Science Foundation was formed to 
facilitate the analysis of the facte and the review of the 
situation by competent and experienced persons. 

Dr. Waterman returns fairly confident answers to the 
questions he asks. Since the National Science Foundation 
began to analyse the-data in 1958, the sources of funds 
have changed very little, and while the Federal con- 
tribution increased from 58 per cent to 65 per cant, tbis 
increase occurred between 1953 and 1957 and has 
remained practically constant since. In basic research, 
however, the total funds are now nearly 1,500 million 
dollars, or about three times what they were in 1958, but 
ag a peroentago of the total they remained nearly constant 
at 8 per oent until two years ago, when they rose to 10 per 
cent, mainly through major new undertakings in such 
fields as oceanography, the atmospheric sciences, high- 
energy physics and space research. Somewhat leas than 
60 per cent of these basic research funds oome from the 
Federal Government, while rather more than 25 per cent 
of the basio research is conducted in colleges and univer- 
gities and about 16 per cent by Government. Statistically 
and fundamentally, the growth of science and technology 
among the three eoonomio sectors over the past decades 
appears to have been balanced and consistent, and Dr. 
Waterman does not display the concern over space 
research which is manifested in the Commoner Report. 
Most of the research and development is being carried out 
directly in the national interest, and although the Federal 
Government is not acquiring a larger proportionate share 
in the investment in research and development, or en- 
croaching inoreaaingly on private and other sectors, these 
‘conditions may not always apply within particular 
programmes, projects or areas of science. If, therefore, 
any substantial economies are to be effected, they must 
be applied to the 90 per cent of the effort directed towards 
practical objectives and not in the bamo research effort, 
unless the economy is to be disastrously affected. 

Basio research, Dr. Waterman insiste, provides the 
foundation for technological advance, as well as determ- 
ining the potentialities of ecientiflo progress and providing 
the essential advanced training for scientists and engineers. 
As to the capacity of the United States to support its 
present effort, he again believes that the limiting factor 
is the number of scientists and engineers available and 
the extent to which facilities for their education and 
training are available. Here it is the time scale that is 
immediately oritical. Generally, he points out, the studies 
of the National Science Foundation suggest that the 
employment of soientiste, engineers and technicians will 
be doubled by 1970, and the education and training of 
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this particular group can be achieved without depriving 
the country of the professional skill required in other 
flelda. Although the scientific manpower problem is very 
urgent the underlying problem is the much broader one 
of providing thoroughly competent training in all flelds, 
and Dr. Waterman suggests that the opportunities for 
radical improvement in general education in the United 
States are very great. He refers to evidence that careful 
attention to the improvement of elementary courses in 
stendard subjects could be decisive in producing effective 
long-range resulte. His observations fully substantiate 
the argument for giving much greater attention in Britain, 
also, to the revision of courses in science subjects at all 
levels. 

Dr. Waterman has some cautionary words about the 
support of basic research by the project system which 
should be noted carefully by those who are inclined to 
extend the contract system in Britain. He also notes the 
problem of continuity involved in the establishment of 
special research centres with only limited interesta, 
whether by the Government or otherwise. In a similar 
context, he suggesta that the sponsorship of special inte- 
grated programmes in such areas as oceanography, 
atmospheric sciences and high-energy physics should not 
be allowed unduly to curtail support for individuals in 
other flelds of science. In his ‘farewell review’, however, 
the emphasis is placed on the critical importance of 
fundamental research and on ensuring that this is allowed 
to develop freely, uncontrolled by political or social oon- 
siderations. For this he recognizes that there must be a 
fuller public understanding of science as well as of tech- 
nology and that to clarify the understanding of the 
distinction between science and technology provides an 
important starting point. Like the Commoner Committee, 
he recognizes that some of the decisions cannot be taken 
by scientists or technologists themselves, because they 
involve social and political issues; but there must be 
some general public understanding if the decisions taken 
are to be intelligent or appropriate. As in his previous 
statement, he concludes with & reference to the importance 
of international co-operation in this fleld. The statements 
illustrate how much the National Science Foundation has 
owed during the years to Dr. Waterman’s leadership and 
how well deserved are the tributes which his successor 
pays to him in his own statement in the fourteenth annual 
report of the Foundation", covering the year ended 
June 80, 1964. 

Dr. Haworth devotes that statement to outlining his 
views concerning the role of science and technology in 
national affairs, the responsibilities of the Federal Govern: 
ment for promoting science, technology and education 
in the public interest and, particularly, the part 
played by the National Soienoe Foundation. It is inter- 
esting to note the extent to which he places his chief 
emphasis on exactly the same points as doea Dr. Water- 
man, and especially on those which have recently been 
stressed in the Commoner Report on the integrity of 
science. He insiste, for example, that #h spite of their 
interaction and overlap, research and development are 
separable and separate entities, and that expenditure on 
development should be justified on grounds relating to 
ite final purpose and should not be competitive with 
expenditure on basio research, or even on broadly based 
applied research. Again, while all development, and much 
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applied research, is directed towards speciflo national goals, 
it is more important to aak, not bow much we can afford for 
research and development but how necessary a particular 
undertaking is to the achievement of a national goal. 
Criticism and appraisal must be specific, and Dr. Haworth 
is as clear as Dr. Waterman as to the vital importance of 
public understanding: the real objective in baaio research 
is to develop an understending of Nature. 


There is no misconception of the importance of all those . 


areas of activiby—baaio research, applied research, and 
development—or their interrelationship. Dr. Haworth 
suggests that scientists might have done more to explain 
clearly the nature of basic research. One of the most 
important features of his statement is his survey of the 
role of the National Science Foundation, including some 
specific criticism of the project grant system sa hitherto 
used. This is the more valuable in that it is placed in 
the context of the historical perspective rather than 
simply expressing & conviction that soientiflo and tech- 
nological progress depends alike on strengthening educa- 
tion in science and on maintaining and augmenting & fund 
of soientiflo knowledge, derived mainly from basic research. 
In this historical perspective he notes particularly the 
limitations which manpower, facilities and finance always 
impose on policy, the necessity of guarding against 
fragmented research effort or dissipation of resources, 
the extent to which scientific activities transcend the 
responsibility or interest of a single agency, and the 
need for continuous reappraisal from fresh vantage 
pointa. 

In the United States Dr. Haworth considers that the 
key individual in co-ordinating the national research and 
development effort is the Special Assistant to the President 
for Science and Technology, who is chairman of the 
President's Science Advisory Committee and of the 
Federal Council for Science and Technology ssa well as 
head of the Office of Science and Technology. The Federal 
Council for Science and Technology consists of the chief 
scientific officers of the nine Federal agencies most heavily 
involved in scientiflc activities and it leans heavily on the 
scientific advice of the Science Advisory Committee and 
National Academy of Sciences. It is under this system 
that the National Science Foundation operates and it bas 
in the past relied heavily on project grants in supporting 
research. Dr. Haworth now asks whether the Foundation 
' should attempt instead to devise new or modified pro- 
grammes of support; how the Foundation can be sure 
that the relative amounts of support provided to the 
various fields of science are approximately correct; and 
whether the Foundation should change its policies and 
procedures in response to increasing concern over the 
geographical concentration of Federal funds for research 
and development. ? 

Even in the United States these problems are not 
limited to the National Science Foundation, and in Britain 
they are implicit in the concern at present being expressed. 
over recent changes in the organization of civil science. 
‘Dr. Haworth points to some specific defects in the project 
grant system. * It leads, for example, to decisions being 
made outside the institution on the nature and amount 
of support to be given to the parts within s particular 
institution, and this may adversely affect its balanced 
growth or administration. Again, scientiste and adminis- 
trators may alter the proposed balance of research in 
favour of efforts judged most likely to receive Federal 
support. Younger, unknown investigators tend to have 
difficulty in securing support, and it is also difficult for 
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an institution to establish new activities, particularly 
interdisciplinary unite or programmes. Under this system, 
too, funds are not often available for flexible or co- 
operative use, and experienced research workers are some- 
times required to submit freah applications for continued 
support every year or two, when the nature of the work 
makes it evident that completion of the project requires 
much longer. 

Dr. Haworth does not suggest that there is any simple 
way to overcome these difficulties, although they might 
become lese pressing or acute if ‘more funds 
were available. What is clear from his statement is that 
under his leaderahip the Foundation will continue to seek 
for new and improved methods of allocating its funds 
effectively, including the asseasment of priorities ae 
between different fields of science and their probable 
contribution to the solution of national problems. He is 
obviously animated by essentially the same convictions 
as his predecessor and, so far, he appears to have limited 
himself to some measures to encourage decentralization 
within the Foundation itself. However, on the evidence 
of his first statement the Foundation should continue to 
function on the sound lines established in the past, but 
with constant appraisal of its methods and procedures m 
the light of past experience, new needs and resources and 
changing national requirements. To scientists in Britain, 
the Foundation’s report and the director’s statement 
should provide a wealth of material for appraisal of the 
reorganization of scientiflo effort and the structure most 
appropriate for that effort and for the formulation of 


scientific policy. 


ORGANIZATION AND EVOLUTION 
IN PLANTS 


Organization and Evolution In Plants 
By Prof. C. W. Wardlaw. Pp. xiii + 409 + 24 plates. 
(London: Longmans, Green and Co., Ltd., 1965.) 60s. net. 


[pu e ee ee 
earlier and familiar volumes}, the author faces the 
problems which biological organization presents. He 
therefore deals with what many regard aa one of the most 

ing scientific blems of our time. The book 
relates specifically to plante, and here one should frankly 
recognize that it is in their organization that higher plants 
and animals differ in essential respecte. The breadth and 
scholarship with which Wardlaw develops his theme will 
be appreciated by all plant scientists, who accept the 
great challenge of interpreting growth, development, 

i tiation, and morphogenesis, for they are, and will 
increasingly be, preoccupied with organisation in living 
things. Nevertheless, there are thoes to whom the topic 
of organization carries a suggestion of vitalism and even 
mysticiam. But even they must see that, whereas com- 
parative biochemistry and now molecular biology tell us 
much about what cells and organisms have in common, 
we still face the problems of their diversity. It obviously 
takes something more than a general knowledge of the 
separate parts of a complex system to understand ita 
smoothly co-ordinated, integrated behaviour. 

Prof. Wardlaw's book, which deals with problems of 
organization at various levels of complexity, is therefore 
a timely one, for biologists must now turn increasingly 
to the consideration of the implications of organization 
as they investigate biological functions, not only in isola- 
tion, but also in the full complexity of their interactions 
in living systems which can grow and develop. While it is a 
laudable chemical ambition—and even a necessary first 
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‘step—to achieve as much as possible in cell-free systems, 
knowledge 1 rarely complete until we interpret -the 
behaviour in two. In this respect the t-day popular 
term ‘molecular biology’, if too li y interpreted, can 
become a reductio ad absurdum; for the problems of 
biology really begin when one considers levels of organiza- 
tion higher than the purely chemical interpretation of 
molecules—molecules per se are not alive. Indeed, without 
the examination and interpretation of viable systems, 
which have evolved and which can grow and develop, 
biology would be like ‘Hamlet without the Prince of 
Denmark’. Prof. Wardlaw therefore summarizes tho 
knowledge that has been gleened from the various branches 
of natural science, and which is now needed to formulate 
concepts of the organization of plante. .However, he also 
draws extensively on a wide knowledge of works which 
deal with the comparative morphology of plante and with 
the philosophy of organisms. Ever appreciative of the 
essential contributions which have been made and are 
still to be made by students of chemistry and physics, eto., 
he nevertheless stresses—and rightly so—the need to soe 
and understand the organism aa a whole. 

This book 18 therefore to be welcomed. It will be wel- 
comed by those botanists who are steeped in a descriptive 
tradition, because of the skill with which Prof. Wardlaw 
summarizes knowledge drawn from a scattered and 
extensive literature. It should be welcomed by i- 
mentaliste, who may turn to ıt for an appreciation of the 
systems with which they often do their work. It should be 
helpful to those in bi i , biophysics and molecular 
‘bloloey it they really sack to codeevtand the full sar geo? 
problems which the i tion of plants as organiams 
presents. But all biologists will readily appreciate the 
twenty-four carefully chosen and well-executed plates 
in this attractive volume, and the large number of figures 
which illuminate the text and develop the author’s theme 
around concrete and well-chosen examples. Thus, this 
book should be useful to students, teachera and research 
workers alike for the wealth of documented material it 
contains. The bibliography compreasea into some 750 
citations the selected references by. which the author 
skilfully exposes his readers to a very extensive body of 
literature. The subject index also functions as an index 
“by plant names. 

Prof. Wardlaw views the biological scene with the 
perspective of a morphologist and he hasireg a oom- 
parative approach ; his essential and indisputable claim 
is that biological organizations have evolved and, to 
survive, they have adapted and must function effectively. 
But, with the scope and breadth of interest which distin- 
‘guishes Prof. Wardlaw’s writings, this new work ranges 
from current knowledge of genetically determined events 
as they occur in nature at the molecular level to the 
recognition of organization at successively higher levels. 
"Thus organization is considered at the level of sub-cellular 
organelles, cells, tissues, organs, and organisms; and only 
at the level of populations, where problems of organization 
also arise, does Prof. Wardlaw content himself by reference 
to other authorities. But, throughout, the author is easen- 
tially true to that which he knows best, namely, the com- 
parative morphological approach. Collectively, organisms 
are seen as the product of their history of evolutionary 
‘adaptation, and, individually, aa the outcome of their 
ontogenetic development. Thus time is an easential 

ter. 

Prof. Wardlaw’s book is particularly needéd, as investi- 
gators now make use of more and more refined techniques 
but also tend to draw broader generalizations from a 
‘narrower base of observations. Not all investigators 
find themselves able to build on the philosophical 
writings of the past nor to formulate that broad apprecia- 
tion of plants as successful functioning organiams which is 
the n base from which to approach the still 
unsolved biological problems. Prof. W. 'w'B book seems 
very successfully to have contributed to this end; it 
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sketches in the biological background against which the 
emerging drama of the growth, differentiation and morpho- 
genesis of planta may now be viewed. 

It ia neither possible nor profitable to make a digest, or a 
précis, of the sixteen separate chapters which comprise 
Organisation and Evolution in Planis. Were that posible, 
neither the book nor the subject to which it refers would 
have the fascination of a continuing, unfolding, unfiniahed 
story. The author would clearly have ıt 80. He oonoludea, 
however, on a somewhat wistful note, designed to preserve 
the unity of the subject of botany. 

Some (as Prof. Wardlaw says) seem now to regard botany 
as 6 “Cinderella-like science”, only likely to attract 
general interest in so far as ita problems are “tackled 
by those with competence in the physical Boienoeg". It 
18 even feared that botanical acience will almost certainly 
suffer a setback “even cease to be botany” if “purely 
physico-chemical concepta of some of the processes in 
planta were permitted to di and su e upon the 
comprehensive biological concepta which are essential 
to any adequate understanding of planta as functional 
entities". Surely, however, Prof. Wardlaw need have no 
fears. Planta are not animale ; neither are they mere 
assemblages of molecules any more than a chemical analysis 
alone deeoribea the Five Sisters’ window of York Minster 
or the beauty of the stained glass in Chartres Cathedral. 
So long as there are those who set down with skill and 
scholarship the facts as Prof. Wardlaw has presented them, 
and others take up the problems as he, and they, see them, 
there will be need for those who can take all the knowledge 
that chemistry and physica and molecular biology oan 
furnish to develop concepta of what plants are and how 
they function through growth. One may even say that 
the students of plante as organisms are needed not only 
to pose the problems that the new disciplines may solve 
but to suggest the systems on which the attack may 
best be made. The ancient injunction to “consider the 
lilies of the flelds how they grow” ia still apt, to be heeded 
with wonder and humility by botanists and chemists alike. 

To put the matter more bluntly, the dommant organisms 
of to-day are planta, for they collectively represent the 
bulk of living protoplasm now on the Earth, and 
without them there would be no animals or insects. 
This is not alone because of photosynthesis but also 
because it is plants that have solved the problem of 
incorporating inorganio forms of nitrogen into protein 
and which keep the nitrogen cycle going. One could 
have an extensive ime egenis animals, but not as we 
know it without plants. Higher plants also have distinctive 
ways by which they construct their organs out of cells and 
by which they correlate and regulate their behaviour ; 
they have obviously achieved a vary different way of life 
than have higher animals. Therefore, that branch of 
biological science, hitherto called botany, will and must 
persist. Botany is no “Cinderella science’’—the stately 
theme which Prof. Wardlaw himself develope. will not 
fade like & fairy-tale at midnight. It contains too much 
that 1s essential to human welfare and too much that still 
remains to challenge the combined abilities of biologists 
and of those who, following Wardlaw’s advice, will add 
to the skills of the chemists and physicists that intimate 
knowledge of, and respect for, organization at all levels 
which is the distinguishing characteristic of the biologist. 

The cell theory of 1838 defined the minimum viable 
morphological unit.  Huxley's famouseaphoriam that 
“protoplasm is the physical basis of life” focused attention 
on & ''gtuff of life". Since then past progresa has so often 
been made by, as it were, taking living organisms apart 
to achieve an ever more detailed knowledge of them at 
lower and lower orders of magnitude. But with each new 
technique that basis of life which used to be thought of as a 
substance becomes ever more obviously an arrangement, 
a design, composed of organelles and granular unite in 
complex and intimate proximity. All this knowledge of 
fine structure is in a descriptive morphological tradition. 
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Meanwhile the molecular biologists, approaching the 
the problems from the other end of the soele, strive to 
iptertror the lieing Pyeteni in tamme of due un prope 
ofita matter. But after all this easential learning of ‘more 
and more about less and leas’, biologists must still attack 
the difficult taak of synthesis. They must, in effect, put the 
pieces back together again ; not merely to visualize 
the reconstructed wholes built out of ze identiflable 
perte (granules, membranes, organelles, cells, tissuss, 
organs) but also to interpret how i function— 
in shart, how they grow and develop. (Having in fact 
understood the watch by taking it to pieces, we must not 
only visualize how it should be reconstructed but under- 
. stand what makes it tick.) It is here that the seemingly 
more intangible concepts of organization apply, for they 
relate to features which—though they may distinguish 
the “quick from the dead"—are more evident in 
the subtleties of the assembly and interrelationshipe 
between, component parte than in their identity alone. It is 
all thia which makes for a smoothly operating integrated 
whole. 

Prof. Wardlaw would have us understand planta, 
whether algae or angiosperms, in this way ; and his book 
Organization ond Booluiton in Plants makes a real oontri- 
bution to this end, if only because it directs attention to 
the problems that are to be encountered. 

F. O. STEWARD 
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. INTEGRATED BIOLOGY 


The Behaviour of Arthropods 
By J. D. Carthy. Pp. vii-c- 148. Paperback 12s. 0d. 


The Biol of Hemichordata and Protochordata 


By E. J. W. Barrington. Pp. vi+176. Paperback 18e. 
The Physiology of Nematodes 
By D. L. Lee. -x+154. Paperback 12s. 6d. 


The Metabolism of Insects 
By Darcy Gilmour. Pp. xii+195. Paperback 15s. 


Reproduction In the Insects : 
By K. G. Davey. Pp. x+96. Paperback 12s. 0d. 


Cybernetics and Blology 


By F. H. George. Pp. vii--188. Paperback 12s. 6d. 
(Edinburgh and London: Oliver and Boyd, 1965.) 


HE past twenty-five years have seen the disappear- 

ance of the once well-defined boundaries separating 
classical biology from biochemistry, physics and chemistry. 
Recognizing this fact, some universities have now begun 
courses in biological science in which 
biochemistry and the exact sciences carry equal weight 
with botany and roology and m whioh sho latter subjecta 
are themselves biased toward experiment and analysis. 
But the biologist is still concerned with the 
organism as an integrated whole; the ultimate explana- 
of physiglogy and morphology in terms of physics 

and chemistry must still account for the diversity of 
living things and the ways in which organisms exist in 
relation to their particular environments. 

The six volumes included so far, in the series of Univer- 
sity Reviews on Btology, erin un together form an 
admirable addition to the at present available 
to support this new approach to biology. The books 
combine classical roological information with the results 
of modern t, and stress particularly the import- 
ance of bi ical processes in arriving at a deeper 
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understanding of biological function. The reviews should 
play an important part in any integrated course in bio- 
logical science, although since the individual subjects are 
largely unrelated, the books may be bought separately 
according to interest. 

The Behaviour of Arthropods is another example of Dr. 
Carthy’s happy knack of communicating fairly complicated 
concepts in terms readily understandable to the non- 
specialist. The book eschews purely descriptive accounts 
of behaviour patterns and consequently deals largely with 
insects, the group in which most detailed analysis has been 
made; where equally rigoroua research has been carried 
out in other arthropod groups, this has been included. 
The various characteristics of different kinds of behaviour 
are related, where possible, to the neurophysiologioal 
mechanisms involved. The excellent summaries of 
Mittelstaedt’s analysis of the control pattern of prey 
localization in mantids, and Harker's work on cockroach 
diurnal rhythms, are trpio of the quality of this book. 

The Biology of H and Protochordata discusses 
the morphology and interrelationsbips of the groups in a 
way which might be thought to follow the more classical 
accounts of animal phyla. But the anatomical descrip- 
tions provide a firm basis for & great deal of recent work 
on movement, fe reproduction, ete. And, as is to be 
expeoted in & book y Professor Barrington, there is an 
amount of stimulating ulation on the origins of the 
thyroid and pituitary and hormones. A special 
paige of this volume is the concise summary following 


E Phgetology of Nematodss also includes sufficient 

anatomical detail, including ultrastructure, to make more 

the biochemical eventa underlying the physi- 
ology of the various kinds of free-living and paramtio 
nematodes. ‘The metabolic processes of digestion and 
absorption, oxygen uptake and transport, osmoregulation 
and excretion, eto., in nematodes are continually compared 
with similar processes in other animals, to lustrate 
clearly the universality of these mechanisms and their 
specific variations related to the mode of life of particular 
forms. 

The Metabolism of Insects is a biochemical text related 
particularly to insect biology. Where information about 
metabolic processes in insects is incomplete, Dr. Gilmour 
has indicated the probable course of eventa by drawing 
upon general biochemical knowledge. But the sections 
concerned with mechanisms more specific to insects, for 
example the metabolism of insecticides, tanning of the 
cuticle, or the intervention of hormones in the control 
of metabolism, are dealt with in remarkably luad detail. 
Each chapter is introduced m general terms, describing 
cage aes In a way easily appreciated by the non-specialist, 

to the more S detailed biochemistry involved. 
This Dock i wil be invaluable both to the general ento- 
mologist and to the biochemist. 

eripe sli deeds ie geen Mri 
hensive review of insect reproductive mechanisms, 
concentrates more upon some of the speoiflo problems 
involved. Dr. Davey shows how modern research has 
brought & greater insight into the kinds of reproductive 
mechanisms evolved by the animal phylum as well 
as & clearer understanding of the ways in which different 
insecta have developed a variety of processes to deal with 
similar problems. The chapters on spermatophore forma- 
tion, sperm transfer and hormones are particularly good. 
The author’s enthusiasm and clear exposition illuminate 
the whole of this little book. 

Oybernetics and Biology is perhaps the least successful 
of this generally very suooeesful series. Every field of 
intellectual activity tends to develop its own esoterio 
jargon; this becomes particularly confusing in psychology 
and cybernetics, where words and phrases lose their every- 
day usage and have specific and perhaps unusual meanings. 
Dr. George that the Penguin Dictionary of Psy- 
chology be consulted for the definition of some of the terms 
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he uses—a revealmg admission in a book about the 
science of control and communication! But, once this 
barrier is overoome, the book repays careful study; it can 
add considerably to an understanding of same of the 
problems discussed, for instance, by Dr. y in his book. 
In fact, Dr. George stimulates thought about the various 
prticiplee which may be involved m a great many bio- 
logical processes that are usually taken for granted. 

The authors of these volumes have evidently had few 
limitations imposed upon them by the publishers—as 
should be the situation when they are as expert in their 
subjects as these. The books are of various lengths, and 
exhibit a variety of treatment; but each one contains a 
longer or shorter list of references for broader or more 
detailed reading. In paperback or hard covers, the series 
is very well produced, with illustrations that are generally 
good although differing a little in quality from volume to 
volume. If subsequent volumes in the series maintain the 
standards set by the first six, then University Reviews in 
-Biology will become a valuable, almost indispensable, part 
of the libraries of university students and teachers alike. 

K. O. HiGgNAM 


CONTROL OF GLYCOGEN 
METABOLISM 


Control of Glycogen Metabolism 
Edited by Dr. W. J. Whelan and Margaret P. Cameron. 
(A Cibe Foundation Symposium.) Pp. xiv +434. (London: 
J. and A. Ohurchill, Ltd, 1964.) 60s. 
AE er on to, Mo yalashi seins of Oibe 
Foundation symposia generously covers the fleld 
described in ite title. The range of the numerous pa 
presented permite discussion of the synthesis and ca l- 
ism of glycogen, and its control by enzymatic and hor- 
monal influences, together with an important section on the 
glycogen storage diseases. The editors, and m particular 
Prof. W. J. Whelan, are to be congratulated on the 
skilful way in which the complex assembly of papers and 
discussions on papers has been welded mto the unified 
text of a book of great importance. 

The book begins with a most stimulating article by 
French on the structure of glycogen evolving a concept of 
steric limitation in size of the Meyer model. This, together 
with the paper by Orrell, Bueding and Reisig, which 
offers a careful evaluation of the methods of preparmg 
undegraded glycogen, serves to visualize the molecule and 
to restate the problems still unsolved in the structure of the 
particle. 

A large section of the symposium is given up to pe 
on the present-day viewpoints of such enzymes as phoe- 
phorylases, branching and debranching es. Here 
particularly the papers by E. G. Krebs s al. on the nature 
of the phenomenon leading to the appearance of catalytic 
activity in the Ling eel ined molecule and its control are 
of great interest. is work receives interesting croas- 
ulumination fram the papers of Cori and Brown, who 
individually discuss the contribution of phosphorylase to 
the determination of the structure of glycogen and ite role 
in the regulation of glyoolyais in akeletal muscle. The 
further paper by Sutherland on the location of adenyl 
cyclase and adenosine 3’,5’-phosphate deserves close 
attention, as do the discussions which follow each of 
these accounts. Here perhaps is the most stimulating part 
of this book and clearly by the co-operative picture that 
emerges on present-day concepts of phosphorylase action 
more than justifles the assembling of so many talents 
together in a symposium. 

Though so much work on one enzyme might suggest the 
neglect of others, the great variety of articles by the 
groups of Whelan, Larner, Brown and Hers would firmly 
refute such an imputation. Part of the problem would 
appear to be that there are more enzymes known than 
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there are physiological functions for them to fulfil. How- 
ever, much information is now available on the mechanism 
of debranching of glycogen structure. One wish that I 
would make is that some suitable enzyme nomenclature 
for these catabolic reactions should emerge in the near 
future. In addition, the papers by Larner on the branching 
enzyme and Hers on the mechanism of action of amylo- 
glucosidase demonstrate the subtlety of experimental 
approach needed in elucidating the action pathways. 
Rosenfeld’s pa reports a new mammalian enxyme— 
sanske “cal nora on y-dextring. The paper by Prof. 
Whelan et al. lies at the heart of what may be called 
the Cori-Whelan controversy as to the structure of the 
branched chains in glycogen; there can be little doubt 
that Prof. Whelan is correct ın his deductions. 

The paper by Leloir on the role of uridme diphosphate 
glucose in the synthesis of glycogen is a model of lucid 
presentation and relevance, as anyone who heard his 
opening lecture in New York in 1964 will agree. One 
aspect which he mentioned there and which provoked 
much thought was his interpretation of the phosphorylase 
activation mechaniam. Following Macfarlane’s explana- 
tion of blood clotting as a multiplying system ing 88 & 
biochemical amplifier (Nature, 202, 498; 1904), Leloir 
postulated that a similar cascade of proenryme-enzyme 
transformations might serve just such a purpose m the 
interconversions centred around the phosphorylase mole- 
cule. 

Later articles in the symposium deal with the difficult 
territory of hormonal interaction on physiological systems, 
and the interpretation of these and other effecta in terms 
of control over the enzyme sequences involved. Note- 
worthy in this class, of course, are the papers by Morgan 
and by Larner. The former is a closely argued account of 
the allosteric properties of phosphorylase b studied in the 
perfused rat heart where glycogenolysis had been stimula- 
ted by glucagon and anoxia. Larner’s paper deals with the 
role of insulin in the control of glycogen synthetase. 
Together with these papers, the account of Bueding on the 
effecta of adrenaline on intestinal smooth muscle, and the 
speculations of Randle on some indirect actions of adrena- 
line on glycogen metabolism, give this section of the 
symposium a& pleasing sense of integrity. 

The final section of the symposium deals with glycogen 
storage diseases. This 18 Ni aenta: many of the 
previous oontributors who dealt with the biochemical 
implications return to deal with the clinical quandaries of 
the subject. In particular Manners, whose excellent 
review of glycogen metaboliam in 1968, discusses 
type I glycogenosis, and is followed by other workers 

i ing the known diseases. Stimulating possibilities 
exist in the fmding by Spenoer-Peet of cases of glycogen 
synthetase deficiency. 

The symposium closes with a discussion and a recapitu- 
lation of the main thoroughfares of glycogen metabolism. 

C. F. Panes 


RECENT ADVANCES IN 
PSY CHOPHARMACOLOGY 


Animal Behaviour and Drug Action 
Edited by Dr. Hannah Steinberg, A. V. Bude Reuck and 
Julie Knight. (Ciba Foundstion Symposium jointly 
with the Co-ordinating Committee for Symposia on 
Drug Action.) Pp. xiv--401. (London: J. and A. 
Churchill, Ltd., 1964.) 67s. 6d. net. 
HE major pat of Animal Behaviour and Drug Action 
is à compilation of papers and discussions presented 
at an international symposium, the aim of which was to 
examine the role of animal behaviour in investigations 
of drugs affecting the central nervous system. The book 
constitutes a weloome addition especially to the bookshelf 
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of the experimental psychologist, whose knowledge of 
psychoactive drugs could well be broadened, beoeuse 
the ici ing physiology, pharmacology, 


participants representing ph P 
psychology and biochemistry laid emphaais, as could be 
expected, on the drug action rather than on the animal 
behaviour side of pharmacology. 

A number of important issues were raised at the 
symposium. One which surely must merit future consider- 
ation is the role of the blood/brain barrier and blood/ 
oerebro-sp;nal fluid barrier in psychopharmscological 
investigations. For example, RNA administered system- 
ically may affect the rate of learning in an animal 
(Cook), yet there is no evidence that RNA penetrates the 
blood/brain barrier. It is also well known that if given 
intracerebrally rather than systemically, the biogenio 
amines can exert very different actions (Feldberg). 
In this connexion, one of the highlights of the symposium 
was the elegant work on the development of the blood! 
brain barrier in chicks, which ahowed how pharmacological, 
neurophysiological and behavioural techniques could be 
Men Md applied to one problem (Dewhurst and 

ey). 

Another issue introduced was the importance of studying 
effecta of drugs on social behaviour m animals (Chance 
and Silverman). Although this sort of approach appears 

i interpretation of the action of psychotropic 
on social interactions among animals is difficult. 
It is questionable whether a drug which suppresses 


p dis behaviour of reba possesses a 

on analogous behaviour in humans. However, 
in spite of methodological limitations, it is encouraging to 
learn that astute attempts are made to translate 
the subtle peychogenio action of & from rodent to 
man. 

The difficulties which may arise in the usage of 
behaviour analyses for drug evaluation were stressed 
(Irwin). For example, drugs can exert different effects 
if the animals tested differ in their “emotional and intel- 
lectual” pasts (Rushton and Steinberg), genetio baok- 
grounds (Broadhurst), nutritional states (Watson), or 
even their familiarity with fellow test-eubjecte (Wilson 
and Mapes). With the use of the operant bar press as & 
research tool, a single drug may enhance & icular 
dp topography with one schedule of remforoement 

rees it with another (Dews). Since reinforcement 
es oan be varied ad infinitum, some interpretation 
is obviously desired in the meaning of the response change 
associated with changes in such schedules. One always 
wonders whether psychopharmacological studies igi 
igm in animals with little or no cereb: 


cortex 

standing of psychoactive drugs, especially 
pounds are ultmately intended for olinical extension to 
humans. 


Papers on the long-term effecte of chronic administra- 
tion of drugs were noticeably absent. Same coverage 
could have been given to those drugs which create pro- 
found social disturbances and on which experimental 
findings have emerged recently, namely ethyl alcohol, 
morphine, und other so-called ‘addictive’ compounds. 


ing a different melody at the same time in the same concert 
hall. Because each contributor leaned ahnost entirely on 
the literature within his own discipline, discussion often 
was d lacking in continuity, and sometimes 
swi abruptly from one topic to another with impor- 
tant points hanging in the air. 

In spite of this criticism, the organizers of the meetings 
must be congratulated on the final endeavour. By virtue 
of discussion sessions of the quality recorded in this 
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PALAEOCLIMATE AND 
PALAECMAGNETISM 


Problems In Palaeoclimatology 
Edited by A. E. M. Nairn. (Prooeedings of the NATO 
Palaeoolimates Conference held at the University of 
Newcastle upon Tyne, January 7-12, 1963.) Pp. xiii + 705. 
(London and New York: Interscience Publishers, a Division 
of John Wiley and Sons, Ltd., 1964.) 147s. 
pex introductory article to Problems in Palasochma- 
tology, by Prof. W. H. Bucher, is aptly entitled '"The 
Third Confrontation”. It draws analogies between the 
present impact on geological science of ideas on palaeo- 
geography and imates stemming from studies of 
rock magnetism, and the better-known geological- 
goophysical conflicts of the past concerning the age of the 
Earth and the origin of ocean basins. The reader of the 
book will doubtleas find & fourth confrontation, between 
the apparent precision and repeatability of the palaso- 
magnetic observations (although their interpretation is 
still far from certain) and the failure of geologista to 
on the very nature of the phenomena which they to 
elucidate. 

Thus in a series of successive geological articles on Pre- 
cambrian glaciations, we find the conflicting conclusions: 
(1) *At present no Precambrian tillite has been sufficiently 
studied for us to accept glaciation without reservation”; 
(2) “The whole globe was glaciated in Eooembrian times”; 
and (3) “The evidence for late Precambrian glaciation is 
remarkably widespread”. Without attempting to resolve 
these opposing opinions, it should perhaps be observed that 
recent dating work has ahown many of the supposed late 
Precambrian 'tilites' to be more widely separated in age 
than is the Lower Cambrian from the Pleistocene; and that 
the presence of extensive phosphorites in the Binian of 


China and Riphaeen of Russia is scarcely tible with 
the hypothesis of a lengthy and world-wide i 
glaciation, the end of which triggered aff the rapid evolu- 
tion of a Cambrian fauna. 


A similar conflict is seen in the separate contributions of 
two authors on the late Precambrian conglomerate near 
Caen in Normandy, one of whom concludes that this 
formation is ‘‘as indicative as the Hocambrian fluvioglacial 
deposits of Norway or even the Quaternary fluvi i 
deposita of Poland", whereas the other asserts that “None 
of the data permits us to make inferenoes about climate. 
The climate could have been anything from tropical to 
glacial’. 

The work is, however, concerned with a great deal more 
than problems of Precambrian glaciation. It comprises no 
ces than 84. contributions, arranged in chapters on the use 
of fossil plants in palaeocclimatic interpretation, the 
evidence of climate from coal and coal measures, the 
recognition of ancient glaciations, Precambrian glaciations, 
geophysical techniques and ancient climates, Devonian 
climate, theoretical considerations and Quaternary climate, 
the recognition of arid climate and wind direction studies, 
Permian climate, tology and climate, and problems 
of red beds and soils. Dr. A. E. M. Nairn's editorial work is 
of outstanding quality, the diverse papers being bound 
together into these chapters by a unifying theme and by 
means of a well-summarized discussion at the end of each. 
Many of the contributions are entertainingly controversial 
and the book certainly deserves a place in every geological 
library for the use of mature readers, but it is to be re- 
gretted that the price is much higher than one expecta to 
see for the report of a meeting which was financed from 
public funds. C. F. Davipson 
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Massive Radlation Techniques 
By Sidney Jefferson. Pp viii+324. (London: George 
Newnes Ltd., 1904.) 70s. 
Te development of nuclear reactors during the past 
two decades has made possible the large-scale pro- 
duction of very strong radioactive sources. One result 
of thig has been that some of the useful effects of ionixi 
radiation found in research laboratories oan now be a: lied 
on the grand scale to a variety of technological pro : 
Massive Radiation T. 1 surveys such applications 
in & number of industries with particular reference to 
their commercial viability. In some of them, for example 
the preservation of food and the sterilization of medical 
ipment, irradiation has to compete with well- 
lished methods. In others, such as insect pest control 
by sterile male release, sterilization by gamms-irradiation 
may be the only feasible method. This is illustrated by the 
carefully planned operation of rearing, sterilizing and 
releasing 2-5 billion screw-worm flies in the south-eastern 
states of the United States which resulted in the virtual 
eradication of this livestock pest from the selected area in 
1959. - 
The non-specialist will find that the lucid introductory 
section on the interaction of ionizing radiations with 
matter will make few demands on his previous knowledge 
while the final chapter on dosimetry will provide him with 
& short but adequate aooount of methods at present in use 
and the dose ranges over which they are best used. d 
The most widely used sources in large-scale irradiations 
are **Co and electron accelerators and the i i 
pones associated with their use, including automatic 


eed systems for materials, are illustrated by 
examples of i ons which have been for 
some Other topics covered at length include the 


years. 
biological effects of massive radiation doses in relation to 
agricultural problems and plant breeding and the use of 
radiation in the chemical industry. 

The text is very free from errors and the numerous 

figures are with few exceptions clear and well prepared. 

extensive bibli hy which accompanies each 
Map Sal ba welcom d the serious student. 

is is & book which should stimulate ideas among 
industrialists and also provide a basis for planning the 
exploitation of useful radiation effecta. R. J. MuNBOxX 


Automatic Methods In Volumetric Analysis 
By D. O. M. Squirrell. Pp. x+201. (Lo : Hilger and 
Watte, Ltd., 1904.) 425. net. * 
INE-TENTHS of Automatio Methods in Volumetrio 
Analysis is devoted to the deecription of automatic 
methods of end-point detection in volumetric analysis and 
as such is & bench working manual of considerable value. 
It is complementary in content to the work by J. F. 
Phillipa, entitled Awtomatio Tttrators. 

The subject-matter is subdivided into four major parts: 
titrations to present end-points ; full-scale recording poten- 
tiometric methods; full-scale titrations in non-aqueous 
media; and some other instrumental titration methods. 
Each part is headed by a section entitled ‘‘Principlea and 
Instrumentation’, which is followed by detailed descrip- 
tion of a number of methods to illustrate the points 
elaborated. Many of these have been drawn pd from 
the author's own experience and are producta of his frui 
association with Dr. Haslam. The methods described 
have been chosan to cover a wide field of general analytical 
interest and include determinations of total nitrogen in 
organic matter, water by Karl Fisher reagent, halides, 
sulphates and metals by ethylenediamine tetraacetic acid. 

Much of the apparatus described has been assembled 
from & variety of component parta, some home-made, and 
many others are commercially available unita. In some 
examples sufficiently detailed diagrams and circuitry are 
given to enable the reader to design and build similar 
equipment for a particular method. 
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Further stages in the development of completely auto- 
matio analytical systems are only briefty described, but 
an understanding of the basic principles elaborated in this 
book is a necessary prerequisite to such developments. 

Minor editorial faulta, which serve aa irritants, exist in 
the text, for example, the calculation of titrant volumes 
from recorder chart inches, titration times or syringe 
plunger movement are stated and re-stated in full. A 
uniform presentation of reagents used in the various 
methods is also required. 

The book is, however, an invaluable collection of tech- 
niques and instrumental methods and as such is worth ite 
place on any analytical laboratory bookshelf. 

R. Sawyse 


Genetics In the Atomic Age 
Second edition. By Oharlotte Auerbach. Pp. vii+111. 
(Edinburgh and London: Oliver and Boyd, 1905.) 78. 6d. 
"THB is the sort of book which ought to be freely avail- 
able in common-rooms, school libraries and reading 
rooms, wherever people, i 
enquirmg minds might be y to pick it up and thomb 
through it. It is small, short and inexpensive: the 
sketches by Miss I. Q. Auerbach invite perusal: the text is 
entirely readable, without technical terms or quantitative 
expressions: and a curious glance stands a good chance of 
bemg followed by a thorough reading. Tho result would 
be many more people with an interest in the tic 
future of man, and the knowledge needed to form a 
rational view of the dangers of exposing his germ-plaam 
to ionizing radiations. 

Since the first edition in 1956, Dr. Auerbach has re- 
vised and brought the book up to date. The first few 
chapters deal with what mutations are, how they affect 
the organism and the species, and how they are inherited. - 
Then comes & discussion of the ways in which ionizing 
radiations act on genes and chromosomes. In the last 
chapter the application of this knowledge to man in 
relation to his genetio future is set forth with the clarity, 
reasonableness and force for which the author is already 
well known. 

For those whose point of view is already formed and 
who are trying to reduce mankind’s present genetic 
exposure to radiation, the book offers authoritative 
support and invaluable ammunition for argument. 

Atma HOWARD 


cal Chemistry of Molybdenum 

I. Busev. from the Russian by J. 
Behmorak. (Analytical Chemistry of Elemente Berioe.) 
Pp. vi+ 247. (Jerusalem: Israel for Scientific 
Translations; London: Oldbourne Press, 1964.) 905. 


A I. BUSEY has set out to give a critical survey of the 
» whole of the analytical chemistry of molybdenum. 
He has used his own experience as much as possible to 
decide the relative merite of the methods, and has, I think, 
suoceeded very largely in ‘se ing the sheep from the 
goats’. After a compreh acoount of the chemical 
and analytical properties of molybdenum, follow 
on the detection and isolation of the Further 
chapters on gravimetric, titrimetric, photometric and 
other methods for the determination of molybdenum take 
up the second half of the book. There is a very extensive 
combined bibliography and author index. The omission of 
any reference to Granger’s aqueous n-butanol dithiol 
method for the photometric determination of molybdenum 
(Analyst, 88, 609; 1958) is, therefore, surprising. ae 
unnsturally, the author appears to be strongest on 

Russian literature and this does have its advantages. 

One cannot detect that the book is a translation, so well 
has it been done, and the text is remarkably free from 
errors. It is very well produced, and should be of con- 
siderable value to anyone whose work involves molyb- 
denum. E. J. Dixon 
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SIGNS OF LIFE 
CRITERION-SYSTEM OF EXOBIOLOGY 
By Pror. JOSHUA LEDERBERG 


Department of Genetics, Stanford University School of Medicine, 
Palo Alto, California 


HE imminenoe of interplanetary traffic calls for 

systematic oriticiam of the theoretical basis and 
operational methods of ‘exobiology’, the initial search 
for end continual investigation of the life it might en- 
counter. Very little science is totally irrelevant to it, 
and the policy-maker must face a riot of potential 
tea to space flight experiments. By every stand- 

this is an epochal enterprise: a unique event in the 
history of the solar system and of the human species, 
and the focus of an enormous dedication of cost and 
effort. It requires & new perspective in experimental 
policy. The broader interfaces of eeo-(Earth's own) 
iology, by contrast, its fruitful growth within 
the context of methodologies and instruments that can 
lag behind broadly established needs and imaginative 
possibilities. A system for orderly appraisal of the problem 
would rationalize the partition of labour, our only means of 
managing & complex problem. 

i ee . Our premissed information is 
only: (1) terrestrial observation: esobiochemustry; (2) 
the implications of Mars being a ‘terrestrial planet’; (8) a 
very amall body of definite observational resulte. The 
choice of our first experiments must take account of a 
wide range of theoretical possibilities not yet narrowed 
by the experimental process. Over this broad reach, 
logical necessity rarely coincides with logical sufficiency. 
The most inferences might stem from the least 
likely event. Our speculation will be narrowed and 
policy TRS by tangible information about eny 


Mars, especially if it encompasses the varis- 
bili a a e 


Evolutionary Stages and the Definition of ‘Life’ 
Se cd eiu ee e80- pE 


spontaneous reactions of inorganically catalysed, previ- 
ously formed reagente. 

B) Bitogeny (biology). The replication of a specifically 

polymer, DNA being the terrestrial le, 
which specifies the sequence of its own replicas, of 
the working materials, like RNA and proteins, from which 
cells and organisms are fashioned. om experiments 
of error in replication, and natural selection of their 
developmental consequences, result in the panoply of 
terrestrial life. 

(0) a og (history). The evolution of the mechan- 
isms of peroeptipn, computation, and symbolic expression 
and interpersonal communication, whereby tradition can 
accumulate, culture unfold. 

Mars must be to have had an initial history 
similar to Earth. To ask whether Mars has life is to ask 
how fer has its chemogeny gone; how like and how unlike 
the Earth's; haa ite evolution passed through the biogenio 
(ordered. macromolecular) stage? Then through the 
oognogenio ? 

In evaluating a complex set of possibilities it is helpful 
to find classifying parameters which can be scanned 
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systematically, if sometimes only implicitly, to generate 
@ probability space. In this caso, the evolutionary 
a fu er pari id : chemical complexity. 

The initial planetogeny and the consequent differences 
in physical and chemical environment determine tho 
possible points of of the evolutionary processes. 
On these grounds, Jupiter must have interest for 
comparative cosmochemistry; but it is still much less 
accessible to close investigation, and we have even less 
of a basis to predicate a homologous chemogeny there 
than we do for Mars. In so far as Mars does retain some 
environmental anal to Earth we might at least 
peedkstes for one branch of our analyais, that any Martian 

based on chemical linkages, predominantly 
—0—0—, —0—0—, —C—N— and P—, which 
are barely stable in aqueous medium. We leave to 
hypothesis the extent to which the constructions from 
these and other radicals emulate terrestrial biochemistry 
at each level of complexity. 

The cosmic abundance of these elementa is relatively 
high, and there is every reason to believe that Mars is at 
least as richly endowed as Earth in them. If the initial 
budget of carbon has not, like that of the Earth's crust, 
been completely requisitioned by life, then what form 
will we find it in? 

Chemogeny generates & vast mixture of produots 
through the level of random macromolecules. Mars 
must have nurtured such chemistry, whether or not it 
had progressed to biogeny. A negative assay for organic 
materials would ude biology, but could we believe 
such a result? It would properly be blamed on defici- 
encies in the sample. The positive assay, if it 
told something of the concentration and composition of 
organic molecules, would add to our moo Eee of 
Mars’s development, and would contribute to our 
ment of the life-detection problem. But it ead oe 
answer it. On ths other hand, onos life Lax apposed an & 
planet, it would dominate ita organic chemistry—most 
carbon compounds would be d qnid of biogenic (or 
cognogenic) iflaity. The oeteloguing of organic 
molecules is a tion of the consequences of evolution 
es a oh one. 


The Chemical Scan 


To promise an actual complete scan of hypotheses of 
molecular complexity would be pretentious and witless, 
notwithstanding that a computer can now be programmed 
to visualize all the possibilities. However, the fantasy 
of such & scan is & constructive exercise in evalua- 
tion of evidence for life. For each chemical species the 
imagination of the specialist might be challenged to ask: 
(a) is there any information the existenoe of 
this item relevant to scientiflo inferenoe in exobiology; 
(b) fan nce expectations on the distribution 
of this and without life; (c) what other data 
could cotabite: (d) how would the observation be inter- 
preted from & terrestrial foray ; (e) what special methods 
are available or could be devised to detect the species ? 

We might nurture a hope of turning up a special 
treasure, a rare example of a molecule which would reveal 
something about the evolution of the planet and help 
narrow our choices among the oonfusing array of possible 
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targets. In practice this advantage does not materialize 
so easily, for the hope is false. Not that no chemical 
species is potentially informative; paradoxically, every 
one is. 

Consider hydrogen. In terms of the ample Venn 
diagram (Fig. 1), most expected observations would fall 
in the region (BO), that is, would be consistent with 
biogeny but not imply it. However, the sensible absence 
of hydrogen from Mars’ surface would fall in region 
(—B-O), that is, virtually preclude life. But if we could 
produce no plausible physical model for the disappearance 
of hydrogen, we would have to reconsider the region 
(I-—C), that is, to aak whether the anomaly implies a bio- 
genic or oognogenio sequestration of the element. On the 
other hand, certain microscopic distributions of H are 
hard to reconcile with any chemogenio model, and 
point to the region (B-—O), that is, an 1nferenoe in favour 
of biogeny. This verges on morphology, but can still be 
formulated as molecular statistics. 

On another tack, suppose a specimen consisted of pure 
protium, 1H, to the exclusion of deuterium, fH. The 
price of pure protium on the terrestrial market hinte at 
the obstacles to a chemogenic model. Apart from cogno- 
genio aotivity, if a biogenic system were exquisitely 
sensitive to deuterium-toxicity it might evolve a dis- 
crimination against it. 

The arguments have been laboured, but are quite 
typical of those that discovery of any other species would 
arouse. 


Entropy or Unllkellhood ? 


Given the evolutionary continuity of life and our 
understanding of the organism as & chemical machine, 
there can be no absolutely distinctive signature of life. 
Some oonjunctions—hke a planetary depot of protium— 
would be go unaccountable to our present model of chemi- 
cal behaviour that we would feel obligated to postulate 
the operation of a goal-directed system (biogeny or 
oognogeny) rather than socept the improbabihty of such 
@ conjunction by chance. This choice plainly depends 
on our freedom of choice of models. For example, our 
present knowledge of chemogeny permits a wide latitude 
of hypotheses as to the range of molecular species that 
atmospheric photochemistry might generate. Further 
Mov sages in our knowledge of chemogeny or of the 
available chemical and physical resources of Mars might 
confer useful constrainta on the data that might now be 
‘explained away’ as chamogeny, and thus cannot yet make 
& crucial contribution to our search. 

From terrestrial experience we judge that the occur- 
renoe of any of a number of compounds in high purity is 
a sign of life. Such deposits at a macroscopic level tend 
tn aimeÍfe ancenarandv—a malter. a ahamical laboratorv. 
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a communications cable, rather than biogeny—organic 
structure usually being buit of microscopically defined 
components. Negentropy 1s & necessary, but not sufficient, 
sign of life. However, it can help filter out the most 
promising situations. Then only the details of experience 
or confident use of available theory can decide whether 
the eddy has a chemical—kinetic explanation or & bio- or 
oogno-genio one. Lacking our experience, a Martian 
viator might credit diamantane carbon to some mysteri- 
ous biogenic function, inhibited by Y chromosomes; if he 
were cleverer, to the General Electric Co. He would need 
very special knowledge of the Earth to predict that 
diamonds would be found in the ground (and even more 
to understand why men dig them up, only go that women 
wil wear them). 

Kinetic instability in the context of local chemical and 
phymecal conditions is another clue. For example, cover 
of photosenmtive pigments (witness terrestrial chloro- 
phyll) requires special attention to the magnitude of 
plausible synthetic processes, atmospheric-chemical versus 
biogenic, by which their steady-state concentration could 
be maintained. Analogous reasoning would apply to 
compounds which are thermolabile in relation to the 
ambient temperature, or chemically unstable species 
whioh should reach equilibrium with coexistent omdant. 
Do we see & forest fire? Then we must think of the 
efficient system of photosynthesis which will restore the 
steady-state vegetation. Top-heavy structures, which 
high-altitude reconnaissance could perceive even without 
resolving single trees, houses, or bipeds, likewise tell 
of lanematic instability, and in turn, some process to re- 
raise what must some time fall. But geophysics competes 
with biophysica, and we have to disorminate life from 
vuloanism and orogeny. 

In sum, unlikelihood in terms of the chemogenie model 
gives weight to any finding as a datum for exobiology. 
It should be possible to quantitate chemogenic likelihood, 
essential if a datum is to be given a measured value in 
any decision-making programme. The resolution of the 
measurement need not be very high to make it still very 
useful in comparing disparate approaches. 

In more general terms, biota have & high density of 
internal information: the root of our conceptual distino- 
tion between matter and life is the rich story that life 
can tell about itself, a plot the details of which we can 
scarcely deduce from our simple knowledge of the initial 
conditions. But there must be a plot, that 18, the informa- 
tion must have some interesting pattern, or we would not 
distinguish & cell from the dislocations in & snowflake. 


Optical Actlvity 


Many molecular species can contmbute in an important 
way to our appreciation of life. A priori, we have a very 
limited basis to predict which species will be most cogent. 
We should, of course, give high, but not exclusive, 
priority to terrestrial prototypes like amino-acids and 
nucleotides. Fortunately, there 18 & generic classification 
of compounds which is relatavely independent of detail 
of structure, yet sbould pervade & biogenic chemistry. 
This is optical actavity. 

The argument for logical necessity of net optical activity 
has nothing to do with optical rotation. lb depends on the 
crucial role of the informational macromolecule in o 
definition of hfe. When tetravalent carbon is inoorpor- 
ated into macromolecular structure, each carbon stands & 
reasonable risk of being an asymmetric centre, of having & 
distinctive substituent on each of its four valences. Such 
an atom is subject to stereo-(optical) isomerism, and ite 
orientation, D- or r-, must be specified if the macro- 
molecule is to be fully ordered, more concretely, if it is 
to have a well-defined three-dimensional shape. Con- 
versely, biogenic macromolecules, having ordered asym- 
metric centres, have the necessary information to dis- 
eriminate among the isomers of monomeric substrates. 
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On Earth, where biogeny has dominated the statistics of 
organic molecules, we find that the ratio of D- to r-glucose 
residues is at least 10%: 1. 

Logical sufficiency can also be argued. Chemical en- 
&ntiomorphs should be generated in equal proportions 
except under the influence of a catalytic system which 18 
already asymmetrically organized. The global organize- 
tion of a planet into one catalytic system of particular 
orientation is a catastrophe of a magnitude unique to 
biogeny. Spontaneous resolution might occur locally. 
Hence this criterion has its greatest weight when applied 
to a species which flows through the planetary circulation. 
A paragon would be labile molecules condensed from the 
atmosphere: opaealy active smog. 

Within the biogenic system, both enantiomorphs of & 
metabolite might be generated, but this would be in pre- 
cisely equal amounts with no greater likelihood than any 
two species at random. Ohemogeny and 
sterically ordered biogeny thus give sharply contrasted 
expectations on these statistics, and biogenic chemistry 
can hardly avoid becoming sterically ordered. 

Theso linea of inference do not account for such paro- 
chialigms as the undeviating series of L-isomers of amino- 
acids in esobial proteins. For example, D-alanine would 
be at least as interesting as L-valine in expanding the 
homologues of glycine. But, for that matter, why is a-amino 
butyric acid passed over ? We may know better when the 
rules of ptide conformation are better known; 
more , from the details of evolution of amino-acid 
anabolism and problems of discrimination among analogues. 
It is precisely at this level that the local biological theory 
fails, and thereby pointe to the crucial issues of a ooemio 
biology. 

In view of the theoretical generality and historical 
tradition of the Pasteurian principle, it is paradoxical 
that the direct measurement of optical activity is weak by 
com to other instrumental ap . However, 
the o criterion is not optical rotation but molecular 
statistics. Enantiomorphs can be assayed with optically 
active reagenta to give resolvable diastereo-isomers, and 
exploit the most sensitive methods known to chemistry. 


Macromolecules 


Informational macromolecules define the boundary of 
em and biogeny, of chemistry and life. Their 
isis tion on another planet is the fundamental challenge 
of exobiology. Replication of macromolecules (genes) and 
the inevitability of random error (mutation) open the 
door to natural selection and the evolution of more and 
more complex forms of life. A random polynucleotide is 
not life; routes to ita photochemico-synthems from simple 
pelis a al ur oer aa ers dad Can we 
deduce the replication of a polynucleotide by any means 
short of the most recent achi naa pe dg en 
tion and tm vitro enzymology? Historically, we could 
deduce the informationality of macromolecules just from 
compositional data. When the same sequence occurs in 
many molecules—as in & sample of crystalline haemo- 
globin—we have to invoke an informational process to 
Fe te 
act, only recently and rarely could we gain complete 
specifications of an actual sequence. This is usually 
inferred from analyses of & fraction found 
to be monodisperse on & few measures and then assumed 
to be sequentially homogeneous. 

The sequence need not be the gene itself. Macro- 
molecular sequencing is also manifest in gene products, 
RNA and proteins. It is important that the sequence 
imply ordering from a template which selects from an 
abundance of kinetically equivalent choices, not merely a 
pattern inherent in the chemistry of the monomer, as in 
crystallization. 

Molecular esobiology faces the same methodological 
problems. This challenge gives us the groundwork for 
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exobiology and eseures that any instrumental advances 
will have redoubled utihty. But it is & ahastening note 
that biochemistry has barely reeched the point of affirma- 
tion that antibody y-globulin has an informational 
sequence or is specified by a polynucleotide. That this 
abundant and medically important molecule can still 
be so controversial must evoke some humility in our 
postulations and experimental efforts concerning macro- 
molecules on another planet. 


How We Detect Informational Macromolecules 


(A) Oomposiitonal sis. (a) Does the sample 
contain macromolecules ? (b) What 1s their composition ? 
(c) Any evidence of informational ordering ? 

Eeobiology is firmly founded on the isolation of macro- 
molecular species and their purification before attempts 
at analysis. Some of the most successful methods are 
empirical recipes of extraction and precipitation. 

More rational techniques include diffusional properties 
of large molecules, free diffusion, sedimentation, dialysis, 
molecular sieves, and electrophoresis, in principle also 
vapour phase diffusion (to remove monomer8)—molecular 
distillation, gas chromatography and mass spectrometry. 
Solution chromatographic methods may also rely on the 
coincidence of functional groups on one molecule, for 
example, & polyeleotrolyte. 

Similar principles underlie non-separative methods of 
detection which have not been extensively developed to 
date. Rotational relaxation times can be measured by 
flow or electric birefringence, or the analogous po larira- 
tion of fluorescence. Polyfunctionality is tested by inter- 
molecular interactions of adsorbed dyes (for example, 
optical ghifts in acridine orange on DNA) or the mono- 
merie unite with one another in special cases (hypo- 
chromicity of DNA, diagnosable on heat-denaturation). 
More direct chemical tests for polyfunctionality also 
suggest themselves. 

The previous methods, in so far as they lack perfect 
generality, may give only a clue as to the composition of 
the macromolecule, as well as ite molecular mize. At the 
other extreme, we would seek the complete primary 
structure to emulate the recent towrs de force of chemical 
technique. Reasonable inferences might be drawn from 
less complete evidence of structural mdividuality, hard 
to evaluate in advance: homogeneity in molecular weight 
or end-group analysis, orystallinity, or sharp fractionation 
by any other procedure. A sharp X-ray diagram of a 
heteropolymer sample could imply ite individuality long 
before it had yielded to full analysis. 

Other partial measures of great utility include the 
scission of the polymer by specific reagents, especially 


Chemogenic synthesis of macromolecules should generate 
& continuum of nearly equiprobeble forms. Biogeny 
chooses a few of these and generates & sharply disoon- 
tmuous polydiscrete spectrum, that is, it speciates. 
Speciation can be discerned by many measures, for 
example, the distribution of molecular weight. Thus a 
sample under analysis by a sophisti instrument 
might reveal & sac of haam-polypeptide, containing about 
& billion (& thousand million) atoms of iron. Virtually all 
the iron-polypeptide consists of & mngle species, that is, 
almost all the molecules have 2,986 carbon &toms, no 
more, no less. After removal of iron and porphyrin, 
equal numbers of sub-units containing just Cess and Cy, 
are assayed. It would be difficult to escape an allusion 
to life after & single encounter with the red blood cell 
that has just been described. 

(B) Functional analysis. The adaptive values, the uses 
that biogeny has discovered for some species of macro- 
molecules, reveal short cuts to their singularity. These 
functions are all reducible to a structural specification: 
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the stereospecificity of the polymer in reacting with other 
moleoulee. 

In this list, the enzymatic functions are particularly 
promising in the light of their specificity and amplifying 

ity. Many enzymes have turnover numbers of 
104 substrate molecules/sec/enzyme molecule. If smtable 
precursors (nutrients) oan be defined, integrated enzyme- 
sequences or metabolio like respiration or photo- 
synthesis, extend the versatility of this approach. 

The simpler the level, the more likely are we to find a 
metabolic analogue on Mars, for example, for the assimile- 
tion of elementary nutrients, C, N, O, 8 or P, into organic 
molecules. The next more complex molecules, H,O, 
OO, and O, and NH,, are the most pervasive metabolites 
of terrestrial life, and the choice among them for searching 
for evidence of their conversion into other compounds 
will depend mainly on instrumental considerations. In 

the more complex the metabolite being tested, 
the lees our prior expectation that it was part of an 
extraterrestrial biogenic system. However, the complete 
system offers the amplification—a mngle bacterium 
could grow and multiply into tonnage masses in a few days, 
but might make the most exacting demands of the en- 
vironment. 


Morphology 


Biogeny rapidly elaborates higher forms of organiza- 
tion: cells, tissues, organisms, populations, which 
might be recognizable according to their own forms 
and to their rectifications of the environment. However, 
what systematio rules distinguish biological forms in 

? Some forms are recognizable, for example, & 
friend’s face, and recognition then contains many bits 
of useful information. Compound vesicles, apparent 
‘cells, are most inescapable in morphogenesis; their absence 
would at least set an „ppor limit to the stage of biogeny. 
Their presence would extremely provocative, but 
properly would raise many scepticiams of io 
artefact. Nevertheless, esobiology has so many roots in 
morphology that we could scarcely ignore the insights 
that our historio practice of it would offer. Any recogniz- 
able forms would provoke tangible and hence useful 
working h: of the Martian system. 

Sons uu morphology can be systematirzed. 
As an example which might illustrate speciation, ultra- 
structural ings in the range of 20-500 A could be 
detected by powerful optical (electron microscope, X-ray 
diffraction) as well as separative techniques. roaches 
so cogent to esobial ultrastructure must y an important 
part in exobiology. Unfortunately, we have little empiri- 
cal basis to prejudge the morphological detail that might 
be exhibited by an infra-biogenic planet, since so much 
of the chemical diversity of Earth bas been pre-empted 
by life. 

"Ab is well known, five-fold symmetries are anathamatic 
in crystallography. Hence, regular pentagonal snd 
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dodecahedral forms might occur as elementary units, for 
example, perhaps a ferrocene, but no smnple law of crystal 
growth could account for their occurrence in diverse 
sizes.. A glen of periwinkles has a deduotively simple 
signature of life. -` 


Signals 


Bo far 1 hayo taoitiy assumed thet whetliee'or not, Mars 
achieved biogeny, it has not passed to cognogeny. 
Reaction to the once notorious Schiaparellian canal may 
account for & position which has no rigorous basis. 
True, we have had no scientifically admissible sign of 
intelligent activity on or communication from that 
planet. However, we can only fancy whether an exotio 
culture would have either the means or the motive to 
effect recognizable communication. We can generalize 
that the works of cognogeny would constitute the most 
startling unlikelihoods, exceptions to biogeny and chemo- 
geny alike. 

It is no trivial exercise to speculate how we could most 
compectly summarize our scientific culture. For example, 
& description of DNA and our amino-acids could portray 
the convergence of physical and chemical ee eRe 
and some of the least predictable aspecta of esobiogeny. 
we could but do it, a detail of the inter-neuronal synapse 
and the cytoarchitecture of the cerebral cortex would go 
even farther. How much of our cognogeny would then 
be deducible from these facts and our awareness of them ? 

Purposeful emissions cost enough more than mere 
listening that we do not undertake them ourselves, but 
we have made casual efforts to hear them. Further, we 
might hope to eavesdrop on the internal communications 
of another planet, perhaps more likely far beyond the solar 
system. Among other difficulties, efficient information ia, 
by definition, indistinguishable from noise to the unbriefed 
eaveadropper. 

While a answer to any notions of Martian 
i i is difficult, a realistic policy is not. Cog- 
nogeny would reveal itself m divers ways, and, at least 
for Mars, we have no better recourse than to keep eyes, 
sire iad nce elect for any alc ai 4h ad wo make Do. 
gressively closer approaches to the planet. 


Instrumentation 

The rational classification of existing instruments, or 
those proposed for analytical purposes, is a task as difficult 
as it is urgent. The real aim, a classification of ible 
instruments, requires a total knowledge of physics, and 
some system for classifying this information that will 
help us to understand the relationships among existing 
instruments and suggest new ones. <A proposed scan 
parameter is the energy-level of the transition by which 
the molecule is recognized. Further perameters include 
whether photons are introduced or emitted, whether chem- 
ical reagenta are employed, i i auto-reactians, 
whether the displacement or state of the analysand or of 
the probe is diagnostic, and, for radiation probes, the role 
of power, polarization, phase, wave-length, or flux vector 
of the probe. The first step in a deteiled rationalization 
is to determine whether any more dimensions are needed 
for our matrix of possible configurations. . 

Radiation probes are usually limited, either in seleo- 
tivity—say, absorptiometry, or semsitiyity—say, nuclear 
magnetic resonance—but they have special value in 


input power better than 1: 1,000, with ee 
limitations to detectivity. For example, i molar 
absorptivity rarely exceeds 105 so that 10 molar solutions 
(6 x 10 molecules in a l-am cell) would give the 
lowest useful signal under the most favourable conditions. 
By contrast, fluorometric measurement (which oan 
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Semiconductor radiation detectors have grown up 


In conjunction with A.E.R.E. Harwell a wide range of solid state radiation detectors have 
been developed and are now In routine production. Sensitlve areas from O.6 cm? up to 
50 cm2, high resolution models for spectrometry and large area detectors for monitoring 
are available. Both alpha and beta sensitive detectors as well as the recently developed 
transmission models with depletion depths up to mm are currently belng manufactured. Thus, 
the full advantages of semiconductor engineering are nowa practical propositian fora great 
number of radiation projects. Write for general brochure and data sheets on current types to: 


ELOTT ELECTRONIC TUBES LTD Elstree Way, Borehamwood, Heritordshire 


TELEPES FLETREE 242 EXTENSION 450 BJ Member of the Elliott-Automation Group 
X EHI! 
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exploit shifts in wave-length, flux vector, polarization 
and phase) can easily measure 10* molecules and can be 
extended at least to 10‘. The delicacy of excitation 
methods (which could also include chemical, nucleonic 
and thermal excitation) stems from the measurement 
of the date signal merely against a detector noise back- 
ground as compared with the much larger power fluctua- 
tions of practical probes. 

Optical activity is also usually measured via loss of 
power (attenuation of polarized light by a crossed 
analyser): 
present ponderi being about 104% molecules. If some 

orming optical rotation to an excited 
signal were developed, it would enormously enhance the 
power of this technique. 

The most sensitive approaches to analysis are two-stage 
mechaniams: the selective displacement of the analysand, 
then a sensitive detection. principle, such methods 
might detect a single molecule, as in mass try: 
selective m/e di followed by the sensitive 
detection of an ion that can be accelerated to arbitrary 
energy. The potential information content of & mass 
spectrum is especially high since the theoretically meesur- 
able mass of a aingle molecule is defined to & resolution 
far better than 10-*, i of the variety of energetio 
states, which broaden other physical features. Existing 
instruments still lag behind theoretical limits of mass 
resolution; yet have already demonstrated their power in 
organic analysis. Further, the mass datum at high 
resolution for an intact molecular ion is deductively 
reducible to a molecular composition, unlike the inferential 
data given by most other spectroscopic techniques, and 
tbe statistios of the fragments also give detailed insight 
into the complete structure of the molecule. From these 
considerations the combination of a mass spectrometer 
with & simple, rugged, separative device, like the gas 
chromatograph, promises to be the most powerful com- 
ponent of analytical systems for biochemistry. However, 
a science of metrology, the orderly study of methods of 
measurement, remains to be developed. Y oan have little 
confidence that the last word has been said on this issue. 


^ 


Some Private Thoughts on Exoblological Strategy 


The multitude of poesible means and deteiled ends in 
exobiology leaves httle hope that a brilliant flash will 
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ce 

illuminate the whole Eie c o gubetitute for the 
diverse paths of eeobiology. Nor should there be any 
discouragement of the variety of talents and insights that 
would be needed in any event for the full development of 
the subject. The overri problem in plannmg is, of 
course, how little we know about surface detail 
and atmospheric composition of Mars. We are also 
bedevilled by the uncertain hazards, but immense stakes, 
to either planet of an intemperate rupture of tho inter- 
planetary barrier. Earth-based telescopes can, to be 
sure, add significantly to our present appreciation of 
Mars, and hence of the hazards of landing. But the next 
significant would be & Mars-orbiting observatory, 
keeping the p under & constant synoptic scrutiny 
from a safe distance, close enough to measure significant 
surface detail, and large enough to maintain the most 
sophisticated instrumentation, telemetry to Earth, end 
perhaps even some Earth-based regulation of its surveil- 
lance schedule and precautions against accidental intact 


Such an approach to Mars would also open the way to 
political agreements to unify terrestrial strategy and can 
allow constructive oo-operetions like the International 
Geophysical Year of recent history, for example, to 
facilitate the relaying of io data. While it is 
essential to mount vigorous instrument development 
efforte to assure that a landing can ever be implemented, 
the detailed: specifications of experiments should take full 
advantage of the moet up-to-date planetologioel informa- 
tion. That is to say, the final decision to implament a 
landing on Mars should be suspended until we can have 
digested the date from a Mars orbiter. This criterion lends 
further weight to the strategy of designing a general- 
purpose laboratory for planetary investigation, in which 
many investigators oan participate, and which has the 
flexibility to be readily in the light of new 
data. At present, for a biologist to participate actively 
in space research requires a commitment to engineering 
efforte which few are willing to undertake. 

The deliberate staging of the exploration of Mars, 
perhaps with international agreement to proceed first 
with reconnaissance while preparations are made for 
comprehensive landed missions, would allow for the 
widest participation of interested scientists, both in the 
design of experiments in exobiology and in the prudent 
determination of global policy for the solar system. 


DEFINITION AND USE OF ZEBU, BRAHMAN OR Bos indicus” CATTLE 


By Pror. JOHN FRANCIS 
Department of Preventive Medicine and Anatomy, Veterinary School, 


Untverstty of Queensland, Brisbane, 


HERE has been a steadily increasing interest in 

Brahman cattle and their hybrids in Queensland 
during the past ten years. This has been due to their 
resistance to ticks and general ability to thrive better 
than British breeds under the various stresses of a tropical 
environment!-. These facta, and anatomical investi- 
gations of British and Brahman cattle‘, stimulated our 
interest in zebu cattle in various parts of the world. 

In trying to determine the boundary between zebu and 
other cattle it tas surprising to find that no real definition 
or concise description of the characteristios of ‘a zebu’, or 
of the apparently. precise binomial Bos indicus (literally 
Indian ox), could be found. Linngeus* described it as “a 
bovine whose horns are shorter than ite ears, that has & 


* I$ te considered that these three terms are but 
the name Brahmen tends to be reserved for a type of zebu developed 
in the U.S.A. In some of the ald A other reports the name 
Brahweén is used which doubtless originated from the sacred Brahmini bulls of 


Tndfa, 


ustralia 


humped back and no mane"—the latter probably distin - 
guishes it from bibos. Grase’ is scarcely more precise. 
Zeuner’ has given much the most satisfying account of the 
origin of cattle, although his description of the zebu is 
not in complete accord with the definition proposed here. 
He says: “That the primigenius breeds came from tem- 
perate or western Asis is evident from the distribution 
of their wild ancestor in these parts". He discusses 
interesting breeding experiments in Europe during which 
these early animals were “reconstituted”, and reports 
that they not only had the physical characteristics of the 
aurochs but also their agility and wildness. He describes 
the zebu as “characterized externally by & prominent 
hump on the shoulder, a long face, usually steeply upright 
horns, drooping ears, small brow-ridges which give it a 
peculiar expression, a dewlap and slender legs. Its colour 
varies, but is commonly of the grey type varying to 
white or black. Many croases have occurred betwean 
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zobu and primigenius breeds, especially in Africa, and 
these should be left out of consideration . . . the zebu 
with ita long face, steep horns and hump is so distinot 
an animal that ite origin has been discussed frequently". 

Zeuner' discounts the possibility that the zebu could 
have derived from a cross between primigenius and bibos 
species and relates that the first archaeological record of 
the zebu is about 4500 B.o. Both primigenius cattle and 
zebu appear on Indian seals of 2500 5.0. and, allowing for 
some artistic licence, the zebus on these seals have the 
main characteristics of the modern Brahman. He! 
accepts the very early separate origin of the zebu, probably 
from the wild Bos namadious of India or some region to 
the west of India, and says that this would make it 
possible to understand why there is & specifically tropical 
breed of cattle present from the earliest times onwards, 
and now distributed from Ohina to Africa, with India 
as the focus. The sculptures and hieroglyphios of Egypt 
Bhow three different of primigenius cattle, and from 
about 1570 5.0. on: rebus are algo frequently shown. 
The earliest record in Palestine is in the ninth century 
B.O., and rebus then became well known all over the 
eastern shores of the Mediterranean. ‘They never 
succeeded, however, in ousting primigenius and longifrons 
breeds in the rest of the Mediterranean littoral, presumably 
because humped cattle were climatically unsuited to 
non-tropical countries". 

Zeuner and Mourant* propose & nomenclature for the 
Bovinae. The first species listed is Bos (Bos) primigenius 
Bojanus (wild European aurochs, extinct since 1627). 
Bos taurus is described as Bos (Bos) primigenius f.d.* 
taurus Linnaeus (domestic humplees cattle of Europe, 
type locality Sweden), and Bos indicus as Bos (Bos) 
prindgenius f.d. indicus Linnaeus (domestic xebu, type 
locality China). The foregoing name for Bos indicus can 
scarcely be regarded as suitable because it is generally 
accepted that this species or sub-species arose from the 
wild cattle of India, Bos namadious, and the rebu is 
clearly not the “forma domestica” of the European Bos 
primigensus. Why China is given as the type locality is 
also difficult to understand, as all the evidence indicates 
that India is the origin and focus of rebu cattle. Zeuner' 
says that cattle reached China from the west and south- 
weet, and he clearly uses the term ''primigenius breeds” 
to exclude Bos indious. 

The name, Bos (Bos) namadtcus f.d. tndtous (domestic 
zebu, typo locality India), is suggested as the most suitable 
name as it is felt that it acoords well with Zeuner’s 
statement that 'there is a specifically tropical breed of 
cattle present from the earliest time onwards, and now 
distributed from China to Africa, with India as the foous’’’. 

The descriptions by various authors", and my own 
observations in Australia and Africa, lead to the following 
tentative definition of a ical zebu’ T, or Bos indicus: 
A bovine with a well-developed musculo-fatty thoracic 
hump and dependent dewlap. In the male the prepuce 
is pendulous and in the female the umbilical fold well 
developed. It has a coat consisting largely of straight 
medullated hair fibres and the sweat glands are larger 
and more numerous than in Bos tawrus. The thoracic 
spines are bifurcated and the caudal vertebrae do not 
extend into the distal portion of the tail covered by the 
switch. (The fact that the thoracic spines are a variable 
characteristic for intermediate type cattle does not reduce 
the value of the differentiation from Bos taurus.) 

The shape and size of the horns are considered to be 
unimportant as they may vary enormously, and typical 
rebus may be polled. Some authors have placed con- 
siderable emphasis on the long narrow skull as being 
characteristic of the zebu, but again this can scarcely be 
accepted, as the gir, which must be regarded as a zebu, 
has a broad, domed forehead. This breed and the 
Kankrej, so well illustrated by Olver, are probably 

* Forma domestica, 

t Heneeforth tebu, Brahman or Bos indsous refers to a ‘typtoal rebu’. 
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responsible for the head characteristics of the American 
Brahman". The ears, although generally large and 
dependent, also vary much in shape and size. 

It should be added that the term ‘thoracic hump’ is 
ill-defined. As used by Kelley" and Mason and Maule?! 
the definition appears to depend on external appearance 
and applies to a hump which is more or lese 
above the forelegs. On the other hand, Epstein!? defines 
a thoracic hump as one developed from the thoracic, as 
distinct from the cervical, portion of the m. rhomboideus. 
On the former definition the American Brahman cattle 
have a thoracic hump as well as many other zebu charac- 
teristics. However, limited dissection by Butterfleld 
(personal communication) shows that their humps are 
developed from the cervical portion of the m. rhomboideus. 
Nevertheless, they extend caudally as far as the fifth 
thoracic dorsal spine, a limit not exceeded in photographs 
of bisected Boran cattle kindly supplied by H. P. Ledger 
of Kikuyu, Kenya. The fatty surface of the bisected 
hump has led many people to conclude that the hump 
consiste almost entirely of fat; but dissection in Queens- 
land, and inspection of photographs from transverse 
sections of humps supplied by H. P. Ledger, show that 
there 18 & considerable amount of muscular tissue, particu- 
larly in the anterior portion. In this article it is the 
external appearance of the hump which is used as a 
guide in distinguishing thoracic from cervical humps, 
although further work may permit a more satisfactory 
definition. Some suthors have suggested that there are 
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zebu cattle with no hump, but they do not specify the 
breeds or other characteristics of these animals, and the 
expression ‘humpleas zebu’ would seem to be a contra- 
diction of terms. 

The American Brahman (Fig. 1), the Boran (Fig. 2) 
and the Kankrej! may be cited as examples of cattle 
with typical thoracic humps, and Africander and numerous 
hybrid cattle as animals with cervico-thorasic or cervical 
humps. The hump is, of course, best seen in the uncas- 
trated male, and Jersey or Angus bulls may have as 
much oreet or cervical hump as some African or Indian 
cattle. 

The zebu has a characteristic voice and temperament 
well described by Kelley. The t vis-à-vis 
the British breeds of cattle may be loosely compared 
with the difference of between the alert or 
flery thoroughbred and the heavy ‘cart horse’. When 
properly handled by their attendants, zebu cattle may be 
quieter and more oo-operative than British cattle; but 
this does not alter their characteristic lively temperament 
under different circumstances and. in my experience, 

ent is broadly similar in all xebu cattle including 
the iwal and American Brahman, and I regard these 
cattle, and probably all those included in group 2 of Mason 
and Maule", as coming within the defnition of zebu. 

As might be expected, Youstt™, with his great powers 
of observation and descriptive ability, excellently por- 
trayed the general characteristios of the zebu, and Fig. 3, 
reproduced from his book, shows & xebu which was the 
‘Nagore’ bull exhibited at the Christmas Cattle Show in 
London in 1832, together with a cow of the same breed. 
(The prize carcass at Smithfield in 1848 was from a zebu x 
Ayrshire.) ‘They were beautiful animals and attracted 
much attention. . . . They are not buffaloes, but of the 
highest breed of Indian cattle. They are used in India 
by the higher orders, to draw their state carriages, and 
are much valued for their size, speed and endurance and 
sell at very high prices. ... They will travel, with a soldier 
on their backs, 15 or 16 hours in the day, at the rate of 
six miles an hour. Their action is particularly fine— 
nothing like the English cattle, with the side-way, circular 
motion of their hmd legs—the Nagore cattle bring their 
hind legs under them in as straight a line as the horse. 
They are very active, and can clear & five-barred gate with 
the greatest ease. Mr, Perkins has & calf which has leaped 
over an iron fence in order to get at the water, and when 
he has drunk his fill, leaps back again. . . . The bull is 
employed in a light cart, in various jobs about the farm: 
sometimes he goes fore-horse in the waggon-team, to 
deliver corn; he also drags the bush-harrow, and draws 
the light roller over the ploughed land. He is very docile 
and tractable, when one man drives him, and attends 
upon him, but he has now and then shown symptoms of 





Tig. 3. A Brahman ball in about 1830. ‘He is 
Hngland uer oale and 
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dislike to others. . . . He is very fond of being noticed; 
and often, when he is lying down, if any one to whom he is 
accustomed goes and site down on him and strokes him 
over the face, he will turn round and put his head on their 
lap, and lie there oontentedly as long as they please. 
The latter part of this quotation perfectly portrays the 
temperament of the Brahman. 

The descriptions of African and Asian cattle show that 
there are innumerable gradations and variations between 
the xebu and non-humped cattle. Some of these have 
been designated as types or breeds, and there ia much 
discussion concerning their origin. This is doubtless 
justified; but the varied and extensive crossing with the 
British breeds, following the introduction of 24 Brabman 
bulls and 25 females into Queensland between 1083 and 
1954 has produced almost all the types of conformation 
(excluding horns and the very dwarfed breeds) illustrated 
in the articles and books mentioned here. : 

It is therefore poesiblo that all the various intermediate 

have derived from crosses between the zebu, which 
originated in Indie or some adjoming of Asia, and 
non-humped cattle; and Curson and rnton* (p. 621) 
do state that the Sanga cattle, so widely distributed in 
Africa, originated by the intermixture, probebly in 
Egypt, of the Hamitio longhorn and lateral-horned zebu 


Mason and Maule“ divided the cattle of Africa into: 
Group 1, Sanga; Group 2, zebu; and Group 3, intermedi- 
ate; but both groupe 1 and 8 could be regarded as inter- 
mediate between Bos tndious and Bos iavrus. Distribu- 


characters. 

Kelley?! has dealt with the ‘average characteristics’ of 
the various hybrids, and some cattlemen in Queensland 
consider they can assess quite accurately the amount of 
‘Brahman blood’ in an individual by ita conformation and 
other characteristics, and that this is broadly related to 
hardihood and disease resistance. The Africander cattle 
in Queensland are considered to have anatomical and other 
characters similar to those of an animal with three- 


‘blood’ in hybrid cattle, but this can scarcely be very 
accurate. 

ing the resulta of dissecting various British 
breeds of cattle and Brahman crosses, we!” concluded that, 
contrary to general belief, there was no difference between 
the various breeds, in the proportional distribution of the 
different ‘muscle groups’ based either on weight or on 
economic value. In the recent past there has bean a 
trend to produce quickly-maturing cattle and to consider 
that the larger, later-maturing cattle lacked ‘quality’. 
But it is evident from the foregoing resulta that the latter 
types of cattle, whatever their breed, can be used with 
confidence that there will be no detenoration of muscle- 
weight distribution. 

The beef industry of tropical areas must be based on 
cattle well adapted to the local environment, and from the 
point of view of muscle-weight distribution there can be 
no reason for rejecting adapted cattle, no matter what 
their conformation, from areas where they are established. 
There has been much difference of opinion concerning 
breeding porcia in tropical countries, but zebu cattle are 
considerably more resistant to most diseases than are 
cattle of European breeds!* and, after & careful survey, 
Faulkner and Brown! considerable doubt 
concerning the use of European breeds for improvement 
in the tropics. 

Leaving aside dairy cattle, which can be kept under 
special conditions more suitable to the high-yielding 
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European breeds, the only modification to the foregoing 
opinions would be that a judicious infusion of European 
‘blood’ may introduce desirable characteristics to same 
local breeds. This has become much easier with the 
development of artificial insemination, and 1t is now real- 
ized' that the stabilization of suitable hybrid cattle is 
far eamet than had been supposed. Thus, over much of 
Queensland, which stretches from latitude 29? to 10? S., 
the best adapted hybrids will probably vary from three- 
eighths to five-eighths Brahman ‘blood’ and 1t is very un- 
likely that there will ever be large commercial herds of 
pure Brahmans. In the same way, suitable experiments 
and observations could lead to decimons concerning the 
correct admixture in other tropical areas, and this could 
move more towards the European breeds with improve- 
ments in disease control and agricultural practice. 

I thank Dr. R. M. Butterfleld for his advice, and the 
Australian Cattle and Beef Research Committee for 
financial support. 
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SEEING IN DEPTH 


By R. L. GREGORY 
The Psychology Laboratory, University of Cambridge 


EE are biological early warning systems. By giving 
information of evente distant in space they serve to 
probe the immediate future, allowing brains to transcend 
simple reflexes and control strategic behaviour. Without 
information of distant objects there can be no anticipation 
of danger, no organized attack, no knowledge of the world. 
Indeed, the development of brains must have depended 
on seeing in depth. 

The brain has a most diffloult task interpreting retinal 
information from distant objecta. The retinal image has 
lost & dimension : somehow the brain must construct 
depth from the projection of three dimensions reduced to 
two. For near objecta the different views of the two eyes 
are used to compute depth, but the base line between the 
eyes is too small for distances beyond 50 ft. or so, when we 
are effectively one-eyed. With a single eye we generally 
see the world more or leas accurately in three dimensions. 
For distant objects we use many ‘clues’ to depth, with a 
subtlety in the best traditions of the sleuth. With increas- 
ing distance, outlines look more blurred and fine detail 
ig lost, objects look blue from increasing atmospheric haze, 
and more distant objecta are in part hidden by those nearer 
the observer. These are some of the available clues to 
depth. 





Pig. 2 An impommble object. This cannot any possible 

physical object, for it has conflotng depth ope (fir L. 8. and R. 

One can see why perception of depth 1s so difficult by 
thinking about pictures. Although a picture ıs itself 
two-dimensional, 16 representa objects lying in three dimen- 
sions. But this is strictly impossible, and so pictures are 
essentially ambiguous in depth. Oonsides a drawing of a 
simple ellipse: Is the object represented distent and 
large, or small and near? Is it an elliptical object, or a 
circle tilted at an angle? The two-dimensional drawing 
could represent any of an infinite set of objecta. Add 
shading, perspective—or an indication that it is a wheel— 
then we see one specific object. Visual ambiguity in depth 
is seen. dramatically in figures which could equally lie 
in more than one orientation. For example, Fig. 1: a flat 
drawing of a skeleton cube. A given face is seen first sa 
the front, then the back. The alternative ‘hypotheses’ 
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are entertained tually in turn, and we never do 
see the figure as a unique unchanging object. 

Pictures are not only ambiguous ; they are also para- 
doxical. A picture is seen to be lying flat on ita paper 
or canvas, and yet is also sean in three dimensions as 
indicated by ita tive and other depth cues. It is 
paradoxical in being seen as both flat and in depth at the 
game time. ioting cues to depth can produce 'im- 
possible objecte’. Fig. 2 cannot be an object lying in space. 
Fig. 8 cannot even be seen. In both cases, the trouble is 
over the third dimension. 

Why should the eye accept a picture as representing 
objects lying in a space different from ita own ? It does so 
because & picture is essentially like a retinal image—both 
are flat projections of three-dimengional space. Pictures 
give simplified images, and very likely distorted in various 
ways, but the brain is so familiar with the problem of 
adding the third dimension from information given by the 
flat retinal image that we might expect it to cope with 
pictures. But there is an important difference between 
pictures and retinal images. Both are ambiguous, but 
retinal images do not lie perceptually in both two and three 
dimensions. We do not ‘see’ the flatness of the retina, 
or its texture : they are not signalled to the brain. Thus 
the brain has a more difficult task dealing with & picture 
than with normal objects. The textured background 
imposes a highly artificial problem to the visual 
which it cannot completely solve. It is indeed unfortunate 
that experiments in perception have largely used 
drawn on paper. It is only when the double reality of the 
picture and what it represents is being explicitly investi- 
gated that pictures should be used in visual experiments. 

It is, however, possible to produce pictures whioh, like 
retinal i have no information of their flatness. 
This we may do by avoiding all background texture, and 
viewing with a single eye. When Fig. 1 is shown in this 
way—tuminous, glowing in the dark—it appears as a truly 
three-dimensional cube. It still reverses in depth—it is still 
ambiguous—but it is no longer paradoxical in depth. 
The luminous figure looks different in another way— 
the apparently further face always looks larger than the 
ripe dil a whichever this may be. We see 

distortion most dramatically in a truly three-dimen- 
sional skeleton cube, made of wire and coated with lumin- 
ous paint to make it glow in the dark. The true cube also 
reverses in depth, and when it reverses it changes shape— 
the apparent front appearing too amall. It becomes a 
truncated pyramid. , it rotates in the most odd way 
when the observer moves round it, but that is another 

1,8 

Why should the luminous cube change shape when 
reversed in visual depth? This is answered by asking a 
silly ing question—why does a cube n look 
like a cube? This needs some explanation, for since the 





Fig. 3. This figure cannot even be seen. Again the difftoulty is over the third dimension « 
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them, the ingoing shrink ıt. The ‘fing’ can be regarded as per 
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back face is further away, it must give a smaller mage to 
the retina. But it does not look smaller—it looks the same 
size as the front. Although all objects give smaller retinal 
images as they recede from the eye, this geometrical 
shrinking is generally compensated by the brain, to give 
‘size constancy’. Size constancy was known to Descartes? 
in the seventeenth century, and has been investigated 
intensively since, notably by R. H. Thoulees* in the 
thirties. It serves to give immediate recognition that a 
distant bottle is pint or half-pint, or whether it is a cat 
or a tiger about to spring. There are various theories 
about constancy*:*, but I believe it to be produced by an 
active scaling process in the brain, either set according 
to the apparent distance of viewed objects or set directly 
by various depth cues. We may call the underlying 
processes ‘constancy scaling’. 

When we see the skeleton wire cube distorted, when 
reversed in depth, we soo our constancy scaling at work. 
But it is working backwards. For it is working according 
to the apparent and not the true depth of the object. 
Although constancy scaling normally correcta for the 

inking of retinal images with distance, reversal of 
depth makes the normally useful compensation distort 
visual space. The cube looks more distorted than it would 
if there were no constancy scaling correcting for the shrink- 
ing of the image with distance. These distortions occur 
whenever depth reverses in non-paradoxical figures. It 
could happen in real conditions, such as landing aircraft, 
or in space flight, and the consequences might be serious’. 


The ‘Geometrical Illusions’ 


We know, then, that visual space is distorted when depth 
is seen wrongly. Can this somehow explain the distortions 
of the well-known ‘illusion figures’? Fig. 4 shows the most 
familiar example: the outgoing arrow heads expand the 
line (or the space) between them, while the ingoing heads 

Shrink it. Now these ‘arrow heads’ can be 
thought of as ive drawings of 
corners lying in th. They are the same 
son ee inal images of real corners. 
With the outgoing arrow heads the vertical 
line would be distant, the heads represent- 
ing, for example, the lines of the ceiling 
and walls of the inside corner of a room. 
The mgoing heads are perspective draw- 
ings of an outaide corner, say, of a building 
or box, where the jommg lme would be 
near. 
If the ive features of retinal 
images do mdeed serve to set constancy 
scaling, then when these features are 
present m flat pictures we must expect 
them to produce distortions of visual 
space. Constancy scaling correcta for 
shrinking of ‘the retinal image with in- 
creasing distance, but pictures present 
perspective depth features with no 
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change in distance to compensate, since they are physi- 
cally flat, and so the scaling must be inappropriate. 
We must objeota indicated as further away to be 
systematically expanded*. This is just what bappens, 
apparently for all the illusion figures, with people familiar 
with corners and parallel lines. 

It has been known for sixty years that people who live 
in environments largely free of right angular corners and 
parallel lines—such as the Zulus, who live in a ‘circular 
culture’ of round hute—do not suffer these distortion- 
illusiong!*. Mise Jean Wallace and I found that a man of 
middle-age, who recovered his sight by corneal graft 





oe depth Ih ee The ploture 


b. Apparatus for 
it t Vrain: 
ta 
pioture. 





July 3, 1965 von 207 


after being blind since early infancy, was nob subject to 
the illusions". His perception of depth was also most odd. 
It seems that early experience of perspective features is 
< : apparently we learn to use perspective for 
setting constancy scaling. 

Can we demonstrate e i a close connexión 
between depth and distortion illusions ? There are several 
hints in the literature of such an origin of the illugiona*'!*, 
but there is a difficulty. It is always assumed that size 
constancy works simply according to apparent distance 
(which is indeed true for the luminous cubes), but if this 
were always the case it could not produce distortions in 
figures seen as flat. But the illusion 
figures are generally seen as lying flat 
on their paper backgrounds, so how can 
we Invoke constancy to account for these 
distortions ? 


Measuring Depth tn Pictures 


The tus is shown in Fig. 5. The 
illusion is presented as a back- 


eye. 
dim movable light which is optically 
introduced into the figure with a part- 
reflecting mirror. Now this light may be 
adjusted in distance, until it matches 
the t distance of any selected part 
of the figure seen with a single eye. The 
flgure's depth is given by ite perspective 
features, but the light’s distance is given 
by convergence of the two eyes. Positions 
of the light are recorded on the graph 
paper at the top of the apparatus, and 
so we plot visual space in three dimen- 
sions, using the two eyes aa a range-finder 
to measure the effect of perspective an & 
single eye. Fig. 6 shows how the arrow: 
illusion is related to ita apparent depth, as 
measured with this technique. The 
similarity of the distortion and th 
functions, for various angles of the 
~ demonstrates the close relationship we 
should expect—if indeed ive 
features can set constancy scaling—to produce illusions 
when the perspective is inappropriate to true distance. 


Depth Optics 

Oen we improve instruments, or devise new instrumenta, 
for extending the eye’s ability to see in depth ? 

The microscope is a direct extension of the eye, extend- 
ing its ability to see the very small by effectively making 
it see objects extremely near. But when used at high 
magnification, its depth of focus is so small that structures 
lying only a few microns further or nearer the plane of 
sharpest focus are degenerated to be unrecognizable. 
It cannot provide the separated views to the two eyes 
to give stereoscopic depth. This limitation, however, can 
be overcome!" by vibrating the objective lens of the 
P add uie lane of sharp foous scans rapidly 
up and down through specimen, extracting the th 
information with each scan. But if this were 
on & plane we would see confusion, for we would be 
compressing three into two dimensions. Somehow the 
information must be reconstituted into three-dimensional 
visual space. This can be done by projecting the image on 
to & screen kepb vibrating in phase with the scan through 
the specimen. The image on the vibrating screen then 
changes systematically as it moves to and from the 
observer, and builds in the volume t by the screen 
a ‘solid image’, magnified in depth. e can see, for 
example, brain cells magnified a thousand times in three 
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dimensions. In practice the vibrating screen introduces 
difficulties, but it can be replaced by a rotating helical 
screen, or a screen avoided altogether, by sweeping the 
pair of images in opposition across the eyes, in a way the 
observer’s brain accepts as signalling depth. 

Could we devise a way of drawing pictures in three 
dimensions?! Do artista have to be for ever limited to 
Hs Dibner UH papa T The problem is to produce a pair of 
lines, one for eas. j uoed under the control of the 
artist, Bo that correct stereoscopic depth is given by the 
horizontal separation of the Ped We have reoently 
built just such a devige. The depth artist holds a stylus, 
bearing & amall bright light which is imaged on a pair of 
Thorn electroluminescent image-retaining . As he 
draws with the light, in three dimensions, glowing linea 
are presented to each eye and fused by the brain into 
a single picture in depth. He sees and creates in a 
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three-dimensional world, where artist and scientist 
meet. 
a al Grigny, aca 1:09 
1 Gregory. E. L., Bru. Med. Ball, 20, 1, 21 (1964), 
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NEWS and VIEWS 


The Royal Sodety: S. G. Brown Award and Medal 


Tua Royal Society's 8. G. Brown Award and Medal 
has been won. this year by Mr. F. T. Bacon, consultant to 
Energy Conversion, Ltd., for his work in the development 
of fuel cella, on which he has been continuously engaged 
for the twenty years. The award is made annually 
by the of the Royal Society, on the nomimation in 
turn of the Institutions of Civil, Mechanical and Eleo- 
trical Engineers, for an outstanding contribution to the 
promotion and development of mechanical inventions. 
The nomination is based on work carried out during the 
year of the Award and the preceding five years. The 
1965 nomination was made by the Institution of Mech- 
anical Engmeers, of which Mr. Bacon is an Associate 
Member. 


Prof. A. C. Haddow, F.R.S. 


Tua cross of Chevalier de la Légion d'Honneur has been 
awarded to Prof. Alexander Haddow, director of the 
Chester Beatty Research Institute of the Institute of 
Cancer Research, London. This award is an indication 
of the esteam in which Prof. Haddow is held in scientiflo 
circles m France and is at the same time an expreasion 
of appreciation of much friendly collaboration over many 
years. Recently, Prof. Haddow has been closely associated. 
with discussions about the international support of cancer 
research, in particular with the pro put forward 
two years ago by the French Government. 


Space Research in the Ministry of Aviation : 
Mr. J. G. Lewis 


Mx. J. G. Lewis has been appointed director (space) at 
the Ministry of Aviation Headquarters in succession to 
Mr. O. J. Stephens, who is now a ing the Imperial 
Defence College. Mr. Lewis was barn in Skipton, York- 
shire, in 1921 and educated at Skipton Grammar School 
and later at Christ's College, Cambridge, where he i 
ized in mathematics and physics. In 1942 he entered the 
Air Defence and Research Establishment at Malvern 
(now the Royal Radar Establishment), where he worked on 

ighta control and surveillance radars. In 1956 he 
attended the 17th course at the Joint Services Staff 
College. He was promoted to senior principal scientific 
CO ee ae eee o i DEM 
Projects Branch at the Royal Armament Research and 
Development Establishment in Kent, he became more 
directly involved in the development of guided weapons. 
For the past three years he has been an sasistant director 
in the Defence Research Staff in Washington, D.C., 
concerned with U.8. guided weapons and space activities 
and Anglo-American co-operative programmes. 


Psychology In the University College of Swansea : 
Prof. C. E. M. Hansel 


Me. O. E. M. Hansa, who has been on the staff of the 
Department of Psychology in the University of Manchester 
since 1949, has been appointed to the newly established 
chair of psychology in the University College of Swansee. 
Mr. Hansel was born in 1917 and educated at Bedford 
School. From 1938 until 1946 he served in the Royal Air 
Force and reached the rank of equadron leader. After 
demobilization he to Fitzwilliam House, Cam- 
bridge, where he read psychology in Part II of the Moral 
Bciences Tri His principal research intereste have 
been in the dof siaal paroaption and in particular, he 
has been developing & theory intended to integrate the 
piponi and psychological phenomena of colour vision. 

this sphere he is an authority. He has recently designed 
& new type of teaching machine. He has also excelled as 
the leading critic of the experimental basis of claims for 
extra-sensory perception. HR T E 
tion of this fleld of enquiry is to be published in the 
spring of 1966 (by Scribners, of New York) and will, no 
doubt, create considerable consternation among pars- 
peychologists and their adherents. The topic will now be 
placed in ita correct scientific ive. While at 
Manchester, Mr. Hansel collaborated with Prof. Jobn 
Cohen in researches into subjective probability, temporal 
phenomena, the spread of ideas, and other topics. This 
resulted in a joint book, Risk ond Gambling (1950), and 
numerous pepers on decision-making, the measurement of 
linguistic usage, and the kappa effect. Mr. Hansel is a 
talented musician, and for many years played first violin 
in the Alderley Edge Orchestra. 


Second Chair of Electrical Engineering in the College 
of Advanced Technology, Birmingham : 
Prof. J. E. Flood 
De. J. E. Froop has been appointed to the second chair 
of electrical engineermg at the College of Advanced 
Technology, Bi He gained his initial education 
at the City of London School and then went on to take an 
engineering course at Queen Mary College. After war-time 
service at the Admiralty Signal Establishment, he joined 
the Research peor of the British Post Office and 
for the next five years was occupied with the application of 
electronics to automatic telephone switching. Deciding 
to get nearer the product, he joined the then Siemens 
Brothers of Woolwich, now the Telecommunications 
Division of Associated Electrical Industries, Ltd. Here he 
took an active part in furthering electronic applications to 
the telephone and, for & number of years, was chief 
engineer of the Advanced Development Laboratories 
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engaged on this work. During this time he played a 
leading part, together with other manufacturers and 
the British Post Office, first in the establishment of the 
first electronic automatio exchange at Highgate operating 
on the time-division multiplex principle, and latterly in 
ihe establishment of the first large electronic exchange in 
Britain in which reed relay speech circuite are controlled 
by electronic logic circuitry. In recent years he has also 
been engaged in electronic applications to other forma of 
te ne switching, in date transmission studies, and 
me of achieving economy of speech-band paths over 
linked transmission circuits. He is now ing his 
activities to the wider basis of the academic life, where his 
experiences, especially those of industrial research labora- 
tories, should prove of great value in university research 
activities with which he will now become associated. He 
was recently granted a D.Bo. (Eng.) by the University of 
London for his publications in the flelds of electronics and 
teleoommunioetions, and his new career at the Birmingham 
College of Advanced Technology will be watched with 
interest by all who were associated with him in his early 
activities. 


Nuclear Power Stations 


Ix a statement in the House of Commons on May 25, 
the Minister of Power, Mr. F. Lee, said that the Central 
Electricity Generating Board, in inviting tenders for the 
second nuclear power station to be built at Dungeness, 
had stated that besides tenders for an advanced gas-cooled 
reactor station of the kind developed by the Atomic 
Energy Authority, it was also ready to consider tenders 
from British industry for water-moderated reactor systems 
of proved designs such as those developed in the United 
States. The tenders, which included proposals for both 
these types, had now been sasessed by the Generating 
Board in conjunction with the Atomic Energy Authority; 
the advanced gas-cooled reactor showed clear economico 
and technical advantages over the alternative systems, 
and had & good potential for further development. It 
would also generate base-load power more cheaply than a 
contemporary coal-fired station. Mr. Lee said he had 
accepted the joint recommendation that an advanced 
gas-oooled reactor should be adopted at ese, and 
later added that the advantage would be at least 10 per 
cent. A corresponding statement was made the same 
afternoon in the House of Lords, when the advanced gas- 
cooled reactor was described as a remarkable technical 
break-through, and Lord Nunburnholme aaked if some 
scheme for converting sea-water into fresh water could be 
incorporated in the contract. 


Expenditure on Overseas Development 


IN reply to & question in the House of Commons on 
June I as to the aid given by the Ministry of Overseas 
Development in agriculture, education and technology, 
Mr. A. E. Oram, Parliamentary Under-Secretary to the 
Ministry, said that in agriculture estimated expenditure 
on aid in 1964 was £1-885 million, excluding the cost of 
the Anti-Locust Research Centre (£140,000) and Desert 
Locust Control (£12,000), besides new commitments for 
grants (£8-8 million) and loans (£4:5 million). In addition, 
expenditure of £12-6 million was incurred in respect of 
earlier commitments. There were some 180 unfilled 
vacancies for technical assistance, but 1,942 Overseas 
Service Aid Scheme posta were filled in 1964 and 61 
technical assistance poete. The demand was concentrated 
largely in East and Central Africa. In addition, under 
the National Agricultural Advisory Service and the 
‘Department of Agriculture for Scotland, 80 posta were 
created to enable experienced officers to be seconded 
overseas, and under a studentship scheme 20 British 
graduates were being trained for overseas service in 
agriculture.  Britein's direct expenditure on education 
-and training overseas in 1964-65, including Common- 
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wealth Education Co-operation, was more than £16-5 
million, about £12-5 million being in the Commonwealth; 
there were also substantial contributions to international 
agencies such as the United Nations Educational, Scientific 
and Cultural Organization, the Expanded Programme of 
Technical Assistance, and the Special Fund. There were 
more than 42,000 Commonwealth studente in Britain, 
and iture on training in the United Kingdom of ' 
studenta for developing Commonwealth countries, other 
than under Commonwealth Educational Co-operation 
arrangements, was estimated at 21-7 million. For 1964-65 
estimated expenditure on British teachers overseas under 
the Overseas Services Aid Scheme was estimated at £1-6 
million. Estimated expenditure on aid to technology in 
1964 was £4-05 million, including expenditure by the 
British Council. New commitments for granta totalled 
£451,000 and for loans £6-86 million, while further 
expenditure of £18 million was incurred in respect of 
earlier commitments. It is expected that the whole of 
the new commitmente in all the flelds will require some 
years to disburse. 
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Reports of the Estimates Committee 


Two recent Special Reports from the Estimates Com- 
mittee have attracted little attention although they bear 
closely on the efficiency of Parliament, particularly on its 
ability to criticize the Executive effectively. Of these, the 
Fifth Special for the Session 1964-65 (Pp. 4. 
London: H.M.8.0., 1965. 6d.) deals with temporary 
technical or scientific assistance for sub-committees of 
the Estimates Committee, which works through such 
sub-committees. For its evidence, it depends largely on 
senior officers of Government ta who are 
in the subject under examination, although informed and 
responsible persons from outside the Civil Service are also 
consulted. The Estimates Committee has reviewed the 
present system under which it examines the Estimates 
with the view of deciding whether its exis&mg powers are 
sufficient. It considers that on occasion it might be 
valuable for it to engage the services of someone with 
soientifio or technical knowledge on an ad hoo basis for 
the purpose of a particular enquiry, either to supply 
information which was not readily available or to elucidate 
matters of complexity within the Commruittee's order of 
reference. Such a person would attend meetings of the 
Sub-Committee conducting the enquiry when invited to 
do so, but without’ power to vote or to examine witnes- 
ses. There are two precedents for this procedure. 
When, in 1921, a Belect Sub-Committee was set to 
enquire into the organization and administration of the 
telephone service, the Committee was empowered to 
appoint from outsde ita own body such persons as it 
thought flt to obtain special expert or acientific informe- 
tion, or to advise on the subject-matter of ite enquiry. 
Likewise in 1944, the Select Committee on House of 
Commons (Rebuilding) was empowered to invite any 
specially qualifled persons it might select to attend 
any of ita meetings in an advisory en near The Esti- 
mates Committee now recommends t as an experi- 
ment the House should pass an order, granting it e 
similar power limited to the two purposes indicated and 
on the understanding that anyone appointed will function 


in the way described. The sixth Special rt for tho 
seeaion (Pp. 4. London: H.M.8.O., 1965. deals with 
sittings of sub-committees overseas. Estimates 


Committee and ita sub-committees are at present limited 
to sittings within the United Kingdom. When in the last 
two sessions members of one of the Sub-Committees wero 
investigating military expenditure overseas they were 
only able to travel abroad to do so by courtesy of the 
Minister of Defence, who issued invitations to them and 
bore the expense on hia Vote. Even so, they were not 
able to sit as a sub-committee to take evidence. The 
Estimates Committee does not think that it is satisfactory 
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that it should be dependent on invitations from depart- 
ments which it may wish to investigate, and it accordingly 
recommends that ita sub-committees should be able, with 
the agreament of the Committee and by leave of the 
House, to hold sittings in any overseas territory with 
the consent of that territory. 


The Australlan Academy of Science 


Tua report of the Council of the Australian Academy 
of Science for the year ended March 31, 1965 (Pp. 14. 
Canberra: Australian Academy of Science, 1965), re- 
iterates ite concern at the absence of Government replies 
to the various proposals submitted to it since 1962, 
covering the establishment of a research museum of 
Australian biology and compilation of a Flora of Aus- 
tralia, the provision of rocketa to enable Australian space 
research to be developed, and the establishment of a 
National Science Fund for supporting, on an individual 
vr TM UE UE Buch 
a discourtesy must be far more frustrating and 

i to Australian scientista than the reasoned 
rejection of proposals. Durmg the year the senior fellow- 
ship scheme was established on a continuing basis, and 
the Council accepted ibility for preparing a new 
secondary-school text-book on biology for use in Aus- 
tralian schools. Publication of the Australian Journal of 
Applied Soience was stopped, but the number of papers 
published in Australian journals of scientific research 
increased by 67 during 1964. 


The Smithsonian Institution 

THa report of the Smithsonian Institution for the year 
ended June 1904 is & massive publication of nearly 800 
pages (Pp. xiii+ 298414 plates. Smithsonian Publication 
4595. Washi D.O.: Government Printing Office, 
1965). It expreesee the hope that in ita wider usefulness 
the Institution may be able to broaden the traditional 
co-operation with museums throughout the world. 
Museums and their related laboratories are entering a new 
era and their resources are being drawn on as never before 
for general education, since more than 90 per cent are 
involved, ranging from simple school-extension pro- 
grammes to postgraduate fellowships. For these reasons, 
it is felt that the Smithsonian, with its superb resources, 
has a great opportunity to serve the museum world in 
the role of leadership and co-operation. Research on wild 
populations and undisturbed conditions in Nature is now 
a matter of urgency. A related objective is to 
the position, within science as a whole, of those flelds of 
biology which have the entire organism as their object: 
ecology, genetics, systematios, botany, zoology, oceano- 
graphy, microbiology and palaeontology as well as the 
sciences of man which have for go long been central oon- 
cerns of the Smithsonian. The Institution has also been 
active in the international field, and has made a determined 
effort to carry its activities beyond traditional expeditions 
and research to co-operation with other Government 
agencies and private institutions in the development of 
exchange of persons and exhibition programmes. 


The Zoological Soclety of London 


THs annual report of the Zoological Society of London 
for 1964 reviews all the activities of the Society during 
ear tll Thefe were 1,816,000 visitora to Regent’s Park, 

a figure only margmally below the seven-year average, 
and 88,000 more than in 1968. The total number of 
visitors to Whipanade Park was 675,000, which, though 
&n improvement on 1968 (616,000), was still well behind 
the 757,000 visitors in 1961. $89,000 cars were brought 
into the Park by visitors, compared with some 38,600 in 
1968. A particularly important acquisition by the 
Society during the year was @ pair of European bison, 
Eo to the Britiah Forestry Commission by the 

lish Forestry Commission and deposited in the Ool- 


t 


^» 


NATURE 21 


lection. Smoe February 1963 there has been only & mngle 
male of this species in the London Zoo, but ıt is now 
hoped to be sble to breed this extremely rare animal. 
Among the more interesting additions to the mammal 
collection have been & binturong, & Siberian weasel, two 
hog badgers, two giant pangolins and two spectacled 
bears. The outetandmg exhibit in the still 
continues to be the Arapaima (Arapaima gigas) from 
South America, which is now almost 5 ft. long—more 
than three tames ite length on arrival in June 1962. A 
new nocturnal section i potios, douroucoulis, 
lemures, flymg squirrels and b biee was opened in the 
Children’s Zoo at Regent's Park in the early summer, end 
hae proved & most successful exhibit. 


Desert Locust Control Organization for Eastern Africa 


Tun fist annual report of the Desert Locust Control 
ization for Eastern Africa, which covers the period 
October, 1962-June 80, 1968, is of particular interest 
(Pp. 82 + map. Nairobi : Government Printer, 1904. 2s.). 
It records cogently and concisely the stages by which the 
former Desert Locust Survey developed from an organira- 
tion financed entirely by Kenya, Tanganyika, Uganda 
and the British Government, but operating almost ex- 
clusively in Ethiopia and Somalia, into a fully constituted 
international organization of which Ethiopia and Somalia 
are members. This marks the culmination of the efforts 
that have been made for a number of years to foster inter- 
national co-operation in locust control in Eastern Africa. 
During the period of the report desert locust activity was 
at a minimum throughout almost ita entire area, and the 
Organization iteelf was not required to undertake control 
measures. Same control was carried out by national locust 
organizations in Somalia and Ethiopia assisted by the 
United States Regional Insect Control Project. The con- 
trol potential of the Organization itself was used to conduct 
surveys which, with the co-operation of the countries 
concerned, were extended to the Sudan and Arabian 
Peninsula. The report contains a useful record of such 
locust activity as occurred, and an account of the research 
which the Organization is conducting or planning. This 
research includes locust population dynamics, use of 
radar in quantitative survey, morphometric studies, 
aircraft spray equipment and operational methods. The 
outcome of these projects will be of importance to all 
concerned with locust control, and future reporta by the 
Desert Locust Control Organization for Eastern Africa 
will be awaited with interest. 


The London School of Hyglene and Tropical Medicine 


THA report on the work of the London School of 
Hygiene and Tropical Medicine for the year 1963-64 
(Pp. 127. London: London School of Hygiene and 
Tropical Medicine, 1965) outlines the progress made with 
the modernization and expansion of the School, following 
the Wolfson Foundation benefaction of £800,000. It is 
supplemented by reporte from the Departments of 
Bacteriology and ee Biochemistry, Clinical 
Tropical Medicine, Entomology, Human Nutrition, 
Medical Statistics and Epidemiology, tional 
Health and Applied Physiology, Parasitology Public 
Health, and from the Ross Institute of Tropical Hygiene 
and the Medical Research Council Environmental Physiol- 
ogy Research Unit. A list of publications during the year 
is appended. 

The National Institute of Child Health and Human 

Development 

Tue Publio Information Office of this Institute, which is 
part of the U.S. Publio Health Service, plans to distribute 
on request every 24-3 months a news service to workers in 
this fleld, which will give information about the Institute’s 
activities and progreas. The News Leiter dated February 
1965 contains information about the higher values of the 
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3 _ enzymes acid phosphatase, galactose-1-phosphate 
uridy] transferase and glucoge-6-phosphate dehydrogenase 
found in mongoloid individuals, and also about Publio 
Health Service research grants, and work on the diagnosis 
and study of retardation done by a new unit in the Insti- 
tute. There 1s also a report of a discussion on saving 
life before birth and items on ‘fetology’, the name given 
to the study and treatment of the human foetus $n utero, 
and on grante for the study of adult development and 
ageing. 


‘Michrome’ Stalns and Reagents for Blology 
BurnprwG extensions to the premises of Edward Gurr, 
Ltd., at East Sheen, London, 8.W.14, have now been 
completed at a cost of £25,000 with the view of stream- 
lining operations, more particularly in connexion with the 
firm’s exporta expansion programme. This is the second 
extension since Edward Gurr acquired the original premises 
in November 1950. The first was built in 1952 (Nature, 
169, 483, 1952), when the Mayor of Barnes laid the founda- 
tion stone of a new laboratory block. The ceremony was 
performed in the presence of officials of the Board of 
Trade (Export Promotion Department), Central Office of 
Information, the British Broadcasting Corporation and 
the Press. The Company was founded shortly after the 
Second World War by Edward Gurr, an organic chemist 
and biologist, primarily to supply the export markets 
which had formerly drawn on German manufacturers for 
their needs of biological stains. Another object of the 
founder was to gain freedom and facilities for research 
and writing in his own style on the topics closest to him, 
namely the chemistry and use of biological stains and the 
mroplifloation and rationalization of histological staining. 
He has published several books and has contributed & 
number of research papers to various journals, all with 
this objeot in view. 
Introductory Courses In Genetics 


Tua fourth edition of Dr. Charlotte Auerbach’s Notes 
jor Introductory Courses in Genetics (Pp. 42. London: 
Oliver and Boyd, Ltd., 1965. 8s. 6d.) again emphasizes 
that the booklet is not intended to compete with any text- 
book, however elementary. Even less ıs it meant to be & 
popular introduction to genetics, although it may prove 
useful to scientasta in other flelds who require & concise 
exposition of the basic conos and laws of genetics. 
The object of the book is to help studente who attend 
courses in elementary genetics, especially the short 
courses given to medical students and ‘first-year agri- 
cultural studente, and for their special requirements two 
appendixes have been added. The Notes should relieve 
the students of the necessity of taking their own notes on 
a subject which requires great &oouracy and clarity of 
terminology. The book has, 1n fact, grown out of diotetions 


to students, and has successfully replaced these dictations 


in Dr. Auerbach’s own introductory courses. 


Translation and Interpretation 


Tus chief features in The I: Imguisi, the 
journal of the Institute of Linguists for April 1965, are 
Mr. S. Soubbotnik's article on “Interpretation in the 
United Nations and ita Specialized cies’; Mr. R. 
Hartman’s comparative review of the bilingual diction- 
aries of English and German; and Dr. van Abeé’s dis- 
cussion of overcoming initial difficulties in teaching a 
modern language. 

Psychological Investigation of Card Punching 

Bzmuiwp each brief summary of multifarious fact 
provided by date-processing lie not only the achievements 
of electronic engineering but hours of humdrum card 

unching by yo women, some of whose supervisors 
feport that for. this work the level of intellectual attein- 
ment represented by General Certificate of Education 
(Ordinary Level) passes is a positive drawback. Yet 
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their work demands manipulative speed and accuracy, 
with considerable mental alertness in ordering and coding 
the raw data, and they need 8-6 months training. The 
National Institute of Industrial Psychology has made a 
preliminary survey of the problems of selection, training 
and methods of work that this entails (National Institute 
of Industrial Psychology. Report No. 18: Cord Punching: 
a Study of the Work and the Factors that Affect It. By 
Leonora Johnston. Pp. 40. London: National Insti- 
tute of Industrial Psychology, 1965. 8s. 6d.). That prob- 
lems really exist is indicated by the high leaving-rate 
among operators, and the standard view that it resulta 
mainly from marriage and pregnancy is shown to be unten- 
able. Any programme of selection and training in this field 
has to face unexpected difficulty in assessing performance, 
largely because of wide variations in the nature and layout 
of the information to be punched. The Institute’s investi- 
gator met the familiar industrial situation of rather 
elaborate record keeping which everyone concerned knows 
to be musleading, and although she tactfully accepts the 
view that it serves well enough for practical purposes it 
will obviously not meet scientific needs. The report, 
however, begins to bring the problem within range of 
systematic investigation, and it is to be hoped that 
further work can be undertaken in an aroe where widely 
differing practices prevail, cach at present supported with 
more conviction than evidence. 


North Staffordshire Field Club 


Tua North Staffordshire Field Club celebrated its 
centenary on April 18. Founded for the purpose of study- 
ing the natural history of the district, ite scope was soon 
extended to include local history and archaeology, and 
early members contributed notably to the knowledge of 
the North Staffordshire Coalfleld. In recent years & close 
liaison has developed between the Olub and the University 
of Keele; in 1960 the Transactions of the North Stafford- 
shire Field Olub were incorporated in the North Stafford- 
shire Journal of Field Studies, which 1s edited in the 
University. The president of the Club for the centenary 
year is Mr. H. V. Thompson, formerly head of the po te 
ment of Ohemistry in the North Staffordshire College 
of Technology. 


Fossil Tapirs 


Iw contrast to the voluminous writings on other fossil 
perissodactyls, tapiroids have been long neglected. Prof. 
Radinsky's recent monograph, entitled Eorly Tertiary 
Tapiroidea of Asia, does much to redeem this—a work all 
the more remarkable when one realizes that the material 
which is described has lain in the American Museum for 
more than forty years (Bulletin of the American Museum 
of Natural History. 129, Article 2. By Leonard B. 
Radinsky. Pp. 181-264+plates 1-4. New York: 
American Museum of Natural History, 1965. 8 dollars). 
Radinsky's earlier works have clarified the location of 
Mongolian Tertiary sites and their stratigraphy. The 
work sheds new light on the earliest ceratomorphs, a taxum 
which bristles with taxonomic difficulties. Radinsky 
describes three new tepiroid genera and rearranges the 
claserfication of early tepirs in the light of all known 
material, mostly Russian and Chinese. His re-grouping 
of genera within famulies still leaves an uncomfortably 
large number of incertas sedis specimens. án spite of this, 
his descriptions of dentitions and limb bones, adequately 
ilustra make a woloome contribution. Prof. Redinsky 
comments on the interesting contrast between the diverse 
tapiroid fauna of the Asiatic Eocene with the relative 
paucity of artiodactyls, and the reverse position in con- 
temporary North America and Europe where artio- 
dactyls predominated; he suggesta the influence of eoo- 
logical factors. The ‘grande coupure’ still remains between 
early and late Tertiary tepiroids, as it does for numerous 
other mammalian taxa. 
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Pyrenean Prehistory 


THE late M. and Mme. 8t. Just Póquert were well 
known befare the Beoond World War as amateur pre- 
historians. They were at the village of Mas d'Axil during 
the German occupation and worked on the new gallery 
found in 1937, completing their investigations four years 
later. Mas d'Azil is in the Pyrenees; a river plunges 
down & valley and turns into the mountain-side, emerging 
just above the village. The tunnel ia large enough to 
accommodate both the river and a road.  Half-way 

to one aide, there are extensive caves—so 
extensive indeed that it is said that during the Albigensian 
Wars an army took refuge in them and was not discovered. 
Prehistoric man used some of the galleries, and Stone Age 
industries have been unearthed from them. M. and Mmo. 
St. Just Péquart had the luck to find a new gallery full of 
implements and fauna, some of it Aurignacian, but mostly 
Magdalenian in date, and includmg some remarkable 
examples of prehistorio art. The exact location of 
the is described in the Annales de Paléoniologie 
( 9, now published in one volume), and an account 
is given of the section obtained; theo are followed 
by æ description of the finds—both stone and bone. 
The implements are very numerous and well fashioned. 
A number of small engraved rondels occur, as well as 
ieces of bone sculptured into the form of animals’ 
A few pieces of modelled clay were also found as 
well as a somewhat crude sculpture in bone of a 
screech owl. Many of the flat pieces of bone carry engrav- 
ings of animals. But the really remarkable object is a spear 
thrower, the end of which is carved with a figure of a 
fawn looking back over its ahoulder towards its tail where 
the head of & bird is incorporated. Very few prehistorio 
drawings or soulptures show an animal turning ita heed 
over its shoulder. The engraved reindeer from Laugerie 
Basse is an example, but the new find from Mas d'Aril 
is especially well executed. Many other finds of interest 
are described, but enough has been said to make it obvious 
that the Annales in which the account of the new finds 
appears should not be missed by prehistorians. 


Geological Maps of Sweden 


Tua first of a new series of geological maps of Sweden, 
combining solid and drift geology on the scale 1 : 50,000, 
covers the north-eastern environs of Stockholm (Geo- 
logiska Kartblad, Serie Ae No. 1, Stockholm NO; with 
explanatory memoir. Pp. 148. Stockholm: Sveriges 
Geologiska Undersökning, 1964. Map, 20 kr.; memoir, 
5 kr.). In view of criticisms in several countries that the 
publications of the national geological surveys are be- 
coming increasingly unintelligible to the intelligent lay- 
man, this map and pocket-size memoir merit recognition 
not only as an outstanding piece of geological cartography, 
but also as a praiseworthy attempt to present a descrip- 
tion of the geology in a oomprehensive and yet readily 
comprehensible form. The memoir, which carries a 
coloured petrologioal map on the scale 1: 100,000, is in 
Swedish, save for a seven-page English summary; both 
man and ail illustrations have bilingual legends. In 
addition to the geological features, the location of ancient 
monumenta ix shown on the map and listed in the text. 
Stockholm now joins the relatively few capital cities — 
Oslo, Edinburgh and Paris are among the others—where 
the geological tourist is well catered for. 


The Macaulay Institute for Soll Research 


Tam latest bound collection of scientific papers from the 
Macaulay Institute for Soil Research, published during 
the period 1961-63, haa been issued (7. Pp. 24+ 
1-74. Edited by Alexa M. B. Geddes and 
Noble. Craigiebuckler, Aberdeen: The Macaulay Institute 
for Soil Research, 1964). The titles of 74 papers are listed 
in chronological order and there is an author index. 


The work, from seven major departments, naturally 
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covers a wide range of topics embracing both fundamental 
research and the application of scientific discoveries to 
agricultural practice, but an idea of the scope of the 
ublications may be gathered from the following extracta 
the -titles. Soil formation, the principles of the 
classification of soils, the genetic soil groups of Scotland ; 


. sensitivity in differential thermal analysis, various aspects 


of clay minerals; microbiology of rocks and weathered 
stones; the rate of growth of peat and its use in horti- 
culture; the fungal metabolism of compounds related to 
lignin, the release of ions from minerals by fungal activity ; 
the fractionation of organic phosphate; soil fertility, 
evaluation of phosphate status, effects of fertilizers on 
plant production; placement of radioisotopes in the study 
of root systems; changes in the composition of leaves 
during growth, aconitase activity in leaves; trace elaments 
in soil, plant and animal. 


Announcements 


Tus Secretary of State for Education and Science has 
appointed the Right Hon. Viscount Amory a member of 
the Medical Research Council as from October 1, in suc- 
ceasion to the Right Hon. Lord Shawcross, whose term 
of membership expires m September. Lord Amory has 

to be chairman of the Council. He was chairman 
of the Council during December 1960—July 1961, when he 
resigned on taking up his appointment as United Kingdom 
High Commissioner in Canada. 

A SYMPOSIUM on “Physiol and Biochemistry of 
Muscle as & Food” will be held in the University of Wis- 
consin during July 12-14. Further information can be 
obtained from E. J. Briakey, Department of Meat Science, 
University of Wisconsin, Madison. 

Aw international seminar on ''Ekistios and the Future 
of Human Settlements’, organized by the Graduate 
School of Ekistice, Athens, will be held in Athens during 
July 20-24. Further information can be obtained from 
Dr. D. Istridis, Athens Center of Ekistios, 24 Strat. 
Syndesmou Street, Athens 1368.. 

Aw international poeium on ‘‘Swine in Biomedical 
Research", by the Atomic Energy Commission 
and the Paciflo North-west Laboratories of the Battelle 
Memorial Institute, will be held in Richland, Washington, 
during July 19-21. Further information can be obtained. 
from Dr. L. K. Busted, Biology Department, Battelle- 
Northwest, P.O. Box 999, Richland, Washington. 


AN international conference on “The Education of 
Profeagional Physziciste", arranged by the Institute of 
Physics and the Physical Society under the auspices of 
the Education Commission of the International Union 
of Pare and Applied Physics, will be held at the Imperial 
College of Science and Technology during July 16-21. 
Further informstion can be obtained from Mise P. N. 
Boston, the Institute of Physics and the Physical Society, 
47 Belgrave Square, London, 8.W.1. 

A SYMPOSIUM on “Thermodynamics, with Emphasis on 
Nuclear Materials and Atomic Transport in Solids”, 
sponsored by the International Atomic Energy Agency 
and the Commission on Thermodynamics and Thermo- 
chemistry of the International Union of Pure and Applied 
Chemistry, will be held in Vienna during July 22-27. 
Further information can be obtained from Dr. O. E. 
Holley, jun, Division of Research and Laboratories, 
International Atomic Energy Agency, Kürntnerring 11, 
Vienna I. 

ExnaTUM. In the communication entitled ''Mannoe- 
amine in tho Cell Wall of Clostridium welchsi (Type 4)", by 
Dr. B. T. Pickering, which appeared on p. 400 of the 
April 24, 1965, iasue of Nature: Ist para., line 10, the 
words ‘glutamic acid" should be inserted between 
“alanine” and "glycine". 2nd pare., line 15, the first word 
should be “‘galactosamine’’. 
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REORGANIZATION OF THE FORESTRY COMMISSION 


N & wntten answer in the House of Commons on May 
10, the Minister of Land and Natural Resources, Mr. 
F. Willey, stated that he and the Secretaries of State for 
Scotland and Wales had comprehensively reviewed the 
organization of the Forestry Commussion, taking account 
of the recommendations made by the Estimates Com- 
mittee in ita seventh report for the Seasion 1963—64, with 
which they found themselves in wide agreement. Among 
other changes, they had decided that the Commission 
should be reconstituted with four full-time executive 
members and only five part-time Commusmoners, chosen 
for their knowledge and expemence of commerce, the 
timber trade, trade union matters, and forestry and the 
countryside. There will be & part-time chairman as at 
present, and the staff will be reorganized functionally 
under the full-time mambers responsible for forest manage- 
ment, harvesting and marketing, and administration and 
finance, respectively, and there will be greater delegation 
to the Conservancies, with headquarters staff in Scotland 
and Wales. Mr. Willey added that the chairman of the 
Commission, Lord Waldegrave, was in full agreement with 
their proposals, and to facilitate the reorganization he 
and the other Commissioners had placed their offices at 
the Government’s disposal. 

Those proposals and the other Government observations 
on the Committee’s proposals are set forth in the eighth 
Special Report from the Estimates Commuttee*. Re- 
sponsibility for forestry has been transferred to the 
Minister for Land and Natural Resources and the Secre- 
tary of State for Wales, who will seek advice from their 
senior officers, as well as from the Forestry Commission 
on the broader aspects of forestry. The Forestry Ministers 
have discussed with representatives of the private wood- 
land owners, and of the timber trade, ta to 
make themselves &ooeemible to a direct formal approach. 
It is confirmed that the Commiamons should continue to 
be responsible for promoting the interests of private as 
well aa of State forestry, and the production and supply 
of timber. However, it is suggested that development of 
the position of the Home Grown Timber Advisory Com- 
mittee would ease the dilemma of the private woodland 
owners and the timber trade. They accept that the 
administrative staff in the Commission’s headquarters, 
and particularly the Commissioner in charge of adminis- 
tration and finance, should play a full part in determining 
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THE AUSTRALIAN DEFENCE 


HE Australian Defenoe Standards Laboratories with 

their establishments at Maribyrnong (Victoria), 
Alexandria (New South Wales) and Finsbury (South 
Australia) provide & scientific service for all branches 
of the Defenoe Service, Civil Defence and the Depart- 
ment of Supply. The Laboratories deal with problems 
which arise in the provision and use of defence material, 
withm the fields of chemistry, physica, metallurgy and 


eering. 
gros July 18, 1963, ‘Operation Blowdown’ was success- 
fully carried out at Iron Range in North Queensland, anda 
reproduction in colour of the fireball produced by tho 
trinitrotoluene losion forms the striking cover illustra- 
tion of the sacar report of the Laboratories for the year 


ended June 30, 1004*. As predicted, the blast of the 
* Commonwealth of Australia 
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the Defence Standards Labora 963-64. Pp. 50. 
Defence Standards Laboratorios, 1 ) 


Annual Report of 
Vale, Victoria 


policy, and it 18 recognized that the higher poete should 
not be hmited to any one class or profession. It is believed 
that the new functional organization will provide improved 
prospects of promotion for the executive class. A system 
of valuation for the Commussion’s foreste, which is under 
discussion with the Treasury and the Comptroller and 
Auditor-General, will be introduced expenmentally for 
the next two or three years. The recommendations that 
a brief explanation of the most significant items of mcomo 
and expenditure should accompany the summary of the 
financial resulta in future annual reporta, and that the 
Commission should establish a new Oostings Branch, are 
algo accepted. 

On the recommended study of the present procedures 
for acquiring land for forestry purposes, the Ministers 
express the opinion that close consultation with the agri- 
cultural departments is essential concerning the change 
of use from farming to forestry, which is inherent in the 
forestry programme. They are satisfled that adequate 
machinery exista for resolving speedily, if necessary at 
Ministerial level, any conflict that may arise. In England 
the Forestry Commission is already undertaking a pilot 
survey of agricultural and forestry land use with tho 

i of Agriculture, Fisheries and Food in Northumber- 
land and Cumberland, and possibilities of similar surveys 
in Walesa are being explored. The Ministers also agree 
that Parliament and the public should be informed both 
of the planting programme to which the Government is 
working and of the considerations on which it has been 
formulated. However, they decline to commit themselves 
as to the frequency with which it would be appropriate 
to review the p or the means to be used to 
furnish information to Parliament. The pomtion of 
marketing within the Commission will be strengthened 
by the appomtment of a Commissioner as full-time head 
of i and marketing, and a new branch has 
already been added to the Marketing Section. The Oom- 
mission is also discussing with the Civil Service Union a 
revised grading structure and scales of pay for the forester 
class which, it is hoped, will significantly reduce the 
wastage of trained foresters. In the reorganized Com- 

ission it is proposed to amalgamate the Education and 
Training Branches, vesting responsibility for them in the 
Commissioner for Administration and Finance. In con- 
sultation with other Departments, the Forestry Com- 
mission is reviewing the procedure for making Tree 
Preservation Orders, and the Forestry Committee of 
Great Britain and other interests oonoerned will be 
consulted at the appropriate time. 


STANDARDS LABORATORIES 


explosion produced extensive damage to the forest. Trees 
were uprooted and broken and there waa a substantial pile- 
up of debris far from the seat of the explosion. A high 
order of spherical detonation was achieved, but the 
Mach stem of the explosion was severely distorted by 
the forest, an effect previously unknown. Army personnel 
stationed within the area of the operation assessed the 
tactical implications of the debris and the displacement 
hazards to troops were determined by articulated dummies 
placed at appropriate positions. Other scientiflo data of 
value were collected by instruments, some of novel d. 
placed on trees within the forest. The combined ta 
provide a sound basis for the assessment of nuclear 
weapons effecta in a tropical forest area. 

In the Chemistry Division work has continued on the 
apphoat1on of mass spectrometry in the structural analysis 
of organic compounds and a grating infra-red spectro- 
photometer has been used to obtain high-resolution 
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vibration-rotation spectra of small molecules containing 
horus. A rapid and accurate photometric method, 
on the reduction of dichromate, was developed 
for the determination of the excess of zinc in rino oxide. 
Zinc oxide is of interest as a photocondustor in electro- 
phic processes. Measurements were made with 
a low- cy torsion pendulum of the dynamic modulus 
and internal friction ot pradinted samples of polytetra- 
fluoroethylene at temperatures between —180? O and 
150° O in order to obtain new information about the 
effects of y-radiation. The results indicate that irradiation 
under high-vacuum conditions produces some random 
chain scission, but cross-linking also occurs and together 
with an unusual increase in crystallinity the polymer 
becomes more rigid and brittle. 

The Metallurgy Division was mainly concerned with 
the investigation of chromium alloys with the object of 
developing strong high-temperature alloys. Metallo- 
graphic investigations of the surface-damaged layer on 
abraded surfaces of germanium previously reported on 
have been extended to other semiconductors, in particular 
silicon and indium &ntimonide. Ib has been established 
thet an extensive arrangement of cleavage cracks, each 
associated with an array of dislocations, is a common 
feature. In indium antimonide, the damaged layer 
also contained glide dislocations and twins. The general 
mechaniam for abrasion seems to be that a system of 
cracks develops about the indentation made by the 
contacting abrasive particles, a fragment of the surface 
being removed whenever a number of the cracks intersect 
appropriately. Tests made on single crystals of german- 
ium, polished and then etched with OP-4, showed that 
Gri cracks did not appear until after the test pieces 
were streased.  Onoe the cracks formed they become 
preferred sites for the nucleation of dislocations and when 


NATURE 


25 


the cracks reached the critical Griffith size brittle fracture 
of the material oocurred. : 

A new group was set up in the Physics Division to 
carry out research, under the supervision of Dr. P. W. A. 
Bowe, on the physics of lasers. The spatial and spectral 
coherence of & small ruby laser is being investigated. 
Pumping efficiency using a high-power Q-switoh device 
18 also being investigated and a Pookel-oell light switch 
with a rise time of leas than 10 ns has been developed. 
A long-term programme of research on laser materials 
with initial emphasis on organic complexes has been 
initiated. In metrology, a screw-pitch measuring inter- 
ferometer has been used to measure pitch over a 2-in. 
length to an acouracy of +6 x 10+ in.; new techniques 
for flatness measurement and for the measurement of 
large jigs and components have been developed; and the 
accuracy of the frequency standard has been improved by 
the installation of a quartz crystal oscillator of the 
Warner type and a phase tracking receiver, for comparison 
with standard very low frequency transmissions. 

Various other investigations and devices described in 
the annual report include a probe to detect the passage 
of a preasure front; photoelectric fuse-timing equipment; 
a rapid action dilatometer, based on the type used at the 
British Welding Research Association, to obtain continu- 
ous cooling transformation diagrams of low-alloy steels 
using heating and cooling rates appropriate to welded 
jointe; the welding of thin-wall titanium tube; the tearing 
of textiles; the varnish-holding properties of timbers; 
and the detection and determination of toxio gases. The 
report concludes with a list of the various personnel and 
their status, the publications of, and lectures given by, 
members of the staff of the Laboratories and the names 
of the Governmental and other committees on which the 
establishment is represented. B. WHINTROUB 


TEXAS INSTRUMENTS, INC. 


EA the annual meeting of Texas Instruments, Ino., on 
April 22, in Dallas, the president, Mr. P. E. Haggerty, 
reported on the activities of the company during 1964 and 
explained the principles and system of management. He 
mentioned that key personnel were deliberately and oon- 
sistently moved from one job category to another and 
upward from one level of management to the next. During 
the nineteen years since the Second World War the 
company had grown to more than 150 times ite original 
size, but it had not been necessary to go outaide the 
compeny in order to fill any principal managerial position. 
The demand for highly tramed personnel with advanced 
degrees continues, and if the growth rate of degree person- 
nel—both first degree and higher degree—of 1960-64 
is maintained, Texas Instruments will require some 
12,000 oollege-trained personnel by 1974, including about 
750 of Ph.D. status. 

New record levels in both sales and products -were 
achieved during 1964. Net sales, which totalled some 
327-5 million dollars, were up by 18 per cent, and 
approximately one-fifth of the sales were from operations 
conducted outside the United States. The organization 
for the distribution of industrial supplies expanded ite 
activities into international marketa by the establishment 
of branches if Stuttgart, Germany, and in London. 
Branches in the United States are in Dallas, Houston, 
Kansas City, Tulsa and Boston. 

Most of the company’s products stem from investiga- 
tions of materials at the fundamental structure-of-matter 
level, and & great variety of metals and non-metallic 
elementa, including semiconductor materials, are refined 
and processed before fabrication into electrical or electronic 
components, or assembly into electronic systems. Zino- 
clad aluminium for rotary-preas printing plates, and 
copper-clad materials with performance characteristics 


equal to or superior to those of solid copper, were two new 
developments during 1964. Semiconductor-grade ailioon, 
and silicon-carbide clad parts, ware in increased demand, 
and the company continued to be the main supplier to the 
U.8. Navy of fabricated nuclear fuel. 

More than 200 new samiconductor and electronic com- 
ponent producta were introduced during the year. Tran- 
sistors for television receivers, and plastic-packaged 
silicon transistors for low-cost applications, were in 
growing demand for the industrial and domestic market. 
New components for the space and defence industries 
included an advanced series of silicon planar-epitaxial 
power transistors, & unique glass silicon reotifler with very 
high-voltage capability, and super-sensitive silioon-oon- 
trolled reotiflers of reduced sixe and weight. 

The semiconductor integrated circuit was first intro- 
duced in the Texas Instruments Laboratories during 1958, 
and now 86 standard circuit types are manufactured. A 
recent order for integrated circuits by North American 
Aviationa Autonetics Division amounts to 11 million 
dollars. The circuits are to be used for the guidance and 
contral system of the U.8. Air Force Minuteman 1I 
intercontinental ballistics missile. Texas Instruments 
semiconductor plant at Bedford, England, began the 
production of monolithic circuits during 1964 and the 
integrated circuits have been designed for the European 
aix-nation space exploration effort called ELIDO-ESRO *, 
for & new hearing aid, and for several industrial pro- 


grammes. 

During 1962, Texas Instruments introduced, on a 
limited scale, a completely new approach to seismic 
exploration. It consista of the application of statistical 
communications theory to seiamio date processing, and 
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fleld techniques and signal- 
intensifying method has since been fully 
demo and evaluated, and in many of the more 
difficult exploration areas of the United States and Canada 
it has proved to be an advanoed tool for petroleum explora- 
tion. Advanced digital seismic data-processing centres 
have bean established in New Orleans, Louisiana, and 
a ee ee 
increased. demands. A fourth centre began operati 

during January 1965 in Calgary, Adbetiér cade RIO 
be opened shortly in London, England. A seismic detection 
system for perimeter defence in jungle warfare has been 


utilizes specially develo 


THIN FILM 


HE twelfth meeting of the Thin Films Group (formerly 
the Dielectrics Evaporation Group) was held at 
Harlow during March 24-25. The Research Laboratories 
of Associated Electrical Industries and Standard Tele- 
communication Laboratories, Ltd., acted as joint hosta, 
and visita were made to both of these. The following 
papers were read: “Ellipsometry”, by Mr. B. H. Clausen 
(Standard Telécommunication Laboratories, Ltd., Har- 
low); “Defects in Evaporated Silicon Films", by Mr. D. J. 
Thomas (Standard Telecommunication Laboratories, 
Ltd., Harlow); “Nucleation Studies on Freshly Cleaved 
ine Surfaces”, by Mr. D. Stirland (Alan Clark 
Research Centre, Caswell); ‘Nucleation and Charge on 
Glass Substrates’, by Dr. R. Hill (Electrical Research 
Association, Leatherhead); ‘Lorentz Electron Micro- 
scopy: Magnetic Imaging in the Electron Microscope”, 
by Mr. A. Green (International Computers and Tabulators, 
Stevenage); ‘Oxidation in a Glow to Prepare 
Dielectric Films’’, by Mr. D. White (Associated Electrical 
Industries, Research Laboratories, Harlow); ‘Conduction 
Processes in Dielectric Films’, by Mr. J. Simmons 
(Standard Telecommunication Laboratories, Ltd., Har- 
low); “Some Readily Evaporated Semioonduoting Com- 
pounds", by Dr. J. Zemel College of Science and 
Technology—read by Mr. J , also of Imperial Col- 
lege); ‘Initial Stresses in Evaporated Films”, by Mr. P. 
Carpenter (Alan Clark Research Centre, Caswell) and 
Mr. J. D. Wiloock (Imperial College of Science and 
Technology). 

The theme of this meeting was the study of surfaces 
with special reference to the early stages of growth in 
thin films. Perhaps the most interesting new results 
presented were those of Btirland and Hill, whose papers 
were to & large extent complementary. In the hope 
of finding a reproducible surface, which is the dream 
of every electron miaroeoopist, Btirland has cleaved bers ee 
rock salt crystals € vacuo and evaporated gold from 
same source on to the two faces produoed. Topographic- 
ally, one should be & mirror image of the other apart 
from damage produced in cleaving. He has used a com- 
bination of optical microscopy and numbered specimen 
grids to locate the equivalent areas on the two faces for 
electron microscopy. Results showed excellent ocorre- 
spondence of cleavage step and dislocation decoration, but 
no exact correlation of nucleation site position along the 
cleavage steps or on the flat areas in between. Exposure 
of one of the crystal faces to moist air before deposition 
showed considerable effecta on the decoration pattern 

uoed. 

Hill has examined the effects on film structure both of 
electrons incident from the source and of tbe application 
of a d.c. field across the growing film. His micrographs 
ahow that both proceases can affect the type of nucleation 
and growth and the number of nucleation sites available. 
His work was done with gold on glass substrates at 
pressures of 10-* mm mercury or better. The use of 
Hil's technique to prevent stray electrons from the 
source striking the substrate might perhape affect some of 
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delivered to the U.S. Marine Corpse, and a scheme for 
geophysical experiments to be carried out on the surface 
of the Moon under the Apollo programme has been 
prepared. Mr. E. MoDermott, who was co-developer of 
the seismic reflexion technology which has been applied 
universally in exploration for petroleum and other mineral 
deposits, and who was co-founder in 1980 of Texas Instru- 
ments’ predecessor company, Geophysical Service, retired 
as chairman of the executive committee of Texas Instru- 
ments, Inc., on December 31, 1964, and Mr. 

president and chief executive officer, has assumed also the 
office vacated by Mr. McDermott. 


RESEARCH 


Stirland’s results on nucleation site correspondence. 
In order to detect the presence of surface charges on the 
substrate prior to deposition, a potential probe was 
or ihe Waele This gave, in fact, a very sensitive indication 
of nucleation. 

The paper on E or ies described a technique which 

id sorores “eaten ilies: 40) cane. Using a collimated 
bean of elliptically polarized light reflected from the 
specimen surface, the growth of a thin film can be followed 
w situ by observing in the optical constants. 
The method can be applied to films immersed in liquide 
and hence is well suited to in ions of anodic film 
growth and of corrosion or adsorption processes. Owing 
to the number of variables involved it is necessary to 
use computer techniques to obtain calculated curves 
to which the experimental resulte are fitted as well as 
possible. 

Lorentz electron muaroeoopy is a highly specialized 
method for ing the magnetio structure of very thin 
films. A stream of electrons passing near-a region of 
magnetic inhomogeneity is deflected in such a way as to 
cause an intensity distribution on the screen which corre- 
sponds to the variation in the magnetic structure of the 
film. This method can reveal not only domain walls 
but also the fine magnetic structure within the domains, 
and such applications were described in detail by Green. 

Electron microscopy has been applied to the study of 
stacking faults in ‘epitaxially’ grown silicon deposited by 
evaporation and by vapour deposition. The incidence of 
such faults is tly mcreased by the presence of silicon 
carbide fo from pump oils. It is interesting to see 
that, according to the workers at the Standard Telecom- 
munication Laboratories, Ltd., the use of a gold silicon 
alloy to promote epitaxy (see Nielson, B., Nature, 2065, 
755; 1965) increases the liability to form. faulta in the 
deposit due to thermal strain. 

The difficulty of depositing silioon throws into high 
relief the ease with which mngle crystal films of lead 
sulphide, telluride and selenide (and perhaps of related 
compounds) can be deposited by evaporation. Measure- 
ments on the electrical and optical properties of these 
materials by Zemel, and, in particular, of the electronio 
mobilities, show that the valuea obtained approach those 
of bulk single crystals. (Thus, lead telluride shows a 
bulk value of 30,000 and & value of 28,000 has been ob- 
tained for the film at 77° K.) Juhasz has examined these 
films by electron diffraction and was e to show an - 
almost perfect Laue diffraction pattern. Since epitaxy 
was observed even with lattice-misfit greater than 50 
per cent it seams that, for these materials at least, substrate 
surface state is by far more important than lattice oorre- 
spondence. This was confirmed by Pashley during the 
ensuing discussion. Juhasz concluded with a graceful 
compliment to the pioneering work of Wilman, who 
demonstrated the epitaxy of these compounds as early as 
1938. 

The relation between details of films structure as 
revealed by electron microscopy and the mechanical and 
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electrical properties of the films is an essential link in 
any comprehensive investigation of film growth. Oarpen- 
ter and Wiloock (both of whom are working under the 
direction of Mr. D. Campbell, one in & university, the 
other in a commercial laboratary) are using very sensitive 
measuring equipment for the study of initial streases in 
thin films of a type on which structural data are available. 
They are at present seeking to relate the onset of visible 
nucleation with the first appearance of stress. 
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White bas investigated the preparation of thin insulating 
films by ‘fleld-assisted anodization’ or ‘biased sputtering’. 
Results so’ far do not fully confirm claims made by some 
workers in the United States that the process is comparable 
with aqueous anodiration. It appears to differ not only 
in its low-ourrent efficiency but also in the properties of 
the films and the independence of their thickness 
of applied bias voltage. J. R. BALMER 

J. H. Bruos 


MECHANISM OF CELLULASE ACTION 


ONE-DAY symposium on the mechanism of cellulase 
action, under the auspices of the Molecular Enzymo- 
logy Group of the Biochemical Society, was organized by 
the Shirley Institute on May 28, 1965. Dr. J. Honeyman, 
who presided, commented that Mr. Selby took this oppor- 
tamity to arrange & i because both Dr. Elwyn 
T. Reese, from Natic usetts, and Dr. Bruce A. 
Stone, fram the University of Melbourne, were at present 
working in the United Kingdom. The Shirley Institute 
had for several years been active in cellulase research, 
particularly in work desi to elucidate the mechanism 
of the biodeterioration of cotton. 

K. Selby (Shirley Institute) gave the first paper on the 
enzymatic degradation of cotton. He stressed that since 
many ‘cellulases’ claseifled by Reese as Os can attack 
soluble cellulose derivatives or swollen cellulose but not 
native celluloses, the structure of the solid cellulose must 
govern ita susceptibility to attack; if we knew more 
about the structure we would understand the enzymes 
better, and vice versa. Although opinion is now tending 
towards the belief that cotton is entirely composed of 
crystalline microfibrils without amorphous regions, there 
exist inh ities in the structure, i in size 
from interfibrillar holes to the layer-structure of the 
cotton hair, and these may provide sites for enxymatic 
attack. If cotton could be chemically modified in these 
accessible regions it might be protected against attack, 
and this has been done with some success by Mr. Colbran 
at the Institute by reaction with phenyl isocyanate under 
non-swelling conditions. Work on the cellulase system of 
Myrotheotum verrucoria was reported; exclusion chromato- 
graphy ted a Os fram two other components both 
capable of weakening cotton, and both, like the activity 
of the crude filtrate, ‘exhausted’ in the process. The 
cellulase of Trichoderma viride does not suffer from this 
disability and seams to be a better agent for examining 
cellulose structure. 

In subsequent discussion, J. O. Warwicker (Shirley 
Institute) made it clear that it is still possible to explain 
the physical and chemical properties of cotton which had 
previously been attributed to the amorphous part of its 
structure. 

B. A. Stone (University of Melbourne) then gave 
an account of his work on the purification of the exo-B- 
1,4-glucanase (cellulase) of Aspergillus niger and ita action 
on glucans with mixed 1,4 and 1,8-lmkages.  Elution 
chromatography removed oellobiase (probably an exo-f- 
1,4-glucanase) and endo-f-1,8-glucanase (laminarinase) 
and the resulting cellulase digested carboxymethyloellu- 
lose with a fall in viscosity that demonstrated its chain- 
cleaving actiom Barley glucan was broken down by this 
cellulase to give some glucose, cellobiose and mixed-lmk 
tri- and tetra-saccharides both with 1,4linkages at the 
reducing ends. This result confirms that of Perlin and 
Reese with Streptomyces cellulase and should be inter- 
preted in the same way. However, Stone found that the 
cellulase still contained exo-f-1,3-glucanase and that after 
removing this by adsorption on insoluble laminari the 
products of digestion of barley glucan were significantly 
changed. Glucose was practically absent, but there were 
present, as stable producta, about 20 per cent of penta- 


saccharides and higher sugars which, so far as their 
structures had been determined, all showed the oellobioee 
grouping at the reducing end. This purified cellulase 
should be a powerful tool in the investigation of mixed- 
lik glucans. 

E. T. Reese ( Reesarch and Engin- 
eering Center, Natick, Massachusetts) reviewed work on 
B-glucanases, leaving a vivid impression of the multitude 
and variety of these enzymes and the complexity of their 
specificity. In particular, the work of Perlin showed that 
several endo-glucanases are not specific to the bond being 
broken but to the nature of the reduomg end-unit being 
liberated. A surprising le of this is that, acting on 
a glucan with alternate 1,3- and 1,4-linkegee, cellulase, 

roducing oellobioee, would attack the 1,3-linkages, and 
Taninástraseo, producing laminaribiose, would attack the 
1,4-linkages. How far this is true of all endo-glucanases 
is not clear. The growing class of known exo-glucanases 
act from the non-reducing end of the glucan; many of 
them hberate disaccharide molecules, and some have been 
shown to attack more than one kind of bond. Some exo- 
glucanases are blocked in their endwise action by sub- 
stituent groups and branches in the glucan, but a case 
was given of an exo-1,8-glucanase, from a basidiomycete, 
which is not stopped by 1,0-branohpointe in a 1,8-glacan. 

C. O. Maitland (Shirley Institute) described present 
work on the cellulase of Trichoderma viride and ita attack 
on cotton, which it is able to solubilize entirely. Exclusion 
chromatography on ‘Sephadex’ G-75 separates the system 
into three major components. One component, of low 
molecular weight, accounts for the greater part of the 
activity pet carboxymethyloeelulose but plays no 
recognizable part in the solubilization of cotton. The two 
other components are probably identifiable with Reese’s 
O, and O, the Os having activity against carboxymethyl- 
cellulose and cellobiose, while O, has little or no such 
activity but acta synergistically with Os in solubilizing 
cotton. The nature of this synergism, first found by 
Reese and co-workers but now shown more markedly than 
before, was discuased. The imphed division of labour could 
be based on the structure of the cotton hair, but this 
seems unlikely because acid degradation and bellmilling, 
although destroying the large-scale structure of cotton, 
do not entirely remove the synergistic effect. It is gener- 
ally assumed that C, initiates the attack on cotton and 
Os follows; this is very likely, but there is no direct 
evidence for it. However, the small solubilizing power of 
O, acting alone is enhanced when the incubation with 
cotton takes place on dialysis membrane; this indicates 
that an inhibitory product of C, action, which C, would 
presumably have removed, is now able to diffuse away. 

G. Halliwell (University of Strathclyde) then spoke of 
his work on oellulases at the Rowett Institute. Rumen 
bacteria, al capable of extensive breakdown of 
solid cellulose, do not yield powerfully cellulolytic fil- 
trates, but Trichoderma species do both, and the break- 
down of fibrous cellulose (cotton) was investigated by 
using their filtrates. Of particular interest was the 
observation that an early stage of attack, noticeable by 
the breakdown of the cotton into insoluble fragmenta, of 
which the smallest were capable of passing through a 
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No. 3 porosity glass sinter, was distinct from the sub- 

sequent conversion into reducing sugars. This initial 

attack was most rapid at a markedly lower pH and might 
perhaps be o&used by a different enzyme. 

N. J. King (Forest Products Research Laboratory) 
described the present state of his work on the cellulase of 
Oomtophora cerebella. This is classified as a brown-rot 
fungus, capable of digesting the polysaccharide of wood 
and leaving a skeleton structure of lignin. Electron- 
micrographs showed how this attack was widespread and 
not .oonfined to the immediate neighbourhood of the 
fungal hyphae. The widespread nature of the attack was 
also illustrated by the production, in the early stages of 
fungal invasion, of more soluble sugars than the fungus 
can utilize. Coniophora has been found to grow easily on 
cellulose in submerged culture, but cellulase active against 
compact native cellulose has not yet been obtained. 
Filtrates contain a cellulase active against swollen oellu- 
lose, carboxymethyloellulose, and against cellodertrins, 


NATURE 


July 3, 1965 von 207 


particularly oellotetraose and higher analogues. This 
cellulase has been successfully fractionated by elution 
chromatography on DEAE-cellulose giving three oom- 
ponents active against carboxymethyloellulose, which 


discussion, C. van Bochove (T.N.O., 
Delft, Netherlands) mentioned his experiance of an 
interesting case of protection of cotton from microbial 
decay by substitution reaction at the right sites. Methrylol- 
chloroacetamide reacts with cotton and proteota it against 
decay at & degree of substitution of 0-06. If the chlorine 
is removed by hydrolysis, protection remains; yet the 
resulting substituent group, applied directly as methylol- 
glycolamide, gives no tion, presumably because 
the substitution is not in the right place. J. Dlugoez 
(Shirley Institute) spoke of the interesting surface features 
shown by electron-microscopy of cotton attacked by the 
cellulase of T. viride. C. C. MAITLAND 


BINDING OF XENON TO SPERM WHALE MYOGLOBIN 


By Ds. BENNO P. SCHOENBORN, Dr HERMAN C. WATSON and 
Dr. JOHN C. KENDREW, C.B.E., F.R.S. 
Medical Research Council Laboratory of Molecular Blology, University Postgraduate Medical School, Cambridge 


1940 Lawrence et al.1 and Tobias e$ al.’ suggested 
that xenon might be expected to have anaesthetic 
effects in consequence of its relatively large inducible 
dipole. In 1951 Cullen and Grose’ confirmed that xenon 
was indeed an anaesthetic agent in man‘. Tho electron 
cloud of xenon is, of course, spherically symmetrical, so 
ita narcotic activity cannot depend on any specific struc- 
tural grouping as had often been supposed’, and therefore 
novel theories of anaesthesia were proposed to explain 
the action of anaesthetics in general and of xenon in 


During further investigations of the anaesthetic action 
and distribution of xenon it became apparent that more 
xenon is transported by the blood than would be expected 
from its solubility in the plasma. Solubility experiments 
then proved that xenon reversibly binds to haemoglobin 
and myoglobin“. Since the structures of sperm whale 
met- and reduced myoglobin have been determmed, and 
nearly all the 1,260 pce ha ie atoms have been located 
(J. C. Kendrew and H. O. Watson, to be published), it 
seemed possible to determine the mode of attachment of 
xenon to myoglobin without difficulties by the differance 
Fourier method. Such an X-ray diffraction analysis of 
crystalline sperm whale myoglobin in equilibrium with 
xenon has now been carried out. The results prove 
xenon to be bound to one specific site which is buried 
in the interior of the molecule and is nearly equidistant 
from one of the pyrrole rings in the haem group and the 
ring of the haem-linked histidine. The experimental 
details and resulte of the investigation follow. 

Sperm whale metmyoglobin, prepared by the method 
of Parrish and Kendrew", was crystallized from an 80 
per cent ammonium sulphate solution at pH 6-8. Crystals 
were mounted in a ial cassette and equilibrated with 
xenon at 2:5 atm. for 12 h before and during their X-ray 
exposure. The intensities of the ALO, AQ and Ok reflexions 
were collected to 2-8 A resolution on multiple film pre- 
cession photographs with copper Ka radiation from a 
rotating anode X-ray tube. The exposure times were 
much longer than usual owing to the strong absorption 
of the X-rays by the xenon gas in the cassette. The 
intensities were measured with a semi-automatic mioro- 
densitometer; corrected for Lorentz, polarization and 

ture factors and then scaled to the native met- 
myoglobin data. 


Difference Fourier 


apa were calculated using 
appropriate versions o. 


the general equation: 


1 
Ape = y ZZY(Fesn| — |F.) 
exp (— 27$ (hz + ky + le) + ia) 


|F| and |Ps,,5| represent the moduli of the structure 

aes of the native myoglobin and ita xenon deriva- 

ively, Apwy,s) the difference in electran 

the two compounds. The phase angles 

era pita those for native sperm whale myoglobin, as 
determined by multiple isomorphous replacement}. 

The use of a set of only approximate phases in a differ- 
ence Fourier synthesis results in reduced peak heights 
for non-oentrogymunetrio projections. Luzzati showed 
that the peak height of an atom not included in the phase 
determination depends on the ratio of the excluded 
electrons to the included ones. In this case, where the 
excluded electron density is small, the theoretical expected 
reduction of peak heights in non-centrosymmetric sections 
is of the order of 40 per cent and agrees well with the 
observed resulta. 

Each of the difference electron density maps of the 
^k0, AO? and Ok projections (Fig. 1) shows only one, nearly 
circular, peak co to a spherical atom with oo- 
ordinates z = 0-177,y = 0-864, = 0-168. The 
areas of the maps are relatively featureless, indicating that 
the degree of isomorphiam is high and that xenon atoms 
are not present at subsidiary sites to any appreciable 
degree. 

The xenon atom is nearly equidistant from the haem- 
linked histidine and a Se Ting of the haem group; 
d TH the atoms in both rings. ae 

of this binding site is shgwn in 
iud b, and the relevant approach distances are tab 
in Table 1. 

The xenon atom in the myoglobin interior lies between 
a non-polar area and an area which is partially polar, 
indeed charged. This suggests that this complex is 
stebilized by charge-induced dipole moments, by dipole- 
induced dipole moments and by London interactions. 
In addition, there is an entropy gain due to the transfer of 
the xenon from the aqueous surface into the interior of 
the protem. Unfortunately the charge distribution on the 
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Fig. 1. s, kA difference electron denatty map, b, AKO difference electron 
density map 


haem group and the sizes of the various dipoles are still 
unknown; it is therefore not possible to calculate the 
degree of polarization and hence the charge-induced dipole 
and the dipole-induced dipole binding energy of the 
xenon atom. The entropy gain, which arses from the 
xenon transfer, could be estimated if the temperature- 
dependent solubilities of the gas in ammonium sulphate 
and in a non-polar solvent were known". 


Table 1 
Group Atom Distance «55 A 

Leucine F4 O (carbonyl) 7 
O (carbonyl) 49 
Qa 49 
g 44 
Alanine F5 kl 
Histidine FS op 43 
Oy 3-7 
[n 41 
Ne 4-0 
Os 3-5 
Nó 3-3 
Louane GS Oy 46 
0n 43 
oe 51 
Phenylalanine H14 Osl 4-7 
O6 *9 
Qs? 45 
Isoleucine H18 Orl 
o» 3-3 
Haam (Fig. 3) Fe 53 
NVR 44 
OLYE 41 
oD 46 
HYL 54 
CR [21 
O4VR 44 
OSVR 48 

OTVR 30 ` 
CAYR 43 
4T 
54 


g 
5 
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The size of the London interaction energy can, however, 
be calculated from the electronic dispersion interaction 
between molecules'*. This interaction is given by: 

3 Pas Py Bs, E; 


Wo 2 3 Fas (Bae + Bs) 


P = polarizabilities, E = electronic excitation, rs$,; = 
distance between xenon and jth atom. Taking the excita- 
tion value for xenon to be 12 eV, the average excitation 
value for its neighbours to be 18 eV, and the polarizabilities 
to be 4 A* and 2 A? respectively, we obtain an interaction 





Fig. 2a. Location of xenon site In myoglobin 
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Wig. 3. Nomenclature of atoms in hasm group (Table 1) 


energy of about 10-2 kcal. This figure for the total energy 
is à minimum: in practice 15 will be increased by the other 
energy terms which have been mentioned here. 
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It should be pointed out that this is not a hydrophobic 
stabilization (hydrophobic stabilization occurs when two 
or more non-polar groups associate to decrease the 
interaction with water); there is no indication in the 1-4 A 
three-dimensional Fourier synthesis of the native protein, 
under normal conditions, that a water molecule occupies 
the xenon site. 

This work was supported in part by U.8. Public Health 
Service grant N.B03625 to R. M. Featherstone, Depart- 
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EVIDENCE FOR THE ROLE OF BOUND WATER AND PARTIAL 
DESICCATION IN CARCINOGENESIS 


Dr. R. BATHER 
Saskatchewan Research Unit of the National Cancer Institute of Canada 
AND 


Pror. S. J. WEBB and Pror. T. A. CUNNINGHAM 
University Hospital, University of Saskatchewan, Saskatoon, Canada 


ELATIVE humidity (RH), temperature and chemical 
additives have all been shown to determine the 
response of a microbial cell to drying in air'*. Experi- 
mentation haa pointed to structural in eeeential 
macromolecules resultmg from loss of bound water as 
being responsible for cell death. This bound water can be 
replaoed by certain chemicals during drying which are 
more stable than water and maintain the structural and 
functional integrity of the macromolecules?*. Inositol 
(hexahydroxy cyclohexane) is the beet stabilizing agent 
of many chemicals tested for protective ability &gamst 
desiccation damage. This is assumed to be due to its 
structural similarities with water, its symmetry, its non- 
volatility and ita lack of toxicity. 

In metabolic experiments many enzyme changes were 
seen in desiccated cells whether protected with inositol 
or not. However, inositol did preserve the protein 
synthesizing ability of dried oells*-*, thus suggesting ite 
interaction with ribonucleic acid (RNA). Further evid- 
ence for interaction with RNA was obtained when it was 
shown that Rous sarcoma Virus (RSV) could be protected 
against desiccation death by inositol’. 

Recently, studies on the effecta of ultra-violet hght, 
vimble light and X-rays on survival of bacteria and viruses 
have produced added evidence for the important role of 
bound water in biological integrity". It has become 
apparent that changes in molecular bound water are 
involved in radiation damage and can be prevented by 
1noeitol in carefully controlled experimenta. 


Finally, two other phenomena associated with the 
desiccation of becteri& were deemed important and 
stimulated further work witb animal cells. One was the 
observation that RNA was released in greater amounts 
from cells protected with inositol than from unprotected 
cells. The other was that mutant cells appeared more 
frequently after desiocataon with or without radiation 
treatment at certain RH levels!* 11.19, When the work was 
extended to animal cells ıt became obvious that controlled 
desiccation in aerosols as employed with bacteria and 
viruses was not possible with the equipment available, 
due to mechanical destruction of the cella. However, a 
variety of cells held in suspension for varying lengths of 
time were protected against death by inoeitoli*. Virus- 
infected released increased amounts of virus in 
mositol, and drying on Petri dishes in the presence of 
inositol resulted in increased virus release compared 
with cells dried from balanced salt solutions (BS8)1#1. 

Quite independently of the work desdtibed here, Falk 
ei al. have published date showing that removal of 
bound water from deoxyribonucleic acid (DNA) resulta 
in the loss of structural integri This bound water 
begins to be removed as the RH is lowered below 170 
per cent and about 5 molecules per nucleotide are removed 
when the RH reaches about 55 percent. Still farther water 
15 removed below this level. A similar situation may exist 
for RNA and protein molecules, and Klotz!’ has discussed 
the importance of the hydration sheath as an ice-like 
lattice in fixing the structure and properties of protem 
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and nucleoprotein macromolecules. Warner’, using the 
stereochemical properties of inositol, has shown that these 
compounds oen interact with protein layers and probebly 
other biological macromolecules in the same way as water, 
but afford & much more stable system than water because 
of the rigidity of the hydroxyl positions in inositols. 
Thus the idea that bound water is intimately concerned 
with masintaming the structural, and thereby the funo- 
tional, integrity of biological macromolecules is becoming 


To discover whether tumour viruses other than RSV 
could be released in infectious form by drying the tumour 
cells an experiment was performed with Ehrlich ascites 
cells. This tumour is known to carry various murine 
leukaemia viruses'***, Ehrlich cells were obtained from 
routanely transplanted Swiss mice, washed once in 5 per 
cent inositol solution and re-suspended in 5 per cent 
inomtol to give about 10° cells/ml. 1-ml. aliquots were 
pipetted on to 60-mm Petri dishes and the cells were 
allowed to settle for 1 h at 87° C. After decanting the 
supernatant the cells were dried in a “Blue M Vapor 
Temp’ humidifler cabinet for 80 min at RH 40 per cent at 
wed seine De After drying, the cella were gently 
scraped off the glass into equivalent amounts of 5 per cent 
inositol solution, and centrifuged. The supernatant was 
filtered thro a ‘Millipore’ 450-myp filter to remove all 
cells and the filtrate was inoculated into 8-week-old female 
Swiss mice (0-2 ml. intraperitoneally). The cells were 
washed in 5 per cent inositol, re-suspended and inoculated 
into a similar group. 

Same of those given the filtrate died with acute leuk- 
aemie beginning about 5 months after inoculation. At 
12 months, when all survivors were killed, the incidence 
of leukaemia was as shown in Table 1. None of the 
animals developed ascites tumours, and since only 10 
Ehrlich cells are required to produce tumours in 50 per 
cent of our Swiss mice this must indicate almost complete 
cell destruction. 

However, all but one of the mice given the dried cell 
filtrate developed leukaemia and about half of those given 
cellular material did so. Most of the leukaemias were 
lymphoblastic in with large thymus tumours as well 
as lymph node, liver, kidney and spleen involvement. 
Some of those developing later and discovered at autopsy 
appeared to be mixed lymphoblastic-tymphocytic neo- 
plaams with cells characteristic of both . Three of 
the leukagmias have so far been transplanted by both 
cells and cell-free filtrate. 

The above experiment, slong with the results already 
reported for RSV, shows that some tumour viruses 
are teleased in highly infectious form by drying the host 
cells. The presence of mositol, at least in the case of 
RSV, resulta in increased amounts of infectivity either by 
protection of virus against desiccation death or by some 
other mechanism. 

As already discussed, evidence has been obtained for a 
mutational effect of desiccation on bacterial? 1.19,91, In 
conjunction with the demonstrations of increased virus 
release and survival it was felt that experiments with 
dried normal cells should be undertaken. Initially, pooled 
spleen, cells were obtained from 1-year-old Swiss mice by 
gentle homogenization and straining through 4 layers of 
sterile gauze. After centrifuging, half the cells were 

in BSS and the other half in 5 cent 
inositol solutidn. Approximately 2 x 10! were 
pipetted on to 60-mm Petri dishes and allowed to settle 
Table 1 INOGDENOR OF LEUKAWMIAS IN SWIBS AON INOCULATED 
Oma 


With 
Dom BERLICN CELLS OR 450-myp WIL'TRATR. Dom AT RH 40 PER 
ONNT For $0 MIN FROM 5 PER OEWT IKO&FTOL 


Peromntage with 
Group No anhnals Jeukaemis 
‘roa &-17* 
‘Washed calls 16 44 
trato 14 93 


* Range of leukaernta tneldence alized of untreated 
among stmilarty groups of un! 
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i E Mrracy or Domea DRIED GP ORE OF TIMER 4? 

CE AND BUBENQqUENT TRANETER TIBSUXS 

TUR a Pease ONL RaACTION' WITHOUT DRYING (HXPEKIXENT 2) 

No. of Percentage 
t animals with Total Xo. 

Hxpertmen 

1. Oontrols 36 11 5 (8L, 2MO)* 
Non-dried calls 24 8 iG iM 
Dried cells 24 42 14 (7L, 7M. 

2. Fire 24 35 18 (UL, QM! 
Roconi perag? 12 42 3 EI TO) 
Third passage 18 56 10 


* Figures tn brackets indicate number of leukaemias (L) and mammary 
carcinomas (MO). 


for 2-8 h at 37? C. The su t flud was removed 
and the cells were dried in the humidifler cabinet for 30 
min at RH 70 per cent. The dried cells were resuspended 
in BSS or 5 per cent inositol for inoculation and samples of 
non-dried cells were saved for inoculating control groupe. 
Groupe of 8-week-old female Swiss mice were inoculated 
intraperitoneally with about 5 x 10° cells, and in addition 
to the non-dried cell controle other groups were given 
B88 or 5 per cent inositol solution. The experiment was 
allowed to run for 12 months after which time all the 
survivors were killed and autopsied. Sections were pre- 
pared from all animals not sutolysed. Since httle or no 
difference in tumour incidence appeared between the 
groupe treated with oells dried in BSS and those treated 
with cels dried in inositol, the groups were combined 
for simplicity of presentation in Table 2 (Exp. 1). Two 
animals died during the experiment, one with lympho- 
blastic leukaemia and one with mammary carcinomas. 
Both of these were found at autopsy and confirmed 
histologically. It is apparent that the inoculation of 
dried spleen cells resulted in an increased incidence of 
tumours. The final column shows the total number of 
tumours scored. Some animals developed both leukaemia 
and mammary carcinoma and both conditions appeared in 
greater numbers in the group given dried cells. 

All the leukaemias & mg in these animals were 
diagnosed either as lymphoblastic, involving the thymus, 
lymph nodes, liver, kidney and, usually the spleen, or as 
mixed lymphoblastic-lymphocytie in which similar but 
lees extensive organ involvement was observed. It has 
already been mentioned that most of these tumours were 
found at autopsy 12 months after inoculation of the spleen 
cells. Attempts to reduce the latent period of leukaemia 
by d of homogenates of affected organs have 
not Bo far been successful. However, it was noted in 
many instances that the mice receiving the dried spleen 
cell preparations developed & strong plasms cell reaction 
with abdominal ascites formation within 4 weeks after 
inoculation. This occurred in both adult and new-born 
mice whether the cells were given intraperitoneelly or sub- 
cutaneously, and was usually accompanied by splenic 
enlargement. The reaction subsided over the following 
2-8 weeks, but marked plasma, cell infiltration of lymph 
nodes, liver, kadney and spleen persisted until the animals 
were killed at the end of the experiment. Close inspection 
of the plasma cells in the ascites fluid of many such animals 
failed to reveel signs of malignancy, but pooled fluid 
from 2 mice at the height of the reaction was nevertheless 
transferred to another group of 8-week-old mice along 
with homogenized spleen and liver from the same anmmals 
to make a 1:10 oell: fluid suspension. All the recipient 
animals developed marked ascites and splenomegaly 
withm 8 weeks and, again, fluid plus spleen and liver cells 
was transferred to e third group. All animals again 
developed marked reactions similar to those seen in the 
previous passages. No evidence of bacterial contamina- 
tion and transfer was found. The survivors were left 
for 12 months to see whether the incidence of tumours 
was altered by the serial transplantation of these cells. 
The resulta are presented as Exp. IJ in Table 2. It 
can be seen that the incidence of tumours increased at 
each . Again the final column indicates that some 
animals developed both leukaemias and mammary car- 
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Table 3. INOCIDENGON OF TUMOURS IN Swiss MICE INOGULATED WHEN 
NEWBORN WITH DEOD OR NON-DRIND THYMUS CHLIS 
Group No. animals animals with Total No No. 
tumours 
Non-dried 15 20 mg. 
Dned RH 60 per cant 17 24 
Dried RH 40 per oent 18 60 $ (8i. 2M, 100) 
Dried RH 80 per oent 9 0 


wm eric NE KON cer RM 
carcinomas (iO) or ovarian caranomas (OO). 
cinoma. It 1s interesting to note that a high incidence of 
mammary tumours was only observed in the group 
tnoculated with dried cells and that moet of the increased 
tumour incidence m subsequent passages was due to 
leukaemia. It should also be noted that the previous 
experiment also showed high mammary tumour incidence 
in the group given dried ocells. As before, most of the 
tumours were found at autopsy and did not kill the animals 
witbin the 12-month time limit of the experiment. Only 
2 mice died with tumours during the experiment, one 
from the second passage at 10 weeks and one from the 
third passage at 38 weeks. Both of these were diagnosed 
as lymphoblastic leukaemias. 

Binoe most of the leukaemias developing in theese mice 
were of the lymphoblastic type an experiment was under- 
taken in which thymus oells from apparently normal 
2-month-old Swiss mice were dried before inoculation into 
new-born mice. In view of the accumulated data from 
bacterial studies, which suggested that maximum biologi- 
cal changes when drying were found at low RH levels, 


3 groups of new-born mice were inoculated with pooled, 


thymus cells dried for 30 min at RH 60, 40 and 30 per cent, 
respectively, in the absence of inositol. The cells were 

prepared as before by gentle homogenization and straining 
through 4 layers of sterile gauze. Drying was carried 
out in Petri dishea with approximately 10" cells in the 
chemical drying chamber, and controls were inoculated 
with untreated oells from the same pool. Again the 
survivors were killed after 12 months and the final 
resulta are presented in Table 8. 

It is apparent from the final column of Table 3 that the 
incidence of leukaemia in the groups given cells dried at 
RH 40 and 60 per cant was higher than in the controls. 
None of the antmals given cella dried at RH 30 per cent 
developed tumours, which suggests that all biological 
activity had been destroyed. This is not surprising in 
view of previous resulta with bacteria and viruses. That 
activity survived drying to RH 40 per cent might appear 
surprising, but may be explained by the lack of precise 
humidity control that can be more easily achieved with 
bacterial aerosols. Another important feature of these 
results is that 4 of the 7 animals which ae aer tumours 
with 40 per cent dried cells did so before 12-month 
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time limit. The earliest (19 weeks) developed an ovarian 
carcinoma as well as lymphoblastic leukaemia, the former 
being an extremely rare tumour in our colony. It 1s algo 
interestang to note that the inoculation of thymus material 
did not result in & high incidence of mammary carcinoma. 
Two biological phenomena sasociated with desiccation, 
namely, changes in function (mutation) and release 
of infectious viruses, led to the idea that carcinogenesis 
might be the occasional result of such changes in animal 
cells. There seams no doubt that in the preliminary 
experimenta eo far undertaken, the removal of molecular 
bound water from normal cells can result in the production 
of carcinogenic potentialitics. Thus desiccation may be 
classed with carcinogenic chemicals, radiation and other 
tumorigenic agente, ts, and the concept furthermore provides 
an attractive for & more general hypothesis of the 
mechaniam of carcinogenesis. The renova ce structurally 
mmportent water could be accomplished by chemical 
means or by radiation. Local dehydration could also 
result from the implantation of plastics and other chemio- 
ally inert Tissue desiccation in old age could 
conceivably result in bonded water exchange with the 
environment, thus favouring the conditions necessary 
for & critical water loses. The macromolecular structural 
changes occurring 1n cells under these conditions result in 
marked changes in biological function, including mutation, 
virus release and death. Carcinogenesis could occur 88 & 
result of the production of viable mutated cella or, more 
probably in view of the apparent destruction of Ebrlich 
ascites calls, as a result of virus release or the ce 
of altered, genetically competent macromol 
1 Webb, B. J., Canad. J. Microtnel., 5, 649 (1950). 


* Webb, B. J., Canad. J. Mioroinol., 6, 80 (1060). 

* Webb, B. J., Canad. J. Microbiol., 6, 71 (1960). 

* Webb, 8. J., Cana. J. Bhockem Physiol., 41, 868 (19638). 

* Webb, 8. J , Cenad. J. Microbiol , 7, 621 (1961). 

* Webb, 8. J , Canad. J. Biochem. Physiol , 41, 455 (1068). 

' Webb. 8. J., Bather, R , and Hodges, R., Canad. J. Microbiol, 9, 87 (1068). 
* Webb, 8. J, Canad [J. Microbiol , 7, 607 (1061). 

* Webb, 8 J., Nature, 198, 785 (1963). 

™ Webb, B. J. J. Applied Bact., 6, 307 (1903). 


u Webb, B. J., Cormack, D. V., and Morrison, HIG., Nature, $01, 1103 (1064). 
u Webb, 8. J., Cook, O. a. 


and Bather, R., Cenad. J. Drockem [Pkystol., 
48, 157 (1904). 
"> Batar, Ru and Webb, B. J., Proceedings 6th Canadian Cancer Conference, 
1064 (In the press) 
^ Bather, R., Sebastian, L, and Webb, B. J., Caned. J. Biochem. Pkysiol., 
jun , K. A., and Lord, R. O., J. Amer, Okem. Soe., 85, 


ater (1964). 
ma Hartman, 
(1063). 

18 Klotz, L M , Sodence, 188, 815 (1958). 

11 Warner, D. T., Nature, 198, 1055 (1062). 

1 Friend, O., Ann. N.Y. Aoad. Sot, 88, 522 (1987). 

1! Graff, A, Ann, N.Y. Acad. Soi., 68, 540 (1957). 
Be wd nce D. 8., and Souk, H. D., Proc. Amer. Assoc. Conner 
anes J., Nature, 803, 374 (1904). 


ACTION OF ACETYLCHOLINE ON COCHLEAR RESPONSES 


By YASUJI KATSUKI, YASUO TANAKA and TAMOTSU MIYOSHI* 
Department of Physlology, Tokyo Medical and Dental University, Yushima, Bunkyo, Tokyo, Japan 


RE work, using the electron microscope, has 
shown that cochlear hair cells are synaptically 
connected with nerve endings, of which two different 
types have been demonstrated by Smith and Sjöstrand! 
and by Engström and Wersal’. In 1959, Schuknecht 
et al.” investigated the localization of acetylcholineeterase 
in the cochlea of the cat and suggested that efferent 
nerve fibres in the olivo-cochlear bundle had high acetyl- 
cholinesterase activity. Huldings and Wersáll* reached a 
similar conclusion. Galambos’! has shown that electrical 
stimulation of crossed efferent fibres in the olivo-cochlear 


* Present address: of Oto-Laryngology, Tohoku Untversity, 


School of Medicine, | , Japan. 


bundle diminishes the action potentiala of the whole 
cochlear nerve, and Fer* has reported that the cochlear 
microphonios increase in amplitude. In a Pharmacological 
investigation, however, Deemedt and Monaco’ have 
obtained resulta showing that strychnine and brucine can 
suppress these centrifugal effeota of electrical stimulation 
in the olivo-cochlear bundle; but anticholinesterase cannot 
suppress them. This suggests that a kind of inhibitory 
transmitter substance, which is ineffective in the presence 
of strychnine, plays an important role in & feedback 
mechanism in the cochlea. Thus, there are some oom- 
plexities in considering neurophysiological resulta on the 
basis of histochemical findings on the organ of Corti. 
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In order to clarify such divergent experi- 
mental resulta, pharmacological agenta 
were applied ionophoretically to the vicinity 
of cochlear harr cells. Eighty-nine gumee- 
pigs were used, and responses in the 
primary auditory neurones and the electri- 
cal strmulation of efferent nerve fibres 
were obtained from 22 cats. 

The cochlear nar giako (CM) and the 
neural component were recorded by 
means of vestibulo- -tympanal leads from 
the basal turn of the cochlea. In recording 
single-flbre responses ın cat, the flocculus 
of the cerebellum was retracted dorso- 
medially, and s capillary ultramicro- 
electrode was inserted into the cochlear 
nerve at ite entrance into the internal 
auditory meatus. 

Snnultaneously with the recording of 
cochlear responses to sound, a capillary 
electrode with & tip diameter of 2u was in- 
serted into the har cell region through the 
round window. The negative resting poten- 
tial in the organ of Corti was considered as 
indicating penetration of the basilar membrane. Ionized 
chemical agents contained in the capillary were adminis- 
tered ionophoretically in the vicinity of the hair cells by 
means of a 10-* amp electric current in the form of 4 
square wave, 500 msec in duration, applied at & frequency 
of once per sec for 8-10 min. The efferent nerve fibres 
were stimulated by electrodes placed in the floor of 
the fourth ventricle after removmg the cerebellar vermis 
by suction. 

The application of inorganic ions such as sodium, potas- 
sium and chlorine had no effect on the CM and N, 
responses. Fig. l indicates that the CM and N, were not 
influenced by potassium ions in 8 x 10-* amp current. 
In contrast with tho resulta for inorganic ions, acetyl- 
choline (ACh) or prostigmine elicited gross changes in the 
cochlear mses. CM decreased abruptly in 
amplitude during or shortly after ACh administration 
using the same amount of anodic current used for iono- 
phoresis of the potassium ions, as shown in Fig. 1. , How- 
ever, separate administration of ACh or 
diminished the amplitude of the CM to leas than 50 per 
cent, usually within 20 min after the beginning of iono- 
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phoresis. Other drugs have been similarly tested but 
with negative resulte. Application of y-aminobutyrioc acid 
(GABA), which is known to inhibit excitatory synapses 
in the cat brain, had no effect on this preparation; normal 
CM and N, responses were maintained for as long as 120 
min after applying the ionic current. Administration of 
strychnine produced no consistent change in the OM and 
N, responses, apart from ite effect in the olivo-cochlear 
inhibition as shown by Desmedt and Monaco. Local 
applications of adrenaline and atropine had no effect on 
the cochlear responses. 

Since change in the N, response due to ACh waa not as 
obvious as that in the OM deque it was necessary 
to observe unitary response the primary auditory 
neurones. The firing rate of fibres with characteristic 
frequencies above 5,000 o/s began to decrease first durmg 
the administration of A This effect tended to extend 
gradually toward the low-tone frequency range, prob- 
ably due to the diffusion of the ACh over the basilar 
membrane 


Other studies demonstrate that the action of ACh is 
blocked by ourariration. As shown in Fig. 2, the applica- 
tion of d-tubocurarme in 4 x 10- amp of 
current causes a gradual reversible decrease 
of the CM. and N, responses. When ACh 
was applied durmg this recovery the coch- 
lear responses were only very alightly 
depressed even with twice the amount of 
ionio current that was used with d-tubo- 
curarine. Its very significant, aa compared 
with change of the CM and N, responses 
to the ACh phoresis in Fig. 1, that ACh 
fails to diminish cochlear onses after 
administration of d-tuboourarine. Although 
Eoocles et al.* have reported that intre- 
venous injection of dihydro-B-erythroidine 
(DHE) reduces the sensitivity of the 
Renshaw cell to ACh, 1-5 mg/kg of the 
DHE, enough to relax the respiratory 
muscles, did not influence the ACh effect 
on the cochlear responses. 

Electrical stimulation of the crossed 
olivo-cochleer bundle inhibits neural re- 
sponse in the cochlea and sugments the 
OM. This inhibitory effect is suppressed 
by intravenous injection of strychnine, 
in accordance with the results described 
here. When d-tuboourarine was applied 
to the hair oell region the amplitude of 
the N, response was still reduced by 
as much as 15 dB attenuation of the 
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bundle at the floor of fourth ventricle, 

was stimulated with square wave 01 msec at 300/seo 
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tone stimuli by electrical shocks to the efferent fibres, as 
shown in Fig. 3. 

It has not previously been recognized that the adminis- 
tration of ACh in the cochlea uces any effect there. 
In this experiment various ionized chemical agents were 
applied ionophoretically to the har cell region; only 
ACh and anticholinesterase were effective. This is con- 
sidered in relation to histochemical findings showing that 
the organ of Corti has intense cholinesterase activity, 
as reported by Schuknecht and Wersäll. 
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The effect of ACh on the nerve ending is generally known 
to be excitatory, in other words ACh depolarizes the mem- 
brane of the postsynaptic ending. But there has so far 
been no sign of excitatory effect there in the case of 
recording the responses of the single primary neurone to 
sound stimulation. It is therefore supposed that a part 
of the hair cell membrane is sensitive to ACh, mnoe anti- 
cholinesterase acts like ACh to decrease the OM, and the 
ACh effect is prevented by ourarira&tion. Intravenous 
injection of DHE did not block the ACh effect. If cochlear 
potentials are cholinergically controlled, it would be 
expected that the ACh effect on the cochlear responses 
would be changed somewhat by systematic injection of 
DHE, as occurs in the central nervous system. It is 
imagined that the cochlea has a different blood barrier to 
DHE, but there is no evidence of it in this experiment. 
The ionophoretio application of d-tubocurarine did not 
influence the inhibition of the N, response elicited by 
electrical stimulation of the crossed olivo-cochlear bundle. 
Recent experimental resulta show that strychnine sup- 
presses the inhibitory action of both crossed and uncroased 
efferent nerve bundles. 

Consequently the resulta permit the conclusion that the 
efferent nerve fibres to the cochlea are not cholinergic, 
though acetylchohne depreases the activity of hair cells 
to & remarkable extent. 
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ELECTROPHYSIOLOGICAL EVIDENCE FOR OLFACTORY FUNCTION 
IN BIRDS 


By DON TUCKER 
Department of Biological Sciences, Florida State University, Tallahassee, Florida 


N describing the well-developed olfactory organs of 
some birds, Bang! criticizes the tendency to perform 
olfactory learning investigations on ‘‘feebly equipped" or 
“poorly endowed" birda such as pigeons, and justifiably 
concludes that these prove nothing about birds with 
“guperior receptors’. Concerning the turkey vulture, 
oilbird. and albatross, she writes, “It is apparent that no 
definitive controlled experiments on the function or 
sensitivity of the chemoreceptors have been done". 

It is now possible to record electrically the impulse 
traffic in the axons which comprise the primary olfactory 
nerve. The dorsal space between the eyes of most adult 
birds is occupied by spongy bone which 18 easily removed 
to leave & cavity bounded by orbital walla of thin bone, 
through which one oan see the olfactory nervee. In the 
nighthawk (a goat-sucker) the ior half of each nerve 
traverses the cavity, sheathed in a thin tube of trans- 
parent bone. After closing off connexions to the air spaces 
with bone wax and exposing a nerve, Ringer's solution is 
introduced to facilitate the neural twig dissection. The 
method is similar to that described for the gopher tortoise 
(Gopherus polyphemus)'. Although it is not really difficult 
to free small, live twigs of the bird’s olfactory nerve, at 
first I found it difficult to perform the dissection without 
more stretching than is tolerable for some other animals. 
I discovered that useful results may be obtained by 
lifting the whole nerve up on the recording electrodes. 
Thus, it seemed sensible to search for a bird so feebly 


equipped that ite nerve bundle would fall in the desired 
diameter range of 10-100n. However, I have sean no 
olfactory nerves nearly so small in birds, but the nerve 
twigs seam to be unusually resistant to the effects of 
stretching, unlike rabbit olfactary nerve, for example. 
There is often & curious delay of several minutes before a 
preparation exhibits msiveneas, but once it develops 
the preparation is y stable for many hours. This 
type of stability is distinct from tho oocamonal appearance 
of & phenomenon which & to reflect the reflex 
changing of accessibility to tbe olfactory organ. Table 1 
lists species of birds in which successful olfactory receptor 
P tions were made. 

e have recorded responses to odorants in various 
species of mammals, amphibians and reptiles as well as 
birds. The lack of obvious species differences has im- 
pressed us, since 1n the examination of teste with similar 
methods, species differences are readily spparent**. In 
these methods the neural electrical activity i8 oontin- 
uously averaged with an integrator oircuit of relatively 
short time constant. Thus, the magnitude of is 
recorded directly, in deflexion unite proportio to the 
number of nerve impulses per unit time. The olfactory 
responses occur in burste synchronized with inspirations, 
but normally there is never a complete absence of neural 
activity, even with the cleanest air that we have been able 
to prepare. Such response records are shown in Fig. 1 for 
the sparrow hawk, goose, black vulture, chicken and, for 
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Table 1. BIRDS FROM WHICH OLFACTORY RECORDS WERE OBTAINED 


Common mame Specific name Body-wt. 
Blue jay Oyanoottia cristata 52-70 g 
Common nighthewk Chordeiles minor 80 
Yellowthroat (warbler) Geothiypis trichas as 
House sparrow Passer domections 23 
Ring-billed gull Larus dedlawerenns 440 
Chicken (white leghorn) Gallus gallus 330-030 
Sparrow hawk Falco sparvervas 100 
Homing pigeon Cotumba Hove 360 
Bob-white quail Colinas verginianus 170 
Embden goose Anr anser 4,100 
Black vulture Coragyps atratus 1,900-2,200 
Turkey vulture Catharies eure 1,000 
Muscovy duck Oeirina moschata 1,700-2,900 
Oommon crow Corvus brackyrkynohos 370-300 


io MAH ee ws UD tee 
spearmen where a group is indicated by a range in weight. 


comparison, rat. The chicken and goose might have been 
to draw some room air into the 


be artefactual. Because the olfactory response is a funo- 
tion of the inspiratory flow rate, as well as of the kind of 
odorant and ita concentration, the records reflect differ- 
ences in inspiration and in the time of the i cycle 
when the stimulus was exchanged for the clean air flowing 
through the breathing chamber. A few movement arte- 
facta are evident in the first and last traces. A’ from 
the effect of differences in respiratory rhythm, resulta 
were quantitatively similar for the two higher log unita of 
concentration not shown in the The o 
receptors adapt considerably and rapidly at the highest 
concentration of amyl acetate. 

The evidence indicates that the olfactory response as 
recorded from a small population of the receptors is 
quantitatively similar for diverse birds and air- 
breathing animals. Birds were tested with various odorants 
without control of the stimulus concentration, as was done 
for amyl acetate, and in no instance was the nasal flow 
rate controlled, but the resulta were remarkably similar 
among the species. We appreciate the anatomical descrip- 
tions by Bang and recognize that the foregoing quotations, 
which imply superiority of the receptors in some species, 
might have been meant to apply collectively, for the 
organ. But the undoubted differences in olfactory per- 
formance of animals seem likely to be correlated with the 
extent of development of the olfactory apparatus, as Bang 
emphasized. However, the 8-g warbler might be the 
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olfactory equal of the 4,000-g goose (Table 1); thus 6 
relative measure such as the ratio of bulb to cerebral 
hemisphere diameters used by Cobb! is probably pertinent. 

Why the possession of a greater number of olfactory 
receptors should confer on an organism a heightened 
olfactory faculty, aa is often implied, is not at all clear, 
since & relatively small number should be sufficient, in 
theory. Neuhaus‘ considered the sensitivity aspect of this 
question vis-à-vis the possibility of major differences in 
the sensitivity of receptora of related ies. His dis- 
cussion, however, resta heavily on the proposition that 
dogs have & much lower concentration threahold for 
butyric acid than do rata or humans, and not many more 
receptors. The influence of size and of three-dimensional 
folding and pocketing of the receptor aheet on quality 
discrimination and sensitivity was discussed by Adrian’: 
“We can see therefore why the dog should have a much 
larger and more elaborate organ than the rabbit. There 
is no reason why e large o should be more sensitive 
to smells than & small one, but it will certainly provide a 
screen. on which the pattern of excitation can be mapped 
in greater detail". His ‘sensitivity’ of the organ is 
logically not the same as the behavioural ‘sensitivity’ 
of Neuhaus, although it is the basis of it. Later, Adrian’ 
emphasized the importance of differential receptor 
sensitivity for olfactory quality disorimination, but still 
maintained the likelihood that an animal obtains useful 
information from differences in the areal and temporal 
distribution of excitation of the organ by different odours. 
However, we are led to the idea that the olfactory stimulus 
is attenusted as it penetrates to the more inacoeamble 
locations of the organ. Suppose that the electrophysio- 
logist leads mgnals from æ sample of receptors that 
includes some of a group most responsive to the odorant 
bemg used and that he controls the stimulus conditions 
enough to deduce the effective stimulus at those receptor 
sites"; the receptor sensitivity funotion determmed in this 
way should constitute a limit for behavioural performance. 
Although the data shown in Fig. 1 do not yield this 
information, it is interesting that the differences are 
relatively so small among the i ies. The one that is 
obviously different correlates the greater nasal com- 
plexity of the rat, though the relative stimulus attenuation 
in this instance is only about one half log unit, or a factor 
of three. 

Neuhaus’s® training experiments with various birds 
were fruitless. However, he succeeded in 
demonstrating changes m. respiration of the 
goose on the presentation of odour. The 
possibility of trigeminal activation was oon- 
sidered. Although we have not yet studied 
trigeminal responses in birds, the threahold 
concentration of amyl acetate for the tri- 
geminal receptors of the gopher tortoise and 
rabbit is near the relatively high value of 
10 per cent saturation at 20° O. As Adrian* 
noted, rabbits under urethane anaesthesia 
little above olfactory threshold values. In 
contrast to the mammals, birds and reptiles 
often exhibit reflex changes on breathing 
amyl acetate at concentrations lower than 
the trigeminal threahold cited here. The 
records in Fig. 1 show respiratory &ocelera- 
tory soceleration of the sparrow hawk and 
chicken at 1 per cent or lees of saturation. It 
is notable that these reflexes persist m the 
ansesthetic state. Thus, we can conclude 
with Neuhaus that there probably existinnate 
! reflexes mediated by the olfactory apparatus. 
to Reporta vary as to the olfactory learning 
ability of birds}*-4. T am convinced that the 
olfactory systems of birds are functional and, 
further, I emphasize how difficult it is 
to imagine that such functionality might 
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persist without biological significance. That significance 
may be unlike our own subjective sensation of amells, 
because of the vast differences in mammalian and avian 
nervous systems, as Cobb and Neuhaus stressed. Some of 
the avian experrmentel preparations seem. especially well- 
suited to the i tal needs of the -electrophysio- 
logista (see also Stager's!* dissertation on the role of 
olfaction in food location by the turkey vulture). 

This work waa supported by U.B. Public Health Service 
grant T1 NB 5258-05 and the Division of Biology and 
Medicine, U.S. Atomic Energy Commission contract 
AT{40-1}-2690. 
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AN UNEXPECTED ARTEFACT IN THE HUMAN ELECTROENCEPHALOGRAM 
CONCERNING THE ALPHA RHYTHM AND THE ORIENTATION OF THE EYES 


By Dr T. MULHOLLAND and Dr C. R EVANS 
- Autonomks Division, National Physical Laboratory, Teddington, Middlesex 


HE alpha component of the human electroencephalo- 
gram is one of the most commonly measured rhythms 

and ita relati ip to such factors as ‘attention’, visual 
input, and cognitave activity has been the subject of 
considerable investigation’. Summarizing & complicated 
and often somewhat confused field, the consensus of 
scientific Lage at present is that the optimum conditions 
for observing alpha oocur when the individual is relaxed, 
with eyes dosed, and neither drowsy nor alert. Under 
these conditions, present theory maintains that the 
characteristic alpha rhythm reflects synchronous fluctus- 
tions of dendritic potentials associated with a very large 
sample of cortical cella. The assumption is now general 
that by observing changes in alpha occurrence, inferences 
can be made as to the subject’s degree of alertness, or to 
such matters as whether or not he is visual 
information. The results here, however, suggest 
that such assumptions may no longer be held with oon- 
fidence, and that & variable as fundamental as the oriente- 
tion of the eyes may drastically alter the probability of 
alpha occurrence. 

ee das auk aic iut eee 
of whom exhibited abundant ‘resting’ al The electro- 
enoephalogram was recorded unils y using bipolar 
parietal-oocipital goalp electrodes. The experiment was 
suggested as the result of chance observations made during 
a separate study by one of us (T. M.), who noticed that 
there appeared to be a marked increase in the oocurrenoe 
of alpha when the eyes were rolled upwards. At first it 
seemed probable that this effect was due to the sharp 
reduction in visual input which occurs when the eyes are 
in this elevated position, despite the obvious increase in 
effort and ‘attention’ that maintaining this position 
involves. When it was noted, however, that the effect 
was maintained in dim illumination, it was decided to 
introduce appropriate controls. 

In the first phase of the experiment, alpha was recorded 
in normal room illumination and & comparison was made 
between the olassio "eyes open-eyes closed’ test, and the 





‘eyes &heasd-eyes up’ phenomenon. Subjects were given 
ten 30-seo triala in each oondition, the experimenter 
giving the command ‘eyes open’, followed in 30 seo by 
the command 'eyee closed’, eto., or by the commands 
‘eyes ahead’ followed by ‘eyes.up’. 

The eleotroenoep was evalusted acoording to 
the presence or abeence of alpha, this being defined in the 
resting record as a signal having a frequency of 8-13 
o/s amplitude greater than 80 uV. In the 
conditions a rhythm was identifled as ‘alpha’ ib was 
greater than 40 per oent of the average resting alpha 
amplitude. Despite the crudeness of the measures 
used, the magnitude of the effect was sufficiently great to 
Tender any more precise & criterion unnecessary. 

Fig. 1 illustrates the changes in the EEG which occur 
when the eyes are moved from a straight ahead position 
to the elevated position. Table 1 illustrates the mean 
percentage of time for which alpha was present in the 
various conditions. 

In the second phase of the experiment the previous 
conditions were repeated with the exception that the eyes 
were always covered to prevent patterned visual input. 
Table 2 summarizes the resulte. 

Itis evident from Tables 1 and 2 that there is an increase 
in alpha in the ‘eyes up’ condition, though this appears 
to be lees in the case of subject R. R. than subject T. M. 
However, at this stage these results might yet be inter- 
preted as showing that the effect of elevating the eyes is to 





Tig. 1. Oharactermtio panetal-oootpital NE recorded from subject T-M. when eyes were olavated Cu or tn normal straight-abead position 


(Cabead") Arrows indicate 
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reduce either: (a) overall illumination, or (b) overall 
patterned vi stimulation, and that it is not eye 
position per æ that is the important variable. - In the 
third and fourth phases of this experiment, an attempt was 
made to clarify these points. 

(a) Overall illumination. If the increased alpha is a 
function of a decrease in effective overall illumination, 
then a simple control would be to introduce diffuse but 
intense illumination whenever ha occurs, whether 
in the ‘eyes ahead’ or ‘eyes up’ condition. Buch a closed- 
loop between stimulus and EEG has been described else- 
where! and such a system was used here. In effect, the 
occurrence of alpha turned on a brilliant light, flooding 
the visual fleld; this light was automatically extinguished 
when alpha disappeared. Table 3 illustrates that despite 
the coupling of a bright light to alpha, ite occurrence in 
the 'eyea up’ condition was very high and the remarkable 


Tabl 3 . 
TAL ER 
Hyes ahead 8 425 
Ayes up 90 48 


(b) Patterned stimulation. If, on the other hand, the 
increased alpha is a function of a decrease in overall 
‘patterned’ stimulation, then further examination is 
necessary to clarify this point. The licationg of 
ensuring that the subject receives pa stimulation 
when his eyes are rolled up are simply overcome by the 
use of a patterned after-image. Tho bao rust] has 
been iously used in EEG investigations and is de- 
scribed in full elsewhere*. Simply put, subjects were given 
a brilliant after-image of & pattern (a circle with an in- 
scribed cross), Peg oe Shard amoral five degrees 
and foveally fixated. This B be zpadiuy paroeiyod as & 
pattern by subjects for a ful minute the flash 
whether the eyes were in the ‘ahead’ or the ‘up’ position. 
Because of the relative impermanence of the after-image 
it was not possible to conduct 5-min trials as in the previ- 
dido Sale seme Shorter trials each of two 80-seo runs 
were ore performed controling for ence. Eyes 
were closed and covered inmediate Dinats the 
flash, and subjects were then given the appropriate com- 
mands. Table 4 illustrates the mean percentage timo for 
which alpha was present in the two conditions. 


Table 4 
TIL BRB. 
Mm nk o nb 


It is clear that the patterned input has reduced the 
total amount of alpha present, but the differential between 
the ‘eyes up’ and ‘eyes ahead’ condition is maintained. 
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The relevance of these results to experiments involving 
the alpha component of the human EEG is obvious. If is 
clear that eye position is a significant variable which 
furthermore has been demonstrated to be sufficiently 
powerful to override such established variables as incre- 
menta of homogeneous and patterned stimulation, norm- 
ally quoted as markedly inhi iting al occurrence. In 
addition, as any individual may test for himself, keeping 
the eyes up not only involves continuous attention and 
muscular effort, but also becomes increasingly unoom- 
fortable. ite this combination of normally alpha- 
inhibiting conditions, more alpha occurs in this situation 
than in the comfortable, effortless ‘eyes ahead’ state. 

These facts seem to suggest that a re-appraisal of the 
methods and design of human EEG experiments cannot 
long be delayed. This argument is rendered more stringent 
when one recalls that there ia a tendency in tho relaxed 
conditions prevailing when eyes are closed for the eyes to 
rotate Thus the classic ‘eyes open’—‘eyes 
closed’ test far alpha (alpha normally appearing when eyes 
are closed) may not in fact reflect reduced visual input 
as has been almost universally supposed, but rather some 
such prosaic variable as the tendency for eyes to turn 

under such conditions. Whether this is sufficient 
to account for all such differences seems unlikely, but 
it is now evident that: (a) much previous experimental 
work will need to be re-appraised with these facta in 
mind; (b) no experiments ees to relate alpha 
presence or absance to such variables as ‘attention’ will 
be meaningful unleas eye position is monitored in both 
the ‘eyes open’ and ‘eyes closed’ conditions. 

In conclusion we will note that an extended series of 
experiments using a greater number of subjects is at 
present in progress. It is already clear that the effect 
already described may be found in marked fashion in 
50 per cent of all subjects tested—though in some indi- 
viduals its occurrence is leas reliable than in others. A 
number of variables, such as subjecta’ general ability to 
hold their eyes continuously in any given position, no 
doubt contribute, and it is hoped subsequently to identify 
these variables. However, at the moment it seems 
unlikely that any ‘screening’ of individuals prior to their 
participation in an EEG experiment would be of much 
use, for the effect may suddenly appear in subjects who 
do not, on the first test, exhibit it. 

Since performing the origmal iments we have 
heard from Dr. M. D. Dewan, of the U.S. Office of Aero- 
space Research, who has independently observed that 
alpha occurrence is increased when his subjects were 
looking upwards’ with oyes closed. 


10obb, W. A, in , edit, by Hill and Parr, 282 
ea. pow tek 1983). 

Erit rw) T., and Runnasl, S., Ejexroemceph Chn. Nowrophysiol., 14, 847 
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DIRECT X-RAY INACTIVATION OF THE VIRUSES OF TESCHEN AND 
TALFAN DISEASES, FOOT-AND-MOUTH DISEASE AND VESICULAR 
STOMATITIS 


By C. D. JOHNSON* 
Research Institute (Animal Virus Diseases), Pirbright, Surrey 


HE inactivation of viruses by the direct effect of 
X- and y-radiations has been shown by many workers 
to result in exponential survival curves from which it is 
possible to calculate the radiation-sensitive volumes of 
the virus particles’. Unfortunately, this calculation 


* Presents address: J. J. Thomson 
Physical Laboratory, Universitiy of 


requires a value for the density of the radiation-sensitive 
part of the virus and this is, in general, not known. How- 
ever, using approximate values for this density, the 
sensitive volumes of several viruses have been determined, 
and those of the smaller viruses have proved to be 
numerically very close to the virus particle volumes as 
determined by other methods':*. As a preliminary to the 


38 


investigation of the degradation processes involved in 
this form of inactivation, a comparison has been made 
between the direct X-ray inactivation rates of the fol- 
lowing viruses: foot-and-mouth disease virus (FMDY) of 
two immunologically different strain M.11, type 0, 
and strain RV.11, type SAT 1 (ref. 7); vesicular stom- 
atitis virus of the Indiana immunological type and two 
viruses of the Teschen disease group, the ariginal Teechen 
(Konratioe) strain which produces a polioenoephalo- 
myelitis in pigs in Europe and the Talfan strain which 
affects young pigs in Britain’. Croaa-neutralization testa 
area ioed a De tab sims mar Do ceeded s 
different serotypes of the game virus’. The results which 
are described here show that it is not possible to differ- 
entiate between these two strains by observation of their 
rates of direct inactivation by X-radiation. 

The virus materials used in these experiments were 
obtained from a variety of sources as follows: FMDV 
strain M.11 ( 0) from virus propagated on cell mono- 
la, grown from pig kidneys’ or from the BHK 21/13 

lino derived from baby hamster kidneys". The pig 
kidney cell monolayers were grown in Roux flasks and 
the baby hamster kidney oell monolayers as continuous 
layers in cylindrical 3-1. bottles rotating with their axes 
horizontal at one revolution in 4 min. FMDV strain 
RV.11 (type SAT 1) was attenuated for cattle by serial 
passage first in unweaned mice and later in older mice. 
The viruses of Teschen and Talfan diseases were propa- 
gated on pig kidney cell monolayers and vesi 
stomatitis virus (VSV) was grown on the ohorioellantoic 
membrane of 7-day-old developing chick embryos. The 
allantoic and amniotic fluids were collected and pooled 
24 h after inoculation of batches of about 80 eggs. 

A Baymax-150 industrial X-ray unit manufactured by 
Associated Electrical Industries, Ltd., was used as the 
source of K-rays. All irradiations were performed with 
lightly filtered 150 kVp radiation having a first half-value- 
layer thickness of 0-5 mm copper. One set of FMDV 
samples wore irradiated in the frozen state at a tempera- 
ture of approximately — 60° O. The virus in these samples 
‘was suspended in 0-1 M ammonium bicarbonate at pH 7-0 
90 as to minrmize inactivation due to pH variations on 
change of phase. All other samples were irradiated in a 
20 cent w/v solution of peptone in phosphate-buffered 
saline at pH 7-6. This was a sufficiently high peptone 
concentration to prevent significant inactivation of the 
viruses by the indirect effect of free radicals and other 
radiation products in solution!*, During irradiations these 
Ec eee ened Bb teamperetunee: between 0° and 
5? 


The frozen and some of the liquid samples were rrradi- 
ated in ‘Lustroid’ tubes set in & copper cooling bar fitted 
with a ‘Perspex’ cap which incorporated the beam filter. 
This bar was thermally insulated from the X-ray tube 
housing to whioh it was rigidly fixed during irradiations. 
The samples in this particular container were irradiated 
at & constant dose-rate of 3,000 r.p.m. for various times. 
Other samples were irradiated in a ‘Perspex’ jig of helical 
form so that the dose-ratesa to the eight samples, held at 
various distances from the X-ray tube anode, varied 
fram 180 to 1,600 rp.m. The slopes of the survival 
curves were found to independent of dose-rate, which 
confirmed that the indirect effect had been eliminated. 

Irradiation doses were measured by the ferrous sulphate 
dosimeter modified by the addition of sodium chloride". 

After irradiation the infeotivities of the virus samples 
were estimated by inoculation of series of ten-fold dilutions 
into groups of 5-10 unweaned mice", or by plaque counta 
of ten-fold dilutions on pig kidney cell monolayers or on 
baby hamster kidney cell monolayers'*. Further details 
are given in Table 1. 

Table 1 and Fig. 1 summarize the results of these 
inactivation experiments. The survival curves of Teschen 
and Talfan viruses have equal slopes which are 80 per 
cent greater than that for the two FMDV types. It 
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Tabie 1 
Diameter of 
Bouree of Method of Riso from 
Virus infsotrve infeotrvi electron radiadon 
material ta sena 
(ms) sphere (ma) 
FED type 0, M Plaque amay 25, sphero 25 
strain "RO on PK and 
M. ham- BHE oll 
ster monolayers 
Er 
FMD U: Intraperi- 25, sphere 25 
Saree mos toneal 
strain, inoculation 
RV.11 of unweaned 
Tesohen and PEK mono- Plaque assay 35, sphere 28 
on PK 
Vencular Pooled egg Plague assay — Bullei-sha 39 
us on BHK cell 
175 and 
g end mima- 
cerebral ın- 60-70 
ooulaton of 
unweaned 
mice 


is also apparent that the radiation sensitivity of the 
cattle attenuated FMDV (strain RY.11) has not been 
changed by in mice. 

The size of the virus particle of FMD has been estimated 
by several observers)’ 1* from resulta obtained by ultra- 
centrifugation sedimentation analysis and by electron 
microscopy. The diameter of the infective component of 
this virus is in the region of 25 my. If we assume that the 
denmty of the radiation sensitive part of the virus particle 
is 1-86 g/ml. (ref. 8), the slope of the inactivation curve 
gives a value of 26 my for the diameter of the radiation- 
sensitive volume. As for other small spherical viruses, 
there is numerical agreement between these two sizes 
although this is probably a chance agreement depending 
on the finite range of interaction between s rather smaller 
sensitive volume and the radiation-induoed ionizations in 
surrounding non-sensitive virus material. Nevertheless, 
Vee ee ee e 
will prevail in the case of the viruses of Teschen and 
Talfan diseases, for which a diamster in the region of 
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Hees Loss of tnfeotivity of virus samples irradiated with 

fil 150 k LI O, FMDV 0, strain M.11; @, 

type SAT 1 grain B 11; ©, Talfan virus; @, Teschen 
virus; [ ] vesicular stomatitis virus 
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characteristic spherical particles 
diseases are both about 85 my (ref. 19). ] 

The characteristic particle of vesicular stomatitis virus, 
as seen in electron micrographs, is bullet-shaped wi 
diameter of 60-70 mu and a length of 155-175 my (refs. 
20 and 21). The sensitive volume derived from the in- 
activation curve in Fig. 1 is that of an equivalent sphere 
having a diameter of 88 my. This is in agreement with & 
previous determination by Franklin®. 

MoCrea' has surveyed the irradiation data for a number 
of animal viruses, and he has shown that the size of the 
radiation-sensitive unit, which is close to ite physical size 
for small spherical viruses, tends to a limit in the range 
40-50 mu for viruses larger than approximately 45 my 
diameter. The viruses investigated in the work reported 
here fit into this general scheme. KEpetein?* has demon- 
strated a olose correspondence between the radiation 
sensitive volume and the nucleic acid content for a 
number of plant viruses and for phage T7. A similar 
correspondence may exist for these animal viruses. 

Some preliminary results using the spray droplet 
counting technique with a polystyrene latex marker have 
indicated that the infectivity of FMDV is destroyed by 
the direct effect of X-rays without any immediate deoreaso 
in the concentration of characteristic particles. Virus 
samples which had lost up to 90 per cent of their original 
infectivity in mice or on oell monolayers, as a result of 
X-irradiation when frozen at about —60° O, showed no 
significant loss in numbers of characteristic particles 
counted in electron micrographs. 

It was also observed that FMD virus samples, irradiated 


in aqueous solutions which contained lower tein con- 
centrations than that i to protect fully from the 
indirect effects produced by inactivating agents generated 


by ionizations in solution, showed a loea of characteristic 
particles in proportion to their loes of infectivity. 

The different sensitivities of the virus to changes in 
morphology, in relation to loss of infectivity, are not 
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unexpected on account of the dissimilar nature of the two 
inactivation , that is, the direct and indirect 
effecta. Tho latter is the result of interactions between 
the virus and radiation producta in solution. It is thought 
that there are many such interactions for every one which 
causes an inactivation™, and it is quite possible for the 
virus to be degraded more quickly under these ciroum- 
stances than when suffering only direct ionirations which 
individually, although capable of destroying the virus 
infectivity, are apparently not sufficient to break up the 
particle itself. Š 

I thank Dr. C. J. Bradiah for his advice, Miss H. E. N. 
Ferrier for supplying vesicular stomatitis virus, Mr. B. J. 
Kirkham for the electron microscopy, and Mr. M. Ryat 
for his assistance. 
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LOW-FREQUENCY TARGET STRENGTHS OF PILCHARD SHOALS 
AND THE HYPOTHESIS OF SWIMBLADDER RESONANCE 


By B. S. McCARTNEY, A. R. STUBBS and M. J. TUCKER 
Natlonal Institute of Oceanography, Wormley, Godalming, Surrey 


ua ee ee eee 
were de in June 1964 using a ‘Boomer’ as a 
sound source!’ and a line hydrophone receiving array 
towed by R.V. Olions. The peak energy of the ‘Boomer’ 
sound source occurred between 1,100 o/s and 1,800 o/s. 
By comparing the shoal echo with the bottom echo and 
assuming extreme values for the bottom backscattering 
ooefficient, an approximate range of values for the terget 
strength or acoustic sectional aree (os) of the shoal around 
1,400 o/s was calculated. The resulta for three shoals are 
given in Table 1® Fish caught at the time using an 
midwater trawl were almost exclusively pilehards 21— 
25 cm long. These fish have gas-filled swimbladders equiv- 
alent in volume to approximately 2-om diameter spheres. 
The acoustic cross-sectional area (cy) of a single fish is 
strongly dependent upon wave-length (or froquenoy); 
for wave-lengths much shorter than the fish dimensions 
(the geometrical scattering region) it is well known? that 
the echo strength is very variable and strongly aspect- 
dependent ; at very long wave-lengths no measurements 
are available, but it is expected that Rayleigh scattering 


applies and so the acoustic cross-section is proportional 
to ìà. For fish without swimbladdera the Rayleigh 
scattering region and the geometrical regions merge at 
wave-lengths comparable with the fish dimensions. 
It is reasonable to suppose that a swimbladder might 
exhibit volume resonance in the same way as a free gas 
bubble in water’, and thus have a magnified and omni- 
directional acoustic target strength at a frequency 
well below the geometrical scattering region. At the depth 
observed the pilchard’s swmbladder would resonate 
between 500 2 and 600 o/s, but at these frequencios 
there was insufficient signal-to-noise ratio for a reliable 
measurement. The measurements were at more than an 
octave above the theoretical resonance, but still more 
than a decade below the geometrical region. 

When the fish are sparsely distributed, the target spec- 
trum of the complete shoal will probably have the same 
form. as that of a single fish and an intensity in proportion 
to the number of fish in the shoal. This number has been 
calculated for: (a) Rayleigh scattering by each fish 
assuming no resonant effect from the swimbladder ; 
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Tabie 1 
Ratio of 
energy m 
x Number of fish tn shoal, Wy = 
A Depth . 
Shoal * of asaming : 
of shoal bottom 
(m) (m) 
1 24 51 
2 24 41 
3 128 49 
Columns (1), aasummg bottom back-soattering coefficient at normal mokdence =0 3 ; cotunmns (11), asaming bottom back-seattering coefiicient a4 normal 


“Duo to the wide lateral beamwidth of the lins array, the apparent depth may not be the true depth. 


(b) scattering on the tion that each fish swim- 
bladder resonates at 500 o/s. Only case (b) gives a oredible 
number of flah in each shoal 

When the fish are densely packed tho target area of the 
shoal will also depend on the concentration. The transi- 
tion from sparse to dense packing occurs when the 
acoustic cross-sectional area of one fish begins to overlap 
that of a neighbour and interaction may occur. Both for 
Rayleigh scattering and for scattering at an octave above 
resonance, packing densities required to cause interaction 
become unrealistic, but at the resonant frequency 
itself this may not be so. 

The pilehard shoals were detected by a higher fre- 
quency (30 ko/s) echo-sounder, together with other shoals 
(probably mackerel) at shallower depths than the pilchards 
ee Roe ee 
depth range. It is significant that the mackerel, which 
not have swimbladders, and the larvae, whose small 
swimbladders resonate about 30 ko/s, were not observed 
on the low-frequency Boomer records. 


Though it is acknowledged that the values are only 
approximate, the measurements are believed to be unique 
since they were taken at a frequency more than a decade 
below the geometrical scattering region. The results 
are important since resonance, if observed directly on a 
wide-band echo-sounder or sonar, may be used to 
provide olassification of the shoals into size, number 
and possible species of fish. It is intended to repeat the 
observation this year using a Boomer modified to cover the 
expected resonance region. Controlled e ta to 
determine the echo spectral response of single fish at 
and just above resonance present severe instrumental 
problems which have not yet been satisfactorily solved. 

We thank the staff of the Fisheries Laboratory, Lowes- 
toft, for their co-operation, and the master and crew of 
R.Y. Olione for their assistance. 
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EFFECT OF RIBONUCLEASE ON ANTI-TUMOUR ACTIVITY OF RIBONUCLEIC 
1 ACID FROM NORMAL TISSUES 


By N. N. AKSENOVA, Ju. B. VAKHTIN, V. 1. VOROBYEV and Ju. M. OLENOV 
Laboratory of Cancer Cytology, Institute of Cytology, Academy of Sciences of the U.S.S.R., Leningrad 


esc. authors have published the resulte of tho 
anti-tamour effects of ribonucleic acids from normal 
tissues’. Woe have obtained similar results. The 
experiments were performed on the transplantable strain 
of liver mucous cancer obtamed by Malugina. About 
900 tumours were examined‘. 

Following on this work we found out that RNA preper- 
ations from normal tissues homologous to the tumours 
under investigation inhibited growth only in some of the 
tumour strains. But the resulta from single testa and 
experimental series even for these strains were found to 
differ greatly*. That is why we had to relinquish tumours 
of the Malugina strain on which the work recorded here 
had been started. 

The difficulties which we met seam to be characteristic 
of many investigations aimed at revealing biological 
effects of RNA penetrating somatic cells from the.outside. 
Thus when the question concerns the synthesis of the 
protein unusual for the cell it should be stated that thia is 
induced by alien RNA (though not in all cases), or the 
level of it appears to be different*". It seams natural to 
suggest that these differences are due to changes in the 
competence of oell recipients. Unfortunately, it is difficult 
to say anything definite about this suggestion since the 
cause which conditions the state of competence was not 
known until now even in bacterial transformation, despite 
our knowledge of this process and homogeneity of the 
agent used (DNA)t-1*. 


There is another suggestion. (it should not be considered 
an alternative) that the variability of the results is some 
how related to the properties of the preparations used. In 
particular one cannot exclude the idea that the active 
component of the preparation is nob RNA, but some 
unknown admixture extracted ther with RNA from 
the tissue. The amount of these may be differ- 
ent in different tissues and also vary significantly in the 
preparations from one and the same normal tissue, thus de- 
Berea dho vanability OF sedes up SU DR This artiole 

describes experiments performed to check this hypothesis. 

Cells of the transplantable strain of rhabdomyosarcoma 
O 100—3/1 were used as ta. The suitability of this 
strain for experiments of this kind has already been 
determined’. The strain O 100—8/1 ia a progeny of the in 
vitro malignant oells (explanted cells of muscle tissues of 
new-born Wistar rate"). The stram was maintained in 
Wistar rata. * 

RNA was extracted from the bodies of rata 1-2 days old 
after removal of their paws, skin and viscera. The tech- 
nique of removal has already been deecribed!*. One and 
the same tion was used in 5 replications of the 
experiment (Table 1, II-VI); RNA was isolated from 3 
groups of new-born rate. Combined sediment was obtained 
by ethanol reprecipitation. The tion contained no 
DNA (tested by the method of Dische). The ratio of nitro- 
gen/phosphorus was 1:03. The preparation contained 
glycogen. : : 


-* Hanks's solution. 
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Table 1. HFTECTS or INCUBATION FOR 10 H OF Bat RHABDOMYORAROO 
OF NEW-bORK RATS, ON THE WEIGHT OF 
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XA O 100-3/1 ORLLS WrTH RNA PENPARATIONS EXTRACTED FROM MUSCLE TIEUS 


20 DAYS AFTER UNPLANTATIOK 
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Before implantation the minced tumours O 100-3/1 
were incubated with RNA in Hanks’s solution with anti- 
biotios at room temperature for 10 h following a previously 
applied technique’. Cells were injected subeuteneously ; 
the weight of tumours was determined on the twentieth 
day. Each replication of the experiment had four 
variants. (1) The first variant (the control), incubation in 
(2) The second variant, incubation 
with RNA. (8) The third variant, incubation with RNA, 
treated with RNase at 87? for 1-2 h. The content of the 
enzyme was 15 ug/ml. RNase was removed by treatment 
with phenol four times. Phenol was extracted by etHer. 
Nitrogen waa blown through the solution to remove traces 
of ether. The solution was tested for RNase activity 
with freshly extracted liver RNA as a substrate. The 
increase in soluble nucleotides was measured by spectro- 
photometry. Such testing always yields negative results. 
(4) The fourth variant, incubation with RNA which was 
not treated with RNase but underwent, as in the third 
variant, four times additional deproteiniration. 

Activity of preparations was checked for six months. 

Before implantation the injected material was tested for 

ility: In the first replication when only penicillin 
(2,000 units/ml.) was applied, the plating on meat peptone 
agar revealed the presence of about 30,000 bacterial cells 
per ml. of inoubeted tumour homogenate. In subsequent 
replications, besides penicillin, streptomycin was used (500 
units/ml.) and complete sterility obtamed. 

Weights of tumours in all the replications and variants 
of the experiment are given in Table 1. Inhibition of 
growth of tumours due to RNA was noted in all the repli- 


a cations. Variability of tumour weight in the control 


r 


(Table 1) shows that the differences between the variante 
and the diflerences between the replications are probably 
dus to & considerable extent to the fact that the condition 
of animals and/or of tumours used in one replication of the 
experiment differs from that used in another. 

sRNA and RNA additionally arenes cause a 
statistically significant decrease in the weight of the 
tumours as compared with the control. RNA depolymer- 
ization abolishes this effect. There is no reliable difference 
between the effects of RNA and RNA additionally 
depolymerized, whereas this difference existe between the 
data on RNA and RNA treated with RNase. 

This evidence taken as a whole shows that RNA inhibita 
the growth of tumours under investigation and that 
antitumour activiey of tions is eliminated as a 
result of RNA enzymatic hydrolysis. The absence of 
statistically reliable differences between the effecta of 
additionally d teinized RNA and the RNA treated 
with RNase probably is due to the high variability of the 
resulta obtained. In this connexion attention should be 
__~baid to sharp differences of the data in some repetitions of 
“the t. For example, while in the sixth replioa- 
tion the weight of tumours grown from the cells incubated 
with RNA hydrolysates even exceeded the weight 
of control tumours, in the third replication of this 


variant a sharp repression of tumour growth was noted 
(Table 1). 

Nevertheless, the total result is clear: RNA is an active 
component of preparations. Correspondingly their anti- 
tumour activity is not retamed after RNase treatment 
with a subsequent additional deproteiniration whereas the 
deproteinization itaelf does not inactivate preparations. 

For some years certain antitumour agente have been 
found in the organs of normal animals!-1*, If the tumour 
cells are incubated with them before implantation, the 
growth of tumour is inhibited. The chemical nature 
of these agents has yet to be investigated. The foregoing 
resulta show that the depolymerization of RNA inactivates 
the preparations used in the work recorded here. Hence, 
when before implantation the tumour cells were incubated 
with our tions, the active component causing the 
growth inhibition of tumours was RNA, but not other 
substances extracted from normal tissues together with 
RNA (or oo i the latter during isolation). 

Our resulta do not support the suggestion that variations 
of the resulte obtained in the experiments on tho effect of 
RNA depend solely on changes in the competence of 
recipient cells. The properties of the preparations used 
can serve as another source of these differences. At any 
rate until the p ive extraction of RNA fraction 
responsible for the registered effect (that is, for decrease in 
weight of the tumour as compared with the untreated 
control) is performed, this suggestion remains plausible. 
For example, the finding of the anti-tumour effect in all 
the replications of the experiment might depend on the 
fact that durmg the whole investigation with the one 
exception (replication 1) only the same RNA preparation 
was used. 

There are some suggestions that the biological effect of 
RNA can be explamed by ite toxicity!'*. The experi- 
menta we performed on a series of tumour strains did not 
confirm this lon!^*, Moreover, special experimenta 
have shown that the eleventh incubation of monolayer 
cultures of rat rhabdomyosarcoma with RNA from mubole 
tissues of the rat (RNA concentration 3-5—5 mg/ml.) does 
not decrease the proliferating activity of cells. Data on 
organospecificity of anti-tumour effect of RNA extracted 
from various tissues also contradict the suggestion con- 
cerning the toxicity of RNA preparations. Tumours are 
sensitive to the action of RNA isolated from homologous 
tissues and not susceptible or leas susceptible to RNA 

ted from other tissues*:*. 

t is probable that under the influence of RNA from the 
normal tissue homologous to the tumour the ability of 
autonomous growth of the latter is decreased‘. If this is 
so, it would be of interest to examine the effect of RNA on 
the development of primary tumours: it is possible that at 
relatively earlier stages of autonomisation the tumour 
cells would be rather sensitive to this agent. 

The experimenta which we performed with O, HA mice 
in order to check this suggestion gave negative resulta. 
The development of hepatomas induced by orthoamino-- 
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azotholuene was not retarded due to the action of the liver 
RNA. repeatedly injected subcutaneously into the mice. 
This work is being continued. 

To explain the anti-tumour effect of RNA it is not 
necessary to suggest that changes it induces are preserved 
for along time. It is not improbable that a decrease over & 
short period in the ability of implanted cells to autono- 
mous growth similar to short-time changes induced in 
bacteria by specific RNA from the outside! is sufficient 
for protective mechanisms of the animal to perform their 
function. 

Another ity is the participation of stable informa- 
tional RNA in the proceas. The existence of such stable 
RNA in nuclear cella has been proved**. It is possible 
that they play the principal part in the vital activity of 
somatic cells of higher animals®. 

Finally, we refer to the hypothesis according to which 
RNA from normal tissues causes in tumour oella epigenetio 
changes reducing their i . Had such & result 
bsec Obisined it Gould be compared with cell. differentia: 
tion under the influence of specific RNA (the question 
concerning the possibility of such an influence at different 
stages of ontogenesis cannot be considered as finally 
settled’ **. It should be noted that we have not found 
redifferentiation phenomena in tumours grown from the 
cells incubated with RNA‘. However, the morphological 
criterion is evidently not enough to determine the 
character of anti-tumour effect of RNA. In this connex- 
ion we should mention the results of two investigations of 
the action of specific RNas*?* which show that the 
ability to synthesize proteins not normally produced by 
recipient cells may be retained over many cell generations. 

The possibility of the appearance of epigenstic changes 
under the influence of RNA from the outside should be 
taken into consideration when comparing the biological 
effect of RNA and the transformation phenomenon oon- 
ditioned by DNA. The great frequency of changes caused 
by specific RNA is the main difference available for the 
analysis at the present stage of lmowledge™-™. 
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ORGANOCHLORINE INSECTICIDE RESIDUES IN THE EGGS OF SEA BIRDS 


By Dx. N. W. MOORE 
Monks Wood Experimental Station, Abbots Ripton, Huntingdon 


AND 


J. O'G. TATTON 
Laboratory of the Government Chemist, London, S.E.I 


T 1963, organochlorine insecticide residues were found 

in the eggs of terns and other species feeding in British 
“watera!", In 1964, the survey was extended to include 
specimens from 13 collected at four sites. A 
examination of residues in the food of the 

birds at one site was also made. In all 90 eggs were 
collected from Scolt Head, Norfolk; the Farne Islands, 
Northumberland; St. Abbs Head, Berwickshire (all on 
the North Sea coast); and from Great Saltee Island, 
County Wexford, which lies at the junction of St. George’s 
Channel with the Atlantic. The eggs were fram different 
clutches and were taken at random exoept at Soolb Head 
National Nature Reserve where only deserted eggs were 
taken. Thus, while strict com cannot be made 
between the resulte of Soolt Head and the other sites, as 
the organochlorine pesticide residues in the Scolt Head 
ee ete ee Or enor oe thee rom 
the other sites they are probably not unrepresentative 

of the site. In all cases the residues were low and so 
were unlikely to have affected hatching success. Ten 
fish (1 sand eel Ammodytes tobianus, 1 pipe fish Syngnathus 


sp., 2 plaice Plewroneotes platessa, and 0 gobies Gobius 
m4nuius) and 8 molluscs (2 mussels Mytilus edulis and 6 
cockles Cardium edule) wero also collected from the feeding 
area of the sea bird colony at Scolt Head. 

The specimens were analysed in the Laboratory of the 
Government Chemist using the extraction and clean-up 
method of de Faubert Maunder ei al." followed by gas- 
liquid chromatographic estimation of the pesticides using 
both silicone and ‘Apiezon’ columns in all cases. Con- 
firmation of some of the resulta was ppesible by a paper 
chromatographic method. 

The resulta from the sea bird eggs are summarized in 
Table 1. Dieldrin and pp'-DDE were detected in all the 

. In addition, 70 specimens contained residues of 

pp’-DDT and/or ita metabolite pp’-TDE; 47 contained 
eo Of Banseno horsobloda (BHO), usually the f-isomer 
and in no case exceeding 0-2 p.p.m.; oe ee 
amounts of heptechlor epoxide, none exceedmg 0-2 
These residues are included in the total residue 
given in Table 1. All of the molluscs and fish except for 
one cockle contained insecticide residues but in no caso” 
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Table 1. ORGANOCHLORICE INSECTICIDE RESIDUES IN SEA BIRD EGGS FROM THE DBRITIEH ISLES 
(AI resulta excmesed in p.p m. by weight with respect to total egg contents) 
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aematopus ostralegus) 
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T, trace ( «0-1p.p m). Inv., marine invertebrass(mainty Annebde, Crustacea) Mol, marine moluscos Oma, omnivorous. Species which feed partly on 
tad sean Bee square brackets. 


did this exceed 0:1 p.p.m. Traces cf pp’-DDT or ite 
metabolites were present in 4 mollus«s and all the fish 
and traces of dieldrin in 3 molluscs anc 8 fish. 

The following conclusions are dra». from the results: 
(a) Small amounts of organochlorine irsecticdes detected 
in marine life suggest that such reine may be widely 
distributed in British waters. (b Yhe total organo- 
chlorine insecticide residues found ir che eggs of different 
sea birds are nearly all of the same-cder, most of them 
lying within the range of 0-4-3-5 p.2.m. (o) There are 
some indications that the of ards which feed on 
large fish contain higher residues Fan those of species 
which feed on small fish or on inv=cebrates. (d) There 
18 no evidence of an increase in oonzemin&tion from 1963 
to 1964, but some suggestion of a align= decrease. (e) Since 
there is little or no spraying of coagmr. waters with mnseoti- 
cides in Britain, the residues detec.cl must derive either 
from the contamination of rivers o~ =rom serial drift. 

Analyses of freshwater molluscs, arthropods and fish 
in the fen rivers which drain mto ‘be Wash not far from 
Boolt Head have indicated that tresses of insecticides may 
be present in the molluscs and arth-opods, with residues 
varying in the fish from a trace te a total of 19:5 p.p.m. 
in the case of the fat of a pike Esos Juotus*. 


The existence and undesirabibty of environmental 
contamination by pesticides have been recognized by the 
Advisory Committee on Pestacides and Other Toxic 
Chemicals*. Many uses of the moro toxio organochlorine 
insecticides have been curtailed voluntarily in order to 
reduce this contamination; but in order to determine 
the effectiveness of these actions a measure of annual 
changes in residue levels 1n indicator organisms is required. 
The narrow limita within which the majonty of the egg 
residues falls appear to be characteristic of marine species ; 
residues for terrestrial species tend to vary within 
much wider limite!. This suggesta that tho eggs of sea 
birds may be useful indicator organisms for detecting 
general changes in environmental contamination by per- 
sistent pesticides. Since most sea birds range widely 
they would not be suitable indicators of local conditions. 

We thank Mr. R. Chestney, Dr. R. 8. Pitchor, Mr. 
G. R. Potte and Dr. D. A. Ratcliffe for collecting eggs. 
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CHROMOSOME CHANSES IN HUMAN DIPLOID-CELL CULTURES INFECTED 
WITH Mycoplasma 


By G. R. PATON, J. P. JACOBS and Dr. F. T. PERKINS 
Divislon of immunological Pr-cucts Control, Medical Research Cound! Laboratories, Holly Hill, Hampstead, N.W.3 


ONTAMINATION of mammshan cell cultures by 
Mycoplasma was reported ior the first time by 
Robinson e al. Subsequent Jablications have shown 
that these agents occur frequea-ly as contaminants in 
many animal cell cultures and hat contaminated cells 
sometimes show morphological sLanges and alteration in 
their rate of growth?*-*. 
routne chromosoms! checks on a human 
diploid cell stran WI-38 whichzormally retains a diploid 
complement of chromosomes fr at least forty passages 
under optimal conditions’, certim chromosomal aberra- 
tions were observed by us; polyploid counts and break 
frequencies were high, and co-asional cella with frag- 
mented chromosomes were seen At about the time that 
these chromosomal abnorm_tties were detected, a 
decrease in the rate of cell gr-—th occurred and the oul- 
tures were found to contain L-proplasma. Since chromo- 
somal aberrations associated vy th Mycoplasma infection 


in normal cells have not previously been reported, it was 
decided to infect & strain of human diploid cells and to 
observe any changes which occurred. These findings are 
reported here. 

Medium for cell growth consisted of Eagle's basal 
medium* (in Hanks’s balanced salt solution) oontaining 
8 per cent calf serum and 0-05 per cent sodium bicarbonate. 
No antabiotica were included in the medium. 

The human diploid cell strain WI-38 developed from 
normal embryo lung by Hayflick at the Wistar Institute 
was serially passaged from cells frozen in liquid nitrogen. 
Cells were di and propagated in 4-or. bottles 
using the methods described by Hayflick and Moorhead’. 

The Mycoplasma orale used was isolated from a con- 
tinuous line of O T asthiops (varvet) monkey- 
kidney cells (V84). The diploid cella which had been 
propagated for four consecutive passages in antibiotic-free 
medium were infected with & heavy inoculum immediately 
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after trypemization while the cella were still in suspension. 
Both infected and control cultures were then trypsinized 
every three or four days and samples from both infected 
and control cultures were pooled and tested each week for 
the presence of Mycoplasma and microbial contaminants. 
The infected cultures and control cultures were handled 
in separate rooms. 

Bottles oonteming many ocells in mitosis were selected 
at intervals for chromosomal investigation, either 24 or 
48 h after trypsinization. The oells were pretreated for 
8 h with coloamid, and fixed in acetic alcohol. They were 
then spread on slide, lightly flamed, hydrolysed and 
stained in Giemsa (a modification of the method described 
by Moorhead and Nowell’). All intact metaphase cells 
were examined for heteroploidy, although it was not 
possible to count the chromosomes accurately in all 
cases; endore-duplicating cells were scored as polyploids. 
Well-spread metaphases were examined more closaly and 
in all cases in which there was no ambiguity their chromo- 
somes were counted and breaks scored. The term ‘breaks’ 
applies to a distinct break of the chromosome or chromatid 
but does not include secondary constrictions or unstained 
gaps. Tho figures in column 5 of Table 1 show the number 
of cells with one break or more and include fragmented 
celle (Fig. 1) which contain many fragments, chromatid 
exchanges and structural abnormalities. 


Table 1, COMPARISON OF OMROMOSOME ABWORMALTTING OCCURRING IX 
NORMAL AND INFECTED CELLS 





Compared with Mycoplasma-free control cultures, cells 
experimentally infeotod with Mycoplasma showed notioe- 
able cultural and cytopathic changes beginning by the 
second passage following infection. Progressive reduction 
in the rate of cell growth and a decrease in final oell 
population occurred together with cell elongation and 
increased oytoplasmio granularity. Testa to detest tho 
presence of microbial agents were repeatedly negative, 
except for the consistent growth of Mycoplasma obtained 
from oell samples removed from infected cultures. 


a, 


pe 





Ohrameosomes from normal 
Fh infeoted cell (arrows indicate ahromatld changes) 
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and infected WI-88 cells. Left, normal cell; right, 
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Table 2 

Days cells Cells with breaks 

Passage + Oontrol t Control 
Infectior- Afíyocpissma M yc oplasma 

28 5 B 13/452 27/185)* 10/149 
(28/295) aa ) ¢ Ja ) (o ) 
5 (29,082) (8/199) (4 * co 

29 0 eue. (S) aan ye (4 
10% 1% PIA % 


* Indicates that tme difference between infected and control cultures ts 
significant at 5 per oec tlsvel. 


Chromosome -x&minataons of the cella taken at four 
passage-levels ar» shown in Table 1. It is clear that the 
proces of breaks and polyploidy was higher in the 

yoonlasma-infested ocells than in the controls. This 
difference tendec to increase with timo after infection, 
whereas the frecoency of breaks and polyploid cells in 
the controls rems-ned at a low level. The majonty of 
infected cells hac 46 chromosomes and, when analysed, 
the complement vas of normal karyotype. Some of the 
infected cella wece of contaming structurally 
abnormal chromosomes, but only unequivocal dicentrics 
and translocation -configurations are included m Table 1. 
With two exceptons fragmentation always occurred in 
heteroploid cells, +e damage observed being so extreme 
that it was not pcsable to identify any of the remaining 
intact chromosomes many of which appeared structurally 
abnormal but wer-- not included in column 8 of Table 1. 
Fig. 1 shows chroxroeomes in a fragmented cell, and a 
typical control oel. : 

Although Table 1 gives the results obtained during & 

long period of in:xotion, we have also examined the 
chromosomes of 1-38 cells within six days following 
infection with Myc»lasma (Table 2). Three days after 
infection some of tie cultures were growing more slowly 
than the controla acd analysis of chromosome preparations 
made 5—6 days afterinfection suggested that tho frequency 
of polyploidy and the number of breaks was than 
in the controls. Statetical analysis of the polyploid counts 
shows this difference ~o be significant in two cases out of 
three. 
It is now recognzad that Mycoplasma are common 
contaminants of cell cultures and may induce one or all 
of the following changæ in contaminated oells: (1) reduo- 
tion in growth rate, usually associated with a morpho- 
logical change of the clls**; (2) reduction of arginine and 
glutamine in the grcvth medium; (8) alteration of 
sensitivity of the cell-ilturee to viral infection’. 

This communicatica shows that Mycoplasma may also 
change coll chromoscxres, and therefore emphasizes the 

terpretang experimental resulta 

without adaquately testing for the presence 

of Mycoplsna. Chromosome damage similar 

to that dessribed here has been induced by 

viruses in ell cultures and in blood cul- 

turea’:#*, Chromosomal abnormalities have 

also been ported in blood cultures and bone 
marrow frcm leukaemic patients". 

Hayflick rlentiflied Eaton agent as Myco- 
plasma pn-cmoniae, which causes primary 
sae pe preumonia and may be associated 
with other respiratory diseases in man!*. 
Mycoplasmc species have also been isolated 
from the  ynovial fluid of patienta with 
rheumatoid -erthritis!? and frpm both human 
tumours aci bone marrows from subjecta 
with leukaeria™:15, 

In most © these reports the evidence that 
Mycoplasma causes human disease is incon- 
elusive; but- the accumulated data strongly 
suggest tha- an association exista. Our 
evidence tha- shromosomal aberrations occur 
in normal hrman cells after infection with 
Mycoplasma is of particular interest, 
but further -nvestigations are needed to 
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establish the full significance of our observations. Theee 
preliminary findings, however, add support to the opinion 
that Mycoplasma may be involved m the aetiology of 
human disease. 

We thank Dr. M. Westwood for supplying and identify- 
ing the M. used in the major pert of this work, 
and Mrs. I. Teshine for help in microscopy. 
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CONTRALATERAL EFFECTS OF SODIUM AND POTASSIUM ON THE 
ELECTRICAL POTENTIAL IN FROG SKIN AND TOAD BLADDER 


By Pror. FRED M. SNELL and TUSHAR K. CHOWDHURY 
Department of Blophysics, State University of New York at Buffalo 


HE effecta of Nat and K+ bathing the outside and 

inside surface of frog skin and the corresponding 
mucosal] and serosal surface of toad bladder (hereafter 
referred to as outside and inside) an the transmembrane 
electrical potential are well i Under conditions 
eee P ee, 
using 80O,™ the predominant anion, Koefoed-Jobnsen 
and Casing! Have stated Mab the total iranumembrane 
potential is composed of two parts and described by the 


relation : 
& + 

y — Yo = Ad = F ET [in m + In ER (1) 
eee nae ee ae ae aa (mucosal) 
surface and inside (serosal) surface, respectively, and the 
subscript, o, refers to the cell cytoplaam. R, T and F 
are the gas constant, the absolute temperature and 
Faraday respectively, and the bracketed chemical sym- 
bols denote the concentration of the respective ions. 
Other investigators have confirmed this to varying 
degrees, although disagreement has arisen in two regards. 
Penne pax uide E tale gate hh pig cii See 
as well as toad bladders’, the magnitude of the slopes, 
3 Aþ/3 log [Nat]. (log refers to base 10) and 3AŅ/3 log 
[K*]; is, more often than not, less than the value of 2:3 
RT/F as given in equation (1), that is, 59 mV per log unit 
Furthermore, these slopes, more often than not, 
are not constant over the range of i obses va- 
tion. Both of these kinds of findings have been 'explained' 
in terms of passive shunting, that is, leakineas of the 
bounding membranes to other ions. For example, in & 
rather extensive study, Lindley and Hoshiko’ have 
interpreted their resulta, with some succeas, by applying 

the constant field equation of Goldman‘. 

No reports have appeared on the contralateral trans- 
membrane effecta of one of these ionic concentrations, 
[Nat]. or [K*];, on the functional dependence of the 
potential on the other, that is, [Kt]; or [Nat]... For 
example, the question may be asked: does [Nat], have 
any effect on the electrical potential as a function of 
[K+] HE does [K+]; have an influence on the 
function, Ay([Nat].)? We have carried out & brief but 
systematic investigation of such contralateral effects in 
both isolated frog akin (Rana pipiens) and toad bladder 
(Bufo marinus). The results would appear to have impor- 
tant implications on any interpretation of the origin of 
the transmembrane potential and reflect on the validity 

<<< of the interpretation ascribed by the Koefoed-Johnsen 
and Ussing model!. 

Hither the abdominal skin of frog or the urinary bladder 
of toad was isolated in the usual manner. Within 1—4 h 
after isolation, it was mounted in a two-chamber cell 


providing 3-8 om* of area and so designed that the 
solutions bathing the surfaces could be conveniently 
changed, thereby to alter the ionic compositions. All 
experimente were carried out during the period April- 
November and were performed at room temperature of 
about 25? + 1? O. Both the open-circuit total trans- 
membrane potential and the short-circuit current were 
measured. Tho ionic compositions in the bathing solution 
were varied in & o manner. At a given Nat 
concentration in the ‘sulphate’ Ringers’ solution bathing 
the external surface, [Nat]., the K+ concentration in the 
solution bathing the internal surface, [Kt], was inore- 

mentally substituting Na+ with K+, approxim- 
ately doubling [K+]; for each successive change to cover 
the range 2-5-117-5 mM. (The sodium ‘sulphate’ Ringer's 
solution used was composed as follows: Na,SO,= 57-5 mM, 
CaSO, = I-5 mM, K+ 4,— EAHPO,) = 2:5 mM, 
sucrose 60 mM for frog Ringer's solution, glucose 20 mM 
for toad Ringer's solution, pH = 7-4 + 0-1.) After each 
change, sufficient time was allowed for the potential and 
short-circuit current to become relatively stable. Follow- 
ing the highest [K+]; examined, sodium sulphate Ringer’s 
solution containing 2-5 mM K+ was again applied to the 
surface and [Nat], was then altered by substituting 
choline or K+ for Na+. (Choline sulphate was pre- 
peared by neutralixing choline bicarbonate (Matheson 40 
per cent aqueous solution) with sulphuric acid.) The 
changes in [K+]; were then repeated. In this manner, 
the total transmembrane potential was examined as a 
function of both [Nat], and [K+];. In some experiments, 
the procedure was to alter [Nat]. sequentially at given 
values of [K+]; to obviate bias in any irreversible effects 
of drifts in ion behaviour. The results show clearly 
in both frog skin and toad bladder that as the Na* oon- 
centration bathing the outeide surface, [Na*]», is decreased, 
the magnitude of the slope, 0Ad/d log [K+], decreases. 
Whereas this slope may be as much as — 50 mV per log 
unit at 115 mM [Nat], it is often not more than —15 mV 
per log unit at 1 mM [Na].. In a like manner, the results 
show that as [K*] is increased, the slope, dAq/d log 
[Net]., decreases. Results from a representative experi- 
ment from a total of ten are plotted in Fig. 1. 

From the short-circuit current measurements, patterns 
analogous to those found for the open-circuit trangmem- 
brane potential emerge. Data from the same experiment 
illustrated in Fig. 1 are plotted in Fig. 2. 

The electrical resistance, taken as AU/I, where I is the 


increasing [K 

to the Koofoed-J ohnsen and Ussing! model, 
the pida means whereby these contralateral transmem- 
brane effects could be realized would be through changes 
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in [Nat], and [K+], (equation 1) acoompanying the ea 
made in the bathing solution. However, as Maso 
and Ussing* have shown, such changes are not expected 
with the use of BO," Ringer’s solutions sinoe anion 
permeability is so small. . Indeed, using *SO,7, we were 
un&ble to detect measurable tranamembrane flux in 
30-min periods". It is not inconceivable that there may 
be cytoplaamic changes in cómpoeition, changes which in 
effect amount to exchanges of Nat for K+ and vice versa, 
presumably with some preservation of the total oamotic 
concentration. These changes, 1t may be argued, would 
lead to slopes less than that given by equation (1), that 
is, 59 mV per log unit, but the reduction in magnitude 
would be expected to be greatest at high [Nat], and low 
[K+], the reverse of that observed. ig and Leaf? 
have in the effect of bathing the seroeal surface 
with K* Ringer’s solutions, an effect characterized 
by a marked reduction in active sodium transport, as one 
attributed to an increased resistance of the mucosal 
bounding membrane. Presumably this increase in [K+], 
should decrease the resistance of this bounding membrane 
and lead to an increase in active sodium transport, an 
effect again opposite to that observed (Fig. 2). 
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In view of our recent findings from microelectrode 
invi tuons, showing that the slopes dA m/d log [Nat]. 
and dApm/d log [K-], (pm being the potential measured 
by the microelectrode) are continuous and are linear 
functions of distance in that tissue region manifesting the 
total electrical potential’, we are more inclined to attribute 
the contralateral effects of Nat and K+ on the potential as 
mediated by their primary effects on the sodium transport 
system. In this respect, therefore, one must conclude 
that at concentrations in the range 0-2-5 mM, K+ bathing 
the inside (serosal) surface acte as an activator of the 
sodium ion transport system, but aa the concentration is 
increased above this level, K+ serves to inhibit the system 
1n & manner reminiscent of non-competitive mhibition of 
enzymes. Mechaniams at this pomt must remam 4 
matter of conjecture, but it is not inconceivable that the 
Nat and K+ sensitive ATPase’ may be involved. 
* Koefoed -Johnaen, V., and Useing, H. EL, Ada Physiol. Scand., 48, 208 
*Snall, Y. M., and Obowdhury, T K. (unpublished observations). 

* Lindley, B. D., and Hoshiko, T., J. Gen. Physiol , 47, 749 (1904). 

‘Goldman, D H, J. Gen. Pkynol., $7, 87 (1048). 


sro lb rA , And Spangler, R.A , Ree. Sa. Instr., 31, 510 


t MacRobble, H. A O, and Ussing, H. H., Acts Physiol. Sommd, 63, 948 -~ 


(1961). 
1 Baig, À , and Leaf, A., J. Gen. Physiol , 48, 505 (1003). 
PA T K,and Bnal, F M., Biochem. Piocpkye. Aata (1n the preas). 
*Skoa, J O., Mombrene Trearport and Meaboiurn, edit. by Kieinaeller, A. 
and Kotyk, A. (Academic New York, 1061). 


CONTROL OF GLYCOLYSIS IN WASHED SUSPENSIONS OF Streptococcus faecalis 
By Dr, W. W. FORREST and Dr. D. J. WALKER 


C.S.1.R.O. Dtvislon of Blochemistry and General 


T has been proposed that control of the rate of anaerobio 
glycolysis is mediated by intracellular orthophosphate 
or feedback mechaniams involving adenosine triphos- 
phate (ATP)! and adenosine diphosphate (ADP). It is 
postulated that, if an o Increases its energy 
requirements, the rate of hydrolysis of ATP increases; 
this causes the feedback system to operate to oppose any 
change in the level of ATP by increasmg the rate of glyco- 
lysis so that the rate of production of ATP is correspond- 
ingly increased to balance the changed conditions. This 


ent would require that an organism should exhibit 
deny constant pool of ATP or ADP; but measurements 
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of the sizes of these pools have been rather inconclusive’, 
and Commoner proposes that direct feedback control is 
inoperative in non-growing o 

It has apparently not been that adenosine 
monophosphate (AMP) is involved in regulation of glyco- 
lysis; wever, the recent suggestion that this compound 
is responsible for feedback control of gluconeogenesis’, 


A 


makes it necessary to consider AMP also as a posible... 


intermediate in control of glycolysis. 

Measurements of rates of glycolysis and the level of the 
ATP pool in non-growing suspensions of cells of the faculta- 
tive anaerobe, Streptococcus faecalis, suggest that there is 
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no feedback control of glycolysis in a washed suspension 
and that control is exerted indirectly through the endo- 
genous meteaboliam of the organisms. ATP is involved in 
regulation, but the ATP pool concerned is not that directly 
participating in glycolysis. 

In a washed suspension of cells suspended in a phog- 
phate buffer the intracellular level of inorganic phosphate 
will be high and constant!. In addition, the cells can at 
most mamtein the status quo since no extracellular 
materials for synthesis are present; accordingly the total 
concentrations of the adenine nucleotides will be constant, 
and the time-scale ın the experiments to be described is 
long enough to permit the assumption that equilibrium 
between tbe concentrations of the nucleotides will be 
maintained. j similar ions to  theee, 
Krebe' has calculated that under physiological conditions a 
small change in the concentration of ATP reflects larger 
changes in the other nucleotades. The relative changes are 
ATPi1: ADP2 : AMP15, so that examination of the ATP 
pool alone should indicate whether regulatory mechanisms 
exist in non-growing suspensions. 

In experiments to examine the level of the ATP pool, 
Strepiococous fasoalis (A.T.C.C. 4088) waa grown-on oom- 
plex medium containing 2 per cent each of sodium citrate, 


dried yeast extract, peptone and glucose. Washed sus-~ 


pensions were prepared from cells 17 h after inoculation 
by washing twice in de-aerated 0.2 M phosphate buffer, 
pH 6-2, and suspending in the same buffer under a gas 
phase of nitrogen at & cell density of about 1 mg/ml. 
Pool-levels were measured by a modification’ of the method 
of Strange ei al.', using 0:3 M sulphuric acid to extract ATP 
from oells and & recording photometer to measure the 
biohummescence produced ın the luciferin—tuciferase assay 


In a washed suspension of cells carrying on glycolysis, 
the kinetics of gtyoolyms are accurately of zero order and 
a constant rate of glycolysis has been observed for several 
hours when large quantities ‘of glucose are added to & 
suspension*. If control were exerted through the nucleo- 
pools, & constant level should be observed in the ATP 
pool; but in fact the level of the ATF pool during glycolysis 
may increase to ten times the level found in & cell suspen- 
sion in the absence of energy source (Fig. 1). The process 
operating is the combination of & constant rate of increase 
in pool level concomitant with a constant rate of genera- 
tion of ATP from glycolysis, opposed by an exponential 
decay. These processes eventually balance, so that the 
pool-level agymptotes to an upper limit. When all the 
added gtucose has been metabolized the decay process 
alone . Caloulation of the rate of generation of 
ATP from glycolysis, compared with the measured level 
of ATP in the pool, indicates that the turnover time of the 
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ATP in the lis about 5 sec; this is short compared 
with the -tame of the decay process. 

Cells of S. faecalis lacking reserve materiais for endo- 
genous metabolism can incorporate amino-acids into 
Cellular material at a rapid rate’. In the experiment shown. 
in Fig. 1 the cell suspension was aged for 150 min before 
the addition of substrate so that endogenous reserves!® 
were depleted but not exhausted, then glucose alone was 
added to one aliquot of cells and glucose plus amino-acids 
from casein hydrolysate to the other. The synthetic 
reactions occurring during incorporation of amino-acids 
deplete the ATP pool so that the mse in the level of the 
pool is much less and the asymptotic limiting value is 
only about half that found with glucose alone. However, 
the rate of glycolyms ıs not significantly affected by the 
addition of casamino-acids to the suspension (Fig. 2). 

These findings ere in direct contradiction to the hypo- 
theeis of feedback control A constant rate of glycolysis 
is accompanied by a very large change in the level of the 
ATP pool and presumably also the ADP and AMP levels, 
yet an increased demand for energy to perform synthetic 
reactions, though it lowers the ATP pool level drastically, 
does not affect the rate of glycolysis. The ATP pool 
appears to behave as a dependent variable rather than one , 


Dy ing control. 

When S. fascalis is grown on complex media with excess 
energy source, as in these experiments, reserve materials 
are &coumulated; starved washed suspensions of such cells 
in phosphate buffer exhibit & large endogenous metabolism 
which continues for several hours!*, and the glycolytic 
activity, determined by withdrawing a sample of cells 
from the suspension, adding glucose to this sample and 
titrating the hydrogen ion produced at pH 6-0, is constant 
over the whole of this period. The glycolytic activity 
found in these measurements has a characteristic value 
of 0-07 pmoles of glucose per min per mg dry-weight of 
cells at 37? C; ıt is unaffected by the environmental 
factors which influence ous metebolism':!*, 

Fig. 3 shows that the level of the ATP pool in & starved 
suspension is constent for the period during which endo- 
genous metabolism and constant glycolytic activity are 
observed. The pool-level is unaffected by the addition 
of thioglycollate, which markedly affects the rate of endo- 
genous metáboligm!*. Similarly, it has been found that 

in thes concentration of cells in the suspension, 
which also-strongly affects endogenous metabolism, has no 
significant effect on the pool level. 
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Min 
3. Tbe ATP pool in starved, washed suspenmons. Oel with 
Ef pure een and suspended m phosphate buffer as tn the 
t of Fig. 1. Cell denmty 0 69 O, No thioglycollate; 
€, 0 05 per cent sodium tea > A, coelis mthout endo- 
reserves, grown on complex medium confammg 01 cent 
glucose, washed and suspended as in previous experiments. 
Ti ds ofr, oit, on endogenous reserves, suspended In 0-2 
tirato buffer pH 6 t under ni Oeil deity 1 23 mg/ml. 


In contrast to this behaviour, suspensions in phosphate 
buffer prepared from cells grown on complex medium 
with the concentration of glucose reduced to 0-1 per cent 
80 that the growth was limited by source of energy, have 
no detectable endogenous metaboliam. The ATP pool 
has no period with a constant level. The glycolytic activ- 
ity of the suspension is not maintained at the constant 
level characteristic of cells on endogenous meta- 
boliam, but 1s initially higher than this and falls rapidly, 
losing about 10 per cent of the initial activity per hour. 

It is found that phosphate buffer concentrations between 
0-01 M and 0:2 M have no effect on glycolytic activity. 
However, incubation of washed suspensions in citrate 
buffer of oella grown with excess energy source abolishes 
the period of constant glycolytic activity’ and the ATP 
pool stabilizes at a low level because of the depletion of 
intracellular phosphate!, even though, in this case, endo- 
genous reserve materials are present. 

The experiments suggest that glycolysis in washed 
suspensions of S. faecalis ie not controlled by direct feed- 
back. ing the period of endogenous metabolism the 
glyoolytio activity remains constant regardless of whether 
the suspension is incubated with or without glucoee, so 
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that no feedback loop depending on glucose can operate. 
It seems that the cella have a fixed capacity for glycolysis 
which 18 not modified by their environment (provided 
phosphate is preeeht) or their energy requirements. 
This behaviour can be explained, without postulating 
feedback, by normal kinetic mechaniams. We have not 
observed a glycolytic activity which is stable with time, 
lower than that found in such a washed suspension ; cella 
which have exhausted their endogenous reserves and lost 


-glycolytic activity after prolonged incubation have a 


glycolytic activity which continually decreases with 
time’ ın the absence of glucose, but when energy source is 
added they tend to restore their rate of glycolysis" 
towards the level characteristic of cells possessing endo- 
genous metabolism. 

For a fixed rate of glyoolysis to be operative, it is 
nocessary that a sufficient quantity of active enzymes 
should be present. Energy appears necessary to maintain 
these, and the supply of this energy seams to be one 
function of the endogenous metaboliam. If there is no 
endogenous metabolism, or a sufficient ATP pool to couple 
the energy from this process to maintenance reactions is 
not available, no period of constant glycolytic activity 18 
found, so that ATP seems to be involved ın regulation of 
glycolysis 1n washed suspensions only 1n this limited sense. 

The rate of endogonous metabolism and presumably of 
generation of ATP increases under conditions of environ- 
mental stroes!*. However, the ATP pool is unaffected 
by the change in endogenous metaboliam, suggesting that 
this metaboliam is regulated to the energy requirements 
of the organisms. The rete of genoration of ATP by 
endogenous reactions gives rise to a pool-level small 
compared with the pool-level measured during glycolysis, 
yet ıt appears sufficient to allow the organisms to main- 
tain themselves; glycolysis in washed suspensions may 
therefore generato ATP greatly in exoees of tho require- 
ments of the cells, and the control systems of the organisms 
apparently cannot ‘shut down’ sufficiently to prevent this 
happenmg. 

1 - 
MA Matt ds da Ope Fees pe iter d qt uec 
q. A. Churchill Ltd., London, 1959) 
* Krebs, FL A , tn The Molsoular Control of Cellular Actunty, edit. by Allen, 
J. H., 279 (MoGraw-Hill, New York, 1062). ; 
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CONTINENTAL DRIFT 


Continental Drift and the Age of Angiosperm 
Genera 


Él rs decades of dispute and indecision over the 
hypothesis of continental drift seem to be drawing 
to a oloee. Modern techniques such as rock magnotiam 
moasurement, investigations of ancient climates and 
palacowinds, and also the computer investigations of 
continental outlines reported by Sir Edward Bullard?, 
all point to the fact that continental drift has been and 
probably still is oocurring. A further major factor in the 
discussion may be the time at which drift began, and when 
the preeont continental areas were delimited. This question 
is of great significance to plant geography and evolution, 
where the problems of plant distribution in disjunct 
areas froquently suggest a correlation with continental 
drift or former intercontinental land oonnexions. 

Such disjunctions in areas of distribution over the globe 
are perhepe most marked in the southern hemisphere, 
where the distances between continents are very great. 


Several angiosperm genera can be cited, a classic example 
being the ootton genus Gossypium. Here, taxonomic 
sections or groups of sections have been shown to possess 
different genomes, most of which are confined to different 
contanental masecs. Thus the D genome (Soctions 
Ertoryla, Kloteschiana and Thurberana) is confined to the 
American continent and the C genome (Sturtiana) to 
Australia. Even though the B and E genomes are found in 
Africa it is possible that one of them might have migrated 
into that oontment from India as = suggested by 
Hutchinson, Silow and Stephens*. These authors heve 
postulated Cretaceous fragmentation of a former super- 
continent in ordor to explain present-day distribution 
of the genus. 

In the grass gonus Bromus, distinct sections based on 
morphological, cytological, ganetic, serological and bio- 
chemical critoria are found in the various southern 
continente. The very distinct section Ceratochloa occurs 
in South America, as does the peculiar Neobromus group. 
Ceratochloa in North America probably developed by 
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hybridization of South American spociest when they 
migrated north over the Central American link in the 
Pliocene or later. The Section Bromopsis, although mainly 
North American and Eurasian, occurs also in Africa. 
Bromus distribution therefore suggests that the early 
primitive forma were widespread over & largo land mass, 
but produced the present well-marked sections owing to 
geographical isolation caused by continental fragmentation 
and drift. 


Although the genus Solanum is pantropical, of the six 
sub-genera recognized by Beithe*, four are mono-con- 
tanental. Thus the sub-genera Lycopersicon and Bassovia 
are confined to South America, Archasosolanum to Aus- 
tralia and New Zeeland, and Lyoctosclanum to Africa. 
The two other sub-genera, Solanum and Stelatipilum, 
are widespread. These latter have been divided by Seithe 
into 42 sections and sub-sections, and $2 of these (some 
15 per cent) are alao mono-continental. Many of the others 
may well owe their wide distribution to the ‘weedy tend- 
encies’ exhibited by certain species, which have enabled 
them to spread rapidly as adventivee in more recent times. 

To quite a large extent, therefore, the taxonomic 
groupings within the genus Solanum accord with the 
geographical separation of the three southern continents, 
South America, Africa and Australia. 

Many other examples might be quoted, for example, 
leafy Hepatioao*:*, and marine Copepoda’, where tho facta 
of distribution are most convincingly oxplained by oon- 
tinental drift. 

Continental drift seems now to be a more acceptable 
theory than the alternative hypothesis of land bridges, 
since Heeren® states that the petrography of oooan floors 
is markedly different from that of continental areas. 
This clearly reduces the likelihood of the sea-bed ever 
having been a land area, except in a very few cages, 
for example, near the coast of Bouth Africa, whore sub- 
mergence of continental blocks could have taken ‘place. 
Another possible explanation of disjunct distributions of 
organisms is by chance long-distance dispersal. If this 
phenomenon were at all important we should expect the 
vegetation cover of the world to be much more uniform 
than it is. Furthermore the very high endemism in isolated 
oceanic islands seems to show that long-distance dispersal 
is & very inefficient method of spread. 

The major objection to continental drift as an explana- 
tion of modern plant distribution has been that it oocurred 
too early, before modern genera were in existence. How- 
ever, although the break-up of the ancient continent of 
Gondwanaland has often been placed at the end of the 
Trisæic, Lester King’ quotes evidence that it started in the 
mid-Jurassio (140 million years ago), and not until mid- 
Cretaceous (about 90 million years ago) were the present 
outlines of the continents defined. Thus King regards 
drift as & primarily Jurassic to mid-Cretaceous occurrence. 
His basic evidence for the existence of the present con- 
tinents in past times 18 the presence of continuous and 
uninterrupted sequences of marine deposits on modern 
continental margins dating from mid-Jursasicat the earliest. 
This dating of continental origin and drift is in the period 
when the angiosperms are thought to have been actively 
evolving, and it is likely that the angiosperms are older 
than is at present realized!*. 

On the basis of ' tic data, Creer!!! thinks 
that the beginnigg of the split oocurred in Permo-Triassic 
times, some 200 million years ago. The polar wandering 
curves for South America, Africa and Australia begin to 
diverge at the Permo-Triassic point, although the indica- 
tions are that Antarctica did not separate from South 
Africa until pec Jurassic times. Apart from this, the 
separation of the various parts of Gondwanaland is thought 
to have been complete by the end of the Triassic, some 160 
million years ago. Nevertheless, it is thought that drift 
continued up to the Tertiary. Considering those same 
data, again 1n the form of polar wandering curves, Khan, 
on the other hand (private communication), believes that 
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drift could have begun in the mid-Mesozoio and that the 
significant splitting and drifting of parts of Gondwanaland 
took place during the Cretaceous. 

From the above-mentioned geological date we must 
conclude that genera such as Gossypium, Bromus and 
Solanum were already in existence by at least early 
Cretaceous (about 100-120 million years ago), since by 
that period, according to King* and many other geologists, 
the present southern continenta had drifted apart. On 
Creer’s rock magnetism data the formation of these genero 
must be considered to be even more ancient, and must 
date from Permo-Triasaic times, at least 200 million years 
ago. If we take the more conservative estimate of King 
and others this still means that at least some of the angio- 
sperm genera were in existence about 100 million years ago, 
and we are therefore forced to the conclusion that tho 
families to which they belong must be older still. Wo 
naturally assume that the ‘genus’ when first formed would 
not have been recognizable as such but might rather have 
been a widespread—and perhaps highly variable—serios 
of forms to which, if we had bean able to see it then, 
we might have given the status of species. 

One other point of interest to biologists emerges from 
these recent geological investigations on continental drift. 
This concerns the very rapid advance of the flowering 
planta in Cretaceous times, a fact which considerably 
excited the attention of Charles Darwin. To quote Darwin 
himself? : “The rapid advance, as far as we can judgo, 
of all the higher plante within recent geological times is 
an abominable mystery". With what seems to us nowadays 
to be prophetic judgment, Darwin also states: “I 
have been so astonished at the apparently sudden coming 
in of the hi phanerogams, that I havo sometimes 
fancied that development might have slowly gone on for 
an immense period in some isolated continent or largo 
island, perhaps near the South Pole". This thought has 
also occurred to various botanists since Darwin's timo. 
For example, Camp" voiced the opinion that “the diver- 
gencies of the basic generalized familial groups had been 
accomplished on this southern land mass (i.e. Gondwans- 
land) certainly by the mid-Meeoroic". The game view was 
held by Beward!* and by Hamshaw Thomas”. 

On the other hand, Stebbing!* thinks that the apparently 
rapid evolution of the angiosperms could be accounted 
for by assuming that their origin was not much earlier, 
geologically speaking, than their first appearance in the 
fossil record, and that during this period they were undcr- 
going a burst of particularly rapid evolution. Takhtajian’? 
considered that the hical changes associated with 
the break-up of Gondwanaland brought about a rapid 
spread of the angiosperms at the expense of other plant 
groups because of their "high evolutionary plasticity 
expressed by their extraordinary diversity" (English 
translation, p. 13). 

While this view of the rapid extension of angiosporms 
in mid-Cretaceous times sounds very plausible, another 
possible explanation for their sudden appearance should 
be considered. The distributional data presented hero 
indicate that angiosperm families must have been in exis- 
tence, possibly as small populations only, at least by 
Jurassic times, and that the group as e whole may have 
originated even further back, in Carboniferous or Permian, 
in the southern land mass of Gondwanaland. Ther virtual 
absence in pre-Cretaceous times from the better-studied 
rocks of the northern hemisphere may then be accounted 
for by assuming that the evolution of the earlier families 
and genera took place in Gondwanaland. Aocording to 
Takhtajian!® no undoubted angiosperm fosails other than 
spores are to be seen in the Juraasio ; impressions of angio- 
sperm leaves appear in the Lower Cretaceous (Neocomian) 
(though there ıs some doubt as to their authenticity); 
undoubted dicotyledonous leaves are seen in the second 
half of the Lower Cretaceous (Aptian and Albian), but it is 
not until the Upper Cretaceous (some 90 million years ago) 
that they become really abundant. So far as we can see, 
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all this information is obtained from northern hemisphere 
rocks. 


These data could readily be explained by postulating 
an exclusively Gondwanaland origin for angiosperms, 
which were unable to colonize the northern land masses 
until the fragments of the southern -continent had 
drifted like rafta, with the flowering p ts growing on 
them, mto the viamity of.Laurasia. According to King" 
(and private communication), so far-as north Africa and 
south Europe are concerned, this collision “would seem 
to have taken place about the md-Oretaceous (pro-Gosau) 
movements of the Alpme belt. For India the same 
Tethyan geosyncline was filled up by the late Cretaceous, 
by which time India would appear to be united with Asia 
and great mountains had been formed”. King goes on 
to state, however, that “These dates are provisional 

This pel&eogeogr&phical evidence of a mid-to-late- 

us union of some of the southern land-maagee 
with Europe and Asia aocords very well with the generally 
accepted period in which the abundant angiosperm 
fossils appeared in these latter regions. Before this, there 
is only scanty evidence of leaf impressions (lower Creta- 
oeous) while even earlier (Juraseic) only spores have been 
observed. This would fit well with the assumption that in 
Jurassic times the light, wind-borne spores floated north- 
wards from Gondwanaland over & gap that the heavier 
seeds themselves could not bridge. As the gap narrowed, 
8 few genera, perhaps with lighter seeds or more efficient 
methods of dispersal, colonized the northern land mass, 
forming & vanguard to the main colonizers which followed 
in enormous quantities, once the land connexion had 


been established in mid-Cretaceous. Axelrod*! 
quotes idence that the advancing angiosperms spread 
northwards from tropical regions once part of Gondwana- 


land, based on the fact that fossil angiosperm material 
occurs in lower strata at lower latitudes. His evidence 
for southward migration is very scanty. 

This hypothesis of the advance of the i pre- 
supposes that the group was quite numerous in wana- 
land, or at least must have been widely dispersed there in 
Mesozoic times. Angi were certainly not numerous 
in the Jurassio of Yorkshire in one of the best known sites 
in the northern hemisphere, ing to Harris’, who 
states : “I would say that the Jurassic flora of Yorkshire 
which has been studied scientifically for about 140 years 
must have had about as much time spent on it, in relation 
to its size, as any other flora on earth... and no one has 
found & real angiosperm in it". Although no undoubted 
angiosperm fossils have yet been found in the Palaeozoic 
to Mesozoic floras of the southern isphere, it could 
hardly be claimed that as much work been, done on 
them as on the Jurassic flora of Yorkshire. Plumstead™ 
has contributed & great deal of knowledge to the palaeo- 
botany of the southern hemisphere and especially of tho 
Glossopterts flora. Although she cites and discusses the 
work of other investigators in the fleld, it becomes clear that 
the hoped-for abundance of angiosperms still cannot be 
verified, unless, aa King (private communication) suggests, 
the Glossopteris flora could iteelf be considered as the ear- 
liest angiosperms. This seems rather unlikely, at the 
present state of our knowledge. 

"The apparent absence of fossil angiosperms in the 
southern hamisphere might be explained partly by assum- 
ing that the flowering planta occurred as small, rather 
isolated populations and that although some fossil material 
may exist it has not yet bean discovered because of ita 
relative scarcity. It could also be explained by sasuming 
that the eco erben Publ pacers as e ese 
was guch that largely escaped preservation. A 
and Harrison (private oommunication) have 
discussed the possibility that the Gondwanaland flowermg 
plants: might well have exploited drier, non-fossilizing 
habitats (possibly montane) situated well away from the 
competition of the humid Glossopteris flora. 
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The facta of distribution of the genera quoted at the 
beginning of this paper, Bromus, Gossypium and Solamum, 
cannot readily be explained unless we assume that they 
were already present in Gondwanaland ab least by early 
Cretaceous times, almost certainly during the Jurassic, 
and possibly even earlier. We therefore suggest that a 
re-examination of existing material and a renewed search 
in other southern continental areas should be made, 
especially in deposite that are known to have been separ- 
ated from the delta and swamp oonditions inhabited by 
the Gloseoptends, either along the margins of these regions 
or in what are belioved to have been upland, montane 
or semi-desert areas. Harris™ states : "We want early 
angiosperms urgently, almost as a tbirsty man needs 
water’. We agree, and therefore suggest that renewed 
efforts should be made to examine Mesozoico rocks of the- 
former land mass of Gondwanaland for such fossils, since 
it is there that the distributional evidence of present-day 
planta indicates that they should be found. 

We may summarize our conclusions as follows : 

(1) Distributional evidence of living planta indicates 
that angiosperms were almost certainly present on the 
super-contunent of Gondwanaland in Mesozoic times, if 
not before. 

(2) Representatives of some modern genera of flowering 
plante were in existence by at least early Cretaceous times 
(100—120 million years ago). 

(3) From the preeent lack of evidence of abundant 
flowering plant remains in the southern continents one 
must assume that they were rare in those areas until 
mid-Cretaceous or were exploiting drier and therefore 
largely non-foesilizig habitats (possibly montane). 

(4) A possible explanation for the apparently sudden 
appearance of flowering plante in the northern hemisphere 
is that they evolved in Gondwanaland and were able to 
migrate from it only after one or more of its fragmenta 
had drifted northward and come into contact with the 
northern land maases of Europe, Agia and North America. 

(5) A more intensive search for foam] angiosperms should 
be made among Mesozoic d ita from the southern 
hemisphere (Including parte of former Gondwanaland now 
in the northern hemisphere) and especially in deposita, 
if any oan be detected, that lie marginally to, or completely 
away from, the main lowland foem] beds. 7 

We thank Dr. R. J. Adie, Dr. K. M. Creer, Prof. J. 
Heslop-Harrison, Dr. A. Khan, Prof. Lester King and Dr. 
I. Strachan for their advice. ` 

J. G. Hawkng,, 


P. Sara 


Department of Botany, 
University of Birmingham. 
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Palaeomagnetism and the Time of the Onset 
of Continental Drift 


My conclusion that Gondwanaland started to bréak 
up in the Permo-Triassic' should be regarded as an early 
limit. It depends partly on etac work on the 
vast Mesozoic basalt and diabase formations of the 
ere conbinentaet-*. The procedure was to compute 

palacomagnetic directions for each continent, 
pene m South America, Africa, Australia, Antarctica, 
and India. These directions correspond to the mean age 
of each formation, and, in the abeence of evidence to the 


` contrary, these ages were taken to be the same. On this 


basis it was concluded that the palaeolatitudes and 
palacomeridian directions were inconsistent both with 
the present arrangement of the continents end also with 
their arrangement as adjacent parte of Gondwanaland” : 
the magnetic date were consistent with an inter- 
mediate arrangement of contmenta. The assumption that 
the mean age of igneous activity was the same in all the 
Gondwanic continents was a reasonable one to make 
initially. However, it is not adequate for more precise 
work. 

Potassium argon ages have now been determined for tho 
Serra Geral formation (South America) and are grouped 
round 140 m.y. and 120 m.y.**. Stormberg lavas (South 
Africa) have been dated at 190 m.y. and 154 m.y.’*. 
Tasmanian doleritea have been dated at 170 m.y.! and 
Ferrar dolerites (Antarctica) at 163 and 147 m.y.!*. 
Henoe the ages of the rocks sampled for palaeomagnetic 


NATURE ` n 


investigations in the Gondwanic continents could poesi aed 
differ by some tens of millions of years. If aad 

or polar wandering were rapid in those times, the oon- 
clusions drawn from the original surveys may have to be 
modified. 

It is not possible to divide palaeomagnetio data at 
present available into radiogenically dated sub-groups. 
However, more complete surveys are now being carried out 
in South America and in Africa, and every lava flow and 
dyke used will have to be dated radiogenically. 

In due course it should be possible to answer with more 
assurance the question of whether the onset of drift was 
associated with the first outpourings of lava 190 m.y. 
ago, whether it started rather earlier as I had concluded, 
or later (preceding communication). 
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DEPOSITION OF STRONTIUM AND CALCIUM IN SNAIL SHELL 


By Pror. G. M. ROSENTHAL, Jun.*, Dr. D. J. NELSON and Dr. D. A. GARDINER 


Radiation Ecology Section, Health Physics Division and Pudet Section, Mathematics Division, Oak Ridge Natlonal Laboratory, 
Oak Ridge, Tennessee 


HE chemical similarity between strontium and 
calcium has led to widespread use of *Sr—Os ratios 
in interpreting tho movement of **8r'in the environment 
and in metabolic prooeesoe!3. While the ratios are useful 
in asseasing the hazard to large sections of the population, 
they add little to our understanding of the fundamental 
relationship between strontium and calcium in organisms. 
Mollusc shell is conmdered to be a biogeochemical sink 
since incorporated materials are physiologically, as well 
as physically, isolated and unavailable for the animal’s 
metabolism, which is not the case in the bone of rats 
or other mammals*. The amounta of newly deposited 
strontium and calcium in the shells of snails should 
therefore be rolated to the concentrations of these elements 
in experimental environments. The object of this research 
was to demonstrate precisely the relative effect of 
strontium and calcium concentrations in the environment 
on their uptake and incorporation into snail shell. This 
experiment with the freshwater snail, Physa heterostropha 
Say, differs significantly from other work on strontium 
and calcium uptake, in that the strontium and calcium 
concentrations of the i tal media were rigidly 
controlled by assay of the strontium and calcium content 
of all chamicalasused. While there 18 a constant relation- 
ship between radioactivity and mass for a given radio- 
isotope, a more useful comparison of the deposition of 
caluum and strontium may be obtained by using atom 
concentrations. In this experiment !'Ca and “Sr were 
used as tracers and specific activities (radioactive atoms/ 
total atoms of the same element) were used to determine 
deposition. 
As the functional, relationship between. uptake of 
strontium and calcium in snail shell and the concentration 
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of these elements in the environment is unknown, one can 
do no better than to approximate it by & general form. 
One such form is a truncated Taylor series expansion: 


Y= 6e+ X Bi Xs + X B, Xi Xp +e 
í-1 {j=l 


in which Y is a response (either strontium uptake or 
calcium uptake), X; and X; are concentrations of stron- 
tium and calcium in the medium, Be Bi and fi; are 
unknown coefficients, and « is the deviation of the 
truncated Taylor series from the unknown functional 
form. From experimental evidence it is possible to estimate 
the unknown coefficients and to assess the significance 
of e. An efficient way to accomplish this is to perform an 
experiment based on an experimental design of the fas- 
torial type. The second order rotetable designs of Box 
and Hunter* are especially suited to this purpose. 

If the scales of strontium concentration and calcium 
concentration in the medium are transformed to equal 
scales, U, and U,, & suitable design is obtained by 
selecting six combinations of U, and U, which are 
equally spaced on a circle in the U,, U, plane together 
with that combination of U, and U, which is in the 
centre of the circle. If a number of snails are treated in 
each of the solution medie corresponding to these pointa 
the several B's of the Taylor series may be estimated and 
the significance of the e term assessed. In addition, the 
predicted response (that response calculated at a point in 
the X1,.X+ plane using tha estimates of the B's) will have 
an.uncertainty which is dependent only on the distance 
of the point from the centre of the design and not on ite 
‘direction. Furthermore, this uncertainty will be relatively 
uniform’ throughout the experimental region if the centre 
point of the deeign is performed twioe. 
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This seven-point design with the centre point duplicated 
was laid out in the U,, U, plane. Then, to achieve a 
random orientation, the design was rotated through a 
randomly determined angle (41°). The. resulting oo- 
ordinates were transformed back into unita of strontium 
and calcium concentrations (X, and X;) with the resulta 
as shown in the second and third columns of Table 1. 
These concentrations are essentially within: the extreme 
range of strontium and calcium concentrations in natural 
waters. E 

Culture media were prepared from compounds of high 
purity, the strontium and calcium contaminants of which 
were acourately known. Reagent grade CaCO, was 
further purifled in the Analytical Chemistry Division of 
Oak Ridge National Laboratory and the compound usod 
contained about 1:8 ug Br/g CaCO,, the minimum level 
of detection. The besio medium was composed of 0-5 g 
KNO,, 01g NH,H,PO,, 0-25 g Mg8O,, 0-1 g NaCl and o 
trace of FeO), per litre. The solubility product constants 
were not exceeded for calcium or strontium salts in this 
medium. Calcium and strontium amendments in the form 
of chlorides were added to the basic medium according 
to the statistical design (Table 1). The pH of the media 
was adjusted to neutrality by the addition of small 
amounts of NaOH, and 200 ml. of solution were placed 
in 400-ml. ‘Pyrex’ beakers.  Carrier-freo “Sr and “Ca 
with negligible carrier (1-2 x 10‘ atoms/ml.) were added 
as tracers to all beakers in constant amounts. 

Groupe of ten snails, members of a graded series 
ranging in size from 9 mm to 13 mm long, were aasigned 
randomly to each experimental concentration. The snails 
wore maintained separately in beakers in a water bath 
at 18 C. Their food consisted of small amounts of the 
green, leafy portions of head lettuce. Minor amounts of 
calcium and strontium were included in the lettuce, 
which contained 0-160 and 0-00062 mg/g, respectively. 

At the conclusion of the 21-day experimental period, 
snails were killed by freomng and the soft tissuos were 
romoved from the shell. Shells were then dried and 
weighed. Strontium-85 deposited in the shell was counted 
in @ singlo-channel y-scintillation spectrometer and “Ca, 
as nitrate, in a B-liquid scintillation counter. Oalcium-45 
did not affect the “Sr counting rate, but it was n 
to correct the “Oa counts for a slight contribution from 
the “Sr activity. Non-biological adsorption of both “Ca 
and “Sr was assessed by immersing fresh, ‘Plasticine’- 
füled shells in the test solutions. However, adsorp- 
tion of both elementa was slight in oom- 
parison with biological deposition in the 
shells’. 

The average uptake of strontium and 
calcium in the snail shells is shown in 
the fourth and fifth columns of Table 1. 
The numbor of snails analysed at each 
experimental point is given in the last 
column. Losses occurred in the sample 
preparation, from mortality, and from 
snails crawling out of containers. 

A rough idea of the variability in the 
data may bo obtained by comparing the 
resulta of pomt 4 with thoee of point 8 
which are tho duplicated centre pointe. 
The standard deviations measured among 
snails treated alike are 1-14 x 10!* atoms/ 
g for strontium and 1-18 x 10 &toms/g 
for calcium with 39 degrees of freedom. 
However, the variability from one point 
of the design to another differed so much 
that the standard deviations at each 
point had to be considered. 

The coefficients of the Taylor series 
were ostimated by the method of loast 
squares, weighting each observation by 
the reciprocal of the estimated variance 
at tho point of observation. 
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Tabie 1 
n 
Hrpert: gorges m mediti ks In "m x 
men atama/ml, toms/g o. 
potnt Br ar Oa snails 
x 101* x 101* x10" x10" 

1 5 565 2747 1347 2244 5 

2 00111 162 5 9 12:784 6 

3 5 069 14-04 8-793 1182 6 

4 3-545 150-6 1-387 2 735 7 

5 6-480 1603 3-670 3-760 2 

6 1 904 49 31 1-771 2-029 6 

7 2 304 2616 0-7676 3:145 8 

8 3-545 150-6 1:326 ?-011 7 

Table 2, ANALYSES OY VARIANCE 
Btronttum Calcium 
Source of variation D.F. Mean square D.F. Mean square 
Total 47 47 
Linear terms 3 105 89 3 78 04 
tio terms 3 18 20 

dual 41 097 44 0 94 

If the weights used were axact is ratber than estimated welgh 
probability tests would declare the ual mean non-algnificant 
Other mean squares mgnificant. Hxact tests the case of estimated 


weights are not known. 
Table 3. Rucemssion CONFTIOINNTE 


Regression term anda SE Conmaent SE 
x 104 x 101 x10" x 10% 

Interospt 08 78 63-2 19,800 4,970 

Ca mput —52:12 059 54°14 16-04 

Br input 97-74 15-2 1,718 968 
Oa Input)* 0 009 0 002 

Br Input)? 11:88 $37 

Ca Input) (Br input) — 0-650 0134 


For calcium uptake the data were adequately oxplained 
by the lmear terms in the Taylor series. For strontium 
M pene: however, it was neccesary to include all mx terms 
of the truncated expansion. Reference to the analyses of 
variance in Table 2 will demonstrate the adequacy of the 
regression analysis on the two responses. The estimates 
of the coefficients in the regression equations are given in 
Table 8. For strontium these coefficients explain 90 per 
cent of the total variation and for caloium they explain 
84 per cent. 

The deposition of calcium and strontium by snails is 
illustrated graphically in Figs. 1 and 2, respectively. These 
are response surfaces calculated from a least squares fit of 
the date. Calcium uptake is represented beet by a plane 
surface which is expressed mathematically as follows: 


Caupteke = 19,800 + 54-14 Campus — 1,718 Brmpat 


with uptake in atoms x 10!*/g shell/21 days and input in 
atoms x l0!*/ml. 





Fig.1. Qalelam deposition in snail shell as a function of environmental 
trailors (39-1 x 10:* atoms Oa/ml. - 20 p.p m. Ca; 0 685 x 101* atoms 8r/ml.=1 p p.m Br) 


Ca and Sr oonoem- 
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oe Strontiom de tion in mal shell as a function of environmental 
and Rr ooneen (80 1 x 10!* atoms Oa/ml.=20 p p.m Oa, 0 685 
x 101* atoms Br/ml. — 1 p.p.m. Rr) 


Calcium carbonate is the basic structural component of 
mollusc shells, and a slight increase in growth is indicated 
by an increasing uptake of calcium with increasing calcium 
concentrations. However, growth differences in the seven 
experimental environmente, as measured by calcium 
depomtion, were only 0-17 times as much aa the differences 
in tho environmental calcium concentrations. While 
growth increased directly with the calcium concentration, 
the inoreases were relatively small when oompared with 
the differences in environmental calcium concentrations. 

The uptake of calcium is conservative when compared 
with that of strontium, which is best represented by & 
quadratic expression : 

Bruptake = 98-78 — 2-12 t + 97-74 Brinpot + 0:008 

(Campat)* + 11-88 (Srinpat)* — 0-695 (Cainpat) (Srmpat) 


with uptake in atoms x 10!*/g shell/21 days and input 
in atoms x 10!*/ml. 


The range of strontium deposition in the snail shells was 
2-9 times the range of environmental concentrations. 

The surfaces depicting the deposition of calcium and 
strontium in Figs. 1 and 2 are based on least squares fits 
to the data in Table 1. Inspection of the data and Fig. 1 
and Fig. 2 viewed grossly as plane surfaces indicates that 
depomtion of both calcium and strontium in the shell of 
P. heterostropha depends primarily on the respective 
concentrations of these elements in the immediate 
environment. Failure of the planes to intersect the zero 
axis is a geometric artefact arising from the extrapolation 
of the equations to zero; obviously there can be no in- 
corporation of calcium or strontium when none is present. 
A alight negativo interaction, that is, of environmental 
strontium on calcium deposition, and vice versa, is also 
evident from the skewed appearance of the incorporation 
planes. Biologically this interaction is probably best 
explamed in the conventional terms of competition for 
incorporation sites. 

The dotted lne in Fig. 2 representa the minimum 
strontium deposition for the various combmations of 
strontium and calcium in the environmental media. To the 
right of the dotted line there is essentially a linear increase 
in strontium uptake with increasing environmental 
strontium concentrations. At lower calcium concentra- 
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tions (in this portaon of the surface) there is a relatively 
greater uptake of strontium. This suggests & simple sub- 
statution of strontiam uptake for that of calcium by snail 
shell when environmental calcium is deficient; it is in 
accord with the observations and conclusions of Odum‘ 
and Likens ef al.’ regarding strontium uptake by snails 
under conditions of high environmental strontium- 
calcium ratios (at low calcium concentrations). At all 
points to the right of the dotted line strontium uptake 
increases with increasing environmental strontium con- 
centrations and decreases with increasing environmental 
calcium concentrations. To the left of the dotted line the 
opposite behaviour 18 noted, that is, increased environ- 
mental strontium depresses strontium uptake and in- 
creased environmental caluum enhances strontium 
upteke. 

This phenomenon, the reversal of tho relation of 
strontium deposition rate to strontaum and calerum con- 
centrataons, is . Two posmble explanations 
may be offered: (1) it is brought about by diffcrent 
reactions, purely chemical in nature, based largely on 
concentration differences; and (2) ıt 18 primarily bio- 
logical and probably associated with a threshold or com- 
pensatory effect. There is no evidance, either specific or 
general, for accepting the first explanation. The effect 
would seem to be related to some physiological property 
of the mantle cells, possibly to membrane phenomens or 
secretory activity, and warrants further investigation. 

Because of the interactmg effects of different environ- 
mental strontium and calcium concentrations on stron- 
tium and calcium uptake, the presence of adventitious 
strontium in calcium unds is an important factor 
in interpreting strontium uptake data. Recent analyses!’ 
of various reagent grade compounds show adventitious 
strontium ranges from 140 to 1,615 ug strontium/g cal- 
cium. Hence, in a **8r uptake experment in which the 
basic calcium content is changed by calcium amendments, 
there is also & proportionate change in the strontium 
concentration, thereby confounding the resulta by the 
unsuspected alteration of both important variables. 
Hegsted and Bresnahan"! noted the adventitious strontium 
in rat food, and observed that amall additions of stablo 
strontium to the diet enhanced the deposition of eithor 
“Ca or "Br. Only with larger additions of stable strontium 
to the diet was & diluent effect of strontium noted. 

Stable strontium added to the soil resulted in & similar 
_effect on the uptake of "Br by ladino clover!*. That the 
diluent effect of small amendments of stable Sr is generally 
ineffective was noted by Thompson’. The obvious coi- 
relative is that many organisms simply increase the total 
amount of strontaum in their bodies when the environ- 
mental concentration is increased. In other words, the 
biological systems are not saturated with respect to 
strontium and only when the system becomes saturated 
does isotopic dilution become effective. 

Much research on **8r and calcium in the environment 
has had an ultimate objective of obtaining information 
that would permit accurate prediction of "Sr uptake by 
man or other organisms™:*, Ratios involving "Sr and 
calcium?" have been used frequently as a predictive tool. 
Smoe there is a large volume of information on the ds- 
tribution of calcium in Nature, theeo ratios have the 
obvious feature of utihmng existing information along 
with new data on "Sr. Because of the variability of these 
ratios, their limitations for prediction have been recog- 
nized!*,1#.17, A portion of the variability in “Sr uptake 
by plante has been associated with the availability of 
calcium in soi!*. An investigation of strontium and 
calcium uptake by algae!*', under conditions mmilar to 
those of this expermment with snails, showed that uptake 
of either strontium or calerum was dependent primarily 
on the concentrations of the respective elements in 
solution. With'either the algae, which have a rapid 
metabolic turnover of strontaum, or the snail shell, which 
is & biogeochemical sink, it is clear that strontium uptake 
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is more olosely associated with environmental strontium 
concentrations than with calcium concentrations. The 
results of these experiments show the advisability of 
considering stable strontium concentrations in an inter- 
pretation of the behaviour of "Sr m biological systems. 

This work was sponsored by the U.S. Atomic Energy 
Commission under contract with the Union Carbide Cor- 
poration. We thank Mr. T. C. Rains for the preparation 
of purified CaCO,. 
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GEOCHRONOLOGY OF THE LEWISIAN BASEMENT NEAR LOCHINVER, 
SUTHERLAND 


By Dx C. R. EVANS* 
Geological Age and isotope Research Group, Department of Geology, University of Oxford 


HIS article 18 à summary of part of a detailed investi- 

gation of the petrology, structural geology and 
isotopic geology of a small but complex area of Lewisian 
gneiss near Lochinver on the north-west coast of Scotland. 
The first systematic study of the Lewisian resulted in the 
comprehensive 1907 memoir by Peach et al.!, who identi- 
fled three pre-Torridonian eventa, thats: (1) the formation 
of the fundamental pyroxene-bearing complex; (2) mtru- 
sion of north-west trending basic and ultrabasic dykes; 
(8) deformation and metamorphism of the dykes. 

This chronological division of the Lewisian waa enlarged 
on by Sutton and Watson’, who called the predyke 
(granulite facies) metamorphism ‘Scounan’ and the post- 
dyke (amphibolite facies) metamorphiam ‘Laxfordian’. 
The conclusions of these earlier workers have since been 
confirmed by the isotopic dating of Giletti et al.*, who 
concluded that the Soourian is older than 2,460 m.y. 
and that the Laxfordian is about 1,600 m.y. old. More 
recently, Evans and Tarney* have shown that the dykes 
were intruded between 2,200 and 1,900 m.y. ago. 

Ieotopto resulis from Lochinver. The strontium composi- 
tion of whole-rook samples from each metamorphic facies 
in the Lochinver district 1s presented in Table 1. The 
extremely low rubidium content makes it imposmble to 
determine the primary ago of these rocks, but it does 
allow us to estamate the initial composition of the stron- 
tium. Since the present complex has a strontium isotopic 
composition comparable with the mantle’, it is unlikely 
that these rocks contained normal crustal abundances of 
rubidium for any great length of time, if ever. A normal 
crustal Rb/Sr ratio of 0-25 would result in a detectable 
increase in the ''Sr/**Br ratio in about 800 m.y. Similarly, 
if the acid gneiss representa pre-Scourian granite from 
which the potassium and rubidium have been removed 
by metasomatism, the time-interval between their original 
differentiation and later remobilisation could not have 
been more than about 100 m.y. The pre-Soouri&n com- 
plex may thus represent either & basal layer in the Earth's 
crust which was depleted in volatile elements by & oon- 
tinuation of the same process by which it differentiated 
from the mantle, or it may have been a normal crustal 
series of rooks which lost ite volatile elamenta during & 
profound metamorphiem shortly after its original differen- 
tiation, 

The existence of very old basement rocks with & stron- 
tium isotopic composition comparable with the present- 

* Present address Impenal Of] Enterprises, Lid., 500 Sixth Avenne, Sonth 
West, Calgary, Alberta, Canada. 


day mantle suggests that considerable caution must be 
used in applymg Hurley's* strontium-87 model of con- 


.tinent formation. The addition of rubidium to such 


material during & subsequent mstamorphic episode would 
produce a result isotopically indistingmshable from new 
crustal material derived from the mantle. Precisely 
such a metasomatio origm has been postulated’ for the 
alkah-rich northern part of the Lewisman. If rocks of 
similar isotopic composition and Rb/Sr ratio to those of 
the Lochmver district composed a significant part of the 
early sialic crust, the proposed model dates the addition 
of rubidium to this matenal rather than the addition of 
largo quantaties of new sial to the continents. 

The Scovrian episode. Soourian granulite facies mets- 
morphigm produced & series of hypersthene-bearing rocks 
exposed to the south of Lochinver'. Potassium-—argon 
dating of basio and ultrabasio granulite facies materials 
(Table 2,4) indicates a minimum age of at least 2,600 m.y. 
for this event. In interpreting the apparent ages obtamed 
on different materials from these rocks, it must be re- 
membered that they were formed under great pressure, 
and have been reheated to some extent by subsequent 
thermal events which caused complete amphibolization 
only & few kilometres away. Thus, some extremely 
retentive materials may contain excess or inherited 
argon*-'*, while the least retentive minerals have probably 
lost argon. 

Biotite and brown hornblende (samples 290 and 547) 
appear to be the least retentive minerals of the granulite 
facies suite. It is well established that biotite loses argon 
readily an reheating. Since ex-solution of dusty, opaque 
ore from brown hornblende is one of the first indications 
of retrograde amphibolization in this area, it is not 
surprising that it has & poor retentivity. On the other 
hand, the pale green hornblende from ultrabasic rocks 
(494 and 610) appears to be an exoellent mineral for 
potasstum—argon datang. The two samples have potassium 
contente differing by a factor of two, yet give the same 
age to within 1 per cent, indicating little or no inherited 
argon. The apparent age of 2,020—2,630 m.y. obtained on 
these hornblendes is some 4 per cent greater than the 
oldest age obtained on biotite in this investigation. 

Plagioclase and hypersthene each yield apparent ages 
of 2,860 m.y., but it is not known whether this representa 
the true age of their formation and cooling, or a spuriously 
high age due to excess argon. Augite from a biotite— 
augite pod (sample 546) clearly contains & great deal of 
excess argon, giving an apparent age of about 5,200 m.y., 


WI 
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as compared with 2,520 m.y. for the biotite. The calcu- 
lated whole-rock age of this sample is 2,600 + 60 m.y., 
suggesting that much of the excess argon in the augite 
may have been derived from the biotite. 

From the resulta obtained on the most retentive horn- 
blende and biotite samples, 1t is concluded that Scourian, 
granulite facies metamorphism oocurred at least 2,600 
m.y. ago, and that it may be of considerably greater age. 

Intrusion of pegmaiites. The Scourian gneiss 18 intruded 
by alkali-rich pegmatites, which occur as dyke-like bodies. 
The pegmatite dykes south of Lochinver have been dated 
by Rb-Sr at 2,250 + 50 m.y. (ref. 7) and will be discussed in 
detail in later communication. They to belong 
to the same generation of pegmatites that were dated by 
Giletti e£ al.. 

The Inverian episode. Following the intrusion of 
pegmatites and prior to the intrusion of the north-west 
trending basic dykes, parte of the Lochinver district 
together with large portions of the central blook of 
Lewisian gneiss underwent almandine amphibolite facies 
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metamorphism and structural deformation under & north- 
eagt-south-west principal stress. The name ‘Inverian’ is 
proposed for this previously unrecognized event, and the 
type ares is ed ss the lower three kilometres of the 
River Inver’. 

Potassium-—argon determinations on hornblende and 
biotite from amphibolite facies i from 2,100 
my. to 1,560 m.y. (Table 2,8). Both hornblende and 
biotite from this suite are thoroughly i and 
readily distinguished petrographically from their counter- 
parte in the pre-existmg granulite facies suite. Since it 
is unlikely that any of the measured argon was generated 
pror to amphibolization, the 2,100 m.y. age obtained from 
the most retentive hornblende is taken as the best estimate 
of the minimum Inverian age. 

The large spread in apparent ages of amphibolite facies 
materials is thought to reflect varying degrees of argon 
retentivity during the 1,580 m.y. Laxfordian reheating (see 
following). In this respect it should be noted that horn- 
blende again appears to be more retentive than biotite. 


Table 1. Sr 87/86 Ratios Iv LEWISIAN GEXIES OF THR LOCHIKVER DISTRICT 







































— 
Bample Loalty Rb Br 87/86 86/88 87/86 Eat 87/86 
No. Rock type (p.p.m.) (p pm) observed «E Observed norm. 2,000 m y. ago 
A be Aa Gmneim (Boourian 
1 Oo 310 : Ultrabamo body . 020 | 0 1196 0 7227 0 7105 
390 091201 Basio garnet gn. 20 0-20 0 1198 0 7118 0 701 
518 081207 Basio gnelas 01t 0 1194 0:7109 0 7070 
5645 078211 Acid gneiss 021 0 1181 0 7085 0 7003 
707 087191 Add gneiss 015 0 1202 0 7090 0 7083 
Average Sr 87/86 ratio weighted for 8r content 0 7091 0 7065 
B Amphibolite Qnes (Inverian and Laxfordian) . 
055242 Ultrabesic body 3 52 0 7078 021 0 1105 0 7076 0-7008 
618 108237 Basle garnet gn. Ibid 41 0 7065 0-15 0-1106 0 7072 0 7019 
496 Acid gneiss bdl 503 0 7091 0-15 0 1189 0 7077 0 7078 
499 Aad gnetes bdl 483 0 7055 0 14 0 1190 0-7042 0 7088 
Average Br 87/86 ratio weighted for Sr content 0-7001 0 7063 





of the Sir 87/86 ratio based on 


, per oent standard deviation 30-40 scans. 
on esvumnpton that 86/88 =0-1104. A i cr red altars ten 
87/56 = 7058 (2,000 ee ae Des do UR id analysed by isotope 


of Br tn both facies. A 


dilution. Other Rb and Br analyses are by X-ray ftuoreseence (G 





ratios are corrected for fractionation In the mass spectrometer 


Observed 87 


0 00058. Average 87/86 =0 7074 (present day) weighted average 


Table 2. K-Ar AGE DRTERMIKATIOXS FROM THX. LOGHINVER AREA 



































[ Sample Locah Material ae “ar/g std c.c Apparent 
No. grid Rook type analysed * X “Ar x107 age m y. error m.y 
A Bouthern Pyroxene Zone (Boourtan) 
290 004201 Basie gar gn Wr. 0142 96 0-320 2,810 90 
' 290 094201 Basio gar gn. 0-621 91 0 999 2,300 40 
546 077212 Mafic pod Blotite 7-33 98 15 65 2,520 40 
546 077112 Mafio pod Augite 0-039 92 0 444 5,240 340 
546 077213 Maño pod AMA 0 039 87 0 485 5,200 350 
547 077212 Mañe pod te 476 98 9-35 2,420 30 
547 077212 Mafio pod Hornblends 1-40 96 1-618 2,350 50 
547 077211 Mafio pod Plagioolase 0-158 97 0-420 2,860 50 
494 004213 Ultra baste Wer. 0-451 96 0 702 2,270 120 
494 004215 Ultrabes:o Hornblende 0 403 95 1-120 2,620 70 
404, 004218 Ultrabass H thene 0 081 96 0 104 2,860 190 
610 065214 Ultrabasio I. 0-669 96 1-419 2,520 40 
610 065214 Ultrabasio Biotite 667 07 12-56 2,340 40 
610 005214 Ultrabasio Hornblende 1-10 100 2509 2,030 50 
711 097210 Ultrabame Wir. 0-062 88 0 301 8,700 360 
B Osntral Amphibolite Zone (Mixed Invenan and Laxfordian) 
u 092216 Acid grams Blotto 7:78 92 811 1,640 40 
34 002216 Aad gneiss Hornblends 141 96 138 1,570 40 
85 0951221 Maño pod Hornbiende 0 608 28 107 2,100 30 
182 099121 Bano gneiss Blotte 7-20 95 TTI 1,680 30 
182 099221 Basle ques H 032 92 0 481 2,070 100 
194 101211 Agmaitite Blotite 694 9s 7-66 1,700 30 
194 101221 tite 0-855 97 111 1,880 30 
072 121241 o pod Blotite 7:03 94 739 1,560 40 
071 121241 Maño pod H 0 930 95 1-26 1,040 80 
703 F 52 Vom H 0 158 29 0-220 1,080 70 
714V 0552452 Vetn Blotite 725 93 7-52 1,630 40 
714 065541 Ultrabano Biotite 7-05 99 T?9 1,080 30 
714 055242 Ultrabeno Hornblende 0 235 95 0-325 1,590 80 
715 065242 gneiss Bıotte 6-55 99 7-57 1,750 80 
C Nis OESR Basic gneiss ) H 030 87 0431 1,710 70 
MD [ALT Lote tolesite Botte 345 , 82 359 1,040 90 
40D . 096222 Metadolente Wr.—200 0351 92 0331 1,580 60 
49D. > 090222. Metadolerite Wer. 40-200 0 393 96 0 357 1,490 . $0 
pat x 102227 . Shear Hoarnblende 0-360 87 0 342 1540 70 
100256 - Bheared pod Blotite 7:48 95 7-69 1,620 40 
H8 "108256, Sheeared pod Hornblende + 0 282 “76: 0 280 1,580 80 

















m= 0 584x107" yr, Ign 4 71 x 107* yr. 
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Table 3 
— 
Bampie Looallty | Material Br "Br “Br Intersection K-ar 
No. gmd Rook type | analysed Gos (ppm) now Age my. age my. age my. 
C Country Rook 8r 87/86 initial = 0 706 
546 Maño pod Blotlte 438 152 2-432 1,400 + 50 1,400 + 60 2,520 + 40 
545 077212 Mafio pod A Bal 72* - 0714 — , 5,240 + 340 
672 121241 Mañs pod Bioüte 110 10-0 1390 450 + 60 1,300 + 60 1,560 + 40 
672 121241 Mafio pod 18-6 25-6 0 787 2, i160 1,040 + 80 
648 108256 Maño pod Blotate 743 723 13234 1,420 + 50 1,420 + 50 1,620 + 40 
648 108156 (aheared) Hbe. ?8* 0 709 — » 1,580 + 80 
714 06524* Ulrta bass | Biotite 96-6 10-2 1:299 1,460 + 50 1,630 + 30 











* Anelysed by emission spectrograph. 7=1 47 x 10! yr-!, 


The possibility of excess argon ın the hornblende samples 
is once more discounted due to the lack of any relationship 
between potassium content and apparent age. While 
the leakage of argon during the reheating of these oldet 
amphibolites casta some doubt on the proximity of the 
2,100 m.y. minimum age to the actual event, this same 
phenomenon makes it possible to estimate a maximum 
age of 2,850 m.y. for the Inverian from its effect on the 
least retentive minerals in the neighbouring Scourian 
gneiss. 

The rubidium-strontium age of the pre-Inverian peg- 
matites (2,250 m.y.) improves this inferred maximum 
by about 4 per cent. The minimum potassium—argon 
limit was umproved by a similar amount by a rubidium— 
strontium age of 2,190 m.y. obtained on a relatively fresh 
piorite dyke which outs across folded and amphibolized 
Inverian gneiss‘. 

The Laxfordion episode. While the central belt of 

Lewisian gneiss escaped the major metasomatic effect 
recorded ın the Laxford aroe, Laxfordian deformation 1s 
clearly recorded in the post-Inverian dykes near Lochinver, 
where it takes the form of brittle shears accompanied by 
‘epidote amphibolite facies metamorphism. 
' This event was extensively dated as 1,500-1,600 m.y. 
in ite type area by Giletti et al.*. Potassium—argon resulta 
on materials taken from amphibolized dykes and shears 
1a the Lochinver area (Table 2,0) are in general agreement, 
with an average of 1,580 m.y. However, the rubidium- 
strontium results on metamorphic biotites (Table 3) are 
distinotly lower, indicating an age of about 1,420 m.y. 
Although little is known about the nature of this later 
event, it ap to have affected the rubidium-strontium 
age of Soourian biotite as well, causing extrome discordance 
between the potasaerum—argoo age of 2,520 m.y. for sample 
546 and the rubidium-strontium age of 1,400 m.y. for 
the same le. Giletti e£ al.? attribute the spread in 
their Laxfordian ages to mild reconstitution late: than 
1,160 m.y., but Evans and Park point out that a spread in 
‘Laxfordian’ ages might well be expected in view of the 
multiphase nature of this event in the Gairloch district 
to the south. 


Analytical methods are those described by Evans and 
Tarney*. 

Conclusions. (1) The pre-Scourian complex was de- 
rived from & source region with a strontium 87/86 ratio 
lower than most basic igneous rocks. If this complex 
ever contained normal crustal abundances of rubidium, 
it was removed within a short tıme after original differen- 
tiation from the mantle. . 

(2) Soourian granulite facies metamorphism occurred 
at least 2,600 m.y. ago. 

(3) Potassic pegmatites were intruded about 2,250 m.y. 
ago. 

(4) Inverian amphibolite facies metamorphiem occurred 
about 2,200 m.y. ago. 

(5) A period of dyke intrusion began immediately 
following Inverian metamorphism, and may have con- 
tinued for as long as 300 m.y., during which time the 
country rock became progressively cooler. 

(6) Parts of the area were affected by Laxfordian 
reheeting about 1,580 m.y. ago. 

(7) An event of unknown character appears to have 
purged the radiogenic strontium from metamorphic 
biotites about 1,400 m.y. ago. 

I thank Prof. L. R. Wager, Dr. R. 8t. J. Lambert, and 
other members of the Geological ^ ge and Isotope Research 
Group at Oxford University for their advice. This work 
was supported by an Imperial Oil Graduate Research 
Fellowship. Field expenses wero defrayed by grantes from 
the University of Oxford. 
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FAR INFRA-RED FARADAY ROTATION IN A PLASMA 


By A. N. DELLIS, W. H. F. EARL, A. MALEIN and S. WARD 
U.K. Atomic Energy Authority, Culham Laboratory, Abingdon, Berkshire 


ARADAY rotation in a laboratory plasma has been 
previously observed both in the optacal region! and 
at an infra-red wave-length of 3-39, (ref. 2). Rotations 
of several degrees per kilogauss are reported here, observed 
using & pulsed water-vapour laser as a source. This laser, 
developed at Servicos Electronics Research Laboratory, 
Baldock, by Large and Hill’, gives monochromatic 27-94 
wavo-longth pulses of about 1 psec duration and 10-W 
peak power. The design is based on the observations of 
lager action in water-vapour by Orocker et al.‘. 


The Faraday rotation in radians, xn prop: 
through a plasma of electron density n om™ in & ion 
parallel to a constant superimposed magnetio field B 
gauss, is given by: 

(1) 


p = 2-03 x 107. BI. 21 
where J is the path-length in the plasms and à is the free- 
space wave-length of the radiation, both in cm. In the 
experiments described here, B and } are known and n 
is deduced from the measured value of ọpọ. Since d is 
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Experimental Arrangement 


S- laser source 
Mp-plane mirrors 







W - polyethylene windows 
Pi- polanzer 
Pa-polanzatton analyser 
Dr [x - detectors 
A-absorbers 


Silicon 
discs 


Reflected beam 
toD, 


Transamtted btom 
toh 


Detail of polarization analyser P2 
Fig. 1 


proportional to A5, the rotation ia 68 times that which 
would occur for à = 3-394 and 1,950 times that for 
A = 6828 A, the wave-lengths at which rotation has been 
previously observed. 

Fig. 1 shows the t of the apparatus. The 
plasma, length | = 200 om between the end electrodes, 
has already been desoribed in connexion with experiments 
on hydromagnetic wave propagation’. The uniform 
axial magnetic field of up to 6 kG varies negligibly during 
the 1-yseo laser pulse. Polyethylene vacuum windows 
were used at each end of the plasma column, their trans- 
mission loss bemg small at 27-94% wave-length. The 
input polanzer, P1, consista of 10 sheets of 37u thickness 
and 10 sheets of 52u thickness polyethylene sheet, inclined 
at the Brewster angle (55°) to the incident laser radiation. 
Such polarizers were described by Mitsuishi et al.*. PI 
can be rotated about an axis lying along the propagation 
diroction, the angular setting 0 being registered on 4 
soale. Testa with two identical polarizers showed tho 
intenmty of transmitted power in the crossed position 
to be 1:8 per cent of that in the aligned position. 

The polarization analyser is P2 which consiste of two 
vertical platea of high resistivity silicon, each of thickness 


Mr-concave mirrors (f~ 600ms) 


T-disoharge tube with magnetlo field coils 
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. 42mm, separated by a thin air-gap. The 
radiation is incident at near to the Brewster 
angle for the refractive index of 3-4 (at a 
grarng angle of 15°). The reflected beam, 
detected as voltage V; by detector Dr, 
therefore contains only the polarization 
component with its electric vector oriented 
vertically. The polarization detected by 
Dt, a8 voltage Vs after crossing four silicon— 
air interfaces, is mainly horizontal, with 
the electric vector in the plane of the 
paper in Fig. 1. Ray paths have been 
drawn in Fig. 1 to indicate the function of 
the various mirrors. The detectors D; and 
D, have boron-doped germanium photo- 
conductive elements, each in ita own liquid- 
helium cryostat; they were supplied by the 
Radar Research Establishment, Malvern. 
Sheeta of black polyethylene, each of 2:5 
dB measured attenuation to 27:904 wave- 
length radiation, were used at A to prevent 
overloading of tho detector amplifiers. 

The method used to measure the 
Faraday rotation is to set the orienta- 
tion, 0, of Pl so as to produce equal 
signals V, and V;. With detectors of 
approximately equal sensitivity, and in 
the absence of any Faraday rotation, 
this value 0, is about 45° to the vertical. If 0 = 0, + o, 
then: 


V/V, = oot!0,ten*(0, + p) e tan? (45° + p) (2) 


if 0, is near 45°, a relation which was verified expen- 
mentally over a 180? range of p. With a plasma present, 
P1 is rotated so as to keep V, and V, equal. The polariza- 
tion of the radiation leaving the plasma is therefore still 
as before, the rotation of Pl giving the magnitude and 
sense of the Faraday rotation directly. For a ratio 
V./V; not exactly equal to unity the small correction to 
give @, is calculated from (2). 

Oscillograms of V; and V;, with no plasma present, 
are shown in Fig. 2 (V, is the upper trace in all the 
oecilograms). The three shota shown were taken with 
0 = 47-5° and the values of 0, are calculated as 46-5°, 
48° and 48-5° for Figs. 2a, b and c, respectively. Tho 


initial small spike on these oecillograma 18 due to electrical 
interference, picked up from the laser power supply. 
With an argon plasma, initial gas pressure 37 mtorr, 
having an axial field of 4-0 kG, it was necessary 
Pl to 0 œ 38? to restore equality of V, and V;. 


to reeet 
Fig. 3 





Fig. 2. Signals from the Infra-red detectors at 2 xsecjan sweep speed. V1 (upper traces) and V, (lower traces) for 0, 47 5° with no plasma present 
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Fig. 3. Signals from the Infra-red detestors at 2 sec/oam sweep speed. Vi (upper traos) and V, (lower traces) for 0, 30° with an argon plasma 
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Shots (In order of observation) 
Fig. 4. Measured values of 0, on successive shots « 


shows three typical oscillograms, takon with this argon 
plasma, for Pl set at 0 = 30°. The values of 6,, the 
angle to which P1 should have been set to make V, = V, 
according to expression (2), are 34°, 80° and 85-5°, respec- 
tively, for Figs. 3a, b and c. The time was 500 psec after 
the start of the current pulse. 

Series of shota with plasma present were interposed. 
between series with no plasma, and the resulting values 
of 0,, deduced as already deeoribed, are plotted against 
shot number in Fig. 4. Two definite values of 6, should 
result for these two conditions, their difference being 
the magnitude of the Faraday rotation, d. In fact, a 
spread of values was observed, though with well-defined 
mean values, drawn as solid lines in Fig. 4. The standard 
deviation 18 about 2° so that y is taken as 15° + 3°. 
Substituting the previously known values | = 200 cm 
and B = 4-6 + 0-1 kG in expression (1) yields: 


n= (1-4 + 0-3) x 104% am 


The largo spread observed in tho values of 0, is unsatis- 
factory, being much greater than the fundamental limit 
set by detector noise. The spread is thought to be due 
to the effecte of fluctuations in polarization and mode 
pattern of the laser from shot to shot combined with cross- 
polarization leakage in P1 and non-identical optica in 
the two detector channels. 

There 1s no measurable Faraday rotation, due to the 
vacuum windows, with & pulsed magnetic field of 6 kG 
but no plasma. 

Using a helium-neon OW gas-laser to measure n inter- 
ferometrically, by the method originally described by 


Ashby and Jephoott’, though detecting the 3-394 wave- 
length direotly, & value: 


n = (1:38 + 0-08) x 10% cem 
was obtained for the same argon plasma. A time-resolved 


interferogram 1s shown in Fig. 5, the time at which the 


Faraday rotation was measured being indicated as tr. 
The upper trace is a plot of the plaama gas current, the 
peak value being 20 kA. Frnges occurring at late times 
are not shown 1n this s 

Faraday rotation was also measured in a hydrogen 
plasma in the same tube, the initial gae pressure being 
50 mtorr. Magnetic field values 8:0, 4-0 and 6:0 kG, 
all + 0-1 kG, were used. The results, taken at a time 100 
usec after peak current (40 kA), are given in Table 1. 


Table 1 
B (kG) p (degrees) n. cm oaloulated 
50 83+ 7 (47 1-0) x 104 
40 45+ 7 (47X08)x10! 
60 60+10 ~ (43406) 10" 


A 3389-u wave-length interferometer measurement 
was carried out for the condition with 6-0 kG and gave: 


n = (4:3 + 0-2) x 10 om 


Faraday rotation at A = 27-91 in a plasma has thus 
been clearly demonstrated. In the experiment described 
here, where the tic field strength was already 
known, it has resul in electron density measurements 
in agreement with those derived from, an interferometer 





à the argon plasma at 7=3 39 x (lower trace). 
upper trace shows the gas current pulse. Sweep speed ts 100 ssec/em 
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working at à = 3:39u. While the accuracy achieved was 
poorer than that of the latter method, considerable 
refinement of the accuracy should be possible. Moreover, 
the difficulties which arise in the interferometric method 
from the need to follow increases and decreases of density 
to a point where the density is known do not occur, and 
a spot density measurement oan be made in a fraction 
of & microsecond without reference to tho previous or 
subsequent behaviour of the plasma. 

In the general case, however, when the magnetic flelda 
are not known, the two methods are complementary ; 
the Faraday rotation gives information on the magnetic 
fiold while the interferometer does not. Since the effect 
on an infra-red beam of transverse components of the 
magnetio fleld is normally negligible compared with 
that of very much smaller longitudi componenta, the 


l 
Faraday rotation along & path-length | measures [nB. ds 
a : : 0 
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while the phase shift measured interferometrically is 
I 
proportional to fn ds. 


0 
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* Largs, L. N., and Hill, H., App. Optics, 4, 625 (1065). 
1 Crocker A., Gobbo, H. A, Kimmitt, M. F., and Mathias, L. E B., Nature, 

801, 250 (1064). 
5 Jephoott, D. F., and Malein, A., Proc. Roy. Soc., A, 878, 243 (1004). 
* Mitsuin, A- Yamada, Y., Fujita, 8., and Yoshinaga, FL, J. Opt. Soc. Amer 
i Ashby, D H.T. F, and Jephoott, D. F., App. Phyncs Letters, 3, 15 (1983). 
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EVIDENCE FOR AN UNUSUAL SOURCE OF HIGH RADIO BRIGHTNESS 
TEMPERATURE IN THE CRAB NEBULA 


By Cr A. HEWISH and S. E. OKOYE 
Mullard Radio Astronomy Observatory, Cavendish Laboratory, University of Cambridge 


EGENT observations using both the lunar occultation 
technique! and an interferometer of high resolution! 
have disclosed the presence of a component of small 
angular diameter in the Orab Nebula which becomes 
pronounced at low frequencies. The radio spectrum of 
this component has a steep gradient of — 1-2 and accounts 
for about 20 per cent of the total emission from the nebula 
at a frequency of 88 Mo/s. Further observations of the 
nebula, carried out in connexion with an International 
Quiet Sun Year programme during 1963-1964, have 
yielded the additional evidence that this component 
exhibita remarkable fluctuations of intensity which 
cannot be ascribed to ionospheric scintillation since 
other sources do not show similar effects. The oocurrence 
of the fluctuations exhibits a pronounced annual variation 
which can be readily explained if the phenomenon is 
due to interplanetary scintillation. 

Interplanetary scintillation, arising from the passage 
of radiation through irregularities of electron density in 
the interplanetary medium, is a diffraction effect which is 
confined to radio sources of exceedingly small angular 
diameter. Already it has been used to place upper limite 
on the angular dimensions of 'quasi-atellar' sources’, and 
the present observations may only be accounted for if the 

component of the Crab Nebula haa an angular 
diameter ~ 0°-1. This result raises interesting questions 
concerning the physical nature of the source since it 
implies an exceptionally high brightness temperature 
which cannot be accounted for by synchrotron emission. 

The observations at 38 Mo/s were carried out with an 
interferometer comprising two corner-reflectors of length 
800 ft. and 3,000 ft. on an east-west baseline of 10 km. 
At this separation the Crab Nebula is largely resolved and 
the response is entirely due to the component of small 
angular diameter. Some additional observations were 
made with an interferometer of low angular resolution 
consisting of two halves of the 8,000 ft. corner-refleotor; 
in this case only 20 per cent of the response is due to the 
small-diameter component and the fluctuations were not 
as prominent on the records. For both systems similar 
phaso-switching receivers were used with a time constant 
of 2 seo. Typical recordings of the fluctuation pheno- 
menon are shown in Fig. la and c. It is seen that tho 
Crab Nebula exhibits pronounced variations of apparent 
intensity while 30128, which is separated in declination 


by only 7-5? and transits roughly l h earlier, yields a 
smooth fnnge pattern. Similar records are obtained on 
moet occasions. 

The fluctuations exhibit oonsiderable day-to-day 
variations, but observations over a period of 12 months 
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have disclosed a systematic annual variation. Weekly 
means of the average deviation of apparent intensity, 
expressed as a percentage of the mean intenmty, are shown 
in Fig. 2. It is seen that the fluctuations are moet pro- 
nounced in April and August, falling to lower values during 
October-February and vanishing almost completely over 
& period centred on mid-June. During the winter months, 
when the source is in transit during the night, ordinary 
ionospherio scintillation is of frequent occurrence, thus 
rendering the observations uncertain. On several occa- 
sions, however, free of ionospheric scmtillation, recordings 
showing the absence of fluctuations were obtained. 

The time-scale of the fluctuations 18 not easy to ascertain 
owing to the short interferometrio fringe-period of 12 eo. 
Frequently sucoeesivo positive and negative fringe maxima 
show unrelated fluctuations so that the time-scale must be 
of the order of a few seconds. Variations at an appreciably 
faster rate would have boen smoothed by the 2-sec time 
constant. 

An attempt to detect angular deviations associated with 
the intensity fluctuations was carriod out during April 
when the fluctuations were most pronounced. An analyms 
of the time intervals between successive fringes indicated 
no 8 cant fringe displacements, from which it was 
deduced that the direction of arrival of the radiation was 
unperturbed within +25’. On the supposition that the 
fluctuations are due to random diffraction by phase- 
changing irregularities, considerably larger angular devia- 
tions would be expected unless the scale of the diffraction 
pattern was appreciably larger than the baseline of the 
intorferometer. It may thus be deduced that the scalo of 
the diffraction pattern is greater than 10 km. Independent 
evidence for a scale exceeding 10 km also comes from the 
high degree of correlation which 1s noticed for large 
fluctuation maxima observed simultaneously on the inter- 
ferometera of high- and low-angular resolution. 

In seeking an explanation of the fluctuations 16 is appar- 
ent that intrinsic variations of the source itself cannot 
reasonably account for the annual variation and for the 
fast fluctuation rate.  lonospherio scintillation can be 
excluded for several reasons; the fluctuations are most 
pronounced at times well removed from the usual noo- 
turnal scintillation maximum and they are not observed 
on other radio sources. Again, large intensity variations 
in the diffraction pattern of phase-changing irregularitioe 
can only occur beyond a critical distance of the order L/4q 
where L is the scale of the irregularities and q the typical 
angular deviation’. Putting D>10 km, the minimum 
possible value, and 9:25', we deduce that the irregu- 
larities must be situated at a distance of at least 2-10* km, 
which places them far beyond the ionosphere. 

The only satisfactory explanation which can be sug- 
gested is that the fluctuations are caused by interplanetary 
scintillation as has been observed for quas-stellar radio 
sources’. The notable disappearance of scintillation 
during June, when the Crab Nebula passed within a small 
angular distance of the Sun, 1s then explained as a blurring 
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of the diffraction pattern due to the finite diameter of the 
radio source. This effect has already been predicted and 
suggested as a technique for angular diameter measure- 
ment!; it has also been observed‘ at 178 Mo/s on the 
source 302. It is important to note that the disappearance 
of the fluctuations is an effect which may be examined 
independently from the decrease of fringe amplitude which 
is observed when the source reaches a smaller angular 
distance from the sun, and which has been used previously 
to examine the outer corona’. Both phenomena are, 1n- 
deed, manifestations of the same diffracting irregularities, 
but scintillation only occurs for a source having a suff- 
ciently small angular diameter. 

It is known, both from previous measuramenta* and 
from the decrease of fringe amplitude observed in 1964, 
that the angular ecattermg rmposed by the toterplanetary 
medium has a magnitude of about 0^25 at a distance 
of 0-5 A.U. for & frequency of 38 Mc/s. Assuming a gaussian 
angular spectrum exp (— */q,*) it follows’ that the auto- 
correlation function of the diffraction pattern in a plane 
perpendicular'to the line of sight is given by p (E) 2 
exp — (n! E" 914/23) where A18 the wave-length. It may be 
shown‘ that the degree of scintillation is then reduced 
by one half when A/19,0,H ~1, where 20, is the diameter 
(to 1/e) of a circularly symmetrical gaussian source and H 
is the distance of the diffractang irregularities from the 
plane of the observation. Putting 9,~ 0°25 and H= 
0-8 4.U., corresponding to the observations of mid-May 
when the scintillataon was considerably reduced, we derive 
20, = 0*1 for the angular diameter of the radio source 
in the Crab Nebula. 

The physical size of a source subtending a diameter of 
0*-1 at the distance of the Crab Nebula is approximately 
10 parsec and the brightness temperature required to 
account for the observed radio flux is then about 1014 °K. 
Optical continuum radiation from the central portions of 
the nebula can be explained’ as synchrotron radiation 
produced by relativistic electrons having energies up to 
10% eV. Energies > 10!* oV are neoded to account for the 
high radio brightness temperature in terms of synchrotron 
emission, but the magnetic field then has to be < 10-8 
oersteds which 18 much smaller than the value 
of 10-* oersteds. Brightness temperatures of the same order 
are, however, observed during intense radio outbursta 
sesociated with solar flares. It has already been noted 
that & continuous injection of energetic electrons is needed 
to &ocount for the optical radiation, and the poembility 
has been suggested that these electrons are derived from 
an active remnant of the original supernova explosion’. 
In this case the remnant might be expected to show con- 
tinuous flare-type phenomena on a sufficiently grand scale 
to account for the radio emission. Alternatively, there may 
be some connexion between the radio emiagion and tho 
light-ripples which have been observed near the centre 
of the nebula. 

It is clear that further measurements, particularly at 
longer wave-lengths, are needed to establish the 
of the source with greater accuracy. It might also be 
interesting to seek for secular variations of the radio 
emission since it would be surprising if such a physically 
small source radiated steadily for long periods. An 
examination of previous recordings of the Crab Nebula 
made during an investigation of coronal scattering in 
April 1962 has revealed similar fluctuations of intensity, 
80 the source appears to have shown litife change during 
at least two years. 


! Andrew, B. H , Branson, N. J.B A., and Wills, D , Nature, 203, 173 (1004) 
1 Hewish, A , and Okoye, 8. E., Nature, 803, 171 (1064). 

* Hewish, A , Bcott, P. F., and Wills. D., Nature, 303, 1214 (1064). 

* Little, L. T (personal communioaüon). 

* Hewish, A., and Wyndham, J. D., Mon. Not. Roy. Aetio. Soc ,189, 409 (1903). 
* Ratoliffe,J. A , Rep. Prog. Phys , 19, 188 (1958). 

! Woltjer, L., B A N.,14, 80 (1958) 

* Oort, J. H., and Walraven, Th., B. A.N.,18, 285 (1056). 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Observations of the Sun in the Extreme 
Ultra-violet made from a Stabilized Skylark 
Rocket 


THe guocessful launching of the first two stabilized 
Skylark rockets from Woomera, South Australia, in 
August and December 1964 was recently roported together 
with the resulta obtained by experiments prepared at 
Culham Laboratory!. These flights demonstrated accurate 
golar pointing and obtained photographic records of the 
extreme ultra-violet spectrum of the Sun and the distribu- 
tion of extreme ultra-violet radiation from the solar diak. 
The third stabihzed Skylark rocket was launched on 
Apri 9, 1965, at 0100 v.r. and carned two Culham experi- 
menta. ‘These were particularly successful, giving new 
data on the chromospheric and coronal ultra-violet 
spectrum and new extreme ultra-violot spectrohshograms 
at shorter wave-lengths. This communication presente 
the latest resulta. 

New ultra-violet spectra of the solar chromosphere and 
corona. ‘The instrumentation prepared for the recent 
flight included a normal incidence grating spectrograph 
with a servo-controlled alignment system similar to that 
used on the first two payloads. An electromagnetic 
actuator developed by Sperry Gyroscope Co., Ltd., 
Bracknell, was used to control the mirror alignment and 
the spectrograph was set to cover the wave-length range 
950-2950 A. The alignment system stebiized an image 
of the Sun so that the spectrograph alit was set 10 sec of 
aro outeide of the solar limb in order to viow the chromo- 
spheric and coronal layers separately from the bright solar 
disk. The rocket attitude control unit and the optical 
alignment system both operated correctly and the solar 
image was stabilized at the spectrograph slit with an 
acouracy (root mean square) of + 28ec of arc. This corona- 
graphio type of exporrment based on the acourate control 
of the image position enabled the spectrogreph to record 
new emission lines onginating in the chromosphere and 
corona at wave-lengtha where the solar spectrum is 
normally dominated by emission from the photosphere. 

Fig. 1 shows a part of the spectrum recorded during an 
exposure for 95 sec at & mean altitude of 150 km. The 
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Fig. 2. Obromospherio cmon oF Nur doublet (Skwerl SL 308, April 
, 1905) 


central strip of the spectrum 18 produced by that region 
of the chromosphore and corona which wes imaged on 
the centre of the slit, although there is some incroaso 
in the length of the spectral lines caused by astigmatiam 
in the ph. The spectrum recorded slong the 
outer borders of the film results from photospheric radia- 
tion which is scattered from the primary concave mirror 
and enters the full length of tho spectrograph slit. It 
therefore represents the spectrum of the total Sun and 
can be compared at any wave-length with the central 
strip of spectrum which represents the chromospheric 
and coronal emission. This is illustrated in Fig. 2, which 
shows a detail of the spsctrum at 2800 A. The resonance 
doublet (38 *S — 3p *P) of MgIT 1s seen in the photospheric 
spectrum as two strong absorption limes with faint emission 
cores, but the central limb spectrum shows the two 
emission lines as the dominant features. Many omission 
lines are recorded in the central spectrum which do not 
appear in the outer borders and have not previously been 
observed in the solar spectrum. A pure continuous 
speotrum 18 also observed for the first time n this region. 

A preliminary analysis of the new spectra shows many 
features of interest. The strong line at 1908-6 A i5 


identified as the 2s" 49,—2p ?P, intercombination line 
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Fig. 1. Solar lumb spectrum 1500-2300 A (Skylark SL $03, April 9, 1905) 
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of CLIT which will determine tho 2p *P, term-level. 
The simular transition in Sı produces the adjacent 
strong lino at 1892 A. Many strong emission linee 
between 2000 A and 2400 A cannot be identified with cor- 
tainty and probably molude forbidden transitions in 
highly ionized atoms rolated to the visible emission line 
speotrum of the corona. A complete analysis of the new 
solar spectra ıs now ın progreas and will be published 1n 
due course. 

Monochromatic extreme ulira-violet solar photography. 
Photographs of the Sun in soft X-rays have been pre- 
viously obtained using pinhole oamerra carriod in stabil- 
ized rocketal*. The wave-length response of this type of 
camera is determined by tho transmussion of thin metal 
filters which oovor the pin-hole aperture. These filters 
tranamit broad wavebands of radiation and cannot 
provide monochrometio mages of the Sun in particular 
spectral hne wavo-lengths. A concave grating spectro- 
heliograph has been used by Tousey* to record mono- 
chromatic solar images in certain strong emission line 
wave-lengths, but this technique cannot be used at short 
wave-lengths because of the low reflectance of normal 
incidence optics. The need for suitable techniques to 
record spectroheliograms at wave lengths below 250 A 
became evident after the observation of a group of intense 
emission lines at 170-220 A in the solar spectrum’. These 
lines have recently been produced in Plasma devices at 
Culham Laboratory and have been classified as allowed 
transitions in ionized iron FeVIII to FeXII (ref. 6). 
Information about the intensity distribution of these 

tral lme emissions on the solar disk would be a valu- 
able aid to our understanding of the structure of the solar 
atmosphere. 

An instrument which can be used to record mono- 
chromatic images in the wave-length region below 400 A 
has recently been developed at Culham’. The imaging 
properties of a pin-hole camera are combined with the 
dispersion of a plane diffraction grating used at grazing 
incidence to form a compact extreme ultra-violet spectro- 
heliograph. This instrument was flown for tho first time 
on the stabilized Skylark rocket launched on April 9, 
1965. A single exposuro on Kodak Pathé 'SO-7' film 
was obtained during 250 seo of stabilized flight, the peak 
altitude being 160 km. The attitude control unit stabil- 
ized the nose cone within the extromes of 4-8 min of arc 
relative to the Sun. 

Fig. 3 shows the oxtreme ultra-violet spectroheliograms 


together with a comparison photograph obtainod with the : 


same instrument viewing an ionized helium plasma in a 
laboratory dischargo tube. The only important spectral 
Imes produced by the helium plasma in this wave-length 
region are the first two members of the Hel Lyman 
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serios at 304 A and 256 A. Monochromatic images of tho 
discharge tube window can be seen at these wa&ve-lengthe. 
Two series of solar images are reproduced together with 


the helium comparison spectrum. These were obtained. 


using two different sizes of pin-hole aperture each covered 
by thin aluminium filters to exolude visible hight. The 
upper pin-hole was 0-75 mm diameter giving 10 min of 
aro resolution. The lower pm-hole was 0-25 mm diameter 
to give less exposure but a greater resolution of about 
3 min of aro (about one-tenth of a solar diameter). The 
rero order image in the 
but the Hel 804 A 


siderations indicate that the limb brightened emission 
between 60 A and 150 A is real. 

The resulta described here were obtained by the com- 
bined efforta of several groups and individuals as listed 
in reference 1. We particularly thank the groups at the 
Royal Aircraft Establishment, Farnborough, Elliott 
Brothers of Frimley, W. R. E. Salisbury and our colleagues 
in the Natural Plasma Group at Culham for their partici- 
pstion. 

W. M. BURTON 
R. WirsoN 
Spectroscopy Division, 
Energy Authority Culham Laboratory, 
Abingdon, Berkshire. 
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» Fawoott, B. O., and Jordan, O , Nature, 206, $00 (1965). 

- ML, J. Se. Inst , 48 (July 1965). 


RADIO ASTRONOMY 


Spectrum of Low-frequency Radio Emission 
from NGC 1275 


Two recent communications? 


a constant spectralindex. At lower frequen- 
cies, measurements by Burke and Franklin‘ 
at 22-2 Mc/s and, more recently, by Erickson 
and Cronyn‘ at 26-3 Mo/s and by Williams* 


0.76 mmi War at 38 Mc/s, have given flux densities greater 
that would be predicted using this spectral 
index. This communication describes some 

Bun preliminary resulta of obeervations at 10-08 
Mo/s and 22-20 Mc/s made using the new 
pencil beam T'-aha&ped arrays at the Domin- 

035 Tnn pinh ion Radio Astrophysical Observatory. The 





Fig.3 Extreme ultra-violet speciroheliograms (Skwark SL 303, April 0, 1065) 


observations at these frequencies also show 
excessive flux densities forthe source. 

The 22 Mo/s observations were made using 
a central portion of the final T now nearmg 
completion. This smaller T measures 822 
east-west by 16 north-south, giving a 
beam of 8-0° by 8-4? at the zenith. An 
absolute calibration of the system has not 
yet been attempted. The flux density scale 
has been calibrated with estimates for three 
sources; Virgo A, Hercules A, and 30128, 
all of which appear to have & nearly constant 
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Table 1 
Bouroe Sq aX 10-59 W m-*(o/s)-) Probable error (P.E.) 
Virgo A 5,900 +810 
Hercules 4 8,320 +510 
30128 835 +130 
NGO 1275 815 +155 


spectral index between 38 Mo/s and 1,000 Mo/s. Flux 
densities ın this range were taken from & compilation by 
Kellerman’ and fitted with parabolas to 
give estimates for each source at 22-26 Mo/s. Calibra- 
tions of the scale using the three sources have & root 
mean square variation about the adopted mean value 
of 10 per cant, or a probable error of the meen of about 
5 per cent. Because of possible systematic errors in 
the flux densities used to derive these estimates an 
absolute accuracy of 15 per cent has been adopted 
for the calibration. Corrections for ionospheric absorp- 
tion have beea included, but are small, since most of the 
observations were made during the night. 

The observations must be corrected for ‘confusion’ with 
8083-1, whioh is 30 min of arc from NGO 1275. This has 
been done using an estimate by Williams* of 108 x 10-** 
W m- (o/s)-! for the flux density of 3083-1 at 22-25 Mo/s. 
The corrected flux density of NGC 1275 and the flux 
densities of the three standard sources determined using 
the adopted mean calibration are shown in Table 1. 

The 10 Mo/s T measures 452 east-west by 244 north- 
south, giving a beam of 2.7? by 2-3? at the zenith. An 
absolute Sslibratinn of the system is not available at 
present and flux densities are measured relativo to Virgo 
A. A linear extrapolation of measured values’ yields a 
flux density of 10,000 x 10! W m~ (o/s) for Virgo A. 
This is in good agreement with & value based on 
computed antenna parameters and noise diode calibra- 
tions. 

Ionoepherio absorption, occurring mainly in the F- 
region, has been estimated from ionosonde data as 6 per 
cent and 27 per cent for the observations of Virgo A and 
NGO 1275, respectively (mean transit times at 0130 and 
1815 r.r.) A correction for the ‘confusing’ source 8083-1 
tioa: Toen made ong a cere E oe 7 x 
10 W m- (o/s)-! for ita flux density at 10 Mojs. 

The flux density obtained for NGO 1275 at 10-03 Mo/a 
is 080 + 840 (P.B.) x 10* W m~ (c/a). The major 
sources of error in this preliminary result are due to the 
effects of ionospherio scintillation and absorption. 

The resulta are plotted as open circles in Fig. 1 together 
with a compilation of the resulte of other observers*:*:**. 
The pointa in the frequensy interval 178 Mo/s to 3,000 
Mo/a have been fitted with a straight lino of slope — 0-69 
and this has been extended as & dashed line to higher and 
lower frequencies. The remaining points have been fitted 
with a smooth solid curve. 
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. Fig. 1. The radio spetrum of FAO 1815. The flux dengjiles reported in 
letter are shown as open circles = 
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The resulta presented here confirm the existence of a 
low- spectral component in the radio emission 
from AGO 1275. It has a spootrum with a slope of about 
— 9-0, which becomes less steep at frequencies below 
20 Mo/s. These observations do not yield any information 
on the accurate position and angular diameter of the 
source. Measures of these parameters would be of oon- 
mderable value in any discussion of the nature of this low- 
frequency component. 

'The 10 Mo/s projoot is & joint undertaking with the 
Mullard Radio nomy Observatory, Cambridge. 

R. 8. Rogue 
C. H. CosgrAIN 
Dominion Radio Astrophysical Observatory, 
Penticton, British Columbia, Canada. 
O. R. Porton * 
Mullard Radio Astronomy Observatory, 
Cavendish Laboratory, 
University of Cambridge. 

* On leave from the National Research Oounell, Ottawa. 
1 Dent, W. A., and Haddook, F. T., Nature, 806, 487 (1905). 
* Baars, J. W. WL, Merger, P G., and Wendker, H., Nature, ROS, 488 (1965). 
* Bande, W., and Minkowski, B., Astrophys. J., 119, 215 (1964). 
Burke, B. P., and Frankia, X. L , Tate Astro. Union Symp. Xo. IV, 151 
? Erickson, W. O., and Cronyn, W. ML, Astro. J., 70, 188 (1065). 
* Williams, P. J. 8. (personal communication). 
' Kellerman, K. L, Pub . Owens Valley Radio Obesreatory, 1, Ko. 1 (1904). 
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PHYSICS 


Spectrum of Laser Light Scattered from a 
Single Giant Pulse in a Laboratory Plasma 


Iw & previous communication! we re the forward 
soattering of a laser beam in a 0-p plasma in which 
o0 tivo effecte dominatod the scattered ] 
spectrum had been obtamed from a number, of 
separate shots; the Fabry-Perot etalon being adjusted 
after each shot to &ooept a different pads element. 
These resulte suffered due to the lack of reproducibility 
of the laser from shot to shot as well aa possible varia- 
tion in the plasma properties of the discharge. Particu- 
larly damaging were the random shifta in the laser central 
frequency because of temperature variations as the ruby 
had to be i to obtain a sufficiently narrow 
spectral line breadth of the laser emission. As these 
random shifts were comparable with the spectral breadth 
of the ion peak itself the complote profile of the lino could 
not be obtained. 

To improve this situation a fourteen-channel photo- 
electric spectrum analyser was constructed using the 
Fabry-Perot etalon as the di i element. The 
basic operation of this type of instrument is described in 
another publication’. 

Bnefly, different portions of a Fabry—Perot fringe corre- 

to different spectral resolution intervals are 
focused at various positions along the ams by an axicon 
or thin prism of revolution. An array of light guides 
placed. along the axis conducts the light so focused to a 
series of photomultipliers. The number of channels is 
set equal to the fmesse of the etalon which in our case was 
^ 14. 

In order to preesnt the spectrum on a single oscilo- 
scope, the photomultipliers were connected by lengths of 
125-ohm cable so that the outpute of various channels 
were delayed 25 nsec with respect to each other. As the 
giant pulse of the laser was only 20 nsec long the signals 
of the different spectral channels were thus separated in 
time. ‘The photomultipliers were matched to the cables 
by the use of two small inductances which with the anode 
capacitance of the photomultiplier formed a T-section 
with the same characteristic impedance as the cables. 
Reflexions were reduced to the level of the noise. One 
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end of the cable was termmated and the other passed 
to the input of a Tektrotux 517 A oscilloscope. Tho 
photomultiphers were RCA type 7265. Vanations in 
sensitivity among the channels due to the attenuations 
of the delay cable, different transmissions of the light 
guid% and variations in the sensitivities of tho photo- 
multipliers themselves were compensated by adjusting 
the voltagos &pphed to the dynodes of the different tubes. 
Because the shot no.se amsing from the light emitted 
by the plasma would combine from the different channels 
to give & noise level (14)'/* times larger than that of each 
channel alone if the photomultipliers were continuously 
active it was nx«easary to include an electro-optic shutter 
which would admit light to the analyser only during tho 
time of th» giant pulse. A Kerr cell was thus placed in 
the system immediately before the etalon and pulsed 
open for 50 nsec at the time of the giant pulse. Except 
for this Kerr cel] and the multichannel spectral analyser 
the apparatus and expsrimental conditions were easen- 
tially as described ın the first reference. 

The free spectral range of the etalon was 0-78 A, hence 
the spectral interval between channels was 0-056 A. Fig. 1 
shows the spectrum of the laser pulse alone and the 
spectrum of the light in the plasma. The difference in 
position of the laser pulse between the two shots is an 
example of the troublesome fluctuations in laser emission 
frequency that plagued our earlier work. 

It will be noted that the present spectrum 18 consistent 
with our previous results in so far as the errors in the 
other permit comparison. The ion temperature oom- 
puted from the present profile ıs — 50 eV. The spectrum 
shows gome evidence of the ‘shoulders’ or weak maxima 
predicted by the theory. A slight asymmetry toward 
shorter wave-lengths is observed, but this effect 18 not 
as strong a3 it appeared in the previous report, as the low- 
frequency wing of the ion was completely 
obscured by the shot-to-shot fluctuations of the laser 
contral frequency. 

The profile of the ion spectrum corresponds most 
nearly to that for equal electron and ion temperatures. 
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Using the estimate of denmty obtained from the magni- 
tude of the total scattered intensity the resulting value 
of a is well 1n excess of unity. 

We thank Prof. B. Brunelli, director of the Laboratorio 
Gas Iomzratü, and other staff members of the Laboratory 
for their advice. We also thank R. Marchetta for his 
assistance. One of us (J. K.) was a EURATOM Research- 
Fellow during 1961-63 when this work was initiated. 
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Anneaiing Investigations in High Dose 
Graphite ` 

AFTER irradiation, the electron microscope has been 
used to show that graphite contains a dense speckhng 
attributed to interstitial aggregates. This anneals into 
resolvable loops, and finally disappears between 1,700° 
and 2,000? C. : 

In the work recorded here, graphito crystals obtained 
from the Ticonderoga Lead Mines, New York State, have 
been cleaned in the usual manner and irradiated to a total 
nickel dose of 5 x 10** n om-? at 200? O. As received the 
crystals could not be cleaved into specimens suitable for 
trangmuseion electron microscopy. After annealing at 
2,500? C in & carbon tube furnace flushed with argon, the 
crystals were casily cleaved and were found to contain 
a high density of large loops about 1000 A diameter, all 
sheared by a 1/8 <10I0> displacement, and similar in 
appearance to those reported by Heerschap and Delavig- 
nette’. However, by tilting the foil to remove the ambi- 
guity of the basal plane component of the Burgers vector, 
and observing the way the contrast changed from one aide 
to the other of the dislocation ne on tilting the specimen 
through small angles about a Bragg reflexion‘, the loops 
were found to be of interstitial character. 

A modifled* specimen holder for the Philips EM 200 
allowed & thin foil to be annealed in a furnace and a pre- 
determined aree to be re-examined. Henge ıt was possible 
to observe given loops after & series of 5 min anneals at 
2,500? C and to measure their change in diameter with 
time. 

It was found that all loops obeyed the equation® : 


raat E [ 3 


where A is a constant, Æ the energy of formation plus the 
energy of migration for the mobile point defecta. ps of 
radius r larger than a critical radius f grew, and loops 
smaller than f shrank. This is typical of a supersaturation 
controlled process. From a plot of dr/dé against r a valuo 
of 5-5 eV was obtained for E. 

This result can only be taken as approximate at the 
moment because of tions made in evaluating the 
pre-exponential factor A. It is hoped to improve the 
accuracy by carrying out further isothermal anneals at 
different temperatures. e 
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Maximum Growth Rate of Raylelgh-Taylor 
Instabilities due to an Electromagnetic Force 


Interest has recently been shown in Rayleigh-Taylor 
instabilities such aa might affect the flow of a striated fluid 
m &magnetohydrodynamio-generator duct. In such situs- 
tions there will be an electromagnetio force of value J x B, 
where J is the electric-current density and B is tho 
magnetic-field strength, in addition to forces due to 
gravity and acceleration of the fluid. 

Lemaire! considered this problem, and showed first that 
the stability of a two-fluid interface for wave-crests 
perpendicular to the current lines (Fig. 1) depends on the 
sign of dB/ds. If dB/ds<0 the situation is stable, if 
dB/de=0 the situation is neutral, and if dB/ds>0 the 
situation is unstable. It should be pointed out that if 
J or B is reversed in direction so that the force is directed 
from the leas-conducting fluid to the more-conducting 
fluid, these conditions are also reversed, giving the possi- 
bility ‘of instabilty in this case also. The reason for this 
behaviour is that the total current passing under & trough 
or & crest of & wave is the same, and the distribution 
of the fleld vector will therefore determine whether 
the total force due to the J x B terms is greater under 
a trough or a oreet. 

Lemaire goes on to consider the stability of the interface 
for wave-cresta parallel to the current lines. The resulte 
in this case when the field ia uniform can also be obtained 
by adding a term in the analyms of Bellman and 
Pennington’, since the force is now of constant direction 
and magnitude and can be treated as & gravitational force 
in the analysis. 

Prof. J. A. Shercliff suggested the idea of conducting 
an experiment to investigate theeo instabilities. A trough 
about lin. x lin. x @ in. deep was set in & magnetic 
fleld and partly filled with mercury. The trough was 
deemgned so that the current could be passed through the 
mercury at right angles to both the field and the vertical. 
The deflexion of the surface was measured with a capaci- 
tance probe at the suggestion of Dr. H. Marsh. Tho 
probes, which were made at the laboratories, wero used in 
conjunction with a Wayne Kerr meter and gave a full- 
scale deflexion for a gap of about 0-020 in. Testa were 
run to obtain the maximum growth rate of instabilities 
for various values of the J x B foroe when directed upwards. 
Under tho p i conditions of uniform fleld the 
instabilities should be two-dimensional, and thia appeared 
to be confirmed es at just unstable conditions the meroury 
rose in a two-dimensional wave with the crest running 






CONDUCTING 
FLUIO 
(MERCURY) 


Fig. 1. Geometry of the problem 
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Fig 2. Loganthmie plot of record of the growth of the instability for 
JxB«-100x10* amp x wobors/m‘ 
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Fig. 3. Plot of experimental points obtained with ‘Tufnol’-sided trough, 
with theoretical curve for comparison 


from one electrode to the other and remained moderately 
stationary at a large deflexion. The maximum growth 
rate for these two-dimensional instabilities? for a mercury- 
air interface taking into account surface tension and 
neglecting viscosity, when modified to take account of the 
J x B force, directed upwards, is: 

dm 2 (Jx B—gp)^ 

sry e 

and the disturbance grows as exp né. In the foregoing 
equations g is the acceleration due to gravity, p is the 





where J x B= |J| x |B| 


- density of the mercury, T' is the surface tension at the 


meroury-air interface, and t is time. 

The results obtained with a ‘Tufnol’-sided trough are 
shown in Fig. 3. A logarithmic plot of a typical record 
of the growth of an instability 1s shown in Fig. 2. The 
uncertainty in some of the pointe in Fig. 3 18 due to a 
decrease of slope with time on their logarithmic plots. 

Further runs were porformed with the trough lined with 
lead to alter the surface tonsion effecta. In several of these 
traces the amplitude was found to vary very little before 
the trace disappeared due to the meroury making contact 
with the probo. The slopos, so far as they could be obtained 
from these rocords, all appearod to be low cxoopt for one 
in which the trace appeared similar to those obtained for 
Fig. 3. In this run tha lead may. have ceased to be effective. 

The most likoly explanation for the behaviour in this 
latter set of runs would seem to bo that the lead lining 
sufficiently anchored the odgos of the mercury that a 
whole number of wave-lengths was necessary to satisfy 
continuity, and hence at the mid-point of the trough 
there would have been a node and the probe situated at 
that point would have seen the surface changing in angle 
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only and not in height. This is to be contrasted with the 
case of “Tufnol’ sides in which the monisci would determine 
& symmetrical pattern of waves, and the lessened wetting 
of the side walls would remove the restriction on tho 
number of wave-lengths. 

When the foroe was acting downwards it waa noticed 
that the behaviour was extremely sensitive to 
anything which affected the uniformity of the current 
density. The insertion of any object obstructing the flow 
of curront caused small fountains immediately next to ıt 
where the current density had fallen. The same effect 
was noticed when the mercury hâd not completely wetted 
the electrodes; particularly was this so in the trough 
corners. 


Department of Engineering, 
University of Cambridge. 

1 Lematre, A | Commit a VR LTDA a de 
Magneto- tudes uckeaures Bacla , 
Franoe. Tar». Yrprhs OKA/PA.I@n/RT.150 (September 1962). z 

* Bellman, R., and Pennington, R H , Quert. App. Maith., 19, 151 (1064). 


R. C. BARER 


GEOPHYSICS 


Noctilucent Clouds over Punta Arenas, Chile 


As pointed out in a recont communication! the existence 
of noctalucent clouds in the southern hemisphere has long 
been in doubt. 

The observational data from the northern isphere, 
showing & maximum in the month of July, suggest that, 
1f noctiluoent clouds also oocur in the southern hemisphere, 
they should most likely be seen in the month of January. 

In order to settle the question about the existence of 
noctilucent clouds in the southern isphere, I went to 
Punta Arenas, Chile (53-1? S, 71° N), for the period January 
8-17, 1965, when the actavity should be at ite maximum. 
During this 9-day period, one night was overcast, ono had 
broken and five had scattered tropospharic clouds, and 
two were EO clear. During the seven nights when 
noctilucent clouds could have been seen if they were 


present, only one display was observed. This was on the 
night of January 9-10, 1965. The display was moderate 
in intensity and extended up to about 8° above the 
horizon and in azimuth from about south-west to south- 
south-east. It was first observed at 2200 L.u.T. and was 
obscured from the obeerver's view by low tropospheric 
clouds at 2245 L.M.T. 
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Several fine colour photographs of this display were 
obtained; they show the characteristic bluish-white colour 
and band structure common to noctilucent clouds. These 
pictures appear to be the first photographic evidence of 
nootalucent clouds in the southern hemisphere. A blaok- 
and-white print of one of these 1s shown in Fig. 1. 

Now that the existenoe of southern hemisphere nocti- 
lucent clouds has been proved, there are a number of 
questions relating to their characteristics remaining to be 
answered. Among these are their frequency of occurrence, 
spatial extent, height and velocity. g 

This work is being supported by U.S. National Science 
Foundation grant G@P-1759. 
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BEsNSON FoaLE 


GEOLOGY 


Early Metamorphic Complex of the Lewisian 
north-east of Gairloch, Ross-shire, Scotland 


Tua Lewisian of the Gairloch area has been recently 
divided! into an older lalkaig and a yo r Gairloch 
complex, the former tentatively equated with Scourian? 
of the Assynt-Scourie region and the latter with the poet- 
Soourian ence (the ‘Laxfordian’ of Sutton and 
Watson") of the Laxford area. More recently, the post- 
Scourian sequence of the Assynt-Scourie region has been 
shown to include two separate metamorphic episodes, at 
2200 m.y. (Inverian) and 1600-1500 m.y. (Laxfordian 
sensu stricto)". Prelominary dating of rocks from Gairloch 
indicates that recrystallization of the early Ialltaig com- 
plex occurred in the period 1600-1500 m.y. and that this 
is probably the age of the main phase of metamorphism 
and deformation of the later Gairloch complex—that is, 
equivalent to the Laxfordian, sensu stricto, of the north. 

Detailed structural work in the Tolle area lying between 
Gearlooh and Loch Maree (Fig. 1), which will be the subject 
of & separate paper, has shown that a granulite-faciog 
metamorphic complex antedates and is affected by the 
main tectonic phase (Laxfordian) of Gairloch. The Tolle 
area was first described by Clough’, and the structure 
explained in terms of an early complex of gneisses out by 
basic dykes and affected by later deformation and meta- 
morphism. Sutton‘ has criticized the valid- 
ity of my interpretation of the chronology 
of the Gairloch area! on the grounds that 
itis Inconsistent with Clough’s observations 
at Tollie. However, detailed structural or 
petrological work relating to this area has 
not hitherto been published nor a precise 
correlation made with better known and 
dated sequences. The purpose of this paper 
is to summarize the evidence relating to the 
age of the early complex at Tollie and the 
correlation with the structural sequence at 
Gairloch. 

It will suffice to state here that the 
Lewisi&n of the Tollie area is made up of a 
complex of gneisses comprising both basic 
and acid varieties cut by afarge number of 
basic dykes, now hibolite*. The most 
common type of gneise is a quartz-plagio- 
clase-K felspar-biotite rock with epidote, 
sphene, &patte and ore. The biotite 
gneiss is frequently interbended with a 
hornblendio variety. Basico and acid horn- 
blende-gneissea predominate in the north- 
east 


Correlation with the Gairloch structural 
sequence. The main tectonic phase in the 


b 
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trace of aylal plane of Tolbe anüform; 4A B—Aundrarz basito; BE— 
Busnobean gneisses, Bhan crush-belt; 


Gairloch (poat-Ialltaig) complex! 18 characterized by north- 
west-eouth-east steep or vertical foliation and strongly 
dovel lineation with variable plunge. Folds are 
similar in style and have axial planes parallel or 
nearly parallel to the steep foliation. The mam-phase 
deformation was accompeni by metamorphism of 
epidote-amphibohte facies in which both schists and 
gneisses were formed from the post-Iallteig sediments. 
traced north-eastwarda into the Tollie area where they are 
much more variably expressed. South-west of a north- 
west—south-east line through the west side of Loch Tollaidh 
(Fig. 1) the mam-phase structure is indistinguishsble from 
that of the Buainichean gneisses in the north-eastern part 
of the Gairloch area, but north-east of this line, along the 
crest and on the gently dippmg north-east flank of an anti- 
form (the ‘Tollie &ntacline' of Clough’), the closely spaced 
steeply dipping mam-phase foliation is replaced by a vari- 
ably dipping, usually nearly horizontal foliation that is 
much lees prominent, and the similar folds with steep axial 
planes are replaced by more open plastic folds with variably 
dipping axial planes (Fig. 2). lineation, which is the 


dominant structural element and is parallel to the fold. 


axes, corresponds to the mtersection of the mam-phase 
foliation Sw with the earher gneissose banding Sg or to 
the intersection axis of variably dipping mica cleavages. 
On the south-west flank of the Tollie antiform, Sg is 
steeply dipping and becomes progressively obliterated and 
replaced by Sy in & south-westerly direction. On the 
crest of the Tolhe antiform, and north-eastwards to Loch 


Maree, Sg 1s typically well developed and is modified - 


rather than destroyed by the main-phase structure. The 
metamorphio fabric shows a corresponding variation 
acroes the aree. In the eastern part, basic gneisses con- 
teining a relict granulite-facies mineral assemblage 
(plagioclase-hypersthene) are enclosed in the normal 
epidote-amphibolite-faaies gneisses which are granoblastio 
with smoothly roughly equidimensional grains 
i ter is around 1 mm, the relict high- 
grade fabric being considerably coarser than ] mm. In the 
central part of the area on the crest and north-east limb 
of the Tollie antiform, the mean grain-size is around 
0-5 mm, but the fabric is otherwise similar to that in the 
east. On the south-western limb of the antiform, the 
fabric changes ively and markedly. The:mean 


grain-size decreases to around 0:1—0-2 mm; the grains are - 


uregular in outline and vary considerably in miró; large 


grains are frequently sutured and surrounded by smaller; 


lepidoblastio rather than granoblastic texture is pre- 
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dominant; and large quartz grains are strained. These 
differences are attributed to the effect of large-scale 
differential movement along the closely spaced foliation 
planes S, during ization on tbe flank of the 
antiform, contrasted with the comperatively static con- 
ditions in the crestal zone. 

The pre-main-phase banding Sg is a coarse gneissose 
banding formed in a previous metamorphic episode that 
must, at least in parte, have reached granulite facies. The 
banding is very in orientation and is affected by 
tight folds which are refolded by the main-phase folds 
(Fig. 2b). It is also cut by dykes which are themselves 
affected by the main-phase metamorphism, the main- 
phase lineation being represented in the dykes by 
hornblende adi + and by folded acid veins. 

SG is affected by at least two seta of major folds (the 
Tollie antiform is & composite structure) which probably 
correspond to the two poet-lalltaig sete (early phase and 
early main phase) postulated in the Gairloch area. Late 
phase minor folds, pegmatites, and crush belts, similar to 
those in Gairloch! post-date the main-phase structures of 
the Tolle area. : 

Age and significance of the.early complex. The Gairloch 
complex is considered to repreeent & series of sedimentary 
and basic igneous rocks younger than the granulite-facies 
Jalltaig complex which forms a small thrust-bounded 

within the Gairloch rocks. 

Jf the early high-grade rocks of central and eastern 
Tolle are equivalent to the Ialltaig complex, as seams 
most likely, there must be a discontinuity (an unconfor- 
mity, possibly tectonically obscured) between the rocks of 
the Gairloch complex and the Tollie gneisses. The nearest 
rocks that undoubtedly te the early high-grade 
metamorphism of the Tollie rocks are fine-grained schists 
on the north-east aide of the thick Aundrary basite (Fig. 1). 
The discontinuity thus must lie somewhere in the 1g km- 
wide belt of gneisses separating these schists from rocks 
with definite carly banding in the Tollie antiform. How- 
ever, despite effectively contmuous exposure, no change 
in the character of the gneisses can be detected within this 
belt—although such a change could well be completely 
obscured by the structural and metamorphic effecta of the 
main tectonic phase. The most likely site for the required 
discontinuity is the line of the late-phase Creag Bhan 
crush-belt (Fig. 1) which lies within a rone of mtense 
main-phase movement! at or near the schist-gneise 
junction. 'This interpretation implies that the greeter 
part of the Buainichean gneisses may be older than the 
Gairloch sediments. Although I previously grouped them 
with the sediments, I also suggested the posmbility of 
these gneisses being much older than the adjacent rocks 
(ref. 1, p. 420). S 
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growth is clearly associated with the formation of F- and tea Fe 
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The most probable age of the early high-grade complex 
is Scourian. However, the nearest dated Scourian rocks 
are 80 miles distant across the Laxfordian strike, and no 
detailed structural work has been published for the 
intervening ground. Alternatively, the early complex 
could be Inverian in age, or could correspond to some 
other metamorphic episode as yet unrecorded. 

R. GaaHAM PARE 
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Keele, Staffs. 
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A New Carbonatite in the Legetet Hills, Kenya 


As & result of recent laboratory examination of some 
specimens obtained while collecting rock-typee in the 
Legetet area of the Kericho Distnot of Nyanza Provinoe, 
& new occurrence of carbonatite has been found. The 
outcrop, which is quarried for lime, is located 35° 15’ 32” W, 
0° 9’ 7” S (first edition of the 1: 50,000 sheet South A- 
36, F-1-NE). Later inspection of aerial photographs of 
the region suggests that tho carbonatite forms & hill about 
200 ft. high, and extends for about half & mile north from 
the above locality (Fig. 1). 

The carbonatite was formerly thought to be equivalent 
to the Koru limestone of Miocene age, which forms the 
hill just west of the carbonatite and just north of Legetet 
(Fig. 1). The Koru limestone is itself problematic, since 
although it 1s interbedded with foeeiliferous rocks), 
some curious features have been recorded. Thus 
gives ite mineralogy aa “calcite 85 per cent, hydrated iron 
oxides and manganese oxides (mainly iron) 9-6 per cent, 
apatite 3 per cent, silicates 2-5 per cent”. 

In æ 1927 Burvey report, Wayland’ recognized two 
distinot limestones at Koru, & fosmliferous one, and under- 
neath it an "apparently unstratified, cesentially orystal- 
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line" grey limestone with “no trace of organic struoturee", 
which ‘‘does not display the characters one usually asso- 
ciates with the limestones of the archaen complexes’’, 
Wayland further mentions that the grey limestone ‘“‘seems 
to contain about 2-5 per cent of calcium phosphate”. 

On this evidence, 1t seams possible that other parte of 
the Koru limestone may also turn out to be carbonatate. 

Our own observations, which are restricted to the one 
locality examined, are that the Legetet carbonatite is a 
fine-grained dark-grey carbonatite (specimen U.l which 
was mistaken in the field for a calcified volcanic tuff) cut 
by dyke-like bodies three to four feet wide of a creamy 
calote rock with conspicuous octahedra of magnetite 
(speormen U.3). The carbonatite seams to pierce the 
tuffs of Tinderet which are Tertiary in age. The dyke-like 
bodies trend approximately north-east—south-west, which 
is similar to that of the nephelinitio and alnoitic dykes 
which locally cut the Tinderet tuffs and Koru hmestone. 

In thin section the grey carbonatite (specimen U.1) 
consists of small phenocrysts of twinned calcite, embedded 
in a matrix of anhedral calcite grains nearly all of which 
are coated with iron oxide. Occasional apatite and & few 
small wollastonite crystals occur. The rock is out by a 
thin vein of & clear untwinned carbonate mineral with 
platy habit which proved, by X-ray powder photography, 
to be pure calcite. 

' The creamy carbonatite U.3 contains phenocrysts up 
to 4 mm long of & carbonate mineral. Staining techniques 
indicate that the matmx 18 pure calcite but the pheno- 
oryste are alightly ferrous calcites. An examination of the 
rock in thin section indicates a mixture of two carbona- 
tites. A coarse carbonatite rich in apatite and containing 
orystals of pyrochlore and oanorinite is invaded by a fine- 
grained carbonatite. The texture of the apatite suggests 
that ıt 18 being replaced by calcite. The phenoorysta in 
the fine-grained carbonatite appear to be derived from the 
coarser carbonatite. 

Preliminary geochemical evidence from Mr. T. Deans 
of the Overseas Geological Surveys, London, suggeste that 
specimens U.l and U.3 contain amounts of strontium, 
barium, niobium and yttrium comparable to those found 
in other carbonatites, and in excess of those normally 
to be expected in sedimentary limestones. 

That carbonatite should occur here is not surpnsing. 
The area lies on the south-west flanks of the Tertiary 
alkaline volcano of Tinderet described by Binge!. It 1s 
considered significant that these new outcrops and the 
fenitized rocks of Buru Hill, seven miles south-west of 
Legetet, aa well as Tinderet itself should he in the eastward 
extension of the Nyanza (formerly Kavirondo) rift-valley 

1 a 
described by Shackleton’. M. J. Lx Bas 
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METALLURGY 


Distribution of Grain Size in Annealed Metals 


Moos consideration has been devoted to the statistical 
distribution of grain size in a well annealed metal, na 
examples of which tho work of Smith end of Beck! 
may be cited who, however, did not give a formula 
to represent the distribution curve. Recently, Papa- 
dakis* has published a paper concerning the relation 
between the volume distribution of grain size and the 
distribution os revealed by surface examination, but the 
measurements considered do not suffice to provide the 
basis for & precise, experimentally confirmed law. 
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Tho irradiation facility was in the Univer- 
mty of Missouri at Rolla. This reactor is & 
‘swimming pool’ type generating an average 
fux of 8 x 10!* n/em* seo at 10 kW. The 
neutrons passed through 5 ft. of graphite 
before they intersected the sample. 

The method used for neutron microradio- 
graphy was an edaptation of Beok's pro- 
cedure. In this process the sample is placed 
on &a indium sheet and irradiated by & mono- 
energetic, unidirectional flow of neutrons. 
After irradiation, the indium 1s removed 
and placed against the emulsion of a Kodak 
‘Metallographic’ plate. The indium will 
then expose the plate principally with 
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Our investigations have lcd us to believe that D?’*, 
where D is the grain diameter, has a fundamental signiflo- 
ance in problems of grain growth’. We have therefore 
been led to prepare distribution curves of n against D!/3, 
where n» is the number of grains for which D lies within a 

i narrow limit. We have done this for the four 
ose-packed hexagonal metals with which we have been 
working, namely, magnesium, rino, cadmium and thal- 
hum, with specimens subject to long anneal at 128°, 22°, 
35? and 100° C, ively, and also with cadmium 
subject to long anneal at 135° C, for which the average 
grain diameter is about 6 times that for 35° C. The 
average grain size ranged from 125 grain/mm for mag- 
nesium to 4-8 for cadmium at 185? C. 

If D is expreased in terms of the value for which n is a 
maximum and if this maximum is taken as the same in all 
cases, the pointe for n against D!!! in all five cases lie on 
the same curve, as shown in Fig. 1. The curve in question 
is represented by: 

n = nmax 07 (DID! - 1) 
where D, is the value of D for which n has the maximum 
value nmax. « is a dimensionless constant, which has the 
value x. This constant measures the spread of the curve. 

The number of grains measured was in each case about 
1,000. We have shown, by successive etchings, that the 
grain size, as revealed by surface examination, is the 
samo at all depths. 
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Neutron Micra rd of a Cadmium- 
Tin Alloy 

X-ray microradiography investigation of the internal 
structure of various alloys is a complementary tool to 
standard metellography. However, for alloys containing 
two or more elementa with similar X-ray absorption 
coefficients, X-ray mucroradiography becomes difficult if 
not impossible.» In an attempt to find a transmission 
method which could be used in its place, it was decided 
to use neutrons instead of X-rays. 

The sample chosen for inspection was made from a 
furnace-cooled cadmium-tin casting containing 29-25 
per cent cadmium. The thickness of the sample was 
125. Cadmium and tin were chosen because of the 
large difference in neutron absorption cross sections. 
This gives the cadmium-rich areas of the alloy much more 
absorption capacity. The cross section of cadmium is 
2,500 barns and that of tin is 0-63 barns. 


20  B.radiation. 
Fig. 1 is à photomicrograph of the speci- 


r ae men at a magnification of 6 diameters. The 


light tin-rich grams are in & dark cadmium- 
rich matrix. There are two types of grains, spheroid and 
ellipsoid. However, the spheroid grains are arranged in & 
line such that at low magnification their appearance is that 
of ellipsoid grams. Fig. 2 ia a photomicrograph of the 
speormen of approximately the same magnification as Fig. 
4(x1-5). Fig. 3 is ao actual size noutron microradiograph 
of the specimen. The tin-rich areas are light while those 
of the cadmium are dark. In this sample the elongated 
tin grains aad those of cadmium are easily distinguish- 
able. This tends to indicate that the negative could be 
enlarged as much as 10 diameters. Fig. 4 18 a neutron 
microradiograph magnified 2:5 diameters. 
The white area is an indication of a flaw in the sample. 
The ellipsoid grains of the alloy are easily distinguishable. 





Fig. 2 
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Fig 4 


Thero are dark and light areas which are not evident in 
the photomicrographs. We believe these to be high 
concentrations of cadmium and tin, respectively. This 
indicates that the alloy was not thoroughly muxed. 

We thank the reactor staff at the University of Missouri 
at Rolla, and Nelson Beck of Argonne National Labora- 
tory, for their help. We thank the Indium Company of 
America and the American Smelting and Refining Com- 
pany for materials. 
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Diffusion Creep in Polycrystalline Magnesium 


Ligutiy stressed polycrystalline metals may deform 
by the vacancy diffusion mechanism proposed by Nabarro! 
and Herring’. At high temperatures, ~ 0:8 of the absolute 
meltang temperature I'm, lattice self-diffusion is rapid and 
an appreciable diffumon creep may take place at a rate 
(t) given byè: 

. . B, (lc 

t= p pr (1) 
where B, is a constant, ~ 10 for equiaxed polyarystals; 
Q the atomic volume of the material; o the small applied 
stress; D; the lattice self-diffusion coefficient; d the mean 
grain diameter; and kT has the usual meaning. 

An equation for the contribution to diffusion creep by 
gram boundary self-diffumon (coefficient Dg») haa been 
suggested by Coble? : 


(2) 


where B, is a constant, ~150; and o 18 the grain boundary 
width. 

As equation (2) has & stronger grain size de ence 
than equation (1) and‘the activation energy for grain 
boundary diffusion is smaller than that for lattice dif- 
fusion‘, vacancy creep controlled by the grain boundary 
mechanism will be favoured by fine grain sizes’ and lower 
temperatures of deformation (~06 Tm). 

This communication describes experimente which con- 
firm that diffusion creep may be controlled by either the 
lattice or grain boundary meclianiams &ooording to the 
test temperature. Magnesium was selected for these 
.axperimente mnoe convincing metallographic evidence for 
“~~ ereop has been obtained previously during 
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the specimen surface and the marked stress dependence 
of the steady oreop rate (tao?) was typical of a dislocation 
climb process’ in agreement with previous work’. Below 
this streeg, however, and down to ~1-7 x 10* dynea/em? 
no slip lines were observed, and the creep rate was & 
linear function of the stress. These creep rates agreed 
within & factor of two with those predicted from equation 
(1) using known values for Q = 3-32 x 10-* om? and 
the lattice self-diffusion parameters’ (Dy = 1:0 cm/sec, 
Q: = 32-0 koal/mol). This must be conmdered good 
agreement in view of the approximations ın the theoretical 
derivation of the value of B. In addition, at a streee of 
96 x 10* dynes/om?, t cc l/d? for grans between 8 and 
40 x 103 om in diameter and direct determmations of 
the activation energy for creep by the temperature 
cycling technique!* yielded values 30-8 + 5-6 koal/mol at 
& stress of 3-5 x 10* dynee/cm?! and & temperature of 
£12-5° C. These resulta indicate that diffusion creep rates 
m magnesium at 0:75 T'm follow equation (1) and are 
controlled by lattice self-diffusion. 

In the second experiment, carried out at 270° C (0-59 
Tm) on specimens of ~5 x 103 om in size, cao! for 
atreases in exoees of 2-8 x 10’ dynes/om* while at lower 
stresses caco'*, Under these conditions of linear stress 
dependence the experimental rates were more than thirty 
tımeæ faster than those predicted from equation (l), 
suggesting the dominating importanoe of equation (2). In 
order to compare the experimental rates with equation (2), 
values for D,, and w were required. Following work on 
rino! and cadmium!* we take for magnesium Does ~ 
1:0 em?/seo with w ~ 5 x 10-* om while the activation 
energy for grain bo diffusion is Qr ~ 0-6 Qi, giving 
Qr ~ 19-2 koal/mol. From equation (2) «/c = 8-5 x 10-1* 
om?!/dyne seo at 270° C in good ent with the experi- 
mental value of £/c ~ 8 x 10-!* om*/dyne sec. Bome 
support is given to this calculation by direct determina- 
tions of Qs» by the temperature cyclmg technique. Initial ` 
results are Q,, = 20-0 + 1-9 kcal/mol at 6-9 x 10* dynes/ 
cm’ and 285° C, indicating control by the grain boundary 
mechanism. 

The practical importance of vacancy creep in metals and 
alloys operating at high fractions of the melting tem- 
perature has been pointed out previously*. The foregoing 
resulta demonstrate, for the first time, that vacancy creep 
by & mechanism involving grain boundary diffusion can 
be of dominating importance in fine-grained motals 
streased at lower temperatures (~ 0-6 Tm). 
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Growth of Single Crystals of Ba(BenTao.47)0; 
Perovskite-type Compounds 
A REVIHW of the literature revealed that a conmderable 
effort has been expended in the past few years on investi- 
gations of a large number of new compounds with the 
general formula, A(5,By)Os, where B' and B” are two 
different elements in the octahedrally oo-ordinatod cation 
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the nickel spectrum is of a type similar to that observed by 
Cotton and Bannister’, for the corresponding triphenyl- 
phosphine oxide-perchlorate complex. 

The structure of the cobalt-perchlorate complex has 
been shown by X-ray analysis to correspond to a tetragonal 
pyramidal arrangement of the groups around the metal 
10n, with the cobalt alightly out of the plane formed by the 
four oxygen atoms of the aramo oxide groups and a 
perchlorate group oo-ordinated in the fifth position about 
the oobalt &tom*. The second perchlorate group is con- 
sidered to be ionic. The infra-red data are therefore in 
agreement with such a structure. The presence of oo- 
ordinated perchlorate groupe baa previously been aug- 
gosted for certain compounds of copper and nickel". 

Tho magnetic properties of the parchlorate complexes 
are of interest in view of this stereochemical arrangement. 
For the Mn(II) complex the observed moment, 6:1 B.M. 
(although a little high), is of the order expected for a 
spin-free d' configuration, as the groumd term is an orbital 
singlet and hence per should be essentially independent of 
the stereochemistry of the molecule. For the Cu(II) com- 
pound the observed moment, 1-85 B.M., is in the general 
range reported for (IL) salts with e plenar or octa- 
hedral arrangement. However, the magnotic properties of 
the oobalt(I]) and nickel(II) complexes are particularly 
interesting. For the cobalt complex the moment is 
5-5 B.M. and this corresponds more closely to that antici- 
pated for an octahedral environment with an orbital 
triplet ground stete (*T,,). This is the first reported 
example of a five co-ordinate oobelt(II) with the spin-free 
configuration. For an octahedral environment the 
maximum moment antici is 5-3 B.M.; the observed 
value can be &ooounted for on the besis of a distortion 
from octahedral symmetry which can lead to an increase 
in the moment. It would appear from the magnetic data 
that the presence of the peroblorato group has a very 
significant effect on the composition of the ground term 
of the cobalt ion, and the magnetism indicates a con- 
siderable deviation from & planar arrangement. For the 
nickel complex the moment is of the order reported for tho 
corresponding triphenylphoephine oxide complex’, notably 
higher than that normally observed for an octahedral 
arrangement. We are now investigating the magnstio 
properties of these complexes over a temperature rango. 

“Note added in proof. Prof. Bacooni and his co-workers 
have recently reported (J. Amer. Ohem. Soc., 87, 2057 
(1865), the structure of another example of high spin five- 
oo-ordinated Co(II) derivatives in which there is a square 
pyramidal arrangement of the attached donor atoms. 
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of manganese, iron, cobalt, nickel, copper and zinc. The 
magnetic properties of this series, together with their 
absorption spectra in the ultra-violet, visible and infra-red 
regions, are discussed by those authors. Since the struc- 
tural implications of these physical properties were not 
entirely conclusive, we have undertaken a structure 
analysis of the cobalt compound by angle crystal X-ray 

Powder diffraction photographs show the several com- 
pounds to be isostractural and single crystal photographs 
of the cobalt complex show the crystals to be tetragonal, 
space group P4/n, a = b = 16-38 A, c = 10-77 A; with 
Pots = 1-52 g/om" pæl = 1:50 g/am* for two formula 
units per unit cell. The structure was determined by 
three-dimensional sharpened Patterson methods and a 
series of observed and difference Fourier syntheses phased 
on an increasing number of atoms. Subsequent refinement 
of the atomic positional and thermal tera was 
accomplished using an anisotropic least-squares procedure, 
the usual residual being 0-12 for the 1,100 mdependent 
reflexions. 

The cobalt atom lies on a four-fold crystal axis: the co- 
ordination polyhedron is a distorted tetragonal pyramid 
consisting of four crystellographioelly equivalent oxygen 
atoms of the arsine groups and one oxygen stom of a 
perchlorate group. The cobalt atom is displaced from the 
plane of the oxygen atoms from the four equivalent 
arsine oxides by 0.82 A towards the co-ordinated per- 
chlorate. Moreover, the co-ordinated oxygen atom of the 
perchlorate does not lie directly above the cobalt atom but 
is displaced 0-72 A to one side of the four-fold axis in such 
& way that the arsine oxide orate)—O 

ee range from 85° to 95?. The chlorine atom of the 
ClO, group does, however, lie on, or very nearly on, 
the four-fold axis through the cobalt. Since the per- 
chlorate ion does not have O, symmetry, there must be 
rotational disorder of this group in the crystal among four 
equivalent orientations. The perchlorate ion is tilted with 
to the four-fold axis so as to make the Go —O—Ol 


e through the oo-ordi [o ; thé. 
CoO distence is 2.10 doo with 2-02 A for the 
distance Co—OAsMePh,, the ce being statistically 
non-significant at the present stage of refinement. 

The co-ordinated perchlorate ion is strictly tetrahodral 
within experimental error. The locations of the oxygen 
stoms have been determined only with some difficulty, 
since with the random occupation of four equivalent 
positions it is necessary to locate four sets of four peaks of 
two electrons each rather than one set of four peaks of 
eight electrons each. The standard errors of the structural 
parameters for these stoms are, therefore, high. It is 
nevertheless quite clear from our study of the observed 
and difference Fourier syntheses, aa well as the observed 
and calculated structure factors, that the perchlorate ion 
is acting as a monodentate ligand. From similar oon- 
siderations we conclude that there are no water molecules 
presant, and in particular that the metal atom is not 
octahedrally co-ordinated. 

The arsenio atoms are tetrahedrally surrounded by the 
oxygen, two phenyl and one methyl gro (Fig. 1) with 
As—O = 1-70 A, As—O, = 1-95 A, ABO, = 1-97 À, 
and As—O,, (methyl) = 1-90 A (all +0-05 A). The angles 
at the arsenic atom vary from 105° to 115° and tho angle 
Co—O—As = 129°. 

The second, crystallographically independent per- 
chlorate group is uncoordinated and is located on a two- 
fold crystal axis inn b up in the lattice among the 
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Fig. 1 


crystal examination shows the dinitrate compounds 
(Oo(Ph,MeAsO),(NO;),) to be virtually indistinguishablo 
from the diperohlorate. The nitrate does not have 
point symmetry consistent with the 4 orystal Symmetry 
of the two-fold position but, like the perchlorate, does have 
point symmetry conmstent with the half-oocupied four- 


EA o Im 

While" nductometric! and infra-red investiga- 
tions, both in these labóratoriee and elsewhere*‘, have 
provided evidence for perchlorate co-ordination, it is 
neverthelees often assumed that the orate 
has negligible co-ordinating power, and direct structural 
evidence for perchlorate co-ordination in this series of 
complexes is therefore of interest. The orientation of 
the co-ordinated group must result from some compromise 
between the high symmetry (4) of van der Waals inter- 
actions (principally with the methyl groups) and the 
requirement of appreciable overlap between the bonding 
orbitals of the oxygen and the axially symmetric metal 
orbital. 

A detailed discussion of the bonding in this complex and 
the relation of ita stereochemistry to that of other 5-co- 
ordinate metal ions (for example, nitroso (dimethyldithio- 
carbonato) oobalt*) will be given elsewhere, as will full 
details of the analysis and refinement. 

This work was supported in part by the U.S. Army 
through ite European Research Office; one of.us (G. A. R.) 
acknowledges the receipt of a Commonwealth Scholar- 
ahip. 
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Conduction in Tantalum-doped Thorium 
Dioxide 


As part of a search for conducting refractory oxides 
which can be heated directly fram room ture to 
temperatures in excess of 2,000° O by induoed radio- 
frequency currents without the need for pre-heating 
arrangements, a study has been made of the behaviour of 


furnace 
described by Moore, Ubbelohde and Young!, pure ThO, 
attained a density of only 92-9 per cent theoretical under 
300 kg emr' at 2,000? O, though reagent grade ThO, 
containing ~200 p.p.m. of trivalent cations did densify at 
this temperature. The hot-pressing was done in vacuo 
using a tentelum-lined graphite susceptor, and under these 
conditions the product possessed a white, stoichiometric 
core with blackened outer regions, presumably containing 
free thorium. After intimate mixing with T&,0,, hot 
pressing under these strongly reducing conditions resulted 
in ready densification with considerable grain growth at 
moderate temperatures. Densities are calculated assuming 
ideal solution. 


\ 
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The materials so obtained ranged in colour from violet 
(0-5 per cent T&,O,) to black (5 per cent). It appeared 
that the outer layers were substoichiometrio, thus measure- 
ments were made only on material sliced from the oore. 
Electron probe mi confirmed that the Ta,O,, 
which bly had served as & liquid mtermediate 
phase during the early stages of sintering, was in fact 
distributed uniformly throughout the sintered specimens 
and had not aggregated at grain boundaries. On heating 
in air at 800° O the colour of the reduced specimens dis- 

giving a colourless tranalucent product. X-ray 
powder diffraction revealed no lattice parameter 
either m the oxidized or reduced forms, consistent with the 
small weight uptake on oxidation, which indicated that 
leas than 1 per cent of the Ta* ions were reduced to Tat. ' 
Barrmg evidence to the contrary, we assume that the 
tentelum is in solid solution, because it was found to be 
distributed uniformly in grains several hundred microns 
across in the product, even though tho particle size of the 
starting materials was < 10 um. 

Resistivity measurements were made by 4-point poten- 
tiometrio methods using graphite current electrodes and 
platmum-5 per cent rhodium voltage probes at - 
tures up to 1,540° C. In agreement with Rudolph!, 
oxidized material showed no useful decrease in resistivity, 
general agreement being achieved between d.c. and 
50 kc/s. However, in the reduced condition the room 
temperature resistivity of the doped samples was found to 
have fallen by 6-10 orders of magnitude with respect to 
pure ThO,. resentative values measured in are 
8-15 ohm s moles per cent Ta&,0,), 3,000 obm om 
(0-25 mole per cent T&,O,). Irreproducibility between 
specimens originated from the extreme sensitivity of con- 
tact resistance to atmospheric oxidatior?rather than from 
variations in bulk properties. Thus all surfaces had to be 
prepared under oil, even light abrasion in air leading to the 
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mole per cent T&,0, fell in one run from 2,650 ohm om at 
25° O to 670 ohm am at 1,140? C for example, whereas the 
remistiviby of a le containmg 1:0 mole per cent 
tantalum pentoxide from 24 to 18 ohm om over the 
same temperature-interval In later runs this latter 
sample reached bulk resistivities as low as 0-2 ohm om. 
Such materials can be heated in vacuo to temperatures in 
excess of 2,000? C by a direct current of a few amperes, but 
cannot be heated by induction at 500 ko/s, though promis- 
ing resulta have been obtained at 15 Mojs. 

The mechaniam of conduction is at present obscure, 
though ib appears to have an excitation energy of 0-05 eV. 
No magnetoreaistance or Hall effect could be detected even 
at 17 kgauss. One socordingly presumes that a hopping 
process occurs. 

This work was supported by the U.K. Atomio Energy 
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Fluorine Shielding in Diatomic Molecules and 
the Lamb Term 
Alexakos and Cornwell! have recently measured the 
F shielding constant oqp in chlorine mono-fluoride, 
OIF, and they found that the ashieldi in greater in CIE^ 


than in F-. Three values of F™ shi constants in 
diatomic molecules are now available, and they are shown 
Table 1 
FS Shielding constants (p.p.m.) Relative to Fa 
"Herm Pa Hr r- ar 
constant 0 685 676 873 


in Table 1 together with the value! for free F-. This value 
ia subject to some uncertainty, most measurements ob- 
tained in ands of F- being somewhat lower’. The 
correct value is unlikely to exceed that ahown m Table 1. 
The shielding constant cis usually regarded as the sum 
of the Lamb term oL and the tio term oP, 
which are of opposite sign. Saika and Sliohter? suggested 
that the resulte for F-, HF, and F, could be explained pure- 
ly on the basis of variations in oP, which would be rero 
for F- and increase with the increasing oovalency of the 
bond F—X. This view seams to have become accepted‘, 
but if it is correct, the shielding should be greater in F- 
than in any other species. The new value for cgp directa 
attention to possible variations in oL. In fact Naike and 
Glichter obtained a value of 2,000 p.p.m. for oP in F,, which 
faust either be an overestimate or an indication that there 
#8 a significant variation in oL. 
‘Fhe possibility of variations in oL for F?* has been men- 
igned only to be dismismed!. 
th an increese in the electron density near the nucleus. 
Apert from the electronegativity, there are two other 
pauses of a variation in this electron density. The first 
of these is arP increase with the number of electrons. 
Thus the values for cL given by Dickinson’ show an increase 
18 p.p.m. in hydrogen to 464 p.p.m. in flucrine and 
,150 p.p.m. in chlorine. In & negative ion, however, 
the greater diffusenesa of the orbitals compared to an 
atom tends to cancel out the increase with the number of 
flectrons. Thus, Sidwell and Hurst's value! for ol in F- 
is only 2 p.p.m. higher than their value for fluorine. 
‘The increase in ol with the number of electrons is also 
own for molecules, although the calculated. values may 
lees reliable than those for atoms. With Reusil’s 
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functions’, ol for the proton’ in HF is 78 p.p.m. higher than 
the accepted value’ for Hp and ab for F™ ia 48 p.p.m. 
higher in F, than in HF”. : 

The second effect is the increase in electron density at 
the nucleus on molecule formation. This effect is well 
known for hydrogen, but it is often neglected for other 
molecules. Jt leads to an increase in ot of 14 p.p.m. for 
H,’ compared to H*, and 51 p.p.m. for F} compared to 
F 


Both these effecta will contribute to a greater value for 
cL in OIF than in F-, and the increase might well be 100 
p.p.m. or more. Although this does not account for tho 
whole of the anomaly pointed out above, it is too large 
a contribution to be neglected. An experimental value 
for the shielding in BrF would throw much light on the 
relative importanoe of the various factors. The whole 
question is discussed in more detail elsewhere’. 

I am indebted to Dr. C. D. Cornwell for helpful dis- 
cussions. 

D. W. Davis 
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Carbon Adsorbents with Molecular Sieve 
Properties 

lr has been found possible to obtain an adsarbent with 
typical molecular sieve properties by thermal processing of 
granulated carbonacecus material (prepared on the bams 
of pyrolysis of wood material at about 500° O) at 070— 
980° C in the atmosphere of gases preventing the oxidation 
of the carbon material. The adsorption of oxygen at 
— 196° C occurs in ite micropores, whereas nitrogen and 
argon are adsorbed at this temperature on the surface of 
transitional pores and macropores! only. The volume of 
micropores of this adsorbent is 0-15 om'/g and the value 
of the iflc surface of transitional pores and macropores 
is nearly 17 m'/g. Adsorption of nitrogen and argon is 
substantially inoreesed by raising the temperature to 
—78? C. This effect is completely analogous to that 
observed. in the tion of nitrogen on ‘Zeolite NaA’ 
(type 44)?. At 20° O water vapour is adsorbed in the 
micropores of the adsorbent, whereas benzene vapour 18 
adsorbed at this temperature only on the surface of 
transitional pores and res. The values of adsarp- 
tion are presented in Table 1. From the adsorption data 
ibis evident that the dimensions of openings of the micro- 
pores are close to 4 A. The adsorbent may thus be oon- 
sidered the carbon analogy of the ‘Zeolite Nad’ (4A). 
The shape of the adsorption isotherm of water vapour 18 


Table i VALUNS OF PWE ADSORPTION OF GASES (m.moles/g) at PERSIUS EE 
= 15 AND 70 MM MERCURY 


Gas Temperature *O 15 mm Hg 70 mm Hg 
H0 29 7-70 — 
0, —190 5-26 5-80 
2 — TB 038 084 

1 —196 0-17 0 18 
X. — 78 0-80 0-51 
Ar —106 0-10 0-12 
Ar — 78 0 25 0-42 
OH, 20 0 0Q 0-18 
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characteristic for the system water-aotive charcoal!. The 
steep rise of the adsorption isotherm is observed in the 
region of relative pressures 0-4—0-5 and the isotherm 
reveals a typical hysteresis. 


better. The carbon molecular siove prepared by thermal 
processmg of ‘Saran’ charcoal at 1,750? O selectively ad- 
sorbs benzene from the ohexane mixture’. 
These hydrocarbons, according to Barrer‘, belong to the 
same group of qur iie separated by zeolites. Addi- 
tional activation carbon dioxide) of the carbon 
molecular sieve prepared from the ‘Saran’ charooel to a 
low burn-off (11 per cant) renders ita microporous structure 
accessible for cyclohexane molecules'. It can therefore 
be concluded that the molecular sieve properties of carbon 
adsorbenta on the basis of ‘Saran’ charcoal are caused by 
narrowing of the openings of micropores. 


M. M. Dosw 
Institute of Physical Chemistry, 
Academy of Boienoes of the U.S.S.R., 
Moscow. 
O. KADLEC 
A. ZUKAL 


Institute of Physioal Chemistry, 
Czechoslovak Academy of Sciences, 
Prague. 


2 Dubin, M. W, 0, J., Zaverina, B. D., Zukal, 
Burnec, B., Dollady A PAE ETA 6D ^ Anana 


E AR MIC, Lane Atad. Naùk SSSR, Arim. 


* Dubinin, M. ML, Proc. Fifth Ooms. Carbon (1901). 
* Barrer, R. W, Brit. Chem. Eng. (May 1, 1959). 


Structures of Oxodiperoxo-! : I0-phenan- 
throlinechromium(VI) and Diperoxoaquo- 
ethylenediamInechromium(VI)hydrate 
As a part of an investigation of the structures of - 
chromates’, peroxochromium with athglories 
diamine and 1:10-phenanthroline have been studied, 

and that of «,a’-bipyridyl is under investigation. 

The structures of [CrO(O44(O, ,EH4N4,)] and [Or(O44(H40) 
(O,H4.N,)|(H,0) have been solved by three-dimensional 
Pattersson and Fourier methods, and refined some least- 
squares cycles. The R-factor has dropped to 0-13 and 0-18 

Tue uud call dimensione of 

1 oe. ions of [CrO(O44(C4E4N4)] were 
determined from rotation &nd Wehr eS 
ing CuKa 


cell and with a = 10-584 A, b = 6-857 A and 
= 16:238 A. The systematically absent reflexions were 
bh+1= 2741 and AkO with A= 2n+ I. 


ordinated to two peroxo groups, one oxide oxygen atom 
and to the two nitrogen atoms of the 1 : 10-phenanthrohne 
molecule, the geometrical configuration o the co-ordin- 


for similar compounds (1-4). Table 1 gives the atomic 
positions at the present stage of the refinement. 

The unit cell dimensions of [Or(O 4). (H40)(C,H4N)](H40) 
were determined from rotation and Weissenberg photo- 
graphs and were refined from Guinier photographs using 
CuXa radiation. The orthorhombic unit cell oonteins 
4 molecules and has the dimensions: a = 7-594 A, b = 
129-258 A, and c = 8168 A. The systematically absent 
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Table 1. PARAMETER VALUES ror (CrO(Os(O.HNy)] 
Atom posrion © y, s 
Or 4e 0 246 0 250 0-173 - 
Qi 8d 0 e Q 510 0168 
O: 8d 0-180 0-424. tr193 
iU do 0-217 0-250 0156 
M, £c 0-412 0 250 0-100 
NÀ, tc 0175 0-250 0-043 
Qa is 0 581 0-250 0-135 
OG 4s 0 681 . 0250 0 079 
Oo ts 0-024 0 250 0 993 
Oo as 0 400 0-250 0 962 
€ 4o 0 393 0 250 0015 
Q £o 0-473 0 250 0875 
o 4^ 0 351 0-250 0-847 
[a ts 0 242 0 250 0 901 
Q 4c 0-268 0 250 0 988 
C, 40 0-110 0-250 0-877 
Ou 4s 0-027 0-250 0-965 
Ou to 0 046 0 250 0017 


reflexions were Ok] with k= 2n + 1 and AQ with 
1 = $n + 1, which is characteristic for the space groups 
Pbom and Pbe2,. 

As there are only 4 molecules in the unit cell and as it 
was supposed from other evidence that the molecules 
did not contain a murror plane, the correct space group 
was thought to be Pbc2,. The fractional co-ordinates of 
the atoms, based on this tion, are at the present 
stege of the refinement those given in Table 2 (E = 0-110). 
During the structure investigation it soon became evident 
that all atoms except the two carbon atoms were situated 
at positions that fitted spece group Pbom equally well 
(within the limits of error). With the carbon atoms 
assumed to occupying positions 8e of Pbom with only 
half the equivalent positions occupied (evidently this 
means that in half the unit cells C, is above and C, below 
the ‘mirror’ plane, while in the rest of the unit cells the 
reverse is true), refinement was undertaken and the 
R-value became 0-183 after six cycles, the parameters 
being those given in parenthesis in Table 2. 


Table 2. PARAMETER VALUES FOR [Oc(Ose(H:OK OHM s)HH 20) = 


Braco group Phol, assumed. In parenthesis are given the values obtained 
by assuming Pho to be the correct space group with O, and O, In 8g, O, 
and C, in 8d (half-flled), O, fn 4b and al the othera in to 

Atom “s 3 s 

Or O 241 (0 £41 0-013 (0 015 0 251 (0-250 
Qi 0 25 (9: 0 018 (0 O20 oo (0 c8 
Os 0 288 (0 £81 0 913 (0 018 0-082 (0 084 
Oo, 0-288 0 021 0-480 

Oa 0-278 0-013 0413 

O0, 0-977 0-064 Aes 0-246 (0 250 
Os 0-955 (0-055 0-241 (0-250 0-000 (0-000. 
X, 0 501 (0 500 088 0-247 (0 250 
Ra THH (0-204. OL 182 Q 250 (0-250 
0, 0-520 (0 510 0172 (0-173 0 230 (0-219 
C 0 869 (0-869 e (rat 0 808 (0-802 


This molecule can also be described as being oo-ordinated 
to five ligands, namely, to two peroxo groups, one water 
molecule and the two nitrogen atoms of one ethylenedi- 
amine molecule as co-ordinating groupe. The geometrical 
arrangement of the co-ordinated atoms is a pen 
bipyramid. The water molecules sre involved in hydrogen 
bonding, one with one peroxidic oxygen atom of each ‘of 
two neighbouring [Cr(O,),(H,0}en] molecules and the 
other with two xidio oxygen atoms of one neighbour- 
ing complex mo e, forming chains the whole 
crystal. The O—O distances are 1-44 + 0-04 A and 
1-46 + 0-04 A, the Cr—Owater distance is 2-04 + 0:02 A, 


and the bonding distances Opeoxo . + - H.-- 
Owater are 2:69 A, 2-86 A, 2-72 A and 2-72 A. Z Operaxo-«- 
Owater are 102° and 107° respectively. 


The refinement will be continued to convergence, and 
complete reporte will be published elsewhere. 


Rote STOMBHEG 
Division of Inorganio Chemistry, 
Chalmers University of Technology, y 
Gothenburg, Sweden. 


1 Stomberg, R., Aata Chem. Soend., 17, 1563 (1903). 
1 Stomberg, R., Arkt» Kami, 82, 19 (1964). 
5 Stomberg, R., Arkée Kemi, BR, 40 (1964). 
1 Stomberg, R., Arkis Kemi (In the preas). 
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Comparison of Viscometric Behaviour of 
Suspensions of Pol e Latex and 
Human Blood Cells 


hysical property 
include at 


plasma and cells; 


influence of cell shape and deformability on blood vis- 


with a mean diameter of 9-2u, suspended in water with 


ions more comparable to the latex suspensions. 
of the viscosity of oell sus- 


Deuwalter and Merrill’ was used in these 

The outer specimen rests on & nitrogen-gas 
pearing set in the flelds of an electromagnetic torque- 
sensing and torque-generating system. The torque-sensor 
is connected through a feedback amplifier system to the 


systems 

(Servo-Tek Products Oo., Hawthorne, New Jersey), 
through a gear train at any rate of 10-3782 r.p.m. Shear 
rates were calculated from the rate of rotation of the inner 
oylinder and the annulus gap between the two cylinders, 
assuming uniform shear rete across the annulus. Vis- 
cosities were calculated from the quotient of the torque 
and the shear rate. Viscosities and shear rates 
calculated in this manner (without use of approximations 
to the unknown flow equations) are only approximate. 
Nevertheless, these approximate viscosities are useful m 
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describing the flow behaviour of these complex systems 
in & differential or quotient form, demonstrating graphic- 
ally the large differences in flow behaviour among these 


suspensions. 

Venous blood was drawn from healthy male subjects. 

in was added to prevent clotting. Plasma was 

removed from the blood after oentrifugation for 10 mm 
at approximately 10g, and the cells were washed three 
times with a modified Ringer’s solution (NaCl 0-9 g, 
KCI 0-042 g, CaCl, 0-024 g, and NaHCO, 0:02 g per 100 ml. 
aqueous solution). Aliquots of oells were suspended in 
ap iate volumes of Ringer’s solution to 
series of samples with oell volume fractions rangmg m 
0 to 0-95. 

The ied latex suspension contained 0-485 volume 
fraction of polystyrene spheres. Sodium lauryl sulphate 
(1 : 200 in relation to the ne content) was added 
to remove the protective colloid from the polystyrene 
particles. Samples with various volume fractions were 
prepared by the addition or removal of water. When the 
samples were mixed briefly without prolonged stirring 
(referred to as the unstirred samples), the particles were 
uniformly dispersed. Stirring gently for 80 min produced 
loose clusters involving some of the particles, while 
stirring for 4 h caused the latex particles to form compact 
clusters containing most of the perticles (Fig. 1). 

The stirring of the latex ions caused dramatic 
changes in viscometric behaviour. Fig. 2 shows the 
relation between viscosity and shear rate for three samples 
hee tall, eti unstirred, stirred for 80 min, and 
stirred for 4 h), as well as for Ringer ion of human 
blood cells, all at volume fraction of 0-435. The unstirred 
latex suspension shows e dilatant bebaviour, that is, the 
viscosity decreases as the shear rate is reduced. The 
i min becomes mildly 
thixotropio, that ia, the viscosity increases as the shear 
rate is reduced below 1 seo. The latex ion stirred 
for 4 h shows increased thixotropy. As y pointed 
out here, stirring of latex suspensions causes marked 
changes in the state of aggregation of the particles (Fig. 1). 
Binoe the uniform monodispersion of latex particles in the 
unstirred ion is associated with a dilatant be- 
haviour, and the formation of clusters in the stirred sus- 
pensions is accompanied by 6 thixotropic behaviour, it 
seems that the of thixotropy in the latex 
suspensions is the result of cluster formation. This 
explanation is in agreement with the finding that hepsrin- 
ixod whole blood, with the presence of many aggregates 
and plasama-cell interactions, has 6 more pronounced 
thixotropic behaviour than cell suspensions in Ringer’s 
solution^* in which the ocells are largely monodispersed. 

The viscosities of the latex suspensions, whether 
stirred or not, are considerably higher than those found 
for the oell suspensions (Fig. 2). The difference in, viscosity 
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LATEX, stirred 4hrs 


LATEX stirred 3n 
Caer 





0-01 01 10. 100 


1 
Shear rate (sec) 


Fig. 2. Loganthmts plot of viscosity versas shear rate for latex - 
sions and cell suspensions, all with a volume fraction of 0-485 at o 





0 0-2 04 06 08 10 
Volume fraction 

Fig. 3. thm!e plot of viscosity versus volume fraction of 

suspended for latex and cell suspenacns at a shear 


Tate of soc at 37° O 

between these two forms of suspension is especially 
marked at high particle concentrations. In Fig. 8, the 
log of viscosity at a fixed shear rate (0-05 860-1) is plotted 
against the volume fraction of the suspended particles. 
At volume fractions below 0-3, the curves for unstirred 
latex and cell jons are easenti the same, 
whereas the atirred latex has a alightly hi viscosity. 
Above & volume fraction of 0-8, the viscosity of the latex 
suspensions increases ly with rising particle concen- 
tration and beoamea y higher than that of the 
cell suspensions. With particle concentration higher than 
0-47, the viscosity of the latex suspensions becomes so 
high that the torque generated is above the limit of our 
instrument. As shown in Fig. 3, the viscosity of the latex 
suspensions rises sharply toward infinity. On the other 
hand, the visodsity of a call suspension with a volume 
fraction aa high as 0-95 is still within limits of the instru- 
ment and oan be readily determined. 
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These results reveal striking differences in the visco- 
metric behaviour between suspensions of rigid spherical 
particles (polystyrene latex) and those of deformable 
biconcave particles (red cella). We believe that these 
contrasting viscosity behaviours are evidence for the 
widely held idea that the ability of blood to flow at very 
high oell fractions depends on the deformability, and 
probably on the shape, of the ocells. 

We thank Dr. Ralph M. Wiley and Dr. Turner Alfrey, 


of the Dow Chemical Company, Midland, Michigan, for 
supplying the latex, and Walter Logan, of 
the Bell T hone Laboratories, Ino., for major oontri- 


butions to design of the drive systems for the viscometers. 
The experimental work reported here waa carried out 
in the Laboratory of Hemorheology at Columbia Univer- 
sity under U.8. Army contract DA49-1 93—M D-2272 and 
was rted by several private donors, including the 
Mary Évdlya Townsend Fund, the Brook Foundation, 
Mrs. George W. Perkins, Mrs. Onoleo Ooffey and Mrs. 
Alan M. Scaife. 
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Conformation of Acetylcholine 


Tua development of the attenuated total reflexion 
(ATR) method! for the examination of aqueous solutions 
in the infra-red region has made it possible to re-examine 
the problem of the conformation of acetylcholine (Ach) 
in aqueous and mammalian Ringer solution. 

In the published crystal structure of Ach bromide, 
Borum' postulated the simultaneous existence of two 
types of Ach chains: the extended-and the ring planar; 
the latter form had an N+ - - - alkyl and carbonyl oxygen 
distances of 8 51 and 5-32 A ively. 

Three years later, on the basis of the infra-red study af 
Ach chloride dissolved in ethanol, it was suggested‘, from 
the higher frequency of ‘the carbonyl ‘group (Yo=0) in 
Ach than in ethyl acetate (I), that the former compound 
had a cyoclio structure (II). The free base 2-dimethyl- 
aminoethyl acetate showed two Yong bands at 1,748 
and 1,728 am-! ae did (I). In a later account the sams 
&uthore' rejected the cyclic structure and suggested that 
there was an inductive effect from the quaternary nitro- 
gen stom which would influence the carbonyl frequency. 


o CH, » 
on, bi, d Nom, 
so 
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The arguments presented’ to aeconnt for the higher 
frequency of the carbonyl group in terms of the inductive 
effect of the quaternary ni atom are unsatisfactory. 
Ib has been shown (ref. 6, and unpublished work by 
E. F. M.) that the mesomerio and/or inductometrio inter- 
action between the alkoxy and the acyl groups are neg- 
ligible, that is, the contribution from (LIT) 1s not expected 
to be important. Further, in Fellman and Fujite's paper* 
the wo2o of methyl and substituted methyl acetates, 
CH,CO,X, where X = Me, —CH,ON and —CH4CO.O Zi, 
are within the range 1,758 + 4 cm-! and similarly those 
of ethyl and substituted ethyl acetates CH4CO,CH4X, 
X = Me, —CH,NO,, —OH,N+Me,, —CH,N*(Pr*), ond 
CH4,N*(Bu*), are within the range 1,764 + 6 om. 
(Bee Tables 2 and 3 of ref. 5): 


$54 
O -I 


The presence of a group exhibiting a strong —E effect, 
namely, nitro, cyano or carbethoxy, does not appreciably 
decrease the carbonyl frequency. If the cyclic structure 
(II) was predominant it would be that the 
carbonyl frequency would be decreased due to tbe mm- 
creased polarization of the (0—0O) group on ing; 
for example, in co-ordination studies 1t has been clearly 
demonstrated'-* that if the carbonyl oxygen acta 88 & 
donor atom it results in a decreased vo.o. However, 
since the spectra were recorded*:' in ethanol, there was the 
possibilty of intermolecular hydrogen binding occurring 
(IV), which would not be expected to compete with (II) 
if this latter was present, but would give riso to lower 
frequency carbonyl bands in other esters investigated. 


R 
\ono ---H—O—Bt 


BR’ o^ 


av) 

In the present work, slthough the spectra of ethyl 
acetate and of Ach chloride and bromide have been 
recorded 1n ethanol solution by transmission, the majority 
of the spectra have been recorded in water solution by 
reflexion using the ATR method". This method was 
especially chosen since in reflexion water is remarkably 
transparent and thus we have also been able to record 
the spectra of Ach in mammalian Ringer’s solution (a 
medium approximating more oloeely to those found in 
vwo). The frequencies of Ach chloride m ethanol solution 
obtained in reflexion (1,748 om-) and in transmission 
(1,751 am~) are in fair agreement, but this latter value is 
lower than that given by Fellman and Fujite** (namely, 
1,760 om~). 

The effect of solvent on the carbonyl frequency of Ach 
has been investigated in ATR, and since the frequencies are 
dependent on solvent it would suggest that hydrogen 
bonding is predominant; this is further confirmed, as 
examinmg ethyl acetate and Ach chloride and bromide 


oxygen. 
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Table 1. CARBONYL FREQUENOINS OF AGH CHLORIDE IK DIFFERENT BOLYNNTS 
—ATR METHOD 


Soatvent po mo (or) Dielectric constant 
MeOH 1,742 35-4/13° 
WOH 1,748 22-0/14 7° 
WOH: water (1:1) 1,723 — 

Water 1,727 810 
Ringer's solution 1,727 = 


Table 2. CARBONYL FREQUENCIES OF HTHYL ACETATE AND ACH CHLORIDE 
Ix ETHANOL SOLUTION (IX TRAXENISEION) 


Bthyl acetate Aeetyicholtne chlonde — Acetyloholine bromide 
1,745 1,761 1,754 
1,780 1,748 (sh) 1,741 
1,719 (sh) 1,742 1,787 


1,736 


The correctnesa of the foregoing interpretation 18 

ially shown in the X-ray orystal structure!’ of 

muscarine iodide (V) where the N+ - - - ring ether oxygen 

distance, calculated with the published atomic oo-ordin- 
ates, is only 3:07 A. 


co-ordinates of the X-ray 
methylammonium halideg™:1*. 
and pentamethonrum iodides* the closest N*---I- 
distances are 4-40 A and 4-48 + 0-14 A respectively. 

The ATR spectra were recorded using & and 
Industrial Instrument Co. "T.R-3' unit with KR 5 prism, 
but the prism holder and cell were gold plated to prevent 
attack of the metal by acids liberated during h lysis; 
a Perkin Elmer ‘187’ spectrometer waa used. The trans- 
mission spectra were recorded using a Grubb Parsons 
‘Spectromaster’. The ATR spectra will be submitted to 
Documentation of Molecular 3 

Thanks are due to Mr. G. Y. Ahlijah for assistance with 
the infra-red reflexion measurements. 

F. QG. CANEPA 
E. F. MooNnEY * 


Similarly, ın muscarıne 
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* Present address: Depertment of Organle Chemistry, Univermty of 
Birmingham. 
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BIOCHEMISTRY 


Crystallization of Arginase from Normal 
and Cirrhotic Human Liver 


Ir has been demonstrated that patients with liver 
disorders are particularly susceptible to ammonia intoxica- 
tioni. Since ammonia is detoxified by urea synthesis, 
study of the enzymes of the Krebe-Hensleit cyole in the 
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normal and abnormal liver might provide useful informa- 
tion. Decrease of liver aoe 


enzymes from the two sources waa compared. 

Liver samples were obtained within 12 h of death and 
preparation of the acetone powder was begun 
The i i 


estimated by the following 
formula: protein concentration in mg/ml. = (ODssesma — 
ODi zx.) x F, where F is a dilution factor. Extraction 
of the acetone powder yielded 38-8 g of protein from the 
normal liver and 21-4 g of protein from the cirrhotic liver. 
The arginase activities of the solutions were 0-515 and 
0-466 unita/mg, the normal being the higher. 

The analysis of the normal liver homogenate revealed 
that under our conditions of assay 18-0 unite of enzyme 
were present per g of wet tissue. In the case of tho 
cirrhotic liver 7-5 unita of enzyme per g web tiasue were 
found. This specific activities of 0:018 unit/mg 
and 0-008 unit respectively. 

The i activity of the crystalline enzyme from the 
normal liver approached 150 units per mg, and that from 
the cirrhotic 80 units per mg of liver protein. 

The resulta indicate that the enzyme in the cirrhotio 
liver is either: (a) partially inactivated; (b) absolutely 
reduced in amount; (o) a lees efficient catalyst; or (d) is 
more susceptible to ing agente than the normal 
and thus loses activity in the isolation procedure. What- 
ever the mechanism an apparent difference existe between. 
the enzymes crystallized from the two sources. Cellulose 
acetate electrophoresis (Barbital buffer, ionic strength 
0:1 M, pH 8:0) ebowed that the enzyme from both sources 
migrated in a single band. 

The subjects, aged 58 and 74 years, both died of heart 
failure. The cirrhotic, who was the older, had a history of 
moderate diabetes mellitus for ten years and at the time 
o autopsy appeared slightly malnourished. In the case 
of the ‘normal’ patient, no other factors i ing li 
function were apparent. Definite conclusions must await 
further investigation. 


Univermty of Kansas Medical Center, 
Kansas City. 
* Manning, R. T., Biochemical Chines, 8, 225 (19041. 
Mri G.. Pino, W XL, and Valenxuela, J., J. Lab. Clin, Med., V7, 359 


* Bach, B. J., and XIDlp, J. D., Biookim, Biopkys. Acta, 19, £73 (1968). 
* Van Biyke, D. D., and Arohibeki, R, M., J. Biol, Chem., 155, 203 (1046). 


Use of Light-scattering to Measure the 
Selective Interaction of a Macromolecular 
Solute with the Components of a Binary 

Solvent 


A BOLUTION of a non-diffusible solute will in general 
contain the components of & mixed solvent in proportions 
different from those of an equilibrium diffusate, owing to 
non-ideal interactions between the solute and the solvent 
components. The distribution can be measured refracto- 
metrically!* and oan be expressed unambiguously for a 
binary solvent as the excess quantity of one of the solvent 
components (arbitrarily chosen) relative to unit quantity 
of the other, per unit quantity of solute. Direct refraoto- 
metrio measurement requires preparation of an equilibrium 
diffusate, and is limited with to the concentration 
of the solute by the sensitivity of the measurement. 
The use of diffusate can be avoided by measurement of 
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light-scattering, which also allows measurements to be 
extrapolated reliably to zero concentration of solute. 

Casame and Ei 1.8 have shown that the excess 
Scattering at zero angle AR(0) of the macromolecular 
solute is expreased by: 

(dn/de e, — 1 , Bo 
EARO T H, * M d 
provided that: (1) tho speciflo refractive increment of the 
solute (dn/dc,) is measured against diffusate; (2) the 
scattering of diffuaate is used in arriving at AR(0): (k is 
constant ; c, M, are the concentration and weigh 
molecular weight of the solute and B the second virial 
coefficient). Conventionally tion (1) is used to 
determine M,, by measurement of (dn/de,), o and AR(0); 
however, it may be used alternatively to measure (dn/de,) 
if M, is known. 

Consider a macromolecular solute (3) in & solvent 
consisting of a component (1) to which a second component 
(2) may be added. M, is first measured by light-scattering 
of solutions of 8 in 1, (dn/de,), being measured refracto- 
metrically. Next, light-scattering measurements are 
mado on a series of concentrations of 3 in a constant 
mixtare of 1 and 2. Provided that the presence of 3 does 
not cause tion ar disaggrogation of 8, the value 
of M, is unaffected. AR(0) is obtained by subtracting the 
scattering of the solvent from that of solution, and the 
resulte are extrapolated to zero o, in the usual way. 
Now, although these values of AR(0) will be incorrect at 
finite os, they approach the correct valuo at rero o, since 
the compositions of solvent and diffusate then become 
identical; also at zero cs, the term containing B vanishes 


-(since & solute behaves ideally at zero concentration 


even if it reacts selectively with the components of a mixed 
solvent‘) and equation (1) becomes: 
Tey (dav/dey)tey 1 (2) 
6 — 0 (0) M, 
The value of (dx/de,) obtained is that which would be given 
by the difference of refractive index An of solution and 
diffusate at rero concentration of solute. ` 
This value, which may be written (dn/do,),,, is related 
to the excess quantity a, of (say) component 9 whiah is 
associated with unit quantity of component 8, since: 
L d 
e$ 0 Ans (dn/dey),o, + a0 (dn/do,), 
and: 


(änjdos)ia = É 9 Anjo, = (dn/dos) + aa(dnjdos — (4) 
where (dn/do,), is the specific refractive increment of 2in 1. 
In general a, is a function of o, and may bo positive or 
negative according as component 2 is ‘bound’ or ‘excluded’* 
by component 3. For example, if 8 and 3 form a reversible 
stoichiometric complex, with dissociation constant K 
(expressed in molar terms), at o, = 0 the degree of associa- 
tion B is given by: 
K = (1— B) 10000, 
B' M, 


B= Ma, (8) 
so that equations (4), (5) and (8) may be ased to determine 


K. Again, if component 2 is ‘excluded’ by 8 (for example, 
& protein by hyaluronio acid*) from a volume e ml./g of 3, 
then: 


(8) 


(5) 
and: 


t = — £0, 

The effect of adding & second solvent component on 
the excess depends on the sign of a,(dn/de,),. 
If this is positive and increases with o,, the excess scatier- 
ing increases. If, however, it becomes increasingly 
negative with increase of o, the value of (dn/de,)}, snd 
the exoees scattering will at first decrease to zero, and 
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then increase again, provided that the solute is homogene- 
ous with respect to (dn/de,), and a,; if the solute is hetero- 
geneous in either , @ non-zero minimum of the 
excess scattering will be reached. 

We have used this method to measure the selective 
interaction (in thia case, exclusion) of hyaluronio acid 
(oo: nent 3) with bovine serum albumin (component 2) 
ind leo obtained resulte that agree with partition 
measurements’ and with osmotic measuremente'. 


- A. G. Oaston 
B. N. Praston 
Department of Physioal Biochemistry, 
John Curtin School of Medical Research, 
Australian National University, 
Canberra. 
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Phosphorylase a/b Ratio in the Lamprey 
Heart 


CycLosrowE branchial hearts are known to contain 
large amounts of endogenous oetecholamines! and to be 
markedly insensitive to added adrenaline*?. There is 
considerable evidence to suggest that the process whereby 
the omimetio amines normally enhance the force 
of cardiac contraction involves the transformation of the 
enxyme phosphorylase from the b to the a form’. The 
lack of sensitivity of hearts to added adren- 
aline or noradrenaline might therefore be due to the endo- 
genous amines having already activated the conversion. 
of the phosphorylase enzyme from the b to the a form sọ 
that even in the absence of any added adrenaline or 
noradrenaline the enzyme phosphorylase would exist 
mainly in the a form. This ity was investigated 
using hearts isolated from freshly decapitated lampreys 
(Mordaoia). After five minutes immersion in 
(95 per cent O, + 5 per oent CO,) modified Ringer 
solution’ at 22° C, under which conditions isolated hearts 
will beat spontaneously for many hours, the hearts were 
rapidly frozen and the phosphorylase activity determined 
as seed Dea using tissue dilutions of 1/150 
(wiv) and bit liver glycogen (Nutritional Biochem. 
Lab.) which had been purified as described by Krebs 
et al.*. The reaction mixture was incubated at 25° C. 

Typical results are displayed in Table 1 where it is 
shown that approximately half the phosphorylase ensyme 
present in lamprey hearts ig in the a form. par sap 
these results with those obtained from other si experi- 
menta in which freshly isolated toad (Bufo marinus) hearts 
were used indicates that the percentage of the enzyme 
phoep in the a form is approximately the same in 
toad and lamprey hearts. These results are summarized in 
Table 1. Lamprey hearts are known to contam approxi- 
Hee n UE catecholamines per g!; toad hearts contain 

ximately 1.25-1-6 ug/g*. It therefore seems un- 

y that the endogenous catecholamines of lamprey 

hearts icipate to any marked extent in the natural 

regulation of theeperoentege of the enzyme phosphorylase 
which is t in the a form. 

Perfusion of isolated toad heerts with Ri solution 
containing 4 pg/ml. adrenaline (‘Hermette’, D. Bull and 
Co.) or noradrenaline (*Levophed', Winthrop Laboratories) 
produces a marked positive inotropic and chronotropic 

The data summarized in Table 1 indicate t 
these inotropic and chronotropic changes are accompanied 
by the conversion of almost all the phosphorylase enzyme 
to the a form. These same concentrations of adrenaline 
and noradrenaline failed to produce either & chronotropic 
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Table 1. PEROKKTAGN or PHOSFHORYLAE HNIYME PRESENT IE THE ‘a’ 
d FORM IK ISOLATED LANFREY amp TOAD Harts 
Hxperiment Lamprey Toad 

Sa Inotropb %e Inotropic 
action action 

Control 

es 58 
64 es 
57 55 
35 es 

4&x10*' 

00 z 88 ++++ 
ex - 96 ++++ 

Adrenaline 

1 x 10-4 

83 ++ 98 +4+++ 
= ee 98 TTE 
4x10° 

46 = 85 Tr 

48 = 92 44 

4 x 107* 

61 + Tr 

ea + t+++ 
4x10° 

89 TT 100 +4+++ 

05 +++ +++ 
5 x 10° 

oa +++ 

92 +++ 


or inotropio response from isolated lamprey hearte. Table 
1 shows that 4 ug/ml. of either adrenaline or noradrenaline 
did not produce any marked change in the percentage of 
the phosphorylase enzyme which was present in the a form 
in lamprey hearts. 100 ug/ml. adrenaline and 400 pg/ml. 
noradrenaline small positive chronotropic and 
inotropic responses from isolated lamprey hearts. Table 1 
shows that thee same concentrations of adrenaline and 
noradrenaline increased the percentage of the phosphory- 
lase enzyme present in the a form. 

During the course of these experimenta it was obeerved 
repeatedly that 4-50 pg/ml. isoprenaline (‘Isuprel’, 
Winthrop Laboratories) evoked a marked positive ino- 
tropic and chronotropic response from isolated lamprey 
hearts. In Table 1 it is shown that isoprenaline was more 
effective than either adrenalme or noradrenalme in oon- 
verting the enzyme phosphorylase in lamprey hearts from 
the b to the a form. 

In conclusion these resulta suggest that a perallelism 
exists between the ability of certain amines to exert & 
positive inotropio effect on isolated lamprey hearts and 
their ability to activate the conversion of the enzyme 
phosphorylase from the b to the a form. It seems unlikely 
that the endogenous catecholamines t in 
hearta participate in the natural regulation of the phoe- 
phorylase a/b ratio in this tissue, or that the insensitivity 
of these hearts to added adrenaline and noradrenaline can 
be accounted for simply in terms of the percentage of the 
enzyme which na occurs in the a form. 

The expenses of this investigation were defrayed by & 
grant-in-aid from the Life Insurance Medical Research 
Fund of Australia and New Zealand. 
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Isolation of Nucleic Acids from Gelatine 


EvrDRNOE has accumulated in recent years that the 
retarding action exerted by some gelatines in the photo- 
graphio emulsion system is associated with the preeenoe 
of small amounts of nuoleio acids or their breakdown 


products. 

Bteigmann first suggested!'*, on the basis of the reaction 
of p-dimethylaminobenzaldehyde with gelatine, that 
pyrimidines and hence nucleic acids were present. How- 
ever, this reagent is far from specific. The pioneer work 
in this fleld is that of Pouradier and Venet?, who applied 
several different testa to gelatine. They concluded from 
their resulta that gelatines contain 0-3-2 mg/g of RNA + 
DNA. Wood and Gordon and Swann!:* published 
papers almost simultaneously on relatively specific methods 
of determining adenine in gelatine (the latter authors 
also detected guanine). These contributions have not 
settled the question in what form the nucleic acid frag- 
ments occur in the gelatine. Pouradier and Venet believed, 
since they observed good agreement between phosphorus 
and ribose or deoxyribose contenta, that nucleic acids were 
present as such. Gordon and Swann were of the opinion 
that the phosphate is likely to be removed during gelatine 
manufacture and hence that the impurities of interest 
were likely to be present as nucleosides. Wood did not 
express an opinion. Both these latter authors, however, 
used hydrolytic procedures and hence detected adenine as 
such. In the present communication we wish to report 
work establishing that a high proportion of the adenine is 
present as high molecular weight, relatively undegraded 
nucleic acid. 

We have been interested in studying the distribution of 
impurities in gelatine effected by various techniques of 
fractionation. The method mainly used so far is the aloo- 
hol coacervation procedure described by Stainaby’. For 
the nucleic acid work a particular gelatine was chosen. 
This was ‘PG 834’ (British Glues and Chemicals), a normal 
alkali-proceased hide gelatine. The initial adenine content, 
aa determined by Gordon and Swann’s' polarographio 
technique, was quite high—101 ppm. The phosphorus 
content was determined after nitric—perchlorio acid oxida- 
tion by King’s method*; the original gelatine contained 
292 p.p.m. These two determinations were done on moet 
of the fractions as an index of the kind of fractionation 
that had oocurred. When the conditions of fractionation 
were adjusted so that about 15 per cent of the gelatine was 
precipitated in the first fraction, the adenine content of 
this ion (designated N1) was 417 p.p.m. and that of 
al subsequent fractions (four in all) remained fairly 
constant at about 20 p.p.m. The phosphorus content 
increased also in tho first fraction but to a slightly leas 
extent. Thus, almost 40 cent of the adenine-contain- 
ing mipuuiy appeared a iko fest Recto. This suggested 
that the impurity might, like the gelatine itself, have a 
molecular weight distribution, that a ion of it was 
relatively high molecular weight (or insoluble) and that 
it did not seam to be protein-bound. 

Oonditions were next adjusted to give & very narrow-cut 
first fraction—about 8 per cent by weight (designated N6). 
This was found to contain 8,880 p.p.m. adenine and 
5,400 p.p.m. phosphorus. Ribose and deoxyribose were 
also present. In this case, 62 per cent of the adenine 
content of the gelatine has been concentrated into this 


narrow-cut fraction. Further concentration was effected ' 


by trypsin digestion of this fraction followed by precipite- 
tion with ethanol. In this way we have isolated about 
200 mg of a fraction containing 6-8 per cent adenine and 
7-5 per cent phosphorus. This fraction (designated N18) 
contained viftaally all the adenine content of the N6 
from which it was made, but only 70 per cent of the phos- 
phorus. It is believed to be largely a mixture of DNA 
and RNA. It gives viscous solutions and is readily pre- 

ipitated by acid. It is probably in the form of & calcium 
salt and contains 11:1 per cent moisture. From our 


July 3, 1965 vor 207 





200 250 800 350 
Wave-length (ms) 
1. Uites violet absorption spectre H 7 buffer. Oarve tin, 
HER Ourve 2, 8, to mgr 3, DNA aring spann); 


resulte, we conclude that the material aa isolated contains 
at least 90 per cent nucleic acids. The gelatine content, 
vis hydroxyproline’, was 1:6 per cent. The ribose content 
was consistent with about 12 per cent RNA, the rest 
being largely DNA. Ion exchange’ and paper! chromato- 
graphy established the presence of thymine and cytomne 
(the first time these pyrimidines have been positively 
identifled in gelatine), but uracil proved more difficult 
to detect. The identity of the bases was confirmed by 
their ultra-violet A 

Gel filtration on 'Sephadex'7* in phosphate buffer, 
pH 1, gave a single sharp slightly asymmetrical peak, 
indicating a molecular weight of the order of 400,000. 
Ultra-violet spectra of the original gelatine, of fraction 
N18 and of an authentic sample of DNA are given in 
Fig. 1. The curves show clearly the similarity of the last 
two and the enormous difference in optical density between. 
N18 and ita source gelatine. 

Further work is planned, and this, together with photo- 
graphio assessment, will be described in fuller detail 
elsewhere. Thanks are due to the Directors of Minnesota 
3M Research, Ltd., for permission to publish this com- 
munication. 


G. Russa. 
D. L. OLT 
Minnesota 8M Research, Ltd., - 
Pinnacles, Harlow, 
Essox. 
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Peptide Chains of Tropomyosin 


Tas communication reporte the determination of the 
molecular weight of rabbit tropomyosin by equilibrium 
sedimentation in a solvent consisting of 8 M. urea, 0-2 M 
sodium chloride, 0-025 M sodium ydrogen phosphate 
adjusted to pH 7-0, and 0-1 M6-mercaptoethanol. Columns 
1 mm high were used and the speed was adjusted so that 
the weight-average molecular weight could be calculated 
from the refractive index gradient at the mid-pomt of 
the column, The resulta are given in Fig. 1 as a plot 
of I/M.,;y versus concentration, expressed as An, the 
refractive index increment. For the molecular weight 
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Fig 1. Molecular weight of rabbit tro yosin as a function of concen 
tration. Rotor speed D EGO PI , comm 1 ture of 
runs 22°. Bolveni was 8 M. urea, 0 2 M sodium chlorido, 0 M sodium 
phosphate, 0-1 M P-rneroa toethanol, pH 7-0. Two (F117 
( and Fi18 (O) of were 


A) 
calculations & ific volume of 0-728 o.c./g was 
used, the figure determined by Kay* for tropomyosin in 
8 M urea. A least-squares line through the pointe extra- 
polates to a molecular weight of 34,000. 

Rabbit tropomyosin has been shown to be a highly 
a-helical protein* which exists as & monomer of molecular 
weight 54,000 (refa. 5 and 6) at pH 2, at pH 7 in high ionic 
strength buffers, and in 8 M urea. The particle length 
deduoed from hydrodynamic measurements is approxim- 
ately 400 A. Since the length of a fully extended a-ohain 
of this molecular weight would be in the neighbourhood 
of 680 A, & double helical structure seams probable. 
Previous attampta to demonstrate chain separation by 
performie acid oxidation were not successfal’*. Tropo- 
myosin was therefore considered to be cyclic, branched, 
or to have a hairpin type of gtructure!-!*. 

The decrease in molecular weight to slightly more than 
half the monomeric value brought about by B-meroepto- 
ethanol (Fig. 1) suggests that the two chains of tropo- 
myosin are covalently linked by & disulphide bond or 
bonds, since urea alone does not decrease the molecular 
weight to this value. The presence of one —8—8— 

per mole has been reported!. A more detailed 
sedimentetion equilibrium study of the molecular weight 
of „tropomyosin and ita constituent polypeptide chains 
is in progress. 
E. F. Woops 
Division of Protein Chemistry, 
O.8.I.R.O. Wool Research Laboratories, 
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Time Factor in the Action of 
5-Fluorodeoxyuridine on the Development 


of Crown-galls 
Ir has been shown on numerous occasions that the 
transformation of a normal cell into a orown-gall cell 
takes place within a period of time which is limited to 6 
few days after infection by Agrobacterium tumefaciens’. 
In earlier investigations I showed that the effectiveness of 


inhibiting this transformation is algo limited to this period. 
From these results I concluded that the inhibition applies 
exclusively to the process of transformation of the host 
cells and not to the growth of the tumour. In this con- 
nexion, strong evidence is provided by experiments in 
which the inhibition is eliminated by thymidine (TDR). 
Mennigmann and Szybalski‘* have shown that onoe an 
inhibition is completed by FUDR it is irreversible if 
FUDR is allowed to act unhindered for & sufficient length 
of time and hence for defective molecules of DNA to be 
formed. A similar mechaniam also seems to be present in 
higher plante’. Thus if an inhibition. uoed by FUDR 
is no longer capable of being by TDR after five 
days, it may be due to the fact that either the processes 
which can be blocked by FUDR have come to an end at 
this instant, or the inhibition produced by FUDR is no 
longer reversible. In order to decide which of these 
alternatives is the oorrect one it was neceasary to choose 
an experimental approach which could show the selective 
action of FUDR on the development of a crown gall with 
the FUDR acting for a constant length of time during the 


promoted after an 8-h treatment. 
exerts a weak inhibitory influence, while one of 32 h, on 
the other hand, is distinctly inhibitory. Even then it is 
only the treatment which commences 7 2 h after infection 
that gives definite inhibition of crown-galls.  Treat- 
ments commencing earlier give either weak inhibition 
or none at all. Similarly, 24- or 32-h treatments do not 
inhibit if they are applied 96 or 120 h after the infection. 
In this event, if no TDR after-treatment follows", the 
inhibition is weak. 

The experiment thus showed unequivocally that 
inhibition can be induced by a 32-h treatment with 





tumour after treatment with FUDR, which begins at 
times and lasts for different periods. Ordinate, dry EAE 
of tho Abscume, 
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FUDR, which is of limited duration and restricted to the 
period 72-104 h (4th day) after the infection. According to 
Braun’ the crown-galls are completely altered about 4 
days after the infection. The strongest action of the 
FUDR accordingly coincides with this period of tmo. 

The curves in Fig. 1 indicate that the concentration of 
FUDR used (1) decisively affects only the last part of the 
procees of transformation; (2) does not influence the 
growth of the tumour after the alteration. 

D-Tryptophan is & very strong inhibitor of growth of 
Agrosacterium tumefaciens'. If the inhibition of the 
bacteria by n-tryptophan after infection is measured and 
plotted on a graph against time, the resulting curve shows 
no maximum for inhibition after 72 h. From this it can be 
concluded that FUDR does not take effect by way of the 
bacteria. 

These experiments thus confirm that the prooees of 
transformation, limited in time, is inhibited by FUDR. 
The transformation only occurs when the whole of the 
DNA rar of functioning is propagated. This propaga- 
tion of DNA occurs during the transformation':* and 
probably before the first oell division of the tumour". 
A proportion of DNA appears to be necessary for the 
transformation which is in excess of that required for 
the normal wound divisions and the growth of the tumour, 
since these proceed undisturbed. : 

M. Borr 
Institut fur Botanik, 
Technischen Hochsohule, 
Hanover. 
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oye Depressant Properties of 
rtain Brain Fractions 


ALTHOUGH it is generally believed that at most synapses 
in the brain ‘transmitter’ substances are released from 
nerve endings to exorte or inhibit the post-synaptic cells, 
the identity of the transmitters involved is still very much 
in doubt. Gray and Whittaker! have shown that a 
fraction of brain homogenates can be prepared containing 
mainly pinched-off nerve endings. ore recently ıt has 
been poemble to release apparently mtact 
synaptio vesicles from such a nerve-ending 
fraction and to separate them from other 
membrane structures by density-gradient 
centrifugation’, The purified vesicle frac- 
tion contains acetylcholine but not the 
other components of the aoetyloholine 
system. Simcoe nerve endings can be ex- 
pected to contain substantial amounts of 
various transmitter substances, we have 
examined the excitatory and depressant 
effects produced by various subfractions 
of guinea-pig bram, when applied from 
micropipettes to single units m the guinea- 
pig’s cerebral cortex. 

The fractions mainly used were the O 
and D fractions prepared from hypotonio- 
ally disrupted cortical nerve endmgs by 
density-gradient separation as previously 
described’. Fraction O oontamed the 
soluble oytoplaamio constituents of the 
nerve endings. Fraction D consisted of & 
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suspension of synaptic vesicles. ‘This fraction was 
treated in various ways to release the soluble constituents 
of the vesicles. All the material obtained was made up in 
sucrose solutions (approximately 0:5 M) and immediately 
inserted by centrifuging into multi-barrelled glase micro- 
pipettes of the type used in previous studies of mammalian 
cortical neurones’. When small electrical currents are 
pessed through such solutions, which have a low oon- 
ductivity, electro-osmotic movements of fluid can be 
expected to release a substantial amount of the solution 
from the tip of the pipette‘. Usimg sucrose solutions 
labelled with 14C or contaming polystyrene beads, we have 
confirmed that such an electro-o6motio outflow does occur; 
under the conditions of our experiments, this reached a 
maximum of about 10-* ml./ucoulomb. Fractions O and 
D and vanous subfractions of D had a positive zeta 
potential with eot to the glass of the micropipettes, and 
they could ore be expelled from the tip by making 
the lumen relatively positive. This method of application 
is much leas reliable than iontophoresis, because the 
outflow is susceptible to obstructions of the lamen. 
All the D. fractions and subfractions had a olearly de- 
pressant action on cortical neurones whereas simple 
solutions of sucrose or O fractions produced only minimal 
effects (Fig. 1). Spontaneous di or firing evoked 
by the simultaneous application of 1.-glutamate or acetyl- 
choline, were rapidly blocked by passing 60-80 nA through 
barrels containing D. This suggests that synaptic vesicles 
are associated with some substance capable of depressing 
neuronal activity. Excitatory effects were not seen even 
when the preparations were applied to cholmooeptive 
cells; thus any effect of the acetylcholine present m the ~ 
p tions was masked by the d t effects. 
ypotonio or supersonio treatment of D gave sub- 
fractions of substantially greater potency, particularly in 
the supernatants obtained after sedimenting particulate 
material in the ultracentrifuge, presumably because of the 
release of soluble active factors from the vesicles. With 
the most active preparation enough was released by a 
current of 10 nA to cause & prolonged blook of discharge. 
In this respect Vadit, PETR was comparable in depres- 
sant potency to solutions of y-aminobutyrio acid”. 
Amino-acid analyses of these fractions’ revealed a sub- 
stantial content of some amino-acids, cluding r-glutem- 
ate and aspartate, both of which strongly excite cortical 
neurones’, and y-ammobutyric acid; it was shown, more- 
over, that similar mixtures of amino-acids prepared 
artificially also had mainly depressant effects on cortical 
neurones when applied in this way, presumably because 
the outward currents used would tend to prevent the 
release of the negatively charged excitatory amino-acids. 


"Clear excitatory effects, which could be attributed to the 


release of these acids, have only been seen with extracts of 





nerve cmima applied in te say (O80, eeu ) had htt or no 

same way between arrows. 

effect 38: Fawaulis were obtained dure fring luduoed Dy anstylcholins: (lower 
trace). anaesthesia 
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& nerve-ending fraction (B), suspensions of which in 
sucrose had & negative zeta potential with respect to the 
glass of the micropipettes. 

Although there is thus some reason for believing that 
enough y-aminobutyrio acid is present in D and its sub- 
fractions to cause a marked depression of cortical neurones, 
the subfractions of D in several instances had a strong and 
prolonged depressant effect on the amplitude of the 
neuronal spikes, which sometimes did not return to normal 
for manera minutes after a short application. This kind of 
effect is never seen with ;-aminobutyric acid alone, and its 


occurrence suggests that some other potent factor ar ` 


factors, with a different kind of action, may also be present 
m these fractions. Whether these play & part in normal 
function or whether they are artefacts ariamg from an 
unphysiological een of larger molecules cannot be 
decided at 

This work was rted in by grant NB 08928—03 
from the National 1 Neurological Diseases and 
Blindness, National Institutes of Health, U.S. Publio 
Health Service. 
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PHYSIOLOGY 


Effect of Electrical Stimulation on U 
and Release of Calcium by the Endoplasmic 
Reticulum 


Ovun the past decade the concept has been developed 
that Cat+ is & mediator of the so-called excitation-con- 
traction coupling in muscle contraction dnd that the 
‘calcium pump’ of the endoplasmic reticulum is responmblo 
for relaxation'~*. According to this concept the electrical 
excitation of muscle membrans releases Cat+ from the 
endoplasmic reticulum and the released Ca in turn 
tnggers myofibrils to contract. Relaxation then oocurs 
when the released Catt is again taken up by the endo- 
plasmic reticulum. However, as yet, no experimental 
evidence is available which directly supporta the concept 
that following membrane excitation there is a release of 
Ca^. In this communication, experimental resulta are 
presented which provide direct evidence in support of the 
concept that electrical stimulation releases stored Oat+ 
fram the endoplasmic reticulum and that the cessation of 
electrical stimulation 1s followed by re-uptake of Cat by 
this system. 

The investigation was concerned with the effect of 
electrical impulses passing through a suspension of micro- 

smal relaxing factor on t on the uptake and release of Ca++ by 
tor. The relaxing fastor, which has been 


mot ensi 'prinoipaliy of grant of tho, endo 
plasmic reticulum, was prepared Tabbit skeletal 


muscle with some modification, according to the method of 
Weber et al.*. Thoin of nr Dy PAEST A 
from the ing medium was determined by the 


measurement of ioactivity of the medium flltered 

a ‘Millipore’ filter, as described by Martonosi and 
Feretos’, following the incubation of the relaxing factor in 
the medium. The basic medium contained $ mM : 
1 mM ATP, 5 mM creatine phosphate (CP), 0-1 mg/ml. 
creatme phosphokinase, 50 uM of total CaOl,-- CaCl, 
0-08 M KCl and 0-01 M iris-maleate buffer, pH 6-5. Seta of 
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‘Millipore’ filters (25 mm diameter, type HS or GS, with 
0-45 to 0-3p average pore diameter) were mounted on test 
tubes with side arms connected to a vacuum line which 
was closed during incubation of the mixture. One to one- 
half ml. of reaction mixture containing the ing factor 
(0-5—0-8 mg protein/ml.) was incubated in the tube above 
the filter disk. During the incubation period, a pair of 
flat platinum electrodes was immersed in the medium, and 
when electrical stimulation waa desired, wave 
pulses of 2 V and 10 msec duration were passed through the 
medium at a frequency of 60 impulses/min. The elec- 
trodes were 5 mm wide, and were separated by a gap of 
4mm. After the desired period of incubation, the medium 


The. pectin 


Tahle 1 
aH 
Relative up per 
Oondttion of ineubetion radiogoGvity img 
of filtrate factor 
3 min in baso medium without ATP and OP 100 0-01 
3 mm without 0 123 + 008 0-088 
3 mtn with electrical stimulation 066401 0-024 
Fisi 8 mtn without electrical stimulation 0-71 0-09 0-026 
Becond 3 min with electrical stimulation 
First 3 min with electrical stimulation 0 21+0-07 0-08 


All Incubations except the first were carried out at 26° in the basio medium 
(s00 tart). Values in second column are mean values + 9.2. calculated for 


The results are shown in Table 1 and Fig. 1. As oan be 
seen in Table 1, the relaxing factor prepared by this 
method was found to take up Cat actively from the basic 
medium. Without ATP and OP, there was no significant 
Ca++ uptake. During the 3- or 6-min incubation periods in 
the presence of ATP and CP without electrical impulses 
passing through the electrodes (without stimulation), an 
average of 88 per oent of Cat present in the medium was 
taken up by the relaxing factor, leaving only 12 per cent in 
the filtrate. When electrical stimulation was passed 
through the mixture during the incubation period, only 
about 34 per cant of the Cat+ was taken up by the relaxing 
factor, leaving 66 per cent in the medium. This indicates 
that electrical stimulation inhibits Ca** uptake by the 

factor. When & 8-min incubation period without 
electrical stimulation was followed by a 3-min incubation 
period with electrical stimulation, only 29 per cent of the 
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Cat in the medium was taken u 
This indi¢ates that most of the Cat which was taken up 
by the relaxing factor during the first 3 min of the 
incubetion period without electrical stimulation is released 
durmg the latter period with electrical stimulation. On 
the other hand, when a $-min incubation with electrical 
stimulation was followed by a 3-min incubation without 
electrical strmulation, 79 per cent of the Cat+ was taken up 
by the relaxing factor. This indicates that the Cat which 
was not taken up during the first 3-min incubataon period 
with electrical stimulation was afterwards taken up during 
the later incubation period without electrical stimulation. 
The foregoing interpretation that Cat is taken up by 
the ing factor during the absence of electrical stimu- 
lation and is released from the relaxing factor during the 
stimulation is further supported by the resulta shown in 
Fig. 1. In this experiment, 2 mg protein of the relaxing 
factor was incubated in 4 ml. of the basic medium and 
every 3 mm a 0-2-ml. sample was immediately filtered 
through a ‘Millipore’ filter and the radioactivity of the 
filtrates was measured. As can be seen in Fig. 1, following 
the addition of ATP and OP, the Ca++ content of the filtrate 
fell precipitously. When the medium was stimulated 
, the Cat+ oontent of the filtrate increased, 
indicating that Cat taken up previously by the relaxing 
factor was released during electrical stimulation. The 
cessation of electrical stimulation was followed by re- 
uptake of Ca++ by the relaxing factor from the medium. 
The results obtained are considered to demonstrate 
directly in an tn vitro system that the passage of electrical 
impulses through the microsomal suspension releases Cat+ 
from the factor and the cessation of electrical 
stimulation is followed by uptake of Cat by the relaxing 
factor. Since the microsomal factor consists 
primarily of fragments of the endoplasmic reticulum of 
muscle, presumably the electrical stimulation of the 
endoplasmic reticulum during the passage of an. 
action potential would release Oat from this system in 
situ and the released Ca++ would initiate contraction of the 
myofibrils. After the termination of the electrical stimu- 
lation, Ca++ would again be taken up by the endoplasmic 
reticulum and relaxation, would then ensue. The present 
experimenta may be considered an in viro demonstration 
of the Cat release from the endoplasmic reticulum which 
occurs in vivo during excitation-contraction coupling and 


by the relaxing factor. 
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Electrophoretic Mobilities of Tissue Culture 
Cells in Exponential and Parasynchronous 
Growth 
IT has been reported';*! that tumour cells have a higher 
net than their normal counterparts and 
that the net negative charge of tumour cells increases with 
increased invasiveness. It was further reported that 
decreased mutual adhesiveness of cella is correlated with 
increased surface charge*. From observations of electro- 
phoretio mobilities of rat liver cells‘ and mouse fibroblasts * 
ib was suggested that increased negative charge i8 &880- 
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ciated with increased wth rate, and Eisenberg et al.* 
showed tiat Gell ‘populations with rueeused prostrate 
have imoreased heterogeneity in electrophoretic mobilities. 
Cook et al.’ inferred from the small scatter of electro- 
phoretio mobilities of individual Ehrlich ascites tumour 
oells that ‘the electrokinetic p of the tumour oell 
surface were independent of the state of the nucleus’. 
This communication describes an attempt to relate the 
electrophoretio mobility of oells to their stage in the 


mitotio oyole. 
The horetio mobilities of cella from cultures 
partially syn by double thymidine blocking*'* 


were pe ie hat with those of cells from unsynchronized 
cultures. Roswell Park Memorial Institute (R.P.M.I.) No. 
41 cells, derived from & human osteogenic sarcoma!*, 
cultured at 37? O in suspension in medium R.P.M.I. 906 
plus 5 cent calf serum}, and having a mean generation 
time of 18-20 h!!, were used throughout. Thymidine was 
added to cultures which had been growing exponentially 
for at least 5 generations, to give a final concentration of 
5-10 mM. After 14—24 h mcubation the cella were washed 
twice and resuspended in fresh medium and 8-14 h later 
the treatment with thymidme was repeated. After a 
further 14-24 h, the cells were washed twice, ed 
in fresh warm medium, and sampled at hourly or half- 
hourly intervals for determination of cell concentration 
and mitotic index. The mitotic peak occurred 14-17 h 
after stopping the thymidine treatment, when a maximum 
of 15 per cent of the cells were in mitosis, compared with 
2-3 cent in unsynchronized cultures. The degree of 

nization? varied in different experiments between 
65 and 80 per oent for the first generation, after whieh the 

of synchronization decayed with time as described 
by Petersen and Anderson’. No differences were detected 
between the number of viable cells as determined by up- 
take of trypan blue in partially (parasyn- 
chronous) cultures and control cultures in tial 
growth. Parasynchronous cultures grew at the sams rate 
as control cultures for at least 8 generations after release 
from thymidine. Thus thymidine at the doses used did 
not damage the ocells. 

Cell suspensions, removed either from control cultures or 
from cultures at various times after release from thymidme, 
were prepared for electrophoresis measurements in ane of 
the following ways: (a) The cella were washed twice by 
centrifugation in Ca saline (0-145 M sodium chloride; 
5 x 10-3 M calcium chloride; 4 x 10-4 M sodium bicarbon- 
ate) and resuspended in 4 per cent phosphate buffered 
formaldehyde solution (pH 7:2). After fixation for 20-24 
h, the cells were washed twice in 180tonio 5 per cent sucrose 
in half. 
+ 0-2, and for electrophoresis in this solution. 
(6) 10 ml. buffered formaldehyde was added to 100 mL cell 
suspension and left for 20-24 h. The oells were then 
washed &nd for electrophoresis in sucrose/ 
Hanks's solution as in (a). (o) 100 mL fresh cell suspension 
was washed twice and resuspended for electrophoreeis in 
sucroee/Hanks's solution. 

The times taken for individual cells to traverse 25u at 
25° O, 50 V and 0-9 m.amp, in a cylindrical chamber 
electrophoresis apparatus‘, were measured, and the 
electrophoretic mobilities caloulated. The results are 
shown in Table 1. 

The significance of the difference in means between cells 
from control cultures and cells in verious phases from 
parasynchronous cultures was determined by means of 
t-tests. Mitotic peak phase oelle, comprising dividing 
cells, cella just before division (G,) and just after division 
(Gi) have significantly higher mean mobilities than 
corresponding control cells. Cells during DNA synthesis 
(after release from thymidine) have mobilities similar to, 
or lower than, control cells and after division the mobility 
falls to the control value; thus increased mobility of oelle 
during the mitotic peak phase is due to synchronization 
and not to thymidine treatment. 


Hanks's balanced salt solution at pH 7-7 ` 


x 
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Table 1. HLEOTROFHOENTIO MOBILITINS OF FIXED AYO FRESH R.PJM.L No. 4170NLI4 FROM CONTROL OR PARASYTNOHROXOUS CULTUEMS 
Treatment Mobihty t-test, p-value. 
oolls after Type of culture growth Phase of mitotio cyole Number of ceils (es 1 V— em) Controls v. 
repova] from measured +8. parasynohronous 
pnase 
Fixed method (e) control (exponential) m 115 —1:46 + 0-087 -— 
mitotio peak 40 —1-:82 + 0-003 «0-001 
Fixed method (b) control (exponential) = 157 —1-13 + 0 020 — 
perssynohronous DNA 1200 —107 + 0-034 «0-1, 20-05 
pareusynohronous late DNA thesis 181 —118 + 0-023 >09 
parasynohronous mitotio 117 —1:37 + 0 027 <0 001 
perasynohronous posi (4) 106 —116 + 0-024 7040 
Fresh (0) control (exponential) — 150 —1-08 + 0-023 — 
mitoiie peak 257 —1-26 + 0-021 <0-001 
Fresh (e) control (exponential) — 209 —1 05 + 0-020 = 
parassynohronocs DNA syntbems 145 —100 + 0 Om «0-1. 70-06 
parssynohronous mitotic 189 —1-29 + 0-028 <0-001 
perssynohronous posi (G, phase) 168 —1-12 + 0-011 «0-1, >0 06 


Control cells fixed in formalin by method (a) have a 
higher mobility than those fixed by method (b). Method 
(a) fixation is similar to that used by Cook e al.’, who also 
found increased mobility of fixed compared with fresh 
cella. It seems that the fixation procedure can affect the 
mobilities of the cells, but that comparatively gentle 
fixation, as in method (b), gives results similar to those 
obtained for freah cels. 






DNA synthesis phose 
(146 osile) 





Fig. 1 shows histograms of electrophoretic mobilities of 
fresh cells from control and parasynchronous cultures. 
Cella from mitotic peak phase have a wider scatter in 
mobilities compared with those from the DNA synthesis 
phase, after division or controls, and there are a number of 
cells with mobilities 2 or more times greater than the mean. 

If these results, which have been obtained on only one 

of cultured cell, have a general validity, it may well be 

the electrophoretic mobility of cells varies during the 

mitotic cycle, and indicates an increase in negative charge 

density (poesibly due to an inorease in negatively charged 

groups and/or & decrease in positively charged groupe at 
: in surface charge 

possibly affect the adsorption of drugs eto.; this would 


possibly account for variation in sensitivity to cytotoxic 
drugs at different stages of the mitotic cyole!*:1*, 


We thank Dr. Stig Nordling and Dr. L. Weise for helpful 
discussions. Some of the costs of e work were covered 
by a grant, G-64-RP-5, from the United Health Founda- 
tion of Western New York. 
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Effects of Tenotomy on the Growth of 
Muscle and its Tendon 


Tax immediate changes which occur in an adult muscle 
after section of its tendon have been summarized by 
Sunderland and Lavarack?. Regeneration of an experi- 
mentally transected tendon occurs within 2-8 weeks"? 
even where the muscle has been denervated previously*, 
and some muscle function is thus soon restored. Because 
the dysfunction appears to be only temporary, the possi- 
bility of some t effect on the muscle has been 
overlooked even though it has been shown‘ that, six 
weeks after tenotomy, the repaired tendon is longer while 
ita muscle remains both shorter and lighter than the 
control. Therefore, in an investigation of the relationship 
between the strength of a muscle and the collagen content 
of its tendon’, the o ion of tenotomy waa included 
to modify the ni muscle-tendon relationship during 
growth. The tendon of tibialis anterior was transected 
just distal to the muscle-tendon junction in the right hind- 
limb of five 4-week-old rabbits, the other limb serving 4s & 
control. The stumps were not sutured but allowed to 
retract. The animale made an uneventful recovery and 
were killed when 180 days old. No adhemons were present 
at the site of tendon repair. 

Contrary to expectations the experimental muscle belly 
was not shorter but either the same length or even longer 
than the control and it was also significantly heavier 
(P=0-05, Table 1), thus having an increased girth in 
four of the five rabbits. There is no obvious explanation 
for this hypertrophy ; but it has already been shown’ 
that the diminution of electro-myographic activity four 
months after tenotomy is not due to atrophy since it is 
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Table 1 
Rabbit No. 1 2 3 4 b 
Wet af control musoleo 
2-80 2-30 2-19 250 2-52 
Wet + of 
belly 251 2-80 278 246 240 
of con muscle 
= 72 70 72 75 76 
muscle (mm) T3 85 70 75 75 
Nxpertmental 
(weight/length) as % of 
control 108 109 117 107 99 
Thickness of control tendon 
(mg dry t/mm 0-37 0-25 0-86 0-40 0 40 
neus as % of control 117 128 114 114 97 


normal or even increased during postural reflexes in tho 
anaesthetized. rabbit. 

There waa no significant difference between the mean 
increase of the girth of the muscle and that of its tendon 
when each was expressed as a percentage of the control. 
There were 69-0+ 1-0 mg collagen per 100 mg dry weight 
of the normal tendon and 67:4+1°8 of the experimental, 
distal to the tenotomy, estimated ing to the method 
of Neuman and Logan’. At the actual site of regeneration 
the tendon was too small for ita girth or collagen content 
to be asseased. The correlation between the increased 
girth of the tendon distal to the site of tenotomy and the 
increased girth of ite muscle belly is in accordance with the 
similar relationship found when the muscle is stimulated 
to hypertrophy during growth by removal of synergic 
muscles)", by exercise, or by immobilization at an exten- 
ded length’ 1°, 
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Anoxia-induced Release of Noradrenaline 
from the Isolated Perfused Heart 


D»GcREASES in the catecholamine content of the myo- 
cardium have been found to oocur in animals subjeoted to 
prolonged periods of hypoxia! and of myocardial ischaernig?. 
Reeulta recently obtained in this laboratory*«*, however, 
suggest that release and’ subsequent loss of cardiac cate- 
cholamines from their site may be a moro 
immediate response of the animal to arrest of the coronary 
circulation and to myocardial anoxia in general. In the 
work recorded here the isolated perfused heart was selected 
as a suitable object for approaching this problem experi- 
mentally and, at the same time, independently of the 
influence of nervous activity. Using the isolated 
adrenal gland Bülbring e£ al.* and Ceemion-Foemon* had 
been able to demonstrate a direct mobilizing action of 
anoxia on the adrenaline stores of this organ. 

The hearts of heparinized and anaesthetized adult 
rabbits and rats were rapidly excised and attached to a 
Langendorff apparatus for perfusion through the aorta 
and the coronary circulation with glucose and sucrose- 
containing Tyrode solution aerated with a mixture of 
95 per cent oxygen and 5 per cent carbon dioxide. The 
time elapsing between opening of the thorax and the 
start of perfusion did not exceed 1 min. After 30-85 min 
of perfusion at 84° O the hearts were left for 3 or 4 min in 
an anaerobic state, brought about in one series of experi- 
ments by arresting the perfusion, and in the other series 
by connecting the aortic cannula by means of & three-way 
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stopcock to a second infusion system in which the Tyrode 
solution was equilibrated with a mixture of 95 per oent 
nitrogen and 5 per cent carbon dioxide. Aerobic perfusion 
was then re-started. The perfusate was collected in 
consecutive fractions of 10-100 ml. in graduated shaking 
oylinders containing 0-1 volume of 1 N perchloric acid. 
Noradrenalino in the perfusate fractions, in the ventricular 
muscle, and ın various sub-cellular fractions of this tissue 
was determined, after adsorption on aluminium oxide at 
pH 8:3 and elution with 0-1 Ñ io acid, by a modifi- 
cation’ of the trihydroxyindole fluorometric msthod. 

Both the interruption of perfusion and the shift to 
anaerobic Tyrode solution caused the discharge of oon- 
siderable amounts of noradrenaline from the heart into 
the circulation. A representative experiment on a rabbit 
heart, illustrating the magnitude and time course of this 
response, is depicted in Fig. 1. During the steady aerobio 
state negligible amounts of the catecholamine appeared 
m the coronary outflow. A 8-min period of anaerobiosis, 
in this instance due to arrest of ion, led to the 
subsequent, release into the circulation of a total af 5 ug 
of noradrenaline or, reckoned per g heart, of 0-7 ug/g. 
The mean logs of noradrenaline caused by 3 or 4 min of 
anaerobiosis from 11 preparations of rabbit hearts was 
0-46 ug/g. This amount representa nearly one-fourth of 
the noradrenaline normally present in the rabbit’s heart. 
The highest concentration of the catecholamine in tho 
perfusate was found in the fractions collected during tho 
second or third minute following return to aerobic condi- 
tions (Fig. 1). Thereafter the noradrenaline output fell 
rapidly toward or even below the pre-anaerobic level. 
A renewed output of the neurotransmitter was elicited 
in some preparations by a second exposure to anoxio 
conditions. At the end of these experimenta the hearts 
were found to contain considerably leas noradrenaline 
than hearts perfused for the samo length of time without 
an intervening period of anoxia. No appreciable difference, 
however, was seen in the sub-oellular distribution of the 
amine as revealed by analyses of heart homogenate 
fractions by differential centrifugation. 

Concomitantly with the anoxis-induced discharge of 
noradrenaline into the circulation there was & sharp riso 
in the lactico acid concentration in the perfusate. At its 
peak tho lactic acid output by the heart approached 
1—4 umoles/g heart/min. It is conceivable that accumula- 
tion of lactic acid and other acid metabolites in the anoxic 
and post-anoxio myocardium may have significantly 
contributed, perhaps through an increase in the hydrogen 
ion concentration, to the liberation of noradrenaline’. This 
point is currently being investigated. 
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When the isolated hearta of rabbits which had just been 
treated for 10 days with reserpine (0-1 mg/kg daily) were 
subjected to anoxi& for 4 min, much lees noradrenaline 
was released into the coronary bed than from the hearts 
of the untreated animals. The amounts released were 
FO uM Ho Do ee of A feti Soe opena 

iac noradrenaline stores, No release of noradrenaline 
whatever was observed in preparations of rabbit hearts 
which had undergone only moderately severe losses of 
noradrenaline as a result of prior administration of 
tyramine (80 rabbit given 80 min before excision 
of the heart). is finding suggeste that the anoxia- 
sensitive fraction of the noradrenaline in the rabbit heart 
might form part of, or be identical with, the fraction 
releasable by tyramine. 

Further characterization of the material in the perfusates 
at present determined as noradrenaline is provided by the 
following observations: (1) The fluorescence excitation 
and emission spectra of the alumina eluates of the per- 
fusates treated by the trihydroxyindole procedure used’ 
were indistingui le from thoee of the lutine formed 
from authentic noradrenaline. (2) The blood-preasure- 
raising activity of the alumina eluates, assayed in the cat, 
corresponded roughly to that of the fluarometrically 
estimated quantities of noradrenaline in these eluates. 
(3) In heart ions loaded with tritium-labelled 
noradrenaline a 4-min arrest of perfusion was followed by 
a sharp temporary rise in the rate of outflow of radioactive 
noredrenaline 


There ia thus little doubt that myocardial anoxia oan 


bring about, in the apparent abeenoe of sympathetic 
nerve activity and with little delay, the release and loss 


of a good of the noradrenaline stored in oardiao 
musole. ‘liberation of the adrenergic transmitter 
may be held e for the initial outburst 


of phosphorylase activity and glycolysis in anoxic myocar- 
dium?‘ and may conceivably play a part in the genesis of 
cardiac arrhythmias such as occur in the wake of an 
occlusion of & coronary vessel’. 
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PHARMACOLOGY 


Reserpine in a Tissue Culture of Alstonia 
constricta F. Muell 


Iw a tesue culture study of certain members of the 
Apocynaceae, the plant Alstonia oonstriota F. Muell was 
investigated. The root and trunk barks of this tree, which 
is native to Australia, have been known to yield several 
indole alkaloids including reserpine!+*. 

The callus tissue cultures were mitiated from germinat- 
ing seeds and maintained on a modifled White’s medium 
which included 2,4-dichlorophenoxyacetic acid, 1 mg/l, 
and 10 per cent coconut water’. The tissue was 
continuously oultivated for over two years and period- 
ically it was gathered, lyophilized and stored for sub- 

Recently, & chemical anslysis was per- 
formed. Several grams of dried callus were reduced to a 
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pte 20 paw = d ERE QE he 
for alkaloi aee E o a alight modification of the 
procedure reported by Bvoboda!. This procedure involves 
the use of several solventa, the fmal one being chloroform. 
The chloroform extract waa subjected to analysis by thin- 
layer chromatography. In this procedure the Desaga' 
apparatus (Brinkman Instrument Co., Westbury, New 

ork) waa used, including 200 mm square plates with a 
matrix of ‘Silica Gel G^ of Merck and a solvent system of 
ethyl acetate : ethanol 3 : 1. The solvent front was allowed 
to travel 100 mm. Each chromatogram was examined 
under ultra-violet light and its fluoreecent pattern was 
recorded. The plates were then sprayed with modifled 
Dragendorff's reagent". Since reserpine bad previously 
been reported to occur in root and stem bark of Alstonta, 
this compound was chromatographed alongside the callus 
extracts. 

An examinstaon of the chromatograms under ultra- 
violet light revealed the presence of five fluorescent spote. 
Four of these gave & blue fluorescence and one a yellow- 
green colour. The pure reserpine also ffuoresoed yellow- 

and at the same Rp as the yellow-green 
uoreecent spot from the callus extract. When the plates 
had been sprayed with modified Dragendorff’s reagent 
three distinct positive spots appeared with Ry values of 
0-19, 0-68 and 0-98. The Rp of reserpine under the same 
conditions corresponded to the middle value just listed, 
0-68. 

Further, to check the possibility that one of the unknown 
alkaloids was reserpine, the compound appearing at Ry 
0-68 &a well as known ine was scraped from the plate 
before spraying with i Dragendorff's reagent. The 
&lkaloid-sihoa-gel matrix was eluted with chloroform 
by mixing in & centrifuge tube. The mixture was oentri- 
fuged and the supernatant chloroform extract removed. 
This extract was analysed spectrophotometrically in & 
Beckman DK-2 recording hotometer. 

The ultra-violet spectrum for the alkaloid at E, 0-68 
was the same as for reserpine, namely a shoulder at 2090p 
and a maximum at 267. More tissue is being accumulated 
so that further investigation may be performed. From 
this preliminary work it appears that our tissue culture of 
A. constricta, which has been maintained for more than 
two years, bas the capacity to biosynthesize ang Cu 

This work was supported in part by grant H E—06 
from the National Institutes of Health. 


Davin P. CAREW 


College of Pharmacy, 


' State University of Iowa, 


Iowa City. 


1 Svoboda, G. HL, J. Amer. Pharm. Assoo., Sot. Ed., 48, 508 (1967). 

1 Grow, W. D., and Greet, Y. M., Austral. J. Chem., 8, 401 (1085). 

*Ourile, R- G, Handley, G. J., and Somers, T. O., Chem. ond Indust, 49, 
^ Hiderfisid, B. O., Amer. Solent., 48, 103 (1060). 

1 Babeock, P. A., and Carew, D. P , Licyéis, £6, 209 (1062). 


Effect of Cold and Restriction of Movement 
on Mast Cells and Metachromasia of Rat Skin 

Syeramio administration of oortiootrophin, cortisone 
and hydrocortisone causes degranulation and other 
changes in mast oellg'-. Exposure of rats to cold caused 
the number of mast cells in | and thymus tissue to 
increase in rata weighing 185 g and decrease in rats weigh- 
ing 880 g (ref. 4). Cold treatment of the heavier rate 
increased the number of dermal mast cells and decreased 
mesentery (intervascular) mast cells*. 

Fediay and Olay* reported that treatment of rate weigh- 
ing 800 g for 2 days with cold and restriction of movement 
increased plasma corticosterone levels, decreased dermal 
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hyaluronic acid and chondroitin sulphate levels and 
decreased dermal spread of hyaluronidase-indian ink 
solution, After 14 days treatment corticosterone-levels 
remained elevated, hyaluronio acid and chondroitin 
sulphate increased, heparin decreased, and the spread of 
the hyaluronidase—indian ink solution increased. In the 
work recorded here les of skin were taken from the 
rate’ to determine whothar charges in tho phyxicdl aud 
chemical state of the akin can be correlated with changes 
in dermal metachromasia and mast cells. 

Three groups of eight male Wistar rats (260-340 g) were 
treated as follows: group 1, control; groups 2 and 8, 
maintained in individual steel + 2°C for 
i - The dimensions of the cages 
(5-5 in. x 2-5 in. x 2-5 in.) permitted the rats to move 
only with difficulty. The rata were decapitated and full- 
thickness skin samples were cut from shaved right 
flanks and fixed in 10 per cent neutral formalin. Frozen 
aroes-sections (80-83) were cut and stained for 40 seo in 
. & 0-5 per cent toluidine blue water solution. Intensity of 
ground substance metachromasia was recorded. Mast cells 
were counted by a modification of the method of Simpson 
and Hyashi’ in 10 sections from each akin sample. Counta 
were made in square flelds (0-25 mm x 0-25 mm) extend- 
ing through the entire akin. Five such columns of flelds 
were selected for each tissue section. Separate cell counts 
were made according to regional distribution or zone and 
cellular morphological characteristics. The zones are a8 
follows: 1, immediately below the basal layer of the 
epidermis; 2, dermis; 8, subcutaneous tissue; 4, pan- 
niculus carnosus. The cell types are as follows: 1, heavily 
granulated, larger than 0-007 mm; 2, lightly granulated, 
larger than 0-007 mm; 8, heavily granulated, smaller 
than 0-007 mm; 4, lightly granulated, smaller than 
0-007 mm; 5, mast cells with walls. 

Table 1 shows an increase in the mean mast cell density 
(5 cell types, 4 zones) after 14 days of stress, which was due 
primarily to an increase in cell type 5, cella with ruptured 
cell walls (control, 4-812; 2-day stress, 4561; 14-day 
strees, 12-465). The akin, after 14 days of strees, showed 
Many areas containing individually dispersed extra- 
cellular metachromatic granules, cels with granules 
clumped together in irregular and angular shapes as well 
as areas of the ground substance which failed to stain 
metachromatioally. The highest mast cell density in each 
of the 3 groups was found in sone 8, followed by rones 4, 2 


Table 1. Araw Mist ONLL DENEITY PEZ MIOROBOOPIO AREA IN THE ÉXIN 
BETREPSND 














OF NORMAL AND BATS 
Skin OM] © Group 1 coe Group 8 
3006 type (oontral) stress) (14-day stress) 
(1) 
Sub- 1 — 0-003 (0 008 0 007 (0 010 
epidermis 2 — 0-009 (0 O13 0 010 (0 O21 
3 c 0-109 (0:004 0 047 (0-048 
4. 0-015 (0-042 0-083 (0-1 0-147 (0-240 
5 — — 0 007 15, 
Total 5 types 0042 0-176 0-220 
) 
Demi 1 0-214 (0-150 0 406 (0 231)* 1:391 (1°146)t 
2 0-084 (0-074 0-145 (0-110 0-232 Ue 
3 2-078 1 911 (1-246 1:704 (1- 
4 0 310 (0-416 0-273 (0-508 0-514 (0-701 
5 O- oe 0-247 (0-262) + 1-858 (1-680) 
Total 5 types 2 2:980 5-099 
(8) 
1:728 (1 2 784 (1:118 8-064 
layer 2 0-541 (0-540 O 911 (0-744 0-380 (0 801 
3 0 959 (0-551 0 005 (0 323 0 308 (0 497)1 
4 0-115 (0- 0-192 (0-201 0 042 (0 071 
2 $04 2115 (1-020)1 6-863 ($-715)1 
Total 5 types 5787 6:917 10-596 
(4) 
?Panníoutus 0-739 eile 0-999 (0 1-477 (1-183 
ORIDOSUS 1 0-237 (0- 0-503 (0-580) t 0-072 (0-101. 
3 0-204 (0-135) * 0 076 (0 080 0 064. (0 068)1 
4 0 011 (0-01 0 018 (0 0-031 (0-061 
5 1-764 (1-460 2 199 (1-503 3-744 (1:-780)} 
Total 5 types 2-955 3 861 i 5380 
3-844 (1-052) — 4503 (30601) — 7128 (2-024) 


Mean zones 
2,3and4 
Figures in parentheses indicate standard deviation. 

i Elect pen UTHERDAS between means. * Groups 1 and 2; t Groups 2 and 3; 
Zone 1 is not oquivaleni to a full mierosoopio area. 
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Table 2 ORDER or FRIQUENOY or Mast Omit TYPES AOOORDING TO 
HXPERDMENTAL TENXATNENT AND ZONA 


Bx 
Treatment Zone 2 Zone 3 Zone 4 
Control 3-4—-1-£* 5-1-3—3-4 5—1-2-3-4 
2-day stress 4-1-4 15-2-34. 5-1—2-3-4 
14-day stream 5-8—1--1 5$—1-3-3-4 5-1-2-3— 
* Order of deoressing frequency. 


and l. Table 2 shows the relative uniformity in order of 


frequency of mast cell types in the 8 deeper zones of the . 


8 groupe. 
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HAEMATOLOGY 


Separation of Factor VIII (Antihaemophilic 
Factor) Activity from Fibrinogen by Means 
of a Snake Venom ° 


THs ion of Factor VIII activity from fibrinogen 
is of considerable importance. Fram the therapeutic point 
of view it would seem desirable when treating haemo- 
philiacs to use a protein fraction rich in factor VIII 
activity but as free as le from other contaminati 
proteins, including flbrinogen. From the experimen 
point of view purifled Factor VIII is required for studies 
of its chemical and physical properties. 

Many attempts have been made to pre plasma 
fractions rich in Factor VIII but free of inogen!-’. 
Most of the procedures used have been only partially 
successful or have yielded inconsistent results. 

In 1963 Reid, Chan and Theen* observed that human 
beings bitten by the Malayan pit viper (Anctstrodon 
rhodostoma) developed a prolonged deflbrination state 
which was not associated with a severe bleeding tendency. 
Thromboplastin generation tests carried out on the blood 
of those fibrinogenopenio subjecta was normal, suggesting 
that there was no loss of activity of the factors necessary 
for thromboplastin formation. We were icularly 
interested in the possibility that the venom did not reduce 
Factor VIII activity and might therefore be used $n vitro 
to prepare plasma deficient m fibrinogen but contaming 
Factor $ 

Experiments were carried out in which citrated normal 
human plasma was incubated at 37? O with different con- 
centrations of the crude venom for different periods of 
time and the residual Factor VIII activity in the plasma 
assayed (Table 1). The assay method used was that of 
Biggs, Eveling and Richards as modified by Biggs and 
Macfarlane’. After incubation for 1 h with final venom 
concentrations of 1—2 g/mL, the plasma fibrinogen clotted 
but without. any loes of Factor VIII activity. On the 
contrary there was an apparent morease of activity in 
those samples. With a venom ooncerftration of 4 ug/ml. 
there was slight loss of Factor VIII activity at 1 br and 
with higher concentrations of venom and prolonged incu- 
bation the loas of i more marked. With 
venom concentrations above 1 ug/ml., defibrination of the 
plasma seemed to be complete, since subsequent addition 
of & strong solution of thrombin (“Thrombin Topical’, 
Parke Davis) produced no further clotting in the pias. 
As a further boa on the completeness ot fibrinogen con- 
version by the venom, samples of plasma were clotted by 
the addition of either viper venom (1-4 pg/ml.) or M/40 
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Table 1 30 
Final venom Residual Factor VII acttrity 
tn plasma 1h abaton for 4h 3 
(g/ml ) i 
06 150 120 m 8 
1 185 100 T5 49 
; E a BOG 
5 56 E = q 
10 <10 — a 
Buffer 100 100 100 40 
Inoubaton system 
3 6 ml. plasma p 0-4 mL gtyoxaline buffer or solution of venom fn bufer; f 
After 1, 2and 4 h at 87° O, 1 mL incubation mixture was removed 45 
from each tube, adsorbed with Al(OH}, and amayed for Factor VIII activity. 
The residual VIII activity was expressed as a percentage of $ 
buffered plasma sample incubated for the same length of ye 


formed were washed in saline, digested and assayed for 
total nitrogen content by the miaro-Kjeldahl method. It 
was found that the amount of fibrin formed by the action 
of the venom was the same as the amount formed when 
the was olotted by recalcification. 
alumina-adsorbed  flbrinogen-free plasma as 

eterting material, attempts were made to precipitate 
Factor VIII activity by the alcohol fractionation - 
cedure of Cohn!?. Whereas in normal plasma Factor mn 
is precipitated elong with flbrinogen in Fraction I at a 
final ethanol concentration of 8 per cent, we found that in 
the defibrinated plasma maximal precipitation of Factor 
VIII activity took place at a ethanol concentration 
of 15 per cent. It is well recognized that the precipitation 
characteristics of plasma proteins are altered in the 
absence of fibrin and Gobbi!! has shown that higher 
concentrations of alcohol are required to precipitate 
Factor VIII activity from the plasma of patients with 
congenital afibrin ia than from normal plasma. 

The action of the venom in olotting plasma pit oa 
and yet sparing Factor VIII is consistent and reproducible 
and it should be poesible by ite means to prepare fibrinogen- 
free Factor VIL for experimental purposes and possibly 
also for therapeutic use. 
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e. 
Inhibition of Adenosine Diphosphate-induced 
Platelet Aggregation by Histamine 

Yr is now well known that adenosine and adenosine 
monophosphate (AMP) strongly inbibit the aggregation of 
human and rabbit platelets which occurs in the presence 
of adenosine diphosphate (ADP). Adenosine and AMP 
are effective at a concentration of approximately 10-' M, 
and are the most potent naturally oocurring inhibitors 
known. O’Brien! shown that antihistaminics, anti- 
malarials, and local anaesthetics, all at approximately 


g 





incubated 1 ] 
histamine, 6x 10 M; C, histamine, 10+ M, D, histamine, 10* M; 
adenosine, 10-* M 
10- M, inhibit ADP-induced platelet aggregation. It has 
recently been reported by Salzman and Chambers" that 
substituted amino-acids, at a concentration of 1:5 x 10-* 
M, inhibit ADP-induced platelet aggregation. 

It has now been found that histamine mhibits ADP- 
induced aggregation of rabbit plateleta. Changes in 
transmittance of platelet-rich plasma on addition of ADP 
were recorded at 23° O, as described by Born? and O’Brien‘. 
Fig. 1 shows the inhibitory effect of various concentrations 
of histamine when this was added to the plasma 1 min 
before the addition of ADP ; all concentrations are final 
concentrations in the test system. The results were similar 
when histamine remained in contact with the plasma for 
10 mim prior to the addition of ADP; but when histamine 
was incubated with plasma for 30 min at 87° C, then 
cooled rapidly to 28° C, there was no inhibition of ADP. 
This may be explained by the action of plasma histamin- 
ase during the 37? C incubation period; in additaon, 16 has 
been shown that there is increased platelet responsive- 
ness to ADP in platelet-rich rabbit plasms which has 
been incubated at $7? O, and then cooled rapidly to 23° C*. 
Imidazole (103 M) did not inhibit ADP-mduoed platelet 
aggregation. A series of substituted imidazoles, each 
tested at 10 M, were ineffective as inhibitors of ADP: 


2-amtnounidarole N,N-dtme&hylamtnoeth y! yinidarole 

rote eorr -propylamtnoedhyl 

4 Piiasalediarbosmorghobde ud 
batylamioethyl)imikiasole 


O’Brien‘ has reported that histamine does not inhibit 
ADP-induoed aggregation of human platelets, and this 
may be yet another example of species-determined differ- 
ences in the behaviour of platelets toward both aggre- 
gating agente and their inhibitors. There is no obvious 
explanation of the mechanism by which histamine mhibita 
ADP-mduoed platelet ion. Butcher &nd 
Sutherland’ have shown that imidazole stimulates cyclo 
phosphodiesterase, the enzyme which converts cyclic 
35'-AMP to AMP. It is posmble, therefore, that hist- 
amine mighb stimulate cyclic phosphodiesterase and so 
result in the production of an inhibitory level of AMP. 
Evidence against this concept is the lack of inhibition to 
ADP-induced platelet aggregation by imidaxole. 

Jay W. OONSTANTIMN 
Medical Research Laboratories, 
Charles Pfizer and Co., Ino., 
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Molecular Support of Rheumatoid Factor 
and Anti-Gm(a) Activity 
A semano serological was found several 


years in the serum of edes suffering fr herma 
o om r. - 

Poa pete retiring 
This rheumatoid factor (RAF) has been localized in 
the 8-y-globulin}, Grubb and Laurell! found a second 
serological activity in certain arthritis sara (Ragg causing 
the agglutination of human red blood cella ud by 
selected incomplete anti-D sera. This factor has been 
called anti-Gm activity as it allowa the detection of the 
different y-globulin (Gm) groups. The anti-Gm activity 
is also associated 
arises whether Ragg 
anti-Gm(a) activity has 12 different serologically active 
populations or i 


one with RAF activity and the other with anti-Gm(a) 


specifio 
adsorption of RAF activity on sheep red blood cella coated 


While working on the isolation of the molecular support 
of anti-Gm(a) activity we found that anti-Gm(a) activity 
from normal serum can be adsorbed specifically on diazot- 
ized p-aminobenzyloellulose coupled with Qm(at)-y- 
globulin’. 

The same support has been found suitable for the dis- 
sociation of anti-Gm(a) and RAF activities in Ragg. 

The chemical attachment of human y-globulin to the 
insoluble cellulose derivative gives a better than 
the simple adsorption of the protein on latex particles 
(polystyrene resin) which is more or lees reversible. Pure 
y-globulin of Gm(a+) as well as Gm(a—) serum has been 
prepared by a technique combining the precipitation of 
most of the serum proteins with rivanol and adsorption of 


the remaining impurities on DEAE cellulose. 
The following complexes have been V Ua (A) 
PAB-y Gm(a*); (B) PAB-y Gm( 0) PAB-y Gm(a +), 


8—);( 
heated; (D) PAB-y Gm(a—), heated. In the case of the 
preparations, the solution of y-globulin (1 per cent) 
was heated for 10 min to 63° 
the diazotized PAB-cellulose. 

The unspecific adsorption of RAF on heat- 
y-globulin is a well-known phenomenon. Initially we 
supposed that anti-Gm(a) activity would only be adsorbed 
by oomplex (4) and eventually by complex (0), whereas 
RAF would be adsorbed by (0) and (D). 

However, we soon realized that these complexes have 
& considerable non-specific affinity for both activities. 
We therefore enquired whether there exista an important 
quantitative difference between the specific and the non- 
specific adsorption of anti-Gm(a) activity by adsorbing 
different Ragg sera with complexes (4) and (B). Under 
optimal conditions, using a minimal amount of lex, 
about 90-100 per cent of anti-Gm(a) will be adsorbed to 
complex (A), and less than 10 per cent to complex (B), 
the latter being used as a control to evaluate ‘non- 
speciflo adsorption’. Such small differences cannot be 
detected by ordinary serological techniques and we had 
to do this quantitation by photometric titration’. It 
was evident that the non-specific adsorption of anti-Gm(a) 
to PAB-y-Gm(a —) could be very small (less than 10 per 
cent) under appropriate conditions. 

However, the titration of RAF activity in the super- 
natant of complex (44) showed & loss of about 25 per cent. 
It is conceivable that RAF has a greater non-specific 
affinity for the cellulose—protem complexes than have the 
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cent 
the 


possible to use this system for 
the adsorption of RAF leaving &nti-Gm(a) in the super- 
natant. 

Evidence of a third population, with anti-Gm(a) 
activity alone, was provided by the adsorption of RAF 
activity on human red oells sensitized by rabbit ambo- 
ceptor. Using the photoelectric titration method we 
found that 50 per cent of &nti-Gm(a) activity disappears 
together with all the RAF activity. 

The concomitant adsorption of 50 per cent of the anti- 
Gm(a) activity, however, was not due to non-apeciflo 
adsorption. Indeed, the serum devoid of RAF activity 
and of 50 per cent of anti-Gm(a) aotivity after this first 
adsorption has been readsorbed by an identical quantity 
of sensitized red cells and the anti-Gm(a) titre was un- 
changed (50 per cent of the original titre) after the second 
adsorption. These observations thus revealed two 
populations: one having RAF activity as well as anti- 
Gm(a) activity, the second having anti-Gm(a) activity 
alone. Different Ragg-sera submitted to both testa gave 
similar results. The exact quantitation for one of our 
sera revealed that 25 per cent of the RAF activity had a 
common basis with about 50 per cent of anti-Gm(a) 
activity whereas 75 per cent of RAF and 50 por cent of 
anti-Gm-activity had an independent molecular support. 
Further details will be published elsewhere. 


Centre National de Transfusion Sanguine, 
6 rue Alexandre-Oabanel, 
E aris . 
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Blood 


Apparent Interaction Between the X 
Note 


Group System and the Sex Ratio: 
of Explanation 


Pror. J. H. Bennett has called % our attention a 
possible source of confusion in our recent letter!. We left 
implicit the assumption that the expected sex-ratios in 
the two classes, ‘Before and including the first female’, 
and ‘After the first female’, were and we failed to 
make clear that the numbers of dren in our Table 1 
included those from all-male sibahips. If such sibships had 
been omitted, the sex ratio (male : female) would indeed 
have been to be higher in the first class than in 
the second, but when they are included, as waa done, the 
expected ratios are equal. Other explanations of our 


s 
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observation, such as selective family limitation, do not 
account for ita limitation to the single Xg—Xg* mating 
type where the postulated ‘incompatibility’ could occur. 
7 WiLLIAM J. DEWHY 

Department of Health Development, 

School of Public Health, 

University of Michigan, 

Ann Arbor. 
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HISTOCHEMISTRY 


Fixation In Enzyme Histochemistry 


Usx of unfixed frozen sections is confined to enzymes 
extremely sensitive to denaturation such as the dehydro- 
genaees. Most authors on the subject state or imply that 
the method introduces the disadvantages of (1) mechanical 
disruption by ing and thawing, (2) reduction in 
quality of tissue detail, (8) uneven section thickness, 

x. (4) diffusion of soluble enzymes and oo-factors leading to 
loes of reproducibility and false localization, and (5) m- 
ability to cut serial sections". These disadvantages are 
seid to outweigh the advantages of high ificity and 
activity, and simplicity of preparation. alternative 


method of briefly fixing sections overcomes many of these ~ 


disadvantages at the expense of possible alteration in 
ificity and activity. 

The method described and evaluated here is suitable for 
all enzyme histochemical procedures and makes & better 
pas aue s between the conflicting demands of activity, 

om from artefact and quality of section. 

Fresh-frozen sections were cut on a cold knife freezing 
microtome by a modified Adamstone—Taylor technique’. 
The section was manipulated with & squirrel-harr brush 
(previously dipped in a 5 per cent dimethyl polysiloxane 
solution—Dow Corning Corp. ‘1107’—dried and wiped 
free of exoeeB siloxane), picked directly from the micro- 
tome blade onto a slide, and allowed to dry. The siliconed 
brush overcame the tendency of bristles to stick to tissue, 
resulting m easier handling. Serial sections of constant 
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ickness could be readily cut in the high ambient temper- 
ae af an Australian. summer. Paired sections of rat and 
mouse tiasue prepared by this technique were treated as 
follows: (1) One of each pair was incubated in standard 
substrate solutions for & wide variety of enzymes; it was 
then passed directly for 1 h to a fixing solution in which the 
dye recursor was insoluble, and staining was com d 
by ihe appropriate methods. Details of methods an 
results are set out in Table 1. e 

The quality of detail in the sections, and the staining, 
was satiafactory, and clouding of the subetrate solutions, 
indicating diffusion of enzyme from the incubating section, 


(2) The other section of each 
histochemical mae 
iods of 5, 10, 20, 40 or 60 min, rinsed and then inou 

P^ stained as in procedure (1). Details of methods and 

results are set out in Table 2. Enzyme activity wes 

by eye against that of the unfixed sections in 


from slides even during 2 h incubation. 
was nob disturbed and 
diffusion beyond the cell or into the nucleus did not occur. 


the histological love. 'The optical quality of sections was 
comparable with those cut from paraffin blocks. 
Tn contrast, most sections fixed before incubation showed 
significant loes of activity when fixed for the M oai 
i to ensure even etration of fixative. 
time necessary } = atic, arnt 


fixative could be described as satisfactory for the range of 
against the 


Table 1. DUTAILA OF METHODS USED OX FROXEN BROTIONS FIXED AFTER SUBSTRATE IXCUBATION 














Bnryme and method of tneubatzon Piration (for 1 hour) Subsequent handling 
Alkaline phosphatase? (gtyoerophosrhate) 10% formalin tn absolute alochol | Wash. CoO dh H 
Alkalme phosphatase!* (naphthyl phosphate) 10% formalin tn 0 1 M phosphate buffer Wash and counter stain'* 
Achd phosphatase., lyoerophosphate) 10% formalin m absoluts aleohol Wash, (SHS rinse and counter stam’! 
As eit erba agit " zu b E s n E , " 
Adenosine diphosphatase? "» V vs » » n » ow n 
B Nucisotulase!* ; 7 A 
Non-spearfio esterase!’ 10% formalin in 0 1'M phosphate buffer Wash, and counter stam?! 
Succinate . 2H7* CENE 
Lactate deh T . " " i K ia 
e te dehydrogenase!" A i Wi a, ti i 

















Table 2 DETAILS OF METHODS USED OX FROINN SHOTIONS FIXED BEFORE SUBSTRATE IXOUBATIOK AXD EUSULTS 




















fame (ruin) to 2596 lows 
Fixation iue Diffumon of Quality of section 
Glucose 6 Adenosine Non-specific enxyme detail and staining 
phosphatase phosphatase esterase 
. (glyoerophos ) | (giyoerophos.) 
Baa, - L 
10% formalm in 0-1 M 40 5 40 5 5 None Batiafactory 
buffer pH 7 2 
10% formalin tn 20 10 6 5 5 Mmor in nom Poor 
pela ° 
60% &cetone 40 >00 5 5 5 ross in adeno- » 
in eom 
% acstone in olirate 10 5 5 5 5 " 
buffer pH 7 1!" 
20% formalin with chloral >60 5 20 5 5 None Bata factory 
hydrate!" 
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HISTOLOGY 


Demineralization of Bone 

DIMINARALITATION of specimens for the preparation of 
histological sections is a time-consuming process. Mineral 
acids demineralize the E scam faster than chelating 
agents or en acids, but the resultant distortion in 
cellular morphology is greater when mineral acids are used. 
The rate of demineralization mainly on the 
temperature and concentration of the acid, but since 
cellular definition and enzymes are adversely affected if 
the temperature is raised, or when the concentration of the 
acid is increased, demineralization is usually carried out 
below or at room temperature and a concentration of 
mineral acid above 5 per cent of commercial nitric acid 
oe cent) is seldom used. : Under these conditions even 
specimens of bone must be immersed in acid for days 
before they are completely demineralized. For 

period of time runs into weeks. 


teeth, the 


stat, or as paraffin-imbedded sections all produce prepara- 
tions in which the oellular detail is superior tq those seen 
in similar specimens treated with the same mineral acid for 
longer periods of time. All soft tiasue detail is improved, 
but the most significant improvement in cellular morphol- 
ogy is seen in the chondrocytes and osteocytes. H 
In these prelimi experiments a 'DiBONtegrator 
system 80’ with a frequency of 90,000 per seo was used. 
The temperature of the water in the tank was controlled 
by & constant exchange of the tank water from the oold- 
water ly. The best resulte were obtained when the 
demin ing ftuid and fixed specimens were placed in a 
large beaker immersed in the i filled tank directly 
over the crystal. To prevent to the tank, sodium 
bicarbonate was added to the water in it and the beaker 
was covered to prevent spattering of the agitated acid. 
Nitric acid at & concentration of 2-5, 5 or 10 per cent 
was used in these experiments and the acid solutions were 
changed every half-hour. Although it is not possible to 
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indicate en optimum concentration of the nitric acid at 
this stage, the more rapid decalcification in the 10 per oent 
solution of nitric acid seemed to produce less cellular dis- 
tortion in the sections. 

The time taken to demineralize a specimen is affected 
not only by the degree of mineralization, but also to a 
marked degree by the amount of investing soft tissue. 
When an adult rat femur is divided into three segments 
and 10 per cent acid is used, decalcification oen be &ocom- 
plished in leas than 2h. Without tho investing soft tissue 
demineralization is complete within 1 h. 

When haematoxylin and eosin are used the time taken 
to stain sections decalcified in this manner is considerably 
reduced and the differential staining of the various tissues 
i8 more selective. 


C. J. DENYER 


FUREOIOEY of the Posterior Chamber of the 
wimbladder of Argentina 


Argentina was the first genus among the salmonoid fishea 
in which the swimbladder was reported to lack an open 
communication with the cesophagus, typical for the sub- 
order Salmonoidei':*. This has since been found to a ly 
also to the families Miaroetomidae and Opisthoproctides® 
A more detailed description of the structure of the swim- 
bladder of Argentina silust revealed the ooourrence of a 
large number of flat bundles of blood vessels, which oon- 
stitute a counter-current system. The name micro-retia 
mirabilia* has been established for this type of rete mira- 
bile. In Argentina a gas gland tissue was also detected‘, 
being in contact with capillary loope from the mioro-retia. 
From these findings it was concluded that the swimbladder 
of Argentina silus has a capacity for gas secretion oom- 
parable to the swimbladder with a rete mirabile of the 


A thin sao at the caudal end of the swimbladder of 
Argentina sphyraena has been briefly described and Bug- 
gested to be a posterior cohamber*. Observations also 
argue that it might have a veeorbent function’. The 
draining veasels were seen to be a part of the hepatic portal 
system". 

The present investigation was intended to produce his- 
tologioel evidence for a supposed resarbent function of the 
posterior chamber of the swimbladder. Several specimens 
of Argentina sius and A. were caught off the 
west coast of Norway at the Biological Station of the 
University of Bergen. The animals were brought to the 
surface (200 metres depth to surface in 20 min). The 
swimbladder in moet of them had not burst—an oocur- 
rence often reported in captured specimens of Argentina. 
The animals could be kept m aquaria for 6-10 h after 
capture. The posterior sac of the swimbladder was ob- 
served. Longitudinal and transverse sections, fixed in 
Bouin’s fluid, were stained with Azan, and the mo hology 
and histology of the posterior part of the main 
end the posterior thin-walled sac were investigated. Swim- 
bladders from some specimens were, immediately aiter 
killing, freeze-dried, treated with foemaldehyde gas for 
1 or 3 h at 80° C, and then infiltrated with paraffin in vacuo 
in order to condense catecholamines and 6-bydroxry- 
tryptamine to fluorescent products*. They were then in- 
vestigated under a fluorescent microscope in dark-fisld 

It was confirmed that the posterior aac constitutes a 
posterior chamber of the swimbladder in communication 
with the anterior part of the organ. It is not separated 
from the anterior chamber by a membrane with a central 
opening and possessing a radial muscle, as is normal in 
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other two-chambered swimbladders. The lumen of the 
anterior chamber gradually decreases in diameter and 
into the opening that leads to the posterior chamber 
ig. 1). The opening is surrounded by a circular muscle, 
which apparently constitutes a sphincter. This muscle is 
coherent with a rather thick circular muscle layer, which 
is an important part of the wall of the posterior chamber. 
It is in turn surrounded by a longitudinal muscle layer 
formed by more or leas separate muscle bundles. The 
anterior parte of these longitudinal muscle bundles were 
geen to be attached to the sphincter muscle. Outside the 
muscles is a layer of connective tissue, lodging about ten 
big vessels, both arteries and veins. The arteries originate 
in one single veasel—a branch of the intestinal artery— 
and enter the organ at ita posterior, forward-bent end. 
The vems leave the organ as 5-8 te veels but soon 
join into one, which 1 a branch of the hepatio portal 
No connexion could be traced between the 
veesela of the posterior chamber of the swimbladder end 
thoee of the anterior chamber i 

The arteries in the submuscular connective tissue layer 
of the posterior chamber branch into a number of smaller 
voasels that traverse the muscle layers and enter a layer of 
loose connective tiasue inside the muscles. By repeated 
division, the arteries there give rise to a capillary network 
in close contact with an epithelium, com of flat to 
cubical cells, that forms the lining of Jumen. The 
capillaries recombine mto venous vessels, which unite into 
the big veins mentioned above. 

An investigation of the occurrence of catecholamines 
and 5-hydro e, in order to localize the sym- 
pathetic nerves of the o revealed the following: After 
treatment for 1 h at 80° C, a green fluorescence was seen in 


AL Fon, 





NATURE 95 


underlying gas gland 
presence of a primary catecholamine, possibly noradrena- 
hne. It was located in a network of longitudinally ar- 
ranged, smooth, preterminal nerve fibres, which were Been 


nerve-endings. No fluorescent fibres were seen to inter- 
mingle with the muscle fibres or with the gas gland cells. 
This fluoreecent network was distributed over the whole 
anterior chamber. In the posterior chamber intensely 
green-fluorescent, varicose, terminal nerve fibres were 
abundant in the muscle layers. In the border region 
between the longitudinal muscles and the submuscular 
connective tissue, longitudinal bundles of smooth, pre- 
terminal nerve fibres were seen. In this region, there was 
also a relatively abundant occurrence of ganglion cell bodies 
with & moderate green fluorescence, giving rise to the 
preterminal and terminal fibres already mentioned. A 
number of bundles of smooth, preterminal nerve fibres 
were Been to reach the opening to the anterior chamber. 
They moet probebly give rise to the network of fibres 
found in this chamber. 

There seems to be no doubt of the accuracy of the 
opinion of earlier authors*:* that the caudal, thin-walled 
sao is a posterior, resorbent chamber of the swimbladder 
The present investigation shows that this sac has all the 
morphological characteristics of an organ with & gas- 
resorbent function. It is connected with the anterior 
chamber by an orifice that a muscular sphincter 
which is apparently able to close the opening completely. 
The sphincter muscle is part of the muscular coat of the 
posterior chamber, which muscle system will when con- 
tracted decrease the luminal volume of this chamber and 
also oloee the orifice. When relaxed, this muscle will allow 
the orifice to open, give the chamber its maximal volume, 
and allow a maximum of blood to reach the base of the 
epithelium. The mucosa is very richly vasculanzed, and 
the veesels have no connexion with those of the anterior 
chamber. The sphincter muscle and the muscle layers of 
the posterior chamber seem to be sympathetically inner- 
vated, which is not the case with the musculature of the 
anterior, secretory chamber. Concerning the fluorescent 
nerves found in the anterior chamber, there is reason to 
believe them to innervate some part of the gas-gland 
tiasue, sinoo the musculature of this chamber is pre- 
sumably antagonistically innervated to the muscles of 
the posterior chamber. Further investigation, however, 
is necessary to clarify this pomt. 

Goran FAHLÁMX 
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PATHOLOGY 


Polyuridylic Acid Stimulation of Phenylalanine 
in Human Ribonucleoprotein Particles 


Tun discovery that synthetic polynucleotides can diroct 
the inoorporation into protein of specific amimo-acida in 
cell-free bacterial systems’? has been extended to include 
sub-cellular systems in rat liver’, and mouse plasma cell 
tumour’, where coding unite for ammo-acid incorporation 
were found to be similar to the Hecherichia cols system. 
Weistem and Schechter‘ also reported polyuridylio acid 
(poly U) stimulation of phenylalanine incorporation into 
crude cell-free fractions of normal mouse and rat livers, 
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& rat liver tumour, 
Plasma cell tumour. 
port the applicability of this of study to various 
human tissue. Poly U was piel o stimulate the inoor- 
poration of phenylalanine into ribonuoleoprotein (RNP) 
partioles of human liver, ovary, lung and te. Rat 
hver ANP preparations are similarly stimulated. 
Seventy-five g human liver was obtained from each of 
two autopsies. The liver samples were available 4-5 and 
16 h post-mortem and were free of gross and micro- 
score pathology. Comparable results were obtained with 
„Of the two liver samples. Human lung (83 g), human 
ovaries (8 g), and human prostate (15 g) were obtained 
within 1 h of surgical removal in various operative proce- 
dures. The lung sample was from an aree far removed from 
the imal segment of lung mvolved with epidermoid 
carcinoma. Our sample was microscopically free of 
tumour involvement. The ovaries wero part of a total 
A y block in which 
uterine fibroids. The prostatic tissue 


3 equal amounts (w/v) of ice-cold homogenizing 
solution (iris-HCl 0-084 M, pH 7-8, potassium chloride 
0-02 M, magnesium chloride 0-01 M, and sucrose 0-2 M). 
All subsequent procedures were performed at 4°C. 
The human tissues were homogenized with 1-5 volumes 
of a meres! solution with a ‘Model 48’ Virtis homo- 
gonizer 2 min at 40,000 r.p.m. The rab and mouse 
livers were homogenized with 1-5 volumes of h i 
solution in & glass homogenizer fitted with a ‘Teflon’ pestle 
for 45 seo at approximately 1,500 r.p.m. All homogenates 
were oentrifuged at 12,000g for 10 min. AHquota of the 
resulting supernatant (S-12) were centrifuged for 2 h 
at 105,000g to obtain the supernatant (S-105) fraction. 
The remaining S-12 supernatant was added to 1/20 volume 
of 10 per cant ‘Lubrol W’. A volume of 10 per cent sodium 
desoxycholate equal to the ‘Lubrol W’ was added with 
ing. The resulting suspension was layered in "Lusteroid' 
centri tubes on an equal volume of layering solution 
(tris-HOl 0-084 M, pH 7-8, potassium chloride 0-6 M, 
magnesium chloride 0-01 M. end sucrose 0-3 M), and 
centri for 2 h at 105,000g. The resulting clear 
pellet of RNP (P-105) waa rinsed 8 times with i 
solution (#is-HOl 0-01M, pH 7:8, potassium chloride 


0:2 M, and i chloride 0-01 M). The outer layers 
of the RNP were carefully dislodged and suspended 
in 8 few of suspending solution and homogenized 


in small all-glass homogenisers for 15 sec. Protein was 
determined by the biuret method*. 'Lubrol W’ was ob- 
tained fram Arnold Hoffman and Co., Providence, R.I., and 
the homopolymers from Miles Laboratories. The in vitro 
reaction system and method of handling of samples for 
isotopic counting is given in Table 1. 

P y U resulte in up to a fifty-fold stimulation of phenyl- 
alanine moorporation by RNP of rat liver, and human 
ovary, prostate, lung and liver (Table 1). With the 
exception of the rat and human liver RNP preparations, 
those i para te in which poly U stimulation was noted, 
inolu & hetero source of amino-acid activating 
enzymes and soluble nucleic acid fractions (S-108 fraction). 
Autologous and homologous S-105 fractions were inactive 
in these experiments. Poly U enhanced phenylalanme 
inoorporation by human liver RNP preparations regard- 
less of the S-108 source. Other homopolymers did not 
stimulate phenylalanine incorporation into the human 
liver RNP 

Apert from a brief report on a human plasma oell 
tumour‘, in which relatively crude tant fractions 
were used, the experiments here are, to our, 
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Table 1. POLYORIDYLIO BTIMULATIOK OF PHENYLALANINS IF 
INTO RAT AND HUMAN RIBONUGLBOPROTEIN PARTICLES 
Bibonucisoprotain Polynualeodde t mal oalanine/mg 
(P-105) addition 3-105) RNP protein 
Rat liver None Rat liver 30 ~ 
Rat Hrer +40 mg Poly U Rat ltver 147 
Human hmg N Mouse !tver 8 
Human lung +40 xg Poly U ‘Mouse liver 89 
Human lung N: Human lung 3 
Human lmg +40 æg Poly U Human hng 3 
Human ovary x Mouse Itver 4 
Human ovary +40 ag Pay U Mouse liver 204 
Human ovary x Human ovary 4 
Human ovary +40 ag Poly U Human ovary 2 
TUR Overy +40 ag PolyU Human 4 
Human one Mouse Itver 0 
Human prostate +40 ag Poly U Mouse liver 54 
Human prostate None Humzn prostate 0 
uman +40 mg ovary 
Human hee None Rat Ilver 18 
Human Irver +40 ag Poly U Rat liver 53 
Human liver +40 mg Poly U Rat liver 18 
Human lrver +40 mg Poy U Rat liver 20 
Human liver +40 ag Poty U Bat liver 20 
Human liver None Human Hrer 10 
Human Hrer +40 ag Poly U Human liver 125 
The completo was contained tn a total volume of 0-65 ml. 
Tree en o H78, wee Ro KOI, 50-0 toe-hanol, ; 
? A ; 1 ; 
ATP, 0-8; creatine phosphate, a0 wa- GTP, 0-2: 
"Lubrol', 0-8 mg; a mixture of 40-1-amino 
COM of each and tc phenphalaniue (¢ alanine), 25 mp. act. 10-3 ” 
à opm). 
speditod, 40 eg of Pie salts of potyundyHo D» py. 
equiva at 1a. of EL enn and OF ie me yd protein 
mg “6 mg were 
fedis were Pentet Ti Br Oe AB ibo: dooies “witha t 
wero per con. 
trichloroacetic acid (TOA). Tho Precipitates ware washed. once with 10 per 
ont TOA, and heated twice for each time with 5 per oemt TOA at 
90—95* C, plated and dried with ethanol and ether on a “Craceriah’ 
tation apparatus and counted in a gas flow counter with an error af leas than 
Tapa ont Samples were corrected for self-absorpüon and fur reagent 
control blanks, 
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irements and inhibitors and studying the effect 
us and heterologous mbonucleic acid 
tions on amino-acid incorporation by normal and diseased 
human tissue RNP preparations", 
This work was supported by U.B. Public Health 
Service grant GM-11847-01, and by the Pathology 
Institutional Scientific Research Pool and the General 


Research Support Grant. 
B. SrwBoNIS 


ent of Pathology, 
Columbia College of Physicians and Surgeons, 
New York. 
Br ibe) W., and Matthaei, J. H., Proc. U.S. Wat. Acad. Soi., 47, 
1588 (1001). 


Beton Speyer, J. F., and Ochoa, 8, Prec. U.S. Nat. Acad. Soi., 47, 

1 961) 

* Maxwell, H. 8., Proc. U.S. Nat. Acad. Soi., 48, 1689 (1962). 

"were P" and Sobechter, A. N , Proc. U.S. Nai. Acad. So, 48, 

* Bendi, R., and Hultin, T., Eee Cell Ees., 19, 255 (1960) 

OM ee C. J , and David, M. ML, J. Pol. Chem., 177, 751 
(1949). 

* ta, A., Fraenkei-Oonrat, H., N M. W., and Matthaei, J. H., 

UB! Nat. Acad. Soi., &8, 840 (1001 
* Smith, E. L., Proc. Nat. U.S. Acad. Soi., 48, 077 (1962). 
* Tguglta, A, J. Mel, Biol., &, 284 (1902). 


M Bigner, B B., Torrian!, A., and Levinthal, O., Cold Spring Harb. Symp. 
Quant., Bial., 96, 81 (1901). 


11 Bfmbonis, B. (in preparation). e 


Electron-microscopic Demonstration of 
Bacterla in the Skin of Patients with Lichen 
Ruber Planus 

Tue a&etiology of lichen ruber planus is uncertain. A 
number of hypotheses have been advanced!. Lichen 
ruber planus eruptions have been observed in connexion 
wish ts use oF ierant druge {OF Tabane atebrin. In 
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Tig. 1. Groups of bacteria (arrows) within the dilated mterspaoe in the 
Mentor Take of tes epidermia (x 4 500) T 


hg. 2 of and transversel, 
260 Pica: Md lee ranted intermediate layer, 
Dp of tho moll wall: 8, innt membrane of Paama men arine: 
4, opaque yer berrosa and the granular 


membrans 
tus with fibrous material; 
,000) 


these cases, however, 15 has not yet been determined 
whether it is a matter of a genuine hohen or of a lichenoid 
dermatosis. In cases in which a relation to drugs is out of 
the question two main ibilities have been put forward, 
namely, those of an infectious or & nervous aetiology. 
Conclusive proof for any of these theories has not yet been 
presented. As infectious agents, viruses and spirochaetes 
have been . The therapeutic success attained in 
some cases with chemotherapeutics and antibiotics bas 
been adduced as an argument in favour of an infectious 
aetiology}. 

During the course of electron-microscopic investigations 
of skin eruptions in lichen ruber planus, pictures have been 
obtained which indmate the presence of bacteria within 
and around capillaries in the stratum papillare of the 
dermis and between the cells in the deeper part of the 
epidermis. A report on this finding will be given below. 

In skin affected by lichen ruber planus from four patients 
cells of the type seen in Fig. 1 were found. They appear 
singly or in small groupe, irregularly distributed through- 
out the tissue. The ocells are rod-shaped and have a length 
of approximately 1-3 and a breadth of approximately 
0-4u. 
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The cella are bounded by an envelope having a total 
thioknees of 240-200 A. Three sub-layers are distinguished 
within the envelope: an outer and an inner membrane, 
displaying a triple-layered pattern, and an intermediate, 
single layer (Fig. 2). The outer membrane has a wavy 
course and usually shows & higher opacity than the inner 
membrane. Its total width is 90-100 A. The intermediate 
layer has a low opacity and varies between 60 and 100 A 
in breadth. The inner membrane encloses the protoplasm 
of the cell and is 80-90 A wide. 

The protoplaam consists of a granular and a fibrous 
component (Fig. 2). The granular substance is found 
mainly within a zone along the periphery of the cell. This 
zone is separated from the inner membrane of the envelope 
by a narrow, lees-opaque layer (Fig. 2). The granular 
substance contains fairly opaque particles ranging between 
80 and 200 A in size. 

The opaque, fibrous material occupies for the most part 
the central area of the cells, which displays a low electron 
density (Fig. 2). This area 18 not bounded by any mem- 
brane, but there 15 direct contact between the fibrous and 
granular substances. Fine fllamente with a thickness of 
30-30 A and thicker fibrous strands varying between 
100 and 250 A are observed in the same cell. Occasionally 
filaments of the finer diameter may be discerned within 
the strands. The filaments and fibrous strands form a 
continuous, irregular network. 

Within the area of low electron density a varyin 
number of veæmcles occur. They vary from 840 to 1580 
in length and from 730 to 1580 A in breadth. The vesicles 
are bounded by a triple-layered membrane (Fig. 2). 

The cell described here 18 with respect to size, shape and 
ultra-structure consistent with the description of bacteria. 
The envelope of the cell shows the same breadth and 
ultra-structural arrangement in sub-layers as has been 
described for several Gram-negative bacteria’*. Thus, 
in accordance with these investigations on Gram-negative 
bacteria, the inner membrane of the envelope will here 
represent the plasma membrane of the cell, whereas the 
intermediate layer and the outer membrane together 
form the cell wall. As is the case with bacteria belonging 
to the family Caulobacteraceae’, the outer membrane of 
the cell wall in the present study displays a wavy course. 

A narrow, leas-opaque layer between the plasma mem- 
brane and the granular substance of the protoplasm has 
been observed by me. In Staphylococous aureus & similar 
layer has been described, being attributed to the cytoplasm 
as the cytoplasmic matrix’. 

The protoplasm of the cell reported here exhibits an 
arrangement characteristic of bacteria with & nuclear 
apparatus consisting of a network of fibrous material 
within a leas electron-dense area and in direct continuity 
with the granular cytoplasm*+. The fibrous substance 
of the nuclear apparatus is considered to represent 
the deoxyribonucleic acid portion of the chromatin 
material?*^*, The opaque particles of the granular 
cytoplasm are of the same size as has been reported in 
earlier studies and are thought to represent riboeomes**. 

The observations reported here may thus justify tho 
interpretation of the occurrence of bacteria in lichen ruber 
planus eruptions. No bacteria have hitherto been described 
in electron micrographs of skin!^-?. The demonstration 
of bacteria in skin biopsies from four out of five lichen 
ruber planus patients appoars to rule out the possibility 
of an incidental finding. Furthermore, the tissue lodging 
the bacteria exhibits consistent dermal and epidermal 
changes in all cases (to be published). 

In frozen histological sections of lichen ruber planus 
ig ipu Lennhoff? showed structures which he assumed 
to spirochastes. The bacteria found in the present 
investigation are considerably shorter in length than the 
structures described by Lennhoff. 

Further investigations are being carried out to elucidate 
the frequency of the bacteria in a larger case material, to 
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attempt to identify the type here observed and to ascertain 
whether it plays any aetiological role and, if so, whether it 
alone may be responsible for eruptions of lichen ruber 
planus type or whether more factors are implied. 

This work was supported by a grant from the Edvard 
Welander Foundation. 
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IMMUNOLOGY 


An Alpha:;-globulin Component Absent in 
Serum of Human Foetuses 

Wuew studying specific antigenic properties of sweat 
proteins using bit immune serum against sweat pró- 
teins, we have found sweat protein to consist of several 
components, some of which to serum oom- 
ponente whereas the others are most probably of a specific 
origins", In an attempt to define the serum protein 
components in sweat, immunoelectrophoresis of normal 
human serum with rabbit-immune serum against sweat 
proteins was one of the methods used. In these experi- 
ments we observed qualitative differences in the immimo- 
electrophoretic precipitation pattern of a normal serum of 
&dulta in comparison with that of foetuses. 

The immunoelectrophoretio precipitation pattern of a 
normal serum of adults using rabbit immune serum against 





(in longitudinal basins rabbit immune serum agamst sweet proteins) 
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sweat proteins is marked by several Precipitation lines, the 
strongest of which is localized in an alpha,-globulin zone; 
this precipitation line was found not to be present in the i 
serum of foetuses (six foetuses, gestation age 18-24 weeks, - 


proteins with normal serum from adults, no precipitation 
reaction was found in the latter (Fig. 2); when the rabbit 
immune serum was saturated with a seram of foetuses, only 
the alpha,-globulin component i 
m ectrophoreais precipitation pettern of & normal 
serum of adulte (Fig. 3). 





FX. 2 jmuumnoclestzophoretic pattems of poma! erom of adults 
Gi toca and fourth longisudinal baint and wida, ott el 
normal serum of adults 





serum of 


saturated with 
P 10:5 ee 


' Using & double-diffusion Merger e in Ouchterlony e 
a week deviation of the end of the precipitation H s 
oo: ing to alpha,-globulin co ent in serum o 
M VS 

At present we are studying in detail the character of this 
alpha,-globulin component in serum, which, according to 
its immun: ipitetion intensity with anti-sweat protein 
immune serum, does not seam to correspond to any other 
alpha,-globulin component present in immunoeleotro- 
phoretio precipitation patterns of normal human serum, 
when & polyvalent immune serum against serum proteins 
is used. The details of the occurrence of this alpha,- 
globulin component in human serum during ontogenesis 
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(ipsi in ne era sid i babies in tiio firat woale 
after birth) will be published later. 
M. Jwxa 


Research Institute of Child Development, 
Biochemical Department, 
Faculty of Pediatrics, i 
Charles University, Prague. 
1 Jrrka, M., and Masopost, J., Biookien. Biophys. Acta, 71, 217 (1068). 
* Jira, M., and Masopust, J., Vetere, 199, £93 (1903). 
1 Ouchterlony, O., Progress a Allergy, Š, 1 (1968). 


RADIOBIOLOGY 


Modification of Radiation-induced Injury in 
Barley Pre-treatments with Solutions of 
ifferent Osmotic Potential 


Tr has already been shown? that the growth of the 
coleoptile and first leaf from barley seeds soaked 
prior to irradiation in 0-5 moler solutions of sodium and 
alkaline-earth chlorides is greater than that of controls 


` soaked in distilled water. This radioproteotion is provided 


by different salte not specially as inducing 
such effects (magnesium chloride excepted)”. It has 
therefore been assumed that the mechaniam of this reduo- 
tion of X-ray damage is an indirect one. The phyeio- 
logical effeote relating to the oemotio potential o the 
soaking solutions were proposed to explain the results 
obteined. 

This communication ta new evidence in favour of 
this hypothesis which will be considered with increasing 
osmotic potential of a solution of calcium chloride in 
which seeds were soaked. 

The barley seeds (caryopses of Hordeum saticum Joes. 
var. piroline) were provided by the Institut agronomique 
de Gembloux. Before the irradiation the seeds are soaked 
for 12 h at room temperature in the solutions of calcium 
chloride (Calcium abloratum fusum zur Elementeranalyse, 
Merck), neutralized by hydrochlorio acid (pH about 6-9), 
washed three times with distilled water and rapidly 
blotted. The molecular concentrations of calcium chloride 
solutions are 0-05, 0-25, 0-5, 1, 1:5, 3 and 4 M. The 
X-rays from a Siemens ‘Stabilipan’, operated at 
140 kV and 20 m.amp are filtered through 2 mm of alumin- 
ium. The seeds lie in & single layer in an uncovered 
Petri dish on & rotating turntable 15 am from the target; 
the dose rate is 1,000 r/min. In different experiments the 
total dose varied from 0-25 to 12 krad. Immediately 
tion paper in Petri dishes an grown in a controlled- 
environment room (16h photoperiod; 24° + 1° C). Groups 
of 50 seeds were used for each dose replicated three times. 
For each treatment the lengths of the coleoptile and the 
first leaf were measured, averages taken and expreased 
in per cent of the non-irradiated controls. The osmotic 
potentials of the soaking solutions were calculated from 
the o&motio coefficient of calcium chloride tabulated by 
Robinson and Stokes‘ after transformation of molecular 
concentrations in molal concentrations. 

There is a linear relationship between the osmotic 
potential of the calcium chloride solutions and the mois- 
ture content of the barley seeds, except for the lowest 
concentration (Fig.el). The irradiation reduces the length 
of the ooleoptilea and the first leaves: typical sigmoidal 
curves against dose are obtamed. There is no difference 
between the seódling issued from seeds pretreated in 0-05 M 
calcium chloride solutions or soaked in distilled water. 
But with increasing molar concentration, the damage by 


tective effect is afforded with 1:5 molar solution. 

concentrations above this value are not more efficient. 
In Fig. 2, the relative heights of the first leaves for 4, 8 

and 12 krad are plotted against the osmotic potential 
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of the solutions. For each dose, an increase of the oamotio 

ial from —2-5 to — 1-5 joules am~ (ref. 5) brings 
a rapid a ion in length of the leaves. The X-ray 
sensitivity of seeds particularly decreases only in a relative 
narrow range of concentrations. 

The imental evidence suggests that the protective 
effecta different salt solutions are related to their 
osmotic properties since they are not specific. 

Two separate mechanisms involving osmotic effects 
can be considered as operative to explain this increase of 
resistance to X-rays. The consequences of the decreasing 
difference in the water potential between the more and 
more concentrated solutions and the cells of the seeds can 
to some extent make the latter less susceptible to 
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Fig. 1. Mffeota of the ogmotio potential of caletim chloride solutions on 
the water content of barley seeds 
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is possible that induced modifloation of the water content 
of the seeds by various oamotic concentrations is not a 

A decrease in the amounts of ninhydrin positive 
substances leached out of the barley duri i 
and an activation of the hydrolysis of polysaccharides 
(anatonosis) result from i ing osmotic concentration 
of the external medium. Thus in the cells of the 
an increased concentration of natural chemical protectors 
may be expected from a reduced loss of protidea and 1m- 
creased content in sugars. .This hypothesis explains the 
fact that beyond a certain oemotio potential the protection 
does not increase any further, since, as ahown by Kamra 
et al.*, a plateau is reached in the loss of nmhydrin-positive 
substances at approximately the level of osmotic oon- 
centration which is optimal for radioprotection. 

This work was supported in part by EURATOM 
B.I.O.B., 046-84—3. 
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Use of Gamma-radiation for Quarantine 
Control of Imported Edible Beans 


APPEOXIMATHLY 4,000 tons of edible beans, manly 
Phaseolus vulgaris varieties, are imported into Australia 
annually. Under the quarantine regulations‘, the majority 


investigate the possibility of using 


low doses of y-radiation inhibit seedling growth’. The 
radiation dose required to destroy viability in several 
different varieties of imported beans was therefore 
determined, as well as the effecta of radiation on various 
chemical constituents ee OL Been, the baby lima. 

Permission was obtained the Commonwealth 
Department of Health to import unfumigated beans of 
the following varicties: sallugia, ohtenashi, borlotti, baby 
lima, red kidney, Michigan pea, and black-eye. Large 
quantities of navy beans and smaller quantities of butter 
beans are also imported, but for these testa locally grown 
seeds were used. Packets of approximately 500 g of 
beans, enclosed in double polythene wero irradiated, 
gag so wean Gus pcdes from reactor Hifar or 
cobalt-60. Dosimetry was by the ferrous sulphate method, 
three dosimeters being moluded in each packet. 

After the beans were treated with a mould inhibitor 
(‘Coversan’), laboratory germination testa were carried 
out either on sand or on paper towelling which had been 
sterilized by a radiation dose of 2-5 Mrads. The seeds 
were incubated for 9-20 days at 25? C. Although 9 days 
is the recommended time’ for germination testa on 
Phaseolus vulgaris seeds, this period was found to be too 
short for an accurate assessment of germination of 
irradiated seeds. After incubation for 9 days, seedlings 
grown from irradiated seeds may show all the structures 
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considered easential for normal growth, although the 
seedling height is greatly reduced, and the seed coat may 
still be attached. Farther incubation resulta in very little 
difference m the appearance of these seedlings: the 
seedling height remains unchanged and, even if the seed 
cost comes away, the cotyledons remain closed. If the 
mean seedling height of the irradiated beans, after 14 
days testing, failed to exoeed 10 per oent of that of the 
controls, it seamed reasonable to assume that these beans 
would never reach maturity. 

Based on these considerations, Table 1 seta out the 
radiation dose needed to meet the quarantine require- 
ments for various edible beans, as estimated by laboratory 
germination testa conducted over 14 days. At these doses 
the maximum seedling height would be 3 cm; there would 
be no protrusion of possibly infected leaves, and no 
possibility of growth to maturity. A limited amount of 
evidence obtained in preliminary testa using French bean 
seeds indicated that irradiated seeds may show & higher 
percentage of germination under laboratory conditions 
than under fleld conditions. Henoe, it may be possible 
to reduce the radiation dose required for quarantine 
control. 


Table 1. HerrIMATED RADIATION DOSB REQUIRED FOR QUARANTINE CONTROL 
(Oaloalated from laboratory germination testa) 


Red < 40,000 
eee 25 
Navy > 10000 
Ohtenesh! 50,000 
Borioti 55,000 
Baby itma 55.000 
Butter 75,000 
Black-cye 80,000 


The average radiation dose required to inhibit labor- 
atory germination is about 50,000 rads. It was 
that the chemical changes in beans given this dose would 
not be great, and therefore the effecta of a dose of 1 Mrad 
on the nutrients of baby lima beans were examined. 
Only when there were considerable differences between, 
the values for control and irradiated beans was the effect 
of the 50,000-rad dose-level investigated. 

Before analysis, baby lima beans were ground to paas 
through an 85-mesh sieve. Moisture (vacuum oven 
method), ether extract (indirect method), and ash (direct 
method) were estimated as described by the Association 


(thiochrome method) and riboflavin (fluorimetric method) 
were examined by methods outlined by the Association 
of Vitamin Chemists’. Sulphydryl and disulphide groupe 
were determined directly on the flour by an sutomatic 
amperometric titration method using silver nitrate!*, and 
the radiometer titrigraph i equipment. All 
determinations were carried out at least in duplicate. 
The resulta are set out in Table 2. Apart from the 
sulphur-containing constituents, little change was apparent 
in the constituents after irradiation. Riboflavin content 
appeared to increase. However, in view of the sensitivity 
of riboflavin to y-irradiation™, it seams possible that the 
higher concentration of riboflavm in the irradiated seeds 
was due to fluorescent artefacte which were not being 
extracted during the procedure. An apparent increase in 


. 
Table 2. EFFECT oF j-RADIATION ON CONFPTTTUEXTS OF BABY LIMA BEANS 


Oonsütuent 0 0-05 1 
Moisture: g/100 g wet wi. 10-69 10-30 
extract: 00 g wot wt. 1-18 127 
Total nitrogen: g/100 g wei wt 2-07 2-05 
Ash: 00g $-80 3-80 
: mg/100 g wet wt. 860 970 760 
Ma " s 0-53 $6. 3-73 
nis pom: mu 33 — HP CH 
: f X. 0-39 0-88 007 - 


- 
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riboflavin has been noted in other producta when treated 
by irradiation or by other processing methods". 

Sulphydryl and disulphide groups were determined, not 
so much because of their nutritional importance, but 
because it is generally considered that these gro are ' 
particularly sensitive to radiation. Altho the 
majority of iments elsewhere have involved only 
solutions containing low concentrations of these groups, 
similar resulta were obtained in these experiments using 
bean flour. There was & considerable decrease in both 
groupe following irradiation. 

I thank Misa L. D. Hook and Mesers. A. J. Morris and 
J. Taylor for their assistance, and Miss A. Myers, New 
South Wales Department of Agriculture, for advice. 
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BIOLOGY 


Far Southern Animals and Plants 


IN recent years the southern limits of known natural 
occurrence of animals have been pushed farther south, 
and during the 1964-65 Antarctic season several new 
southernmost records were established. Recordes of the 
most southern plant collections made this season are also 
included here. s 

In 1959, Tyndale-Biscoe! found one ies of mite 
(Acarina) and two species of ) with 
lichens and moss, between the Hood and Beardmore 
Glaciers, 88° 45’ and 83? 55’ 8. The mite is Nanorchesies 
antarctious Strandtmann, 1968 (Prosti ta: Pachy- 
gn3thidae) and the springtails Biscoia sudpolaris Salmon, 
1902 (Collembola: idee), Anurophorus sub- 
polaris Salmon, 1962 (Collembola: Isotomidae). 

Recently, Wise! recorded N. antarciious and A. sub- 
polaris fram near the lower Shackleton Glacier at 84° 35’ S. 

The preliminary records listed here are presented before 
complete identification of the groups concerned, as some 
identifications must await opportunity for detailed sys- 
tematic work. Records presented here are listed in 
latitudinal order from south to north. They represent, 
m most cases, the most southern collections made, of the 
various elements of the biota, during the 1964-65 season. 
These are probably also, in each case except for the mosses, 
the southernmost known occurrences for these groups. 

Lichens: Ridge west side unnamed glacier weet of 
Wisconsin Horlick Mts. area; 86° 09’ S., 181° 14" 
W.; alt. 1980 m; 15.L.1965; Wise (aite HM18). B 

Mite, Nanorchestes aniaroous Btr.: Pt. Durham area, 
east side mouth of Robert Scott Glacier; 85? 32’ B., 
158? W.; alt. 975 m; 18.1.1965; Wise (site B93). 

Rotifers; (macroscopic): Swithinbank Moraine, 
west side eton Glacier; 85° 09’ 8.; 176° 50" W.; 
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alt. 1,600 m; l.XII.19604; Greasitt (algae, rotifers) (site 
S25), Wise (algae) (site S1). 

Algae (microscopic); Bacteria: Bouth side McGregor 
Glacier, near Shackleton Glacier; 85° 09’ B., 174° 57’ W.; 
elt. 1,737 m; 17.X11.1964; Wise (soil) (site 98); cultured 
by J. Shoup. 

i ila, Anurophorus subpolaris Salm., T'ullbergia 
sp. (Onychiuridae); Mites, N. aniarctious Ntr., ? Stereo- 
tydeus mollis Wom. and Str., ?! Protereunetes sp.: east 
side Shackleton Glacier; 84° 47’ 8., 176° W.; alt. 762 m; 
18.XII.1904; Wise (aite S16). 

Moa: Garden spur, east side Massam Glacier, east of 
Shackleton Glacier; 84° 35’ S., 174° 52’ W.; alt. 700— 
162 m; 13.11.1964; Wise (site S20). Point east side 
Barrett Glacier, east of Shackleton Glacier; 84° 35’ 8., 
178° 35’ W.; alt. 457 m; 18-14.X11.1964; Wise and J. 
Shoup (site S21) (E. V. MoGregor, N.Z. Antarotio 
Research , collected moss at both these sites 
in 1968-64, and apparently also at Cape Smith, 84° 42’ S., 
170° W.) 

The map (Fig. 1) indicates the areas mentioned in the 
foregoing list and also inland Antarctic areas which have 
been. found, by Bishop Museum to be negative 
for fauna’. The latter include the Queen Maud Mte. above 
1,600 m, the Elsworth Mte. (77°-80° 30’ 8.), the Whitmore 
Mta. (82° 20’-82° 45’ B.) Pagano Nunatak and Hart 
Hills (88° 40’ 8.), and the Horlick Mta. (84° 35’-86° 20’ 8.). 
Lichens have been found in some of these ranges. The most 
southerly area of bare ground is about the Robert Scott 
Glacier. This and other large areas between Beardmore— 

Robert Scott Glaciers still remain to be 
in Much of the bare ground lies at relatively 
low altitudes even though these areas appear to be far 
inland. Actually, the landward edge of the Rosa Ice 
Shelf must be considered coastal, the sea and shores 
being covered with ice a few hundred metres thick. 











Fig. 1. Map of Antarctica, areas positive and for biota 
Ei dedi dee giten li rra Teen efe ines are 
peinatpal mountain ranges pertinent to the discussion 
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Biotio environments ooour mainly on north- 
ward facing slopes with snow patches, on flats 
below permament snow-ice slopes, on cliffs with 
mow patches, on ice-cored moraines, or on flats 
above glacier levels where snow-clouds, blown 
snow or clay beneath the substrate provide a 
source of moisture. The obvious key factor to & 
faunal environment is the daily mso of soil 
temperatures above freezing pomt together with 
the presence of available moisture. In the far 
south, and at higher altitudes farther north, snow 
and ice recede, in the summer, through sublima- 
tion. Even though soil temperatures may rise 
above 0° O the soil may still be quite dry. It is 
only where there is local melting of mow or ice 
that fauna can survive. 

The southern records noted here are of interest 
not only for the actual geographical positions but 
also for the ecological factors involved, partiou- 
larly length of continuous light and dark periods, 
and length of periods when soil tamperatures rise 
above freezing point, as well as the distribu- 
tional factors involved in placing biota in such 
areas. Bo far as is known at present there is no 
indication, in the fauna, of species in the oentral 
(southern) area of Antarctica linkt species 
in the peripheral (northern) areas of the Roas Sea 
sector with those of the Antarctic Peninsula, but 
the recently discovered Tullbergia species haa 
yet to be examined particularly in regard to ite 
relationship with Campbell I.‘ and South Shetland 
Is. species. 

These sare partial resulte of work on the 
U.8. Antarctic Research Programme, sup- 
ported by grant GA-181 to Bishop Museum 
from the U.8. National Science Foundation. 

K. A. J. Wisp 
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J. L. Greserrr Sections showing the cylindnoal (0) before (e) after (b) ocnstraction 
: ; egg-eocooon. Some te A also vimbie, Note the full glands 
Bernioe P. Bishop Museum, Mor XD edere iUt tue ferpby udi ME Tie e oto tne Sol manda ar 
Honolulu, Hawaii. (hasmatoxyiin and cosin, x c. 200) 


1 Tyndale-Bisooe, O. H., Pacto Insects, 2 (2), 251 (1060). 
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lation in the Silk Glands 
the Spider 


Ir has been found that the production of flbroin from 
the ampullate glands of the spider, Aransus sericatus, can 
be stimulated both by cholinergic agente and by emptying 
the gland!. However, as will be ahown here, the oylindri 
glands do not have & cholinergic regulatory mechanism. 

The besio work on the structure and function of the silk 
glands of Aransus diademaius was carried out at the end 
of the nineteenth oentury*:*, by workers who carried out 
careful investigations based on gross dissection, obeerva- 
tion of which spinneret was used, the presence or absence 
of certain types in certain families or, in the case of the 
egg-ooooon glands, presence only in the female. It was 
postulated that the ampullate glands produced the fibroin 
for the soeffolding of the web, the aggregate glands the 
viscid thread, and the cylindrical glands the egg-cocoon 
fibroin. By serial sectioning the spider after ıt had per- 
formed & certain action which involved the use of silk 
and checking the state of filling of the glands, it was pos- 
sible to determine with certainty which glands, are involved 
in producing fibroins for & given purpose‘. It haa been 
demonstrated by these means that the scaffolding of the 
web and the safety thread oome from the ampullate 
glands and that the glands are involved in the 
formation of the catching spiral. If thread is drawn from 
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the spider by winding it on to a rod which is turned by a 
small motor, it is the ampullate glands alone which are 
emptied‘. The oylindrical glands are normally full of 
protein (Fig. la), but after the letion of the egg-coooon 
they are found to be empty (Fig. 15). Our observations on 
Aransus diadematus and Aransus sericatus have revealed 
no differences 1n any of the respective silk glands of these 
two speci 
It has 
incorporation of amino-acids into the ampullate gland 18 
stimulated by cholinergic agente both im vivo and in 
viro. The amount of incorporation of alanine labelled 
with oarbon-l4 into the fibroin was measured by de- 
ange Mey radioactivity of the fibrom pulled from the 
spider. the course of the incorporation of O-slunine 
into the ampullate glands was followed by means of 
autoradiographs. Both methods showed that physostig- 
mine and carbechol both increased the rate of incorpora- 
tion to approximately double the normal rate. The 
ampullate glands can also be stimulated by emptying 
out the fibroin. This stimulation, unlike the cholinergic 
mechanism, is not blocked by atropine. Thus there is 
evidence for the existence of two, more or lese, independent 
mechanisms to regulate the proteif production in the 
ampullate gland. The cylindrical gland is different fram all 
the other mlk glands of the spider in that it is not in daily 
use. Egg cocoons are normally made only once or twice 
in the life of a spider*. Autoradiographs show no stimmula- 
tion of the activity of the cylindrical gland after the 
administration of physostigmine. This is shown in Fig. 2, 
where it can be seen that there has been no inoorporation 
into the cylindrical gland although there is considerable 
radioactivity in the aggregate gland. It can also be seen 


es. 
been shown by two methods that the rate of æ 
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from the photograph that the epithelium of the cylindrical 
gland is narrow and contains very little DNA or RNA, as 
would be expected in an inactive gland. 

Thus it 1s found that the cholinergic mechanism is 
present only in those glands which are used daily and is 
absent in the ooooon-producing glanda which are used 
infrequently. 
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Finding Metarchons for Pest Control 


&mrmorrva control of pest insects by behaviour-oon- 
trolling scents or other metarchons! promises to become 
a preferred method, but if, as seems probable, the scents to 
which insecta respond are in most oases blends 
of several distinct chemical substances, the 
problem of isolating and identifying the active 
materials becomes very diffücult*. This control 
method is based on the aasumption that by 
sufficiently permeating the environment with & 
particular scent, such as & sex attractant, either 
the males will be unable to ive the small 
increment released by the female or, what is 
effectively the same thing, their receptors will 
become fatigued and temporarily oeese to 
register any signal. 

The question now arises whether, in order to 
block the response, it is necessary to disseminate 
all the components of a complex scent, or 
whether it is sufficient to raise the background 
concentration of one or ly a few con- 
stituenta of the blend to which the creature 
normally reacts. 

A large wind tunnel, 2 x 2 x 10 ft. and oon- 
taining some hundreds of fruit-flioe (Drosophila 
melanogaster), was used as an olfactometer’. 
The up-wind end of the main observation 
chamber was closed by a wire screen behind 
which could be concealed an attractive bait of 
fermenting banana which was shown by vapour- 
phase chromatography to consist of at least 
ten components. The fruit-flies had no difficulty 
in locating and congregating on the part of the 
screen through which the scent was emerging. 
Up-stream from the screen and the attractive 
bait, the tunnel narrowed to a 6-in. inlet pipe. 
A porous polyurethane sponge 2 in. thick could 
be fitted into this mlet and moistened with 
various liquids so as to permeate the incoming 
air before it passed over the bait and through 
the screen. 

When the was treated with 30-50 ml. 
of ethyl aloohol, the fruit-flies oontinued to 
locate the attractive area without difficulty, 
but when sponges similarly treated with ethyl 
acetate or amyl acetate were used, the insects’ 
ability to find the lure entirely. 
Other substances which were tive in hiding 
the bait when added to the air stream were 
acetone and glacial acetic acid (the vapour of 
which also produced & considerable mortality) ; 
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deine i i bed S erp a 
Japanese beetle but not to D. melanogaster, waa 
likewise completely effective in preventing 
the fruit-flies from congregating in the scent stream from 
the fermenting fruit. 

While these experiments were made with a food odour, 
there is no reason to ose that & sex-attractant scent 
or oviposition lure would not act similarly. If so, the 

atly 
on, 


search for practically useful metarchons should be 

simplified. In place of the tedious process of iso 

identifloation and synthesis of the components of the 
natural scent, or the too-often unrewarding mass screening 
of thousands of organic ds for signs of attractive- 
neas, all that is required is a di test of various materials 
for their ability to interfere with the perception of & 
specific scent by a i insect. This could be done, 
for example, by placing male insects in a wind tunnel, 
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concealing females behind the inlet screen, and addmg the 
test substances to the sir intake. Not only would this 
provide & direct route to metarchon formulation, but it 
would throw considerable light on the olfactory proceas 
itself. 

I thank the Canada Departments of Agriculture and 
Forestry for grants. 
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Damage to Polythene by Aquatic Moths 

Keconps of damage to polythene by insects are now 
fairly frequent. The larva of the common household 
pest Hofmannophila pseudospreislla Stainton (the Brown 
House or False Clothes moth) is known to eat ita way 
through many man-made products, including polythene, 

polystyrene, and nylon. 

Recently the larvae of an aquatic lepidopteran species 
were found damaging the polythene linings of ponds 
(1,000 gauge, spprox. 0-25 mm thick). The damage to 
the inner lining of the pond was caused by the larvae of 
the moth eating holes through the polythene to the rough 
paper outer-lmmg. The larvae then attached themselves 
to this outer-lming pe before pupating. After the 
moths emerged the p caseg wore soon washed away, 
leaving holes of 1-8 mm diameter. This damage 
both in a greenhouse where the pond was a wood-framed 
structure with a paper underlay and a polythene lining, 
and out-of-doors where soil was underneath the polythene. 
All the holes were at or just above water-level. 

It is possible that the very smooth polythene failed to 
provide a suitable surface on which the larvae could 
anchor themselves before pupation and that they there- 
fore chewed through to a rougher surface. Perhaps if 
Oe Pope ee EM ey ee d 

themselves without b ing through it. The 
damage was first noticed in 1964 although the polythene 
had been in use for 7-8 years. 

Specific determination of the moths was not possible 
in the sample examined, as all the pupal cases were empty. 
However, it is certain that the moths concerned were a 
species of Hydrocampinae (Pyralidae) and almost certain 
that the species was Nymphula nympheata Linnaeus, the 
Brown China-Mark moth. 

PauL E. S. WHaALLHY 


British Museum (Natural History), 
London, 8.W.7. 


MICROBIOLOGY 


Variation In the Chemical Composition of 
the Cell Walls of Bacillus subtilis during 
Growth in Different Media 
Durning recent years the chemical composition of the 
cell wall has been used as an aid in the classification of 
miero-organisms!. Although differences in the composi- 

tion of the cell wall have been demonstrated during 

of organisms with: (a) variable morphological forms’; 
(b) complex suxotrophic requirements’; (c) addition of 
D-amino-acids‘, many investigations have not considered 
the variations which oocur in the amino-acid and amino- 
sugar content of more stable stains of bacteria during 
the growth cycle and in response to different growth 
medis. The resulta presented here demonstrate that the 
amino-acid and amino-sugar content of the ceH wall of 
Bacillus subtilis varies not only with growth but is also 
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significantly influenced by the composition of the growth 
medium. Furthermore, , one of the major 
components of the cell wall of the highly transformable 
stram B. subtilus 168 I-O+, is consistently decreased when 
this strain is grown under conditions which do not permit 
the development of the capacity to bind deoxyribanucleic 
acid (competence). A marked decrease in galactosamine 
is also observed in three poorly transformable strains of 
B. subtilis. 

B. subtilis 168 I-O+ was grown for various intervals at 
37° C with vigorous aeration in 800-o.c. cultures contained 
in 2-L flasks. Three media were used: (A) the standard 
growth medium containing 0-5 per oent glucose, 0-005 M. 
MgSO., 50 L-tryptophan, and 0-02 per cent casem 
hydrolysate’; (B) the previous medium 
with 0-4 per cent casein hydrolysate; (C) Oy en Asa Assay’ 
broth (Difco). B. subtilis 168 does not sporulate in these 
media under the experimental conditions used. The 
organisms were collected by centrifugation, washed and 
disrupted by mechanical disintegration’. Samples of 
cell walls were dried over phosphorus pentoxide, hydro- 
lysed at 105° + 1°C for 11 him 4 N hydrochloric acid, and 
evaporated in vaouo to remove the hydrochloric acid. 
The amino-acid and amino-sugar content was determined 
on the Beckman Spmoo amino-acid analyser*. 

Previous i ta bave shown that logarithmio 
growth in medium A occurs 1:5-5 h after incubatinn".’. 
The culture then remains in a stationary iod for 8 h 
before a marked decrease in the number of viable organ - 
iams oocurs. As shown in Table-l the major amino-acids 
and amino-sugars in the cell wall of B. subitis are alanine, 
gluteznio acid, diaminopimelic acid, muramio acid, gluooe- 
amine, and galactosamine. i the logarithmic 
and early stationary phases of growth (1-5-8 h) the 
amounts of glutamic acid, diaminopimelic acid, and 
glucosamine do not vary beyond the limit of the accuracy 
of this method (+5 per oent on repeated analyses of the 
major components in the same sample of cell walls). 
On the other hand, the content of alanine within the oell 
wall increased during incubstion. A consistent decrease 
in muramic acid was observed after 5 h of growth. The 

concentration of galactosamine occurred after 
of incubation which comcided with the time that the 
elei developed maximal‘ competence. Since the 
galactosamine is confined to the teichoio acid fraction of 
the cell walls’, this two-fold increase in galactosamine 
t significantly alter the structure of the cell wall. 
After 24 h of incubation there was an increase in all tho 
major components except galactosamine. The small 
differences in the minor ta (aspartic acid to 
arginine, Table 1) are not signifinadt, 


Previous investigations have demonstrated that growth . 


in nutrient media such as media B and C inhibit the 
development of competence’. As shown in Table 2, there 
is an increase in alanine and & decrease in galactosantme 
under these conditions of growth. This decrease in 
galactoeamine was observed after both 8 and 5h of inouba- 
tion in ‘Pen Assay’ broth. 

Two additional poorly transformable strains of B. sub- 
iiis were prarain; B. subtilis 28 is an excellent donor 
strain in transformation experimenta, but & very poor 
recipient. B. subtilis H is eeeentially not transformahle. 
As shown in Table 8, the most outstanding difference 
was in the galactosamine content of the oell wall. At 
present it is not known whether galactosamine is an 
integral part of the teichoio acid polymer or is in another 
polymer which is fortuitously isolatdH with the teichoio 
acid fraction during purification. Nevertheless, it is 
clear that galactosamine varies during the growth oyole 
and is decreased when the transformable strain is grown in 
more complex media. In addition, the concentration of 
galactosamine is markedly decreased in the two poorly 
transformable strains used in this work and im a poorly 
transformable mutant of B. subtilis 168 (ref. 6). 
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These resulta demonstrate that changes occur in the 
structural mucopeptide of the cell wall during growth and 
in various growth media. Although such differences are 
not as marked as those observed in organisms with 


Table 1. IXFLUNWURB or DURATION OF GROWTH ON THE CHEXICAL OOM- 
POSITION OF THE OILL WALLS OF Bacillus subtiha 


T Duration of growth (h) 
3 5 6 8 


Component 0 16 10 24 
(Gan olea mg) 
Alanine 058 O70 078 074 086 0823 O81 O88 
Gtutamic sald 0-37 034 O86 O8F 038 037 039 O51 
aad 040 032 032 080 O80 0832 032 045 
Muramic acid 022 026 022 018 0242. O18 O84 0835 
Glucosamine 034 032 031 O88 OFF 032 031 MO 
Galactosamine 012 O12 O17 038 020 017 O15 O17 
Aspartio add 004 004 005 005 006 004 O05 007 
Threontne 02 OOF OOS OOS 008 003 003 004 
Bertne 008 008 003 008 003 OM 008 004 
Prone 002 001 001 001 001 001 001 O01 
Glyoine 005 0-04 004 004 004 003 005 008 
Valine 002 002. 002 008 002 002 002 003 
Isoleucine 002 002 005 008 002 002 0023 003 
Leucine 004 003 004 003 003 003 003 005 
Tyroune 001 001 002 002 001 002 002 003 
Phenylalanine 001 001 002 002 OOL 002 002 002 
Lysine 006 004 004 O04 004 003 O04 004 
Histidine 001 001 001 001 003 002 002 002 
Argintne 008 001 OO1 008 002 OOF 001 0M 
Ammonia 061 052 055 O49 O51 0-651 048 052 
B. subtahs 108 1-07 was grown for vanons intervals En medi A. 
oom oecurs after 5 h of 


transformation 
resuspended tn the transformation medium 


Table 2. IXYLUNKOR OF MEDIUM OX THE ÜHXMIOAL COMPOSITION OF THR 
OrLb WALLS OF Bacillus subtihe 


Medtum B Medium C 
Components 5h 3h 5h 
(aumokes/mg) 

Alantne 081 111 102 
Gtutemio acd 0 80 035 033 
Diamtnoptmeile acid 029 034 030 
Muramic aad 0-25 025 023 
Glucosamine 0-26 0-28 025 
Galactosamine 016 012 010 
Aspartic acid 0 04 0 08 0-05 
Threonine 0-01 0-04 0-03 
Berine 002 003 . 004 
Proline 0 01 001 001 
Glyaino 003 0-06 006 EE 
Valtne 002 0 03 0 03 
Teoleuoctne 002 002 002 
Leudne 0-02 0-03 0-08 
Tvroune 0-01 001 0-01 
Phenylalanine 001 0-01 002 
Lysine 0-03 0 05 0-06 
Histidine 001 0-01 001 
Arginine 001 002 002 
Ammonia 0-49 068 0-48 


for$h &nd 5 h. Under these conditions of froquenoy, 
of = De REA lowes than thas chained afar h of 
growth m medtum 4 
Table 8. "VAxIATION IN COMPOSITION OF THE CELL WALLS IN OTHER 
oF 
B swbtihs 23 B. subtilis H 
Component (amoles{mg) (amoles/mg) 

Alanine 0-68 084 
GIutamio acid 0-30 0-36 
Diamtnoptmelio acid 018 034 
Muramic aad O21 O21 
Glucosamrme . 0-32 0-28 
Galactosamtne 001 0-01 
Aspartic acid 002 0-08 
Threonine 0-02 005 
Berine 0-02 006 
Proline 0-01 001 
Gtyoine d 0 01 0 06 
Valtne _ 003 003 
Isoleucine 0-01 0-04. 
Leucine 002 006 
Tyrosine 0-01 0-01 
Phenylalanine 0-01 0-01 
Lysine 0 08 0 06 
Histidine 001 0-01 
Arginine 001 0-01 
Ammonia 0-52 0-60 

B. subéilis 23 and B. subtilis H were for 5 h tn medium A. The 

of transformation ts 5,000- 50 in 

highly transformable strain at a period of 


these strains than the 
growth. 


NATURE 


magnitude to 
conditions in studies of the structure of the cell wall of 
micro-organiams. 
This work was SU 
from the American 


by grants 288a and PR 8 
Society. 
Franr E. Youma 
Department of Pathology, 
Western. Reserve University, 
Cleveland, Ohio. 
1 Qummina, C. 8., and Harns, H., J. Gea, Meorobiol., 14, 558 (1056). 
3 Bentheshanmuganathan, B., and Niokerson, w. J., J. Gen. Miaroinal , 87, 


451 (1962). 
* Sohookman, G. D., Kolb, J. J., and Toennies, G., J. Biol. Chem., 880, 001 


(1958). 
Winey, J: 1458 dris X. A; BURN SUONI Ms Crai IA WTE 


? Young, F. H., and Spixizen, J., J. Bact., 81, 828 (1961). 
"Yomg J A, Bpixizen, J., and Crawford, L P., J. Biol. Chem., £38, 5119 


* Bplatzen, J., Fed. Proc., 18, 057 (1960). 
* Yi Y. E, Tipper, D. J., and Strominger, J. L., J. Brot, Chem., 889, 
Teo (1564). 


Prevention of Competitive Suppression in 
g Microbial Plating Experiments 

Ax assumption inherent in beok-mutation experiments 
is that at the cell concentrations used ‘background’ proto- 
trophs in a substantially auxotrophic population will be 
expressed quantitatively in the form of colonies or turbid 
oulture when the mixed population is incubated an or in 
the basal medium. This is not always valid)". Fewer 
prototrophs may appear than expected when high cell 
concentrations are used, because the growth of prototrophs 
is suppreased by the presence of sufficiently large numbers 
of auxotrophs. This is referred to as ‘competitive’ sup- 
preemon?. On diluting a suspension of auxotrophic cells to 
different degrees in basal medium the of back- 
mutant colonies which arises may increase as the dilution 
rate increases and the suppression decreases. 

Competitive suppression oocurs a a result of the removal 
of carbohydrate from the selective medium by the non- 
growing (auxotrophic) population so that it is not available 
for the growth of the mutant or back-mutant species being 
selected fori. This starvation can be prevented if an 
energy source is used which the bulk of the population 
cannot utilize but which the mutant being selected can. 
Such a situation is achieved (a) if the microbial strain can 
adapt to use some particular energy source, for example, a 
lact (i*y*z*) strain of Escherichia coli on lactose medium, 
and (b) if the mutation being studied is a back-mutation 
from an amino-acid i to & non-requirement, 
that is, prototrophy. If the laot strain and lactose are 
chosen as the strain and substrate respectively the bacteria 
should be grown under conditions which prevent adapte- 
tion to lactose utilization, and starved of the required 
amino-acid to exhaust the metabolic pool. Back-mutants 
can then be selected on medium containing lactase as the 
energy source. Since the latter would be able to synthesize 
the required amino-acid they could make B-galaotoeidase 
and hence could utilize lactose for growth. The &uxo- 
trophs, on the other hand, would be unable to make the 

and thus could not utilize the sugar. 

Should it be desirable to allow several replications of the 
microbial population on or in the selective medium, 
sufficient glucose should be added to the lactose medium 
with the amino-acid supplement to leave an excess of 
glucose after the complete utilization of the amino-acid 
to ensure that adaptation to lactose is repressed. 

Table 1 presents the data of two experiments to illus- 
trate the effectiveness of this experimental design in 
of trypt- (WP, Witkin‘) bactéria grown to exhsustion of 
glucose were incubated in a glucose basal medium for 3 h 
to exhaust their amino-acid pool of tryptophan. Aliquots 
of the washed bacteria were spread on glucose and lactose 
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Table 1. NUMBER OF (ryp* LXYELRTANT COLONIES DETECTED AFTER 
ING iryp BACTERIA ON GLUCOSE AND LACTOSE MINDMAL ÀGAn 
































Glucose Lactose 
(0 5%) (0 5%) 
Experiment 1 17* 25 
27* 38 
16* 25 
10* $1 
19* 28 
80 146 
tryp*/plate 17-8427 282121 
iryp- becterta/plate 1-06.101* 1 05.104 
AMrpertment 2 3* 282 25 
20* 277 17 
24* 2690 33 
68* 267 80 
125 1,006 100 
tryp* [plate 3125 274-0 284 
try bacterla/plate 14.10’ 1:84.101* 1810 
*ymnute colonies. 


basal media and the numbers of prototropha scored. In one 
experiment different numbers of bacteria were spread on 
lactose medium to'look for a dilution effect. 

In experiment 1 (Table 1) significantly moro 
trypt colonies appeared on the lactose than on 
the glucose medium. Moreover, the iryp* colonies 
in the latter were minute in size. When the num- 
ber of iryp- bacteria was increased by 30 per 
oent in expermment 2, the discrepancy between 
the numbers of iryp* colonies observed became 
considerably greater—presumably more were 
sup Also the variance of the mean 
number of prototrophs was much higher on the 
glucose medium group. This is & common 
feature of the suppression effect when the number 
of suppressing bacteria reaches a threshold 
value’. 

On the lactose plates & strict proportionality 
botween the number of iryp- bacteria plated 
and iryp* colonies observed was found (exp. 2, 
Table 1), that is, there was no ‘dilution effect’ 
and hence no competitive suppression. 

Besides avoiding minor or major errors in 
plating experiments the use of this selection 
technique, by preventmg competitive suppres- 
sion, has made it safe to use high densities of 
bacteria in selection experiments. It should 
be of general applicability in & modifled form to 
other microbial species. 
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It has the further particular advantage that in 
any experiment requiring bacteria to remain on 
the selective medrum for a relatively long period 
the use of non-adapted cells and lactose as the 
energy source almost entirely prevents cell death’ and 
the complication this can introduce in sasesaing viabili- 
ties. | 

G. W. GRIGG 
0.8.I.R.O. Division of Animal Genetics, 
P.O. Box 90, Epping, N.8.W., 
Australia. 
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VIROLOGY 


Replication Cycle of an Insect Granulosis Virus 

Waan a lepidopterous larva such as & cutworm 
(Noctuidae) in a late stage of infection with & granulosis 
is shaken up in distilled water, ss much as 10 ml. of a 


Fig. 2. Low power electron mi of a section 
ads aids 


a mass of branching virus 


the call. (x 40,000) 


fluid of the consistency of thin cream is obtained. This 
consistency 1s due to the immense numbers of protein 

, the granules, each containing a short virus rod, 
which are liberated from the insect’s tussucs. Centrifuga- 
tion of this fluid for 30 min at 5,000 r.p.m. causes the 
granules to form a sediment and gives & clear supernatant 
with a greenish opalescenoe. When this opalescent fluid 
is examined with the electron microscope it is found to 
contain large numbers of long virus-like threads branched 
1n an intricate manner. $ 

This communication is concerned with the origin of 
thiene tiroide ond the part thoy Pra one o Panan 
the replication cyclo of the virus. 

In a previous communication’ the suggestion was made 
that the short thick virus rod emerged from ite occluding 
crystal, lengthened in the procees and commenced to 
branch. Since these observations were all made on 
purified preparations of the virus threads and their oon- 
comitent granulee, the oriticiam could be made that some 
of these phenomena were artefacta arising from the 
negative staining with phoephotungstio acid. The peculiar 
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branching of the virus might also be attributed to 
adsorption of the various lengths. 

Further investigations bave now been made, 
but this time on thin sections of mfected tissue 
fixed in osmium tetroxide and stamed with uranyl 
acetate and lead citrate. The changes described 
here all occurred inside the cell itself. Based on 
these resulta, an explanation 18 offered of the 
origin of the long virus threads and of their role 
m the rephoation of the virus. The cycle proposed 
is a tentative one, but it appears to fit most of the 
observed phenomena. 

As previously suggested’, the initial step 1a the 
replication cycle seems to be the extrusion of the 
short thick virus rod from ite occluding protein 
crystal, the granule. To this end there appears 
to be & cap on one end of the orystal which lifte 
up to allow exit of the virus particle. In addition 
to being ocoluded in the orystel, the virus is also 
completely enolosed in an outer membrane. 

Numerous examples have now been observed. 
of this extrusion process occurring inside the coll. 
as the rod emerges from the orystal it increases in 
length and decreases jn diameter; the outer 
membrane in which the particle was originally 
completely enveloped is sometimes pushed out 
with it. In Fig. ] are sections of two crystals side 
by side in the same oell; in one is the short thick 
virus rod with ita enveloping membrane. In the 
other the virus rod is in process of emergence, and 
it is noteworthy that the outer membrane, pushed 
out by the emerging rod, now envelops only half 
ita length. Empty membranes and the U-shaped 
empty granules can be found loose in the oell. 

It is of mterest to speculate on the nature 
of the stimulus which causes the virus rod to 
emerge from the crystal. 

TES ow M 1 Porhaps the most interesting phenomenon in thig 
a S 3 ‘ replication process is the apparently unlimited and un- 
controlled branching of the long virus threads, a phen- 
omenon that, so far as we know, is unique among viruses. 
That the branching is & genuine phenomenon and that it 
DE . 3 L " oocurs ingide the cell cytoplaam are shown in Figs. 2 and 3. 
Aus RE 8 * ri A '! The reason for the branching is at present obscure, unless 
` A ; i itis a means of increasing the DNA which must be inside 
the long thread. 
: High-resolution eleotron muerographs of the virus 
x i X .| threads suggest that they are composite with an inner 
ded F ‘ helical oore. Fig. 4 shows one of these threads negatively 
stained with phoephotungstio acid. The stain has appar- 
ently entered, possibly by a small break in the outer coat, 
and delineated the internal holix. 

Presumably the next step in the replication process is 
the break-up of the long thin virus threads into the short 
rods. Lying free in the cell cytoplasm there occur single 
short rods, some with, and some without, ther outer 
membrane. The last stage in the replication process seems 
to be the deposition on the finished virus rod of the 
protein to form the occluding granule as originally sug- 
we | gested by Hughes’. f . 

; ; We thank Dr. Hilton Mollenhauer for assistance with 
: 3 the electron microscopy. 








KENNETH M. SMITH 
R. Marconx BROWN, JUN. 
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Austin. 





4 
Fig. 4 A long virus thread ly stained with phospl T 1 gmith Kenneth M., Trontl, Z. af, and Frist, R. H., Virology, M, 506 (1964). 
dne e erue BAD GW), (100,000) 1 Hughes, K. M., J. Bect., 64, 375 (1952). 
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GENETICS 


Inheritance of a Correlated Day-length 
Response in Spring Wheat: 


In the course of genetic and physiological studies of 
developmental proceases leadmg to flowering in spring 
wheats a major gene conditioning a positive response to 
vernahzation was detected in the variety ‘Insignia 49’ 
(ref. 1). Further investigations have jo led to the 
recognition of a second gene governing the photoperiodic 
response of the Canadian variety ‘Selkark’. 

The work was based on two varieties —"Triple Dirk’, a 
back-cross derivative of the Australian vanety “Dirk 48’, 
and ‘Selkirk’. I have found (in unpublished work) that 
‘Triple Dirk’ ıs not Bes to vernalization, and 
although no testa have yet undertaken, it seems likely 
that ‘Selkirk’ would be unresponsive as are Bo many 
Canadian varieties. 

When grown at Wagga Wagga (latitude 85° 5’ 8) during 
the long days of summer (day-length 18-5-14:5 h) 
‘Triple Dirk’ and ‘Selkirk’ are comparable in maturity. 
BSown on December 28, 1963, the two varieties came into 
ear in 52 days. When sown m the greenhouse in the 
autumn and grown out the cooler short days of 
winter (dey-length 10-6-11-5 h), flowering of both is 
delayed, with ‘Selkirk’ much more sensitive than "Triple 
Dirk’. Sown on April 15, 1964, the number of days to ear 
emergence for “Triple Dirk’ and ‘Selkirk’ was 94 and 132 


is F1 and F2 of the croes ‘Selkirk’ x “Triple Dirk’ and 
the Fl of the baok-aroes (‘Selkirk’ x ‘Triple Dirk’) x 
‘Selkirk’ sown at the same time showed: (a) almost com- 
plete dominance of earlinees: (b) an P2 ratio of 84 early : 
7 late, (c) an F1 back-cross ratio of 23 early : 22 late. The 
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two segregations fit 3: 1 and 1:1 ratioa with P values 
> 02 and > 0-8 respectively. The distribution of the 
pogr oga ing Popusnens Bey qut 1 TIR: l and 2. 

is of interest to report a complete association of 
maturity with the number of leaves on the primary tillera 
at ear emergence and also with the number of spikeleta an 
the same primary tillers. The relevant data for the parenta, 
rotae and the two segregating populations are set out in 

le 1. 


Tabl 1. CORAM SE BEHATIOVE OF: TIME TO- Hik eee jm 
KUXSER OY LUAYRE AND RPIKELETS ON PXEIMARI TILLERS 


R in R in in 
at number of 
days to ear leaves on spikelets 
emergence prmary on oars of 
tillers prunary 
tiers 
*Belkirk* 130—184 9-10 25-£7 
gb Dik, 92-91 1-8 16-17 
K x "Inple Dirk’, F1 93-06 7-8 16-18 
‘Selkok’ x "Triple Dirk’, 
paniy i 85-120 7-8 17-252 
‘Bolari x Dirk’, F? 
late ies 151-188 9-10 23-17 
('Belkirk x Duk 
‘Sellark’ Fi carly tes 93-112 1-8 17-22 
('Belkmk' x Dork 
‘Ballari’ F1 late segregates 125—188 9-10 23-87 


The early and late classes of both segregating popula- 
tions were separated by gaps of 18 days for the F2 and 11 
days for the #1 back-cross. There was no mter-class 
overlap with AM eee to the leaf number and spikelet 
number classes 

As far as the writer is aware this ia the first occasion in 
which a clearly defined monohybrid segregation sae 

& correlated response to short days has been 
Pritioum. This finding is significant in both its i end 
applied aspects. The presence of & single gene pair con- 
ditioning the behaviour of wheat varieties to shart days 
would suggest the operation of a simple physiological 
process leadmg to ear initiation. Teea the simple 


mode of inheritance makes possible a much greater degree 


of control by the plant breeder in fashioning varieties 
adapted to specific day-length environments. Maturity 
control may now be achieved through the use of specific 
major genes operative through either a vernalization or a 
day-length control mechanism. 

Just as the spikelet number on the primary ear of & 
given variety may vary with the day-length to which the 
plante are exposed prior to ear initiation, Bo too is it under 
genetio control in & segregating population such as that 
described herein. Furthermore, the association of spikelet 
numbers with maturity differences has many implications 
in wheat Improvement programmes as well as in agronomic 

ice. 

Unpublished investigations by mo suggest that additional 
genes may be involved m other crosses between sensitive 
and less sensitive varieties. 

A. T. Pugsiar 


Agricultural Research Institute, 
New South Wales Department of Agriculture, 
Wagga Wagga, 
Australia. 
1 Pugsley, A. T., Austral. J. Agric. Res., 14, 622 (1983). 


ABO Blood-groups in Leukaemia 


Ir has been shown that the blood group A is of some 
importance in the multifactorial genetic system of sar- 
ooidosis':*. It may be postulated that the prevalence of 
one blood group is similarly important in other patho- 
logical conditions under multifactorial genetic influence. 
Some examples are set out in Table 1. 

Genetio factors are known to play & 
of leukaemia, and it seems to me to be quite conoeivable 
that they are of a multifactorial nature. I therefore 
studied the incidence of the ABO blood-group system in 


in the incidence 
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Table 1. ABO BLOOD-GROUP IN OONDIFIONS WITH MULTIFACTORIAL GENETIC SYSTEMS 
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Table 2. Rura INOIDANCE OF ABO BLOOD-GEOUP In LEUKANEXUA 
Nó. of Relativo P 


Trpo of Oon- Oom tneidenoe Za Prob- 
Patients trom parison Type A (m=1) ability 
Acute len kaemia T8 604 4:0 1088 OO182 O92 
Qhronie granulocytic + 
leukaemia 104 0694 A:0 1100 0 2247 0-65 
Collection of acute and 
ehronie types 183 694 À:O 1119 00435 088 


leukaemia. No statistically significant relation was found 
between leukaemia and the ABO blood groups (Table 2). 


G. JÓRGENBNN 
Institute of Human Genetics, 
University of Góttingen, 
Germany. g 
1 Jorgenaen, G., Hadil, Sokrift Gottingen (1063). 
2 JOrgenaen, G., and Wurm, K., Mature, $903, 1005 (1964). 
3 Roberta, J. A. F., Brit, Med. Puil., 15, 129 (1069). 


PSYCHOLOGY 


Effects of Age on the Recall of Dichotic Words 
A nmomwr report by Inglis 
that a short-term storage 


perceptual and storage mechanisms are necessary in a 
dichotic situation. There is sequential recall, and one half 
Ce ee ea ae, while the 
other half is being recalled. Once first half-set has been 
the stored, second half-set becomes available 
for recall. It is this second half-set which is subject to 
deterioration with advancing . This phenomenon has 
pel dimmonstse tad but the possibility 
i that these findings might also be explained in 
terms of other age-related changes in the nervous system. 
EEN DY cesar omic A ale pt a i 
His jects were 120 people aged 11-70. By specifying 
the order of recall, either before or after presentation of the 
stimuli, be was able to show that the resulta could not 
be attributed to age changes in perception and/or attention. 
That is, there was no evidence of failure to hear or to 
attend to the stimuli. 


We have carried out a further i b i an attempt 
to extend the generality of these fin The preliminary 
results are here. The problem was to determine 


if non-numerical stimuli are processed in the same way as 
digits. That is, if an individual is presented with dichotio 
words, will these be ed sequentially and, if so, will the 
ability to do this be to age? 

Subjecta were 120 people aged 11-70. There were 20 
(10 male and 10 female) in each age decade. The series of 
stimulus words, for example, floor, hair, greas, girl, ranged 
in length from one to four per half-set. Thsaablesla were 
free to recall first whichever half-set they wished. This 
procedure was identical to earlier investigations’, the only 
difference being the nature of the stimuli. 

The results were virtually identical to those using 
digits^?.4, There was no significant impairment in the 


ability to recell the first half-sete. There was, however, 
the second half-seta as age increased. In addition, the 
longer the series to be recalled, the greater the overall 
difference between first and second half-seta. 


a Federal-Provincial Mental 
Health Grant (project No. 609-5-145). The testing was 
carried out by Mr. R. P. Jones. 

W. K. Oarep 


Department of Psychology, 
University of British Columbia, 
Vancouver, 
Canada. 
2 Inglis, J., Nature, 904, 108 (1064). 
: if H, Perception «nd Comwmemicmon (London: Pergamon 
2 Ingtis, J., and Oatrd, W. K, Canad. J. Peyohel., 17, 08 (1003). 
* Mackay. IL å., and Ingris, J., Gerontologia, 8, 193 (1063). 


Hippocam Ablation In Rats: Effects of 
a certeial Interval 


hypothesis that the hippocampus is involved in reoent 
memory funotions by using different intertrial intervals in 
runway acquisition and extinction. The method consisted 
of administering acquisition and extinction trials to rata 
under either massed or distributed practice conditions. It 
was found that the temporal of trials during 
acquisition was not important but that distributed practice 
trials served to increase resistance to extinction for hippo- 
campal.damaged rats. The purpose of the work reported 
here was to clarify the earlier resulta by determining 
whether the extinction phenomenon was due to the 
aparti o EN ee et or (path aac aad 
this work, each subject received both massed and 
distributed trials during acquisition so that, by the end of 
this phase of training, all subjects had equal experience 
with each of the two intertrial intervals. At that time the 
subjects were extinguished under either massed or dis- 
Twenty-four male rate of the Long-Evans strain were 
used. Age of the rats at the time of operation was 100—120 
days. Twelve subjects had the hi and over- 
lying cortical tiasue removed b y by aspiration and 
12 had cortical tissue overlying the hipp us removed 
and thus served as operated cortical controls. Unoperated 
control subjects were not included since resulta of the 
ious investigation indicated similar performance for 

ted and unoperated control subjects. - 

ve days after operation the subjects were placed on 

a deprivation schedule of 10 g of laboratory chow daily. 
imi training was started eight days and con- 
sisted of trials in the runway without food. 
After two days of preliminary training the subjects were 
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; — O —, cortical control mamed; — 6 —, cortical 
hippocampal distributed; Oo oon 


given 10 acquisition trials on each of 6 consecutive days. 
Response latencies and running times were measured by 
timers activated and stopped by photoelectric cells. The 
two intertrial-interval conditions of 10 seo and 10 min 
were administered to the subjects on alternate days in a 
counterbalanced order. Thus, at the end of six days of 
oe Ma tua ee tue duce ob tials 
ith each of the two intertrial intervals. 

After 60 acquisition trials, the hrppocampal and cortical 
control groups were each divided into two sub-groups 
which were equated for performance during acquisition. 
These sub-groups were assigned to 10 sec and 10 min 
intertrial-interval condrtions, respectively. Ten extinction 
trials a day were carried out for six days, the intertrial 
interval for an animal being the same throughout this 
extinction period. If a subject did not reach the food cup 
within 60 seo, it was removed from the runway, and 
latency and running times for the trial were recorded as 
60 sec. 

It was originally planned to terminate the investigation 
at the end of the extinction period. However, after 
inspection of acquisition and extinction data we decided 
to cantinue running the rats without food but with inter- 
trial-interval conditions for the animals reversed from 
those under which they had been extinguished. The rats 
were given 10 trials on each of 5 days under these reversed 
intertrial-interval conditions. 

The data were converted to speed scores by taking the 
reciprocal of each measure for each subject. Means of the 
10 daily reciprocal latency and running time measures 
were then computed and used in the various analyses. 
Analysis of variance was used with acquisition and reversal 
data, and analysis of co-variance with the extinction data. 
A level of significance of P = 0-05 was used throughout. 
The most important results are summarized in Fig. 1 
where mean reciprocal latencies in seconds are plotted for 
successive days. Analysis of both latencies and running 
times indicated that acquisition was similar for the 
different groups. However, during extinction hippo- 
campal subjects showed significantly faster latencies than 
cortical control subjects. Further analysis indicated that 
those hippocampeotomired animals which received distri- 
buted extinction trials showed significantly faster latencies 
than both massed-practice-hippocampal subjects and 
control animals. An analysis of extinction running times 
did not show any differences between the various groups. 

During the period of reversed intertrial intervals, hippo- 
campal subjects showed faster latencies than controls, but 
running times did not differ. Further analysis of the 
latency data indicated that animals with hippocampal 
destruction which were changed from massed to distri- 
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buted trials were significantly faster than 
similar animals changed from distributed to 


mediate but developed only after two days 
of running. Inspection of Fig. 1 indicates 
that the latencies for distributed-practice- 
hip pal subjeote on extinction day 6 

reversal day 5 are at approximately the 
same level. 

Histological exammation of the brains 
revealed extensive bilateral lesions involving 
the hippocam: formation and overlying 
neocortex in all subjecta in the hippocampal 
group. Lesions varied in size from 50 to 85 
per oent destruction of the hippocampus. 
Examination of sections made from animals 
with only neocortical lesions revealed more 
neocortex destroyed in these animals than 
in the hippocampal subjecta although the 
total amount of brain destruction waa slightly 
greater in the hippocampal-lesioned group. 
(Further anatomical information will be supplied on 
poer TOn ane of us (L. E. J.).) 

results recorded here agree with our previous 
findings which showed no differences between hippocampal 
ablated and partial neodecorticate subjects In runway 
acquisition but an morease in resistance to extinction (as 
indicated by latency scores) for those hippocampal- 
damaged anmals which received distributed extinction 
trials. Since the procedure in the present investigation 
was altered 80 that all subjects had equal experience with 
the different intertrial intervals durmg acquisition, the 
slower extinction of hi i animals und 
distributed practice must be due to processes i 
during the extinction period. Reversing the întertrisd 
ee T Nr UAE or ccuneHon TAAI T an 
exchange of latency scores between groups of hippocampal- 
damaged subjects: those hippocampals which had received 
distributed trials during extinction developed significantly 
slower latencies and those hippocam: which had received 
massed extinction trials (and been ‘extinguished’) 
began quickly moving out of the start box again. It is 
significant that the switch in latencies did not ooour 
immediately after the reversal of mtertrial intervals but 
appeared only after several days of running under the 
reversed conditions. 

The present results clarify the earlier findings by showing 
that the slower ‘extinction’ of distributed-practice- 
hippocampal subjects is determined by partially reversible 
effects of a variable operating during extinction training. 
Further investigations will be needed to determine the 
specific nature of this variable. However, the present 
findings suggest that the temporal spacing of trials for 
Hippocampal -damaged subjects is an i rtant variable 
that should pe be taken into consideration in future 
studies involving thie and related limbic structures. 

This work was carried out while the first author was in 
a National Science Foundation Research Participation 
Programme at the University of Michigan, 1064. Addi- 
tional funds were supplied by grant DA-M D-49-198-04- 
6120 from the Office of Surgeon eral, U.S. Army, to 
R. L. Isaaceon. We thank Sheldon for his assistance. 
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RomsmgTr L. Isaacson 
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1 Winer, B , and Penfield, W., Trans. Amer. Neurol, Assoo,, 80, 42 (1985) 


1 Stopien, L. 8., Oardean, J. P., and Rasmussen, T., Gres, 83, 470 (1960). 
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Wednesday, July 7 


ROYAL Bognerr oF MEDICINE (at 1 Wimpole Büreei, Landon, W.1), at 
5 30 p.m.— Annual Meeting. 


APPOINTMENTS VACANT 


AFFLIOATIONS are invited for the following appointments on or before 
mentioned : 
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, University 
LIDGE 


Y —Prof. R. M. Barrer, F.B.S., Obemts- 
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Lane, . 

LBEOTURER (graduate tn picea or ) OF 
BacrERIGQLOGY— The Becretary to the College, College, 2, 
erably with experiance of digital 
to work on the 
under the 


TEY AGRICULTURE; and ONAIR OF AGRICULTURAL OMENINTRY IN THE 
- FACULTY OF AGRIOULTURE af Queen's Untvermty of Belfast (combined post) 


NATURE. 


's of 
oF reir ai Queen' t a ht 
£5). 

M OrrIIER (with a degree or equivalent quall- 

sols. a) miih, tae, d of ne and A etn 2: 

other data —The À a uni Hxperimental Station, Harpenden, 

Quam oF , The University, 3 (July 26). 
IN ‘OLOGY ai 


Inter-University Comunal for Higher Education Overseas, 


Saxon LECTURER OT 
X-ray the analysis 
ABIT Cteexgity of the West Indies (Mona)—The 
sity Coane fox Higher Edneation Overseas, 88 Bedford 
ABKISTANT LROTURER (with qualifications and experience and 
specialized In phymeel bai Sa edi CHENISTAY at tho Univers! 
Hong Kong The of Commonwealth Universities trey 


Office), House, Pall Mall, London, B.W.1 (Hong Kong and 
London, July 31). 


Duair FAGULTY OY MaDIona at Makerere University College 
Bebo. , Inter-University Oounell 
W C.1 (July 31). 
or non-medically 


Zealand— The th Unlversides (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (New Zealand and 


) or DEXON- 
ow 


STRATOR IK 
South Wales, Ausiralia— The of 
Office Marlborough House, Pall Mall London, 8.W.1 (Australia 


IK or PHYSIOAL Y—Tlhe 
Swinburne Technical College, John Street, Hawthorn, Victoria, 


Lane, 


Oumaror (with degree with geology as ons of the 
Cantons oT Sow DEPARTNENT OF GEOLOGY AND GEOGRAPHY- Ji 
Cass Jewry Street, London, H.O 3. 


FurrowoLoarer (national of the United Kingdom or the af Ireland, 
with an bonours in roology OT & sub, plus two years 
post-graduate study in agnoultaral entomology) ın Ui to carry out 
surveys and conduct research into pests of crops and produce, 
suyos and conduci PE sonos and io advise on eontrul measures Tho 
Development, 


responsibihty for the demgn, 

involving and mechanical components, required m the 
Department's programme—Prof J. M Bruckshew, 
Department, Imperial College of Saence and , London, 8.W.7 
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GOVERNMENT POLICY AND INDUSTRIAL SCIENCE 


I his eighth Leverhulme Memorial Lecture to the 
X Society of Chemical Industry on May 6, since pub- 
lished in Ohem4siry and Industry for May 22, 1065 (pp. 
864-870), Mr. P. Chambers, discussing the place of the 
chemical industry in the development of the world's 
economy, was concerned mainly with the contribution of 
the chemical industry to the improvement of production, 
and only to & limited extent with the contribution which 
the industry oould make in dealing with the problems of 
rising populations. Here, he was content to point out 
that it was desirable on grounds of self-interest, aa well 
as on moral grounds, that the underdeveloped countries 
should progress more rapidly than in the past and that 
their standards of living should be brought with some 
speed nearer to those of the developed countries. Con- 
cerning productivity, ho inmsted on the growing scale of 
production and the neceasity for larger economic group- 
ings, and this was the main emphasis of the lecture. 

The chemical companies with s complex of manu- 
facturing operations starting from the petrochemical end 
will, in Mr. Chambers’s view, tend to got larger and more 
international in character, because of the continuing need 
for very high-grade research and development on & large 
scale and on & oo-ordinated bams. This is only economic 
if the costs can be spread over & correspondingly large 
turnover which is international rather than national in 
sire—a point whioh is well illustrated by current argu- 
menta over pharmaceutical research and the cost of drugs. 
This view is fully supported by Prof. J. W. Mitchell in & 
Jubilee Memorial Lecture of the same Society on the 
organization of basio research for the British chemical 
industry. The main emphasis in this lecture, delivered 
in Manchester on February 12, and published in Chemistry 
and Indusiry for May 29, 1965 (pp. 908-935), is on the 
contribution of pure and applied research in increasing 
the value and volume of exporte from those mdustries 
which depend on advances in the physical sciences for 
innovation and diversification. Although his theme is thus 
. ostensibly narrower than that of Mr. Chambers, what is 
lost ın breadth is more than gained in depth, for in an 
outstanding lecture Prof. Mitchell gives & most stimulating 
analysis of the present organization of basıo research in 
Britain, including some penetrating criticiam of educe- 
tional, social and economic factors, and of Government 
policy and the reason for the emigration of British 
scientists. The whole 1s illuminated by & comparison of 
the situation in Britain with that in the United States in 
the hght of his own considerable experience on both sides 
of the Atlantio. 

Prof. Mitchell begins by reiterating that new knowledge 
is essential for industrial progress and challenging any 
complacency sbout the importance of the growth of 
creative science arftl technology for the national economy. 
He also insists that the vitality and attitude of mind of 
the research worker, his competence, and his understanding 
and mastery of the accumulated knowledge in his fleld, 
constitute the decisive factor for advances in scientific 
knowledge wherever he works. Prof. Mitchell believes 
that it is most desirable to separate iture on 
research from that on development, and that the ad- 
ministration of research should be separated from the 
administration of development. He gives a timely 


warning that development costs can be grossly exceasive 
if investment in preparatory and supporting basic 
resoarch is inadequate, and that such inadequate research 
expenditure is often concealed by large totel research 
and development costs. 

Prof. Mitchell’s definition of basio research is wide 
enough: it includes all research which leads to new 
knowledge. -His analysis, moreover, is aa clear and con- 
vincing as was that of Prof. I. D. Rattee in his inaugural 
lecture at the University of Leeds on ''Disoovery or 
Invention”, and in this part of his lecture he seems to 
be thinking along similar lines. Streesing the complexity 
of the research problems of an industrial laboratory, Prof. 
Mitchell pointe out that caroful and penetrating work on 
applied problems by outstanding scientists in industry 
has often led to discoveries of fundamental scientific 
importance. Here, again, he insists on the overriding 
importance of & stamulating and satisfymg environment 
in which such men oen work, arti of enabling them to 
mix continuously with scientists and technologists in 
related fields at home and abroad. 

This amall creative minority of scientista and tech- 
nologista, which is responsible for most now discoveries 
and inventions, is the key factor if we are to increase 
our volume of basio research relevant to the invention of 
new products and new processes for industry. Here Prof. 
Mitchell believes that Britain lags behind other countries 
and that this is one prime cause of difficulties in her 
export trade. Others arise out of the competition en- 
countered in selling existing well-esteblished products 
abroed, and here Prof. Mitchell pointe out that such 
difficulties are bound to increase as the rapidly developing 
countries build modern factories to supply their needs. 
Scientista and technologists can do no more than mitigate 
some of this competition, and the smali size of many 
British firms is a further adverse factor. Nor is the position 
helped by limited productive capacity, long delivery times 
and a reputation for failure to adhere to promised 
schedules. - 

Prof. Mitchell then surveys the organization of basic 
research for industry and the respective contributions of 
the universities and colleges of technology, divisional and 
central industrial laboratories, Government and national 
laboratories, and independently sponsored research lab- 
oratories and research institutes. Each of these four 
groups has ita own particular contribution to make, and 
despite the sub-title of this section of his lecture, it 
never suggests that academic research should be directed 
towards industrial objectives. On the contrary, he insiste 
on the importance of a correct balance between creative 
research and teaching and that routine research should be 
the direct responsibility of industrial, Government or spon- 
gored research laboratories. He is as emphatic that here, 
at the frontiers of knowledge, lies the distinctive oon- 
tribution of the university in research as he is on the 
importance of the university as providing the gifted 
research worker and on the need for a higher steff-student 
ratio. 

Apart from his warning against rashly dispersing o 
vigorous or outstanding research team, Prof. Mitchell’s 
discussion of the function of industrial research l&bor- 
atories is scarcely as pertinent to the proeent situation in 
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Britain as is his penetrating discussion of the functions 
of Government and national laboratories. First, Prof. 
Mitchell insista on the importance of the wise selection of 
research projects. He argues that sound advice on the 
selection and financial support of basic research projects 
can only come from outstanding scientists who are actively 
and continuously working in laboratories with dynamio 
vitality and interest in advances in science and keep them 
aware of the level of support needed for effective work. 
These functions, he holds, cannot be performed by Civil 
Servants working alongside administrative staff in a 
Department of Education and Saience or a Ministry of 
Technology, even if they have previously had some 
University training in science. _ 

Prof. Mitchell does not entirely reject the idea of the 
part-time adviser, but late in his address he gives clear 
warning that a high proportion of the senior staff of the 
science departments of the universities cannot continue 
to engage in extensive external activity without seriously 
jeopardizing the whole future of the nation, so numerous 
are the preesing academic problems which demand their 
undivided energies for urgent solution. This argument 
finds substantial support in any reflective reading of 
Mr. R. W. Clazk's recent book, T'«ord. Prof. Mitchell’s 
own solution of the problem of advice is to put national 
research laboratories under the leadership of distinguished 
senior scientiste, so staffed that they can divide their 
time between research and advisory and administrative 
work. These senior scientists would also be responsible 
for the objective evaluation of scientiflo matters of concern, 
to the Government, based on thorough and penetrating 
analysis of problems and situations. One of his main 
reasons for challenging the decision to abolish the post 
of Director of the National Chemical Laboratory is that 
it involves the disappearance of a post for a senior scientist 
who might have taken & keen interest in the organization 
of research for Britiah industry, stimulated by his 
responsibilities for running the laboratory. 

Prof. Mitehell's judgment that this surprising decision 
is retrogressive is further substantiated by the functions 
and responsibilities which, towards the end of bis lecture, 
he suggests the National Chemical Laboratory might be 
expected to perform. These are quite apart from three 
general reasons which he gives for mainteming Govern- 
ment and national laboratories: they can make an im- 
portant contribution to oontinuing the education of 
graduates from tho universities by giving them oppor- 
tunities to work on research problems of national 
importance in contact with competent research workers 
while soquiring sufficient experience for independent work ; 
they provide facilities for basic research, leading to the 
understanding of important national problems, which 
would be unprofitable for industry; and their work in 
establishing national standards, providing samples of 
chemical compounds of ultra-high purity, and measuring 
and evaluating their properties to provide national 
reference date. 

Prof. Mitchell believes that greater differentiation of 
general fonctions is desirable among scientists and that it 
is not disadvantageous to. have several groupe working 
competitively on related problems of basic research. Hoe 
ig oonvinoed that the senior members of the staffs of 
Government laboratories have an important and unique 
contribution to make to the balanced growth of science 
and technology, and, as already noted, he deprecates 
Britein's excessive reliance in the past on part-time services 
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of men from the universities and industry, whether in a 
personal capacity or as members of advisory committees. 
In this connexion, it should be observed that Prof. 
Mitchell repeatedly emphasizes the value of interchange 
of experienced scientists between the Boientiflo Civil 
Service and the universities and industry, but he is oon- 
vinced that it is easential that there should be a sufficient 
nucleus of senior members from the staffs of Government 
institutions participating with scientists from other groups 
of the scientific community in Government consultations 

This is à factor that appears to have received little 
attention in all the discussions on the organization of aivil 
science during the past three years or so. He is also 
timely in directing attention to the social responsibility 
of the scientific community, and expresses the opinion 
that & strongly reacting scientiflo community has not yet 
been developed in Britain. Most outstanding scientists 
are concentrated in the universities and in the adminis- 
trative seotors of the larger industrial firms, and there is 
little interchange between the universities and industrial 
laboratories. He finds none of the strong interactions and 
interchanges between scientists in the universities, in 
industry and in Government and sponsored laboratories 
that are found in the 2545 age-group in the United 
States. The strength of the scientific community, how- 
ever, is determined largely by the strength of such creative 
interactions as well as the quality and number of its 
members. Moreover, the present tendency is to increase 
the concentration of scientists in the universities, and 
neither the Robbins nor other reports on the plans adopted 
by the Government for the expansion of higher education 
appear to have directed attention to the need for balanced 
and co-ordinated growth in the scientiflo community. 

Prof. Mitchell is also critical of some aspects of university 
expansion in Britain to-day, believing that æ proper 
balance between teaching and research is threatened, that 
excessive burdens tend to be placed on senior staff and 
that, as regards studenta, the present system of examine- 
tions and selection tends to place a premium on possession. 
of a good memory, which is no guarantee of creative 
ability in research. He is critical of the extent to which 
baaio research is being undertaken in Britain to meet the 
"needs of the medium-sized and smaller firms, and chal- 
lenges Britain’s concern to contract her industrial research 
effort when she should, be reorganizing her industrial 
science snd opening and equipping research laboratories. 
His comments on sponsored research and the industrial 
research associations may be deferred for consideration 
in that separate context, but his observations on the 
oritical size and on the vitality of a research laboratory 
are of general validity and are highly pertinent to some 
recent Government decisions. 

It is undeniable that responsible scientists have mis- 
givings as to the effect of at least some of the changes 
already made, and Prof. Mitchell gives valid reasons for 
such misgivings which the Ministers concerned would do 
well to ponder. Moreover, he is not comeerned to perpetu- 
ate any institution as such: the only true measure of the 
vitality of & research laboratory is ite output of work of 
high quality, and this alone justifies the continued accept- 
-anoe of the laboratory. But his insistence on the im- 
portance of a minimum critical size if a research laboratory 
is to be effective and productive is also related to the 
question of quality, on which the maim stress is laid 
throughout the report. It is obvious that he seos real 
danger in a certain element of parsimony that marks 
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present policy. Care must be taken to ensure that the 
heavy burdens on senior scientists in the universities— 
and elsewhere—do not become insupportable for the 
creative minority with outstanding abilities. We oan i 
afford to quench their enthusiaam or diminish their 
creative power under the distractions of multi-functional 
activity. . 

Comparing the position of basic research in the United 
States and in Great Britain to-day, Prof. Mitchell attri- 
butes the greater strength of science and technology in 
the United States to the greater strength of the scientific 
community there. Federal assistance in various ways has 
been an important factor, together with the development 
_of a system of graduate education in science and business 
management, and the consequently higher proportion of 
leading scientists employed ın the industrial laboratories 
and with a wider influence. Moreover, he suggests that 
this greater strength of the American scientific com- 
munity, and the higher standing of younger scientists, are 
important factors attracting many of the abler soiemtiste 
from the United Kingdom, and he thinks that this oon- 
tinued emigration is regarded with too much complacency 
in Britain, especially the emigration of students from the 
group of Ph.D.s of average ability. Hero, in Prof. 
Mitchell’s view, the lack of openings for research with 
opportunities for continuing eduoetion in British industry 
is the decisive factor. This has been accentuated in the 
past two years by the closure of some industrial research 
laboratories and the imoorporation of the National 
Chemical Laboratory in the National Physical Laboratory. 
There are, he believes, many British scientists in the 
United States who would return to Britain, regardless of 
the salary differential, if they could find non-academic 
posta for research which were professionally satisfying. 

Prof. Mitchell does not overlook the benefits which the 
British scientist may derive from a period of work in the 
United States, but his comments on this question indicate 
that to some extent Britain’s present difficulties are the 
direct outcome of Government practice and policy over the 
past two decades, as well as shortsightedness in industry, 
and that such policies and practices still persist. Policy 
in scientiflo matters cannot be guided primarily by 
political theory and prejudices, even when the ultimate 
decision is political. Nor does he omit to point out that 
all the efforts of scientists and technologists to resolve 
eoonomio difficulties will be of little avail unless manage- 
ment, and those engaged in market research, and in sales, 
production and transport, play their full part in increasmg 
tbe volume and value of Britain’s exports. 

The politician will scarcely find Prof. Mitchell’s address 
comfortable reading. He rejects outright the sasumption 
of the present Labour Government and of its Conservative 
predecessors that any deficiencies in basic research which 
are significant to the chemical industry can be rectifled 
by supplying the universities and colleges of technology 
with all the laboratories and equipment and funds they 
need for research. This, he holds, could lead ultimately 
to & disastrous decline in the position of the industries 
based on science. The need is much deeper, and plans for 
university expansion must be accompanied by plans for 
employing the increased outflow of graduates. The place 
for basic research for industry is primarily in industry 
itself, and for this academic research is no substitute. 

What is wrong is the lack of appreciation of implications 
of public policy where science and technology are oon- 
oerned. This, as well as a lack of information, has 
characterized successive British Governments and their 
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supporters. Such information is the basis of any oon- 
structive criticiam, and while this is not a specific objective 
of the recently established Office for Scientific and Tech- 
nical Information, the new Office could assist the process, 
especially if the Parliamentary and Scientific Committee 
uses ita opportunities. Prof. Mitchell refers to evidence 
of a widespread feeling that the formulation of policies 
affecting scientists in Britain is determined by samall 
minorities, and that the scientists who will be concerned 
preliminary consultations and discussions. 

No effective structure for scientific and technical advice 
can be built up on such practices, nor are scientists of 
high ability and standing likely to be willing to serve 
under such conditions. Even if those conditions are only 
imagined to exist it is difficult to obtain co-operation, 
and the dissipation of any such atmosphere of distrust or 
uneasiness is a first easential. It should be followed, as 
Prof. Mitchell urgea, by the establishment of some 
accepted procedure which brings into consultation the 
active leaders and representatives of scientista, and their 
professional societies, and gives them an opportunity of 
expressing their views before final and irrevocable decisions 
are made. On this pomt, Prof. Mitchell’s analysis of the 
structure of advice needs to be taken deeper, and it is to 
be hoped that this will be done both by the Royal Society 
in its present examination of the situation, and by the 
Parliamentary and Scientific Committee. Prof. Mitchell 
weloomes this Committee’s proposals that important 
matters of scientific and technological policy should be 
subject to public hearings by Select Committees of the 
House of Commons. Meanwhile, his challenge to the 
practice of making irrevocable decisions on the basis of 
secret reports and recommendations by anonymous 
advisers, and by confidential committees, is clear and 
unequivocal and m line with an important reoom- 
mendation of the Commoner Committee on the integrity 
of science. It is not merely reasonable but vital that 
irreversible decisions should only be taken after the 
directors of research concerned have had full opportunity 
of expressing their own opinions and making their own 
recommendations on policies which would affect them. 
This is not claiming the right to determine policy but the 
right to ensure that the implications of policy are given 
adequate consideration. It is also the condition of 
responsible and dynamic leadership, and where it is not 
observed, policy, as well as those who dictate policy, is 
rightly suspect. 


“HUTTON LOOKS BACK 


Recollections of a Technologist 
Prof. R. B. Hutton. Pp. 203+8 plates. (London: 
ir Isaac Pitman and Sons, Ltd., 1004.) 25s. net. 


ROF R. 8. HUTTON’S recollections of his long and 
varied career have been published at a time when, 
apart from their interest to the numerous colleagues who 
have at one time or another worked or been associated 
with him in his several occupations, they are of some 
public interest in at least two connexions. First, Recol- 
lections of a Technologist illustrates most aptly the value 
of in! between university, industry and the Civil 
Service which we are now belatedly trying to encourage. 
Prof. Hutton himself sandwiched some twenty-five years 
in industry in one capacity or another between two periods 
of academic teaching and research. Besides this, he was a 
founder-member of the Institute of Metals, and his recol- 
lections of hia work, in and for this Institute, show the 
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Sey ae eo ea to give a much more acour- 
ate and stiradlating Pioraco of the touhibalogist in the mind 
of the reader and, all too short aa it is, it should at least do 
something to assist in that urgent task of education if a 
sufficient number of the ablest students are to be attracted 
to such a career. 

But to say no more would be unfair to Prof. Hutton, 
for the book derives added interest from his 
comments on technical education, on the work of research 
associations, on the place of technical libraries and 
information services, and on other subjects. There is a 
sketoh of the work of the Physica cheeses in Man- 
chester in the days of Schuster and Rutherford, and some 
more specific recollections of Schuster, Rutherford and 
Tizard are given in a separate chapter. As would be 
expected of Prof. Hutton, the references are full and well 
arranged at the end of each chapter. 

‘ Anyone, however, who has known and worked with 
Prof. Hutton will also dani wish for more; but, sug- 
geetive as the book is and of commente which, like 
those on scientific writing and the art of communication, 
are topical as well as wise, to those who have not known 
Prof. Hutton it can scarcely convey any real idea of how 
much we owe to him in such flelds as those of technical ed- 
ucation and the development of special libraries and in- 
formation services. One may well be amazed at the range 
of hie interesta and at his untiring energy, but his work was 
never rflcial. Prof. Hutton delved deeply in all his 
work it remains for another writer to lament his 
own story by revealing the thoroughness and oresight of 
his work in the field of libraries and information services, 
for example, and the unfailing courtesy and deep under- 
standing of the help he so readily and freely gave to 
those who turned to him for help and guidanoe. Inevit- 
ably in a book oovering Bo wide a fleld there are points 
where opinions expreased might be challenged somewhat. 
or where small additions might seem desirable. These. 
however, are minor, and it is to be hoped that thia read- 

able and well-printed book will fmd many readers not 
only among scientists themselves but in industry, in 
Parliament and among the general public. 

R. BRicHTMan 


NUCLEAR REACTOR PHYSICS 


Neutron Physics 
By K. H. Beokurts and K. Wirtz. Pp. x + 444. (Berlin: 
Springer-Verlag, 1964.) 68 DM. 


Introduction to Neutron Distribution Theory 
By L. O. Woods. (Methuen’s Monographs on Physical 
Subjects.) Pp. xii + 182. (London: Methuen and Oo., 
Ltd; New York: John Wiley and Sons, Ino., 1904.) 28s. 
net. 

T is now twenty-two years since the first nuolear reactor 

was built, in that time reactor physics has become 
&n established technological subject. These books repre- 
sent the second generation of text-books in this field, and 
both can provide a very suitable basis for a university 
course. In fact, both books originated from such courses. 

Neutron, Physics, by Beokurte and Wirtz, is somewhat 
misnamed. Neutron physics as a subject is about thirty- 
two years old and has become diversified into several 
distinct areas. These include reactor physics, some para 
of solid- and liquid-state physics, and some parts of 
nuclear physios. This book mainly covers the reactor 
physics side of neutron physica. With the advent of 
nuclear power there has been a substantial growth of 
interest in this area, and a number of text-books have 
been written. Neutron Physics is more broadly based than 
some and gives a clear and comprehensive introduction 
to the fleld. The depth of coverage has inevitably to be 
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limited, but adequate bibliographies are provided at the 
end of each chapter. The translation from the German has 
been carried out competently, so that almost 

the presentation is in good clear English. The book starta 
with a discussion of neutron sources, detectors and various 
types of experimental equipment for neutron cross-section 
work. It continues with the reactor physics theory and 
experiment, including neutron thermalization, diffusion 
and transport theory. The concluding section covers many 
of the experimental techni of reactor physics. In 
the theoretical part of the boo Book: the zaathistaatical presente: 
tion, while not particularly difficult, does require a graduate 
knowledge of mathematics. On the other hand, very little 
background of nuclear physics or knowledge of reactor 
physics is required. On the whole it can be recommended 
as an excellent introductory text and of value to university 
courses on reactor physics, particularly those concerned 
with needs of the tal reactor phyaicist. 

The monograph ph by W. Woods is based on a specialist 
course covering ton distribution theory. Again it 
includes neutron thermalization, diffusion and 
theory; the mathematical presentation is slightly more 
difficult than in the book by Beckurts and Wirtz. For 
those requiring the theoretical side of the subject only, 
it forms an excellent introduction leading naturally to 
the more sophisticated theoretical treatments. Its scope 
is indicated by its division into three chapters; the first 
covers the basic equations of distribution theory, the 
second deals with neutron moderation, while the third 
covers multi-group theory. Introduction to Neutron 
Distribution Theory is & useful addition to the Methuen 
series and to the range of reactor payee text-books. 

P. A. Eamrerarr 


MAGNETIC STORMS 


Solar Plasma Geomagnetism and Aurora 

By Sydney Chapman. (Documenta on Modern Physics.) 
Pp. 141. (London and Glasgow: Blackie and Son, Ltd 
1804.) 32s. 6d. 


HIS monograph is one of a new series, entitled 

Doouments on Modern Physics, 1n which the editors 
intend to specialize in presenting selected reviews, lecture 
notes, conference proceedings, and important collections of 
pepers in branches of physics of special current interest. 
The contents of the book are based on lectures given by the 
author at the twelfth annual session of the Les Houches 
Summer School of Theoretical Physics in July 1962. The 
entire course of lectures at the School has been published 
previously in book form in 1963 under the title Geophysics: 
The Barth's Breironment. It is rather surprising that the 
editors of the present monograph have not complied with 
the author’s wishes regarding its title, as stated in his 
preface. 

Prof. Chapman is an eminent geophysicist who has made 
outstanding contributions to the theory of geomagnetiam. 
His purpose in the present book has been to describe the 
evolution of knowledge and theory concerning magnetic 
storms—the name given to intense transient disturbances 
in the geomagnetic field. The book may be regarded as a 
supplement to Geomagnetism (Chapman and Bartels, 
1940) but, unlike the earlier treatise, the exposition is 
selective rather than comprehensive. Special emphasis ia 
placed on the investigations of the author and his colleagues, 
notably B.-I. Akasofu and V. C. A. Ferraro. The discussion 
is confined primarily to researches which originated before 
the advent of satellites and space probes, and the reader is 
referred to the publications of other writers for an account 
of the many developments during the past decade. 

The first chapter of the book outlines those aspects of 

iam and solar activity which are fundamental 
to an understanding of magnetic storm phenomena. The 
geometry and kinematics of the passage of solar plasma 
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from the Bun to the Earth are considered in Chapter 2. 
Several of the resulta obtained by the author some time 
ago have acquired new significance in view of present-day 
ideas on the extension of solar magnetic fields into inter- 
planetary space. Chapter 3 contains an excellent account 
of the early theoretical work on the interaction of solar 
plasma with the geomagnetio field and the more recent 
studies of the shape of the steady-state hollow formed in 
the solar plaama by the Earth’s magnetic field. This chap- 
ter is undoubtedly the best available summary of the 
detailed investigations-in this branch of the subject. The 
main features of Dnus disturbanoes are described 
briefly in Chapter 4. the final chapter the terrestrial 
ring current is discussed in relation to the steady-state 
motion of a distribution of energetic charged particles 
trapped in & dipole fleld. This chapter summarizes one o: 
the very few precise investigations of the geomagnetic 
effecta of a etrioel distribution of trapped radiation. 
Much of the progrees in the theory of magnetio storms 
has arisen from the formulation and solution of idealized 
problems in plasma dynamics. Prof. has been 
one of the chief exponents of this line of enquiry, and his 
resent book provides an exemplary account of those 
io o0 which form the foundations of the theory of 
geomagnetic storms. The book is a very valuable addition 
to the literature and is especially welcome at a time when 
speculation tends to outpace accepted theory. 
D. M. Wirus 


DESTINY OF PROTEIN 


Mammallan Protein Metabolism 

Edited by H. N. Munro and J. B. Allison. Vol. 1: pp. 
xv+ 566. 132s. Vol.2: pp. xiii+ 642. 150s. (New York: 
Academic Press, Inc.; London: Academic Preas, Ino. 
(London), Ltd., 1964.) 


Oe of the earlier biochemical monographs in the 
ioneering series, edited by Plimmer and Hopkins, 
was the well-known book on protein metaboliam written in 
1812 by E. P. Cathcart. He defined his subject aa ''the 
processes in the animal organism which are concerned with 
the destiny of the protem, whether of the food or of the 
tissues”. This ition is broad enough to cover the 
scope of the present book, but knowledge of the destiny 
of protem has advanced so much that it has now taken 27 
authors and 2 author-editors to deal with the subject. The 
whole work is divided into three parts. The first part 
occupies all of Volume 1 and is concerned with the bio- 
chemical aspects of protein metabolism. It opens with an 
historical introduction by H. N. Munro, beginning with 
the discovery of nitrogen and its biological consequences. 
This is followed by chaptera on protein digestion and 
absorption in non-ruminants (C. Gitler) and in ruminants 
(A. T. Phillipson), and on free amino-acids and peptides in 
tissues (H. N. Ohristensen). H. A. Krebs deals fully with 
the metabolic fate of the amino-acids individually and 
with the ornithine cycle of urea formation. He also 
discusses the cause of the specific dynamic action of 
proteins. A. Korner deals with the mechanism of protein 
synthesis and A. Neuberger and F. F. Richards discuss 
protein turnover in the whole animal, including the 
problems arising in the interpretation of turnover data 
obtained with isotppes. This is followed by a chapter on 
plaama proteins v B. MoFarlane) and thare are two 
chapters on interrelationahips between hormones and 
protem metabolism by J. H..Leathem and by H. N. 
Munro. Volume 1 ends with a chapter on nitrogen excre- 
tion by J. B. Allison and J. W. C. Bird. 

Volume 2 contains parte 2 and 8 of the work, covering 
respectively nutritional aspects and pathological aspects 
of protein metaboliam. Much of part 2 is concerned with 
protein requirements. H. N. Munro contributes an intro- 
duction and this is followed by a chapter by J. B. Allison on 
the nutritional value of dietary proteins and one by A. E. 
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Harper on amino-acid imbalances. D. M. Hegsted writes 
on protein requirements in general, and this is followed by 
chapters on protein metabolism and requirements in 
pregnancy and lactation (K. L. Blaxter), in the new-born 
(R. A. MoCanoe and E. M. Widdoweon), and in the 
elderly (D. M. Watkin). Part 8 opens with & general 
survey of pathological changes in protein metabolism 
(H. N. Munro), followed by & most useful chapter by L. E. 
Holt, jun., and 8. E. Snyderman dealing with the many 
different congenital anomalies and acquired disturbances 
of amino-acid metabolism which have been deeoribed, 
particularly in recent years. More than 40 conditions are 
now known to be associated with an increased excretion of 
amino-acids in the urine. D. P. Cuthbertson contributes 
an article on physical injury and ite effecta on tem 
metabolism ; then come chapters on protein metabolism in 
tumour growth (G. A. J. Goodlad), experimental protein- 
calorie deficiency (B. 8. Platt, O. R. C. Heard and R. J. C. 
Btewart), clinical as of protem malnutrition (F. 
Viteri, M. Béhar, G. yave and N. 8. Scrimshaw) and, 
finally, one on protein deficiency and infective disease 
(N. 8. Scrimshaw). 

This outline of the contents of the different chapters 
gives some indication of the wide scope of the work. The 
list of names of the authors 18 enough to indicate the high 
quality of the book, and the editors deserve congratulation 
on having persuaded so many distinguished workers to 
join them in this enterprise. The editors have done ther 
work of planning and co-ordination admirably, and such 
overlapping between chapters as they bave allowed, on 
infant nutrition for example, is helpful rather than other- 


- wise. They have done much to unify the whole work 


by inserting croas-refarences where necessary. It seems 
surprising that they have not persuaded all the authors to 
use the internationally recommended coenzyme &bbrevia- 
tions NAD and NADP (rather than the old-fashioned DPN 
and TPN). Only a few misprints were noticed, but one of 
them ('poesibly' in mistake for ‘possible’) unfortunately 
makes nonsense of the quotation at the beginning of tho 
book. There are extensive lista of references at the ends 
of the chapters which greatly add to the usefulness of the 
book. Each of the two volumes is gelf-contamed, with ite 
own. author index and subject index. The publication of 
this splendid monograph is of ial importance at the 
present time when so much effort is being devoted to 
studying ways of improving the quality and quantity of 
food protein in the many countries where there is severe 
shortage. It is likely to remain the standard work on the 
subject for & long time to come. The book will interest a 
wide variety of people including workers in biochemistry, 
nutrition, agriculture and clinical science. Ita publication 
must have created & problem for many librarians: not 
whether they should order & copy, but whether the library 
budget will allow them to order enough copies to satiafy 
the demand from scientists in so many different depart- 
menta. D. O. Harrison 


TROPICAL AND SUB-TROPICAL 
PLANT ECOLOGY 


Die Vegetatlon der Erde In 8ko-physlologischer 
Betrachtung 

Von Prof. Heinrich Walter. Band 1: Die Tropischen und 

Subtropischen Zonen. Zweite, veranderte und erweiterte 

Auflage. Pp. 592+9 tefeln. (Jena: Veb Gustav Fischer 

Verlag, 1964.) 68.10 D.M. 


HE first edition of this book was published in 1962 
and reviewed in the April 6, 1968, issue of Nature. 
The second edition is enlarged by 54 pages; new matter 
consists of additional sections on competition and adapta- 
tion in Ohapter 1, part of a new Chapter 3 on rain-forest 
of tropical mountains, a new section on the savannah 


118 


concept, & revision of two sections on the Egyptian- 
Arabian desert and a supplementary chapter dealing 
mainly with grassland and swamp vegetation in Africa. 

As was noted in the previous review, Prof. H. Walter’s 
main interest is evidently 1n the drier parta of the tropics, 
and the map showing his very extensive travels shows that 
he has seen little of the main areas of equatorial rain- 
forest. His account of that forest is based largely on von 
Faber’s revision of Schimper, greatly reduced but with 
retention of many excellent photographs; only 120 pages 
are devoted to the ever-wet tropics. This condensation is 
also in part due to Prof. Walter's interest ın those aspects 
of ecology which have been the subject of physiological 
measurements (transpiration, oell-aap concentration, eto.) 
and to his natural inclination to report his own observa- 
tions of this nature; such experimental evidence is prob- 
ably more abundant from the drier than the wetter 
tropics, where the much greater complexity of vegetation 
makes it difficult for the would-be ecological observer to 
know where to start. But, though Prof. Walter could not 
devote Bo much space as von Faber to the ever-wet regions, 
he could have given references to recent publications. For 
example, in the chapter on mangrove he describes in 
detail his own observations on the iar zonation of 
species on the east coast of Africa (w the salt content 
of the soil-water is highest on the landward mde) without 
giving adequate information as to the very different 
zonation in Malaya, or any reference to Watson’s careful 
study ofit; and he fails to mention the excellent summary 
by van Steenis of the ecology of mangrove prefaced to the 
account of the family Rhizophoraceae in Flora Malestana 
(1958). His treatment of epiphytes is brief, and in con- 
nexion with the role of anta in promoting epiphytic 
vegetation he refers to & work of 1905, not to van 
Leeuwen's much later study in Java. Prof. Walter does 
not mention the jet pomp evidence that gregarious 
one-day flowering of some common epiphytic orchids is 
temperature-controlled; and he is evidently unaware of 
the experimental study of velamen by Dycus and Knudson 
(1957) in which they demonstrate that ita function is 
protective, not absorptive. He appears to think that 
Noepenihss are normally epiphytes, but such a condition is 
rare, and it is very doubtful whether most Nepenthes 
absorb much water from rain collected in their pitchers. 
In referring to the fern thickets which often form on poor 
soil abandoned after cultivation, the author mentions only 
Pteridvum, whereas the important thioket-forming ferns 
are several members of the family Gleichenigooae. Hoe 
cites nothing later than 19)0 on the biology of Loran- 
thaceas. 

Because of Treab's foresight in establishing a laboratory 
for visiting scientists, more experimental work has been 
done at Bogor (Buitenzorg) in Java than anywhere else 
in the Malayan region, and von Faber’s work was also 
based on Bogor. Thus the idea has been accepted that 
conditions in Java, and especially at Bogor, are normal 
for the region, whereas the voloanio soils of Java are very 
different from those of Malaya, Borneo and most of 
Sumatra, and (for example) Gleichenia-thickets, though 
abundant in Malaya, are not so ın Jave; and the diurnal 
rhythm of sun and rain at Bogor is different from the 
very irregular onset of rain in Singapore. Von Faber also 
saw little of dipterocarp forest, the characteristic primary 
vegetetion of Malaya. Prof. Walter refers to Prof. P. W. 
Richards on this subject, but the forest in Sumatra which 
is mentioned very briefly on p. 90 of Die Vegetation der 
Erde in 6ko-phymologischer Betrachtung is probably more 
representative of dipterocarp forest in general than the 
sample investigated in Sarawak by Richards. A good deal 
of work has been done since the Second World War in 
the countries now united in the Federation of Malaysia, 
and Prof. Walter could fmd much that is relevant to his 
purpose if, according to his plan, he produces a regional 
atudy of that part of the world in & separate volume. 

R. E. Horrrux 
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ELEMENTARY PARTICLE PHYSICS 


Group Theoretical Concepts and Methods In Elementary 
Particle Physics 

Edited by F. Gürsey. (Lectures of the Istanbul Summer 

School of Theoretical Physics, July 16—August 4, 1962.) 

(Quantum Physics and Its Applications, Vol. 1.) Pp. 

vii+ 425. (New York and London: Gordon and Breach, 

Science Publishers, 1964.) 19.50 dollars. 


Gree Theoretical Concepts and Methods in Hlemeniary 
Particle Physics is the first volume of a series of texte 
edited by R. Smoluchowski (Princeton University) on 
Quantum Physics and Its Applications. It is of a mgb 
standard and augurs well for the future of the series. 

The classification of elementary particles acoording to 
group-theoretical principles ıs well known to be a most 
profitable way of correlating and understanding their 
properties. This has been particularly evident d the 
pest year or 80 with the introduction of the SU(8), SU(8) 
and U(12) classification schemes. For this reason, the 
publication of this collection of lectures by many of the 
world's experts in the field is to be applauded. The 
lectures were given at the Istanbul Summer School of 
Theoretical Physica during July 16-August 4, 1962— 
before the discovery of the (1- had confirmed the essential 
correctness of the classification of elementary particle 
states according to unitary symmetry. However, all the 
basic theory is included together with many interesting 
tit-bita not directly related to the main stream of advance 
in this subject. 

The basic mathematios of Lie groupe is first introduced 
in a masterly fashion by G. Racah. E. P. Wigner next 
lectures on unitary representations of the homogeneous 
Lorentz group including reflexions; here, the concern is 
not with the symmetry classification of particles, but with 
the symmetry properties of the space-time contmuum in 
which physical events occur. N. Burgoyne gives an elegant 
exposition of the relation between spin and statistics 
approached from the pomt of view of amomatio field 
theory. A refreshing breath of down-to-earth experimental 
information is included in the lectures by O. W. Greenberg, 
who concerns himself with the bounds and relationships 
between total cross-sections for different elementary 
particle processes at high energies. L. Michel, in Ins 
lectures, stresses the importance of the study of group 
extensions—the relationship between different invariance 
sub-groups. D. Speiser lectures on the theory of oompact 
Lie go and makes use of the global approach due to 
Hopf; he also considers the problems and consequences 
of global symmetry in elementary particle physics. 

The “Unitary Symmetry Model" is discussed in oon- 
siderable and useful detail by 8. L. Glashow but, perhaps 
even more here than elsewhere, it could be regretted that 
the lectures were given before the higher symmetry 
schemes were mooted. Y. Nambu, in an interesting sot of 
lectures laced with & certain amount of speculation, deals 
with the implications of Chiral symmetries for weak and 
strong interactions. A very brief lecture by A. Salam 
looks into some of the implications of broken symmetries. 
Next, F. Gürsey gives an introduction to the De Sitter 
group with particular reference to the mmplications of a 
De Bitter space for elementary particle physica. The 
volume ends with three short contribugons by E. Induii, 
O. W. Greenberg and E. R. Caianiello dealing respectively 
with the contraction of the Lie groupe, parastatistios and 
the renormalization group. 

The notes presented m this volume all seem to be 
carefully prepared, and it is clear that in many casos tho 
presentation and content have greatly benefited from 
discussion and orticiam during the Summer School itself. 
Each contribution is well worth-while and the overall 
impression given by the volume is excellent. One can only 
regret that it could not have been produced a little more 
cheaply. R. J. Brrsx-BTOYLE 
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. New Methods of Analytical Chemist 
Second edition. By R. Belcher and C. L. Wilson. In 
association with T. 8. West. Pp. xv+3866. (London: 
Chapman and Hall, 1964.) 60s. E 
HE United Kimgdom can boast of only three uni- 
versity professors of analytical chemistry, and when 
they all collaborate in the revision of a well-known book 
it i» certain that the work will possess that sartor resartus 
quality which signposts an improvement in ita scientific 
and didactic value. This expectation is fully borne out by 

The first chapter deals individually with the more 
common titrimetric acid-base standards and then con- 
siders those of more recent origin, for example 4-amino- 

idine for acids and sodium hydrogen diglycollate for 
Oxidation-reduction standards such as cupric oxide 
or barium thiosulphate are also briefty consid 

Indicators of all types, chemiluminescent, screened, 
redox, metallochromio, eto., are all lucidly dealt with in 
the second chapter. A detailed account of titrant usages 
then follows, for example the use of sodium chlorite; ferri- 
cyanide procedures; potentiometric titrations of hydraxine; 
use of N-bromosuceinimide, eto. 

Newer organic and inorganio precipitanta form a most 
valuable section of this book, although they can only receive 
brief mention here. Selected spectrophotometrio methods 
from recent literature are presented in much detail, for 
example, the arsenazo method for hafnium; and the 

ryrogallol red procedure for silver ion. Precipitation from 
ribi solution receives adequate treatment, four 
specific procedures being mentioned. The powerful 
techniques of solvent extraction receive full coverage, 
simultaneous extraction and direct analysis being some- 
times possible. 

The final chapter presents & survey of miscellaneous 
analytical methods which will titillate the palates of both 
the classical and the more sophisticated analyst. The 
gravimetric determination of fluoride and the titrimetric 
determination of barium sulphate are typical of the many 
analyses lucidly covered in this seotion. 

This edition of New Methods of Analytical Ohemistry, 

' even more than ite predecessor, be a welcome addition 
to the libraries of analyste everywhere. The lecturer, 
teacher and isi will all derive much instruc- 
tion and help from this up-to-date authoritative discussion 
and presentation of the newer reagents and of recent 
methods. D. T. Lewis 


Coulomb Wave Functlons 
By A. R. Curtis. (Royal Society Mathematical Tables, 
Vol. 11.) Pp. xxxv +209. (Cambridge: At the University 
Press, 1964. Published for the Royal Society.) 80s. net. 
ULOMB wave functions arise in the solutions of 
Behródinger's equation for an electron in a central 
fleld. The U.S. National Bureau of Standards published 
tables of these functions in 1952 (Applied Mathematics 
Series No. 17), and other tables are also known. 
In 1950, the late Prof. D. R. Hartree and others 
to the Royal Society Mathematical Tables Committee the 
preparation of tables of these functions, and the present 
volume is the outcome of their proposals. An attempt was 
made to choose solutions of the differential equation 
which are not only mathematically linearly independent 
but also numeriodily distinct, and at the same time to 
produce tables which are readily interpolable in the energy 
parameter. These two requirements are not entirely oom: 
patible, and the final choice of solutions is to some extent 


* Coulomb WF 

[6] Wave Functions contains a mathematical 
introduction, & useful collection of formulae concerning 
the selected standard solutions, instructions for the use 
of the tables, and & bibliography. The tables themselves 
give values of the selected solutions of the differential 
equation y” + [a + 221 — HL + lwt} = OforL = 0, 
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1,2;— 2 <a < 2;and0 «zx « œ. Foro > 10, xis used 
as the tabular argument. The tables are reproduced 
photographically from sheets prepared on a card-operated 
typewriter. A. ERDÁLYI 


Chemotaxonomle der Pflanzen 

Eine übersicht über die Verbreitung und die Systema- 
tische Bedeutung der Pflanrenstoffe. Von Prof. R. 
Hegnauer. Band 3: Dioeotyledonege: Acanthacese— 
Cyrillaceae. (Chemische Reihe, Band 18.) Pp. 743. 
(Basel und Stuttgart: BirkhAuser Verlag, 1964.) 123 Bw. 
francs. 


Volume 3 of Chemotaxonomic der Pflansen begins 
the treatment of the large group of Dicotyledoneae 
which is covered as far as Cyrillaceae. The first few 
chapters contain & survey of the chemistry of alkaloids 
common in this group. They are subdivided into proto- 
alkaloids or biogenic amines, peeudoalkaloids like terpenes, 
purines, and derivatives of nicotinic acid, and into 
alkaloids thamselves. The pathways of biosynthesis of 
larger structures from simple amino-acids are schematically 
outhned. 

The Dicotyledoneae include many ta of great 
medical and toxicological interest, of which a few examples 
may be mentioned. To the Apocynaceae belong coom- 
pounds of the yohimbine-, reserpine-, strychnine-, and 
cantharidin-types, and hanthin. Quaternary am- 
monium bases with o iform action are present in 
Capparidaceae, and salicin is found in Caprifoliaceas. 
Hallucinogens are discussed in connexion with several 
families; Lophophora williamsii, the Mexican ote, is & 
well-known example, and for Cannabis satwa tee chemical 
relationship between antibiotic and bactericidal actions'and 
intoxicating effects is outlined. The pathways of syn- 
thesis of norephedrine in Catha edulis may be similar to 
those of ephedrine in Ephedra. Chinese and J e 
medicine uses plants of the Asarum family, the i ity 
of which is not fully established. Derivatives of the anthel- 
mintio pelletierine have been found in the Crassulaceae. 

Of general interest are the Asclepiadaceae which contain 
arrow poisons, and the Annonacese in the seeds, leaves an d 
roots of which substances of an unknown type act as 
contact poisons against aphides. 

the literature 1s considered until the end of 
1963, the author states that Volume 8, unlike its pre- 
decessors, does not contain a complete survey of the 
known facta, since for some families, Tike the Apocynaceae, 
the phytochemical literature is very large and readily 
available in modern standard works. Even so, the 
volume presents in a clear manner a wealth of information 
on & fleld of wide interest. L. Wisrroxi 


Sdentists as Writers 
Edited by James Harrison. Pp. 206. (London: Methuen 
and Co., Ltd., 1965.) 21s. net. 


IENTISTS as Writers is cesentially an annotated 

anthology of prose passages written by scientists, 
mostly of the present century, arranged around eleven 
themes, including the nature of the universe, of matter, 
of life, of mind and of science, evolution and man, the 
laws of chance, science and art, and science and 
religion. They are linked by explanatory notes and 
comments, and there are & few suggestions for further 
reading. The book is intended for use in general courses 
in sixth forms and elsewhere, to further both the command 
of English &nd the broader understanding of scienoe. 
While it illustrates admirably that scientists can and do 
write about their work lucidly and in impeccable English, 
it seams to achieve ita second purpose of interpretation 
even more effectively than the selection of similar excerpts 
edited by 8. Rapport and H. Wright and published two 
years ago under the title Sotenoe : Method and Meaning. 
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IMPOTENCE AND ACHIEVEMENT IN PHYSICS AND TECHNOLOGY’ 


By Pro. R. V. JONES, C.B., C.B.E., F.R.S. 
Department of Natural Philosophy, University of Aberdeen 


MONG the most lasting of Lord Cherwell’s many 
interests was the principle of indeterminacy. And 
among the most permanent of his dislikes was any sug- 
gestion of defeatism. When I became one of his students 
in 1980, he was applymg the indoterminacy principle with 
great enthusiasm; and I was alongside him in 1940 at the 
climax of his pre-war fight against defeatiam in national 
defence. My own outlook wag enriched by both theso 
experiences, which were all the more fascinating because 
of the apparently different attitudes of Lord Cherwell— 
in one case the cloge ally of Winston Churchill in utter 
rejection of defeatiam, and in the other the ready acceptor 
of the limite that Nature appears to place on human 
powers of obeervation. 

Let me also acknowledge my debt to Sir Francis Simon. 
Just as Lord Cherwell had become engrossed with one 

C te of i tence, the principle of indeterminacy, so 

n was fascinated by another, the third law of thermo- 
dynamics; and Simon, an artillery officer against Britain 
in the First World War, stood very firmly with Britain 
in the Second. His name was those of British 
citizens to be rounded up by the Nazis if “Operation Sea- 
Lion” had succeeded; and I must now confess that this 
may have been due not only to his own eminence but 
also to a hoax that I extemponzed on an agent of the 
German Secret Service whom I found wandering around 
the old Clarendon Laboratory in 1935, and whom I per- 
suaded (in an effort to distract his attention from some 
air defence ipment) that there was a great anti-Nari 
organization in Britain with Simon at ita head. I 
that Simon forgave me—especially since I stand indebted 
to him for support at important stages in my own career. 

In The Physical Significance of ths Quantum Theory, 
Lindemann’ quotes the futility of trying to desaribe the 
smell of nitrio oxide, which is changed to nitrogen per- 
oxide when it is drawn with air into the nose of the 
observer. Such a process is a self-frustrating one, and it 
can have similar resulte to impotence; and so, before 
considering principles of impotence, let us look at self- 
frustration. It is an important aspect of modern life, 
especially in human relations; and, had we thought about 
it more, we might have avoided many errors of adminis- 
tration. 

Lord Cherwell, for example, during the War held a 
pass that was intended to allow him to enter any Govern- 
ment establishment. Buch a universal and vital pase 
could only be issued to persons of extreme responsibility ; 
most people held which would admit them to only 
one specific establi t. Since there were few persons 
of ia acto responsibility to Lord Cherwell, there were 
very few of his kind of pass; and its a was t 
confidential, so that it could not oe es E 
followed that very few guards at the entrances to estab- 
lishments had ever seen it, and so Lord Cherwell had 
great difficulty in persuading them that, it was genuine, 
and to let him in. 

Self-frustration oan arise very easily in military security. 
An example which I remember particularly well occurred 
in the German Air Force towards the end of 1940, when 
Goering realized that by some means we often knew in 
&dvanoe where his night bombers were going to attack. 
He therefore ordered an intense search throughout the 
Luftwaffe for the means by which information was 


* Bubsitanos of the sixth Cherwell-imon Leoture delivered in the Uni- 
versity af Oxford on May 18. 


leaking out. Fortunately for us, the search failed—the 
radio beam stations for guiding the bombers, which were 
the actual source of the leak, were at that time so secret 
that they were specially exempted from the scrutiny of 
the investigating officers. ' 

In war, one sometimes tries to deceive the enemy; and 
in doing so may give away the very thing one is trying 
to hide. In the First World War, for example, British 
Army radio messages were encoded by a system which 
was changed daily, but which was used not only for 
ME signals but for practice messages as well. So 

t the latter could be distinguished from the former, 
and not taken seriously, each practice message was pre- 
fixed by the name of some animal. This step provided 
the German tographers with what they needed—a 
‘orib’. All they to do was to examine our practice 

and try one animal name after another until 
they found a consistent encoding system: they oould 
then simply read our operational signals. 

As an example in which the roles were reversed, I may 
perhaps mention our estimates of German rocket pro- 
duction before the V2 campaign in 1044. One vital step 
in our argument was to estimate the numbers of rockets 
which the Germans intended to store in forward areas in 
France. Now these stores were extremely difficult to 
locate and we found only & few of them; in addition, the 
Germans had built dummy storage sites to divert our 
attention. The dummies were, of course, made easy to 

t from the air. and we found them all quite quickly. 

en, by luck, we captured a map which showed the 
genuine sites west of the Seine, with their capacities. 
Most of the genuine sites, however, lay east of the Seine, 
and we did not know where they were; but we did know 
the numbers of dummies both east and west of the Seine. 
Thus, assuming that the Germans had disposed the 
dummies in consistent proportion to the genuine sites, 
we oould estimate the number of genuine sites east of 
the Seine. This reasoning produced easily the closest 
estimate’ of the intended rate of fire: we could never 
have made it if the Germans had not tried to deceive us. 

Notorious as producing & result opposite to the adminis- 
trative intention has been the ‘costs plus’ system of paying 
firms for Government work. ‘Coste plus ten per cent’ 
appears to be a very reasonable price to pay, until one 
realizes that the manufacturer is automatically tempted 
to inflate his costs by any legitimate device, since he is 
thereby improving his profit. And if his nominal profit 
margin is unreasonably small—at the point, for example, 
where he would do better to sell his plant and invest his 
shareholders’ money in another industry—then the Civil 
Bervante who have to ise the contract, and who 
know that the job must be done and the manufacturer 
of vital defence equipment kept in business, will turn a 
lenient eye on over-estimates of the manufacturer’s coste. 
Thus, a system which at first sight®appears fair and 
economical works out in practice to be extravagant and 

We are becoming painfully acquainted with self- 
frustrating situations in education. A subject such as. 
physics can prove vital to national survival, both in 

ence and in industry. When this happens, more 
physicists are demanded by Government establishments 
and industry, and so there are fewer left to staff the 
universities and the schools. Teaching then becomes 
more unattractive at all levels, owing to the increased 
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load, and so more men leave teaching; the output of 
graduates thus tenda to fall in those very subjecta in 
which the national need is greatest, while it rises in those 
subjects which are leas vital. An educational system in 
pats phano eS oi nine co Agne eae 
from cold—if the throttle is opened too quickly, the 

mixture gete too weak in fuel, and the system stalls. 

Another way in kt self-frustration can occur in 
education was lifled by the French, when they set 
their academic very high. The difficult exam- 
ination standards frightened away students, even those 
Mu M baro ot pel qure ML ie eel hab AT 
subjects with high standards were weakened instead of 
strengthened. 

Even when all academio examinations are past, there 
remain further dangers. One of theese is election to learned 
societies, where in some instances the candidate has to be 
supported by as many as six existing members. While 
this is apparently a very healthy check on the standing 
of the candidate, it gives an advantage to candidates 
who work in centres where there are already six members, 
and this can make for inbreeding rather than health. 

It could be salutary to extend this catal of self- 

i actions. The University of ord Union 

“King and Country” motion of 1933 made it more likely 
rather than lees likely that those who voted against 
fighting would ultimately have to fight?. In purelligenins, 
it is almost as dangerous to watch one's enemy too closely 
as not to watch him at all—the watchers can become 
bored, or gradually &oolimatired to the posture of the 
enemy, Bo that they fail to detect the imminent blow. 
This happened to us in the escape of the Scharnhorst and 
Gneisenau through the Straits of Dover, and it nearly 
happened again in June 1944 when, after a year of watch- 
ing the flying bomb, we only just succeeded in overcoming 
the boredom of routine in time to detect the forward 
passage of the bombs to the launching sites‘. 

At the very least, an esaay on self-frustration would be 
& valuable addendum to Mt ta Academica, 
since it provides óne of the few lines of effective argument 
in the misconduct of academic businees that waa over- 
looked by F. M. Cornford*. The phenomenon usually 
arises because the administrator has applied the wrong 
criterion to regulate the situation with which he has to 
deal. 


There is often peculiar humour about self-frustration. 
Humour iteelf is generally associated with incongruity*, 
and the element of incongruity in this case springs from 
the fact that we subconsciously recognize that true 
achievement requires both thought and work—the 
greater the achievement, the more the thought and work 
that have to go into it. When, instead, the extra thought 
and work result in frustration of the original aim, then 
we have an incongruity, and the rudiment of' & comio 
situation. 

Consider, for example, & train of events which started 
outside the old Olarendon Laboratory, Oxford. I came 
across a dirty beaker full of water just when I happened 
to have a pistol in my hand. Almost without I 
fired, and was surprised at the spectacular way in which 
the beaker disappeared. I had, of course, fired at beakers 
before; but they had merely broken, and not shattered 
into small fragments. Following Rutherford’s precept I 
repeated the expegiment and obtained the same result: 
it was the presence of the water which caused the differance 
in behaviour. Years ee sditue itr cuun ibus 
having to lecture to a large elementary class at Abe 
ee ae ee Right eb the beginning 
came the definitions—a gas having little resistance to 
change of volume but & liquid having great resistance. I 
thought that I would drive the definitions home by 
repeating for the class my experiments with the pistol, 
for one can look at them from the point of view of the 
beaker, thus suddenly to accommodate not 
only the liquid that it held before the bullet entered it, 
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but also the bullet. It cannot accommodate the extra 
volume with the speed demanded, and so it shatters. 
The i t is rather a meesy one to do in lecture 
room; t, as Clerk Maxwell had said of his own hydro- 
statios experiments to the predecessors of this same class 
many years before, “We were nob very wet’’’. 

The t became duly publie in Aberdeen, and 
inspired the local Territorial contingent of the Royal 
Engineers, who used sometimes to on Sundays to 
practise demolition. One task that fell to them or, more 
accurately, refused to fall to them, was the demolition of 
a tail chimney at & local works. There are various 
standard procedures for this exercise, one of the oldest 
being to remove some of the bricks of one side, and to 
replace them by wooden struts. This process is carried 
so far as to remove the bricks from rather more than 
half-way round the base of the chimney and to a height 
comparable with the radius. A fire is then lit in the 
chimney, to burn through the struts and cause the 
chimney to fall. 

The Royal Engineers, however, decided this time to 
exploit the incompressibility of water as demonstrated by 
my experiment. Their plan was to stop up the bottom of 
the chimney, fill it with water to & height of 6 ft. or so, 
and simulate the bullet by firing an explosive charge 
under the water. Since diversions on the Sabbath were 
rare in Aberdeen, the exercise collected.a large audience 
and the charge was duly fired. It succeeded so well that 
it failed completely. What happened was that, as with 
the beaker, every brick in contact with the water flew 
outwards, leaving a slightly shortened chimney with & 
beautifully level-trimmed bottom 6 ft. up in the air. The 
whole structure then dropped nioely into tho old founda- 
tion, remaining upright and intact—and presenting the 
Sappers with an exquisite problem. 

Here again, in ology as well as in administration 
“the beat laid schemes aft e-gley'" through some 
alenon t Built inte the opa oni plan: As a passing example, 
we may note the failure of attempte to make a golf 
ball attain maximum range by polishing ita surface. 
There is a story that P. G. Tait, Tos profane of water 
philosophy in the University of Edinburgh, calculated 
the maximum range of a golf bell, and that his aon then 
took him out on the links and showed him that the ball 
could be driven much further. It was also said that old 
balls went further than new ones. This was probably 
true, because the surfaces of old balla were chipped and 
roughened; and, based on this observation, new balls 
have ever since been intentionally dimpled. The then 
unknown factor which later came to light in the wind 
tunnel was that the roughness encouraged the onset of 
small-scale turbulence around the ball, and—over the 
useful range of velocities—this forestalled and obviated 
the and more dissipative turbulence which 
would oecur when the laminar flow around the smooth 
ball ultimately broke down. Rough balls thus have less 
resistance, paradoxically, than smooth ones*. There is 
probably a lesson for the administrators here as telling as 
anything in classical politica. 

As an antithesis to the self-frustrating regulation, we 

might examine the self-fulfilling prophecy. When, for 
example, Winston Churchill said E 1 1940 that '*we shall 
never surrender” he did by his very words make our 
surrender more unlikely. But this avenue would lead 
away from our main course, which must head past Sancho: 
Panza, pondering over the self-negating prophecy of the 
man who came to be hanged on the bridge’, towards 
principles of impotence. 
' The phrase is a relatively now one, invented by Bir 
Edmund Whitteker!* in his presidential address to the 
Royal Society of Edinburgh in 1941; but the axiomatic 
method of thought that it implies is very old, going back 
at least to Heraclitus with his ‘You cannot step into the 
same river twice’ because the water in the river will be 
different on the second occasion. 
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There is great fascination in the axiomatic approach, 
especially when the axiom is one of renunciation and 
when what follows from it is a gain in understanding 
comparable with what has been voluntarily renounced. 
It is almost like the battle between the angel and Robert 
of Sicily, with the humble and meek being exalted after 
the final act of submission. Perhaps it was this aspect 
that appealed to Aristotle so much, for he was prepared 
to admit several principles of impotence; it was umpoasible, 
he held, to create a vacuum, an infinite universe, or & 
plurality of worlds!, The last two of these were largely 
& matter of metaphysios, but the first was a working 
approximation to reality. In fact, in the old Clarendon 
Laboratory we sometimes thought that “Nature abhors 
a vacuum” should be our Laboratory motto, so much 
time did we d looking for leaks. But Anstotle used 
the principle more elegantly in disposing of an uncom- 
fortable paradox which upset ancient dynamics. Based 
on the observation that bodies stop moving if the pushing 
agent were removed, a law was formulated that ‘‘what- 
ever 18 moved is moved by another". This was convincing 
enough so long as it was applied to bodies being moved 
over rough surfaces, but it encountered trouble when 
applied to the flight of an arrow. What could be moving 
the arrow, once it had left the bow? The ingenious 
answer was that the arrow and the air interacted; the 
head of the arrow pushed the air into motion, and this 
air then circulated around the arrow, blew up ita tail, 
and so drove it along. On this theory, the air was essential 
to the flight of the arrow, which should thus cease to fly 
if it were in a vacuum. At the same time, there was also 
the matter of experience that the lees the resistance, the 
faster a body moved. Since a vacuum could be expected 
to have no resistance, ıt followed on this besis that a 
body should move through it very fast indeed. Faced 
with this paradox of a plausible hypothesis producing 
exactly contradictory results through two different chains 
of argument, Aristotle skilfully argued that this showed 
that a vacuum could not exist!*. He was here, incident- 
ally, approaching the modern idea of it being sensible to 
talk only of phenomena that could be observed. 

The Aristotelian principles of impotence survived until 
A.D. 1277, when they were rejected by a Oouncil of 
Paris"; and in the following six centuries the rejection 
was in i justified by eventa. It was found 
possible to make a good working vacuum; and science 
was refounded on the much sounder and more positive 
basis of Newton’s Laws. 

Gradually, however, principles of impotence have come 
back, starting most clearly with the second law of thermo- 
dynamios, first formulated by Clausius and Kelvin about 
1850. This law oodifled a wide range of practical experi- 
ence, such as the im ibility of increasing the brightnees 
of a source of light simply by means of an optical system. 
This fact was evidently unknown to two workmen in 
Portamouth dockyard who, in my time with the Admir- 
elty, sent to the Inventions Branch a proposal to make a 
very bright searchlight by focusing the image of a carbon 
aro successively from one ellipsoidal mirror to another 
until the final image fell back on the aro, and so made it 
twice as bright as before. Then the enhanced light was 
re-focused around the system back again on to the aro, 
the brightness of which was therefore redoubled. When the 
process had gone far enough, the light was to be let out of 
the system into the searchlight beam. A formal letter was 
sent to the workmen from the Admiralty, thanking them 
for their proposal, and ing to state that Their Lord- 
ships considered that it would not work since it contra- 
vened the second law of thermodynamics. There came 
back an apologetic letter saying the proposers had had no 
idea that they had been breaking any of Their Lordships’ 
regulations, but they still believed that their invention 
would work. The issue was neatly settled by the Admiralty 
making a grant of £50 to the workmen to try their ideas 
out, this measure being held cheaper and better for 
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morale than a prolonged correspondence. From the 
subsequent silence, the second law eventually trrumphed. 

While the second law, as formulated either by Clausius 
or Kelvin, was a definite postulate of impotence, it was 
perhape not at first clear that the first law could be 
expressed in & parallel way. But in 1877 Maxwell put 
it in the following form: “The total energy of any material 
system is a quantity which can neither be increased nor 
diminished by any action between parts of the system 
...’, and this is sometimes popularly expressed as ‘it 
1s impossible to create or destroy energy". Simce we 
thus have a great conservation law re-axpressed as a 
postulate of impotence, it follows that other conservation 
laws (including the newest ones in high-energy physice) 
could be expressed in & similar way. For example, the 
conservation of momentum can be re-expressed as ‘it is 
impossible to change the total momentum of a system by 
any action between ita parte’ or ‘it 13 impossible to move 
the centre of masa of a system by any action between 
ita parts’. It is sometimes helpful to have the conservation 
laws framed in this negative way, although it is more 
likely that they arose in the minds of their discoverers ın 
searching for quantities that were positively conserved. 

An important quantitative law which was first deduced 
from a negative experiment was that of the inverse square 
law in electrostatios. This riment, first reported by 
Franklin and appreciated by Priestley!*, showed that it 
was impossible to detect any electrostatic force on an 
isolated charged body inside a charged hollow conductor. 
Whittaker!’ has stated that this, along with another 
postulate of impotence (“it is impossible to detect a 
uniform translatory motion, which is poeseesed by the 
system as a whole, by observations of phenomena taking 
place wholly within the system”), can be used to deduce 
the inverse square law for charges at rest, and then (by 
considering these charges in motion relative to the 
obeerver) the existence of magnetic force, and thence 
Maxwell’s equations. 

Historically, however, things did not evolve that way. 
Maxwell found his equations by quite different arguments ; 
and, forty years later, Einstein was troubled by the 
asymmetry to which they apparently led in the actions 
between a magnet and a conductor, depending on which 
of the two was supposed to be in motion. Einstein!* later 
explained in his autobiography: 

". . . I despaired of the possibility of discovering the true 
laws by means of constructive efforts based on known facta. 
The longer and more y I tried, the more I came to 
the conviction that only the discovery of a unrversal formal 
principle could lead us to assured results. The example I 
saw before me was thermodynamics. The principle 
was there given in the theorem: the laws of nature are such 
that it is impossible to construct & perpetuum mobile (of the 
first and second kind). How then could such a system be 
found ! After ten years of reflection such a prinorple resulted 
from a paradox that I had already hit at the age of sixteen. ..." 


Following Hume and Mach in examining the nature of 
observations, Einstein thrust his way to a new postulate 
of impotence, the impossibility of detecting, in a system 
in uniform motion, any change in the velocity of light 4n 
vacuo whatever the speeds of the source and observer. 
Oombining this with the independence of the laws of 
mechanics from the choice of inertial system, he arrived 
at the special theory of relativity. Ry accepting man’s 
impotence to observe absolute uniform motion, he grasped 
extraordinary prizes, such as an understanding of the 
increase of mass with velocity and, above all, the dis- 
covery of the equivalence of mass and en . Incident- 
ally, he also showed that this equivalence followed from 
Maxwoll’s equations, coupled with momentum conserva- 
tion when expressed as an impotence to move the centre 
of mass of a system by action between ita parts. 

Shortly before Einstein's work, Planck had found that 
it was at last possible to understand the black-body 
radiation curve if one assumed that radiation took place 
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in jamps, governed by his mysterious quantum of action 


h. Twenty-five years later, Heisenberg!’ showed that this - 


constant expressed an apparently inevitable uncertainty 
in any simultaneous measurements of conjugate oo- 
ordinates, such as the momentum and position of a 
particle, eo that the product of the two uncertainties was 
itself, on & equal to h. Thus, if one accepts man’s 
inability to 
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found, and puzxles in the behaviour of observing instru- 
menta understood. Similarly, once the impossibility of 
distinguishing one electron from another is admitted, the 
nature of the homopolar bond in chemistry becomes 
evident; and theoretical chemistry has benefitted from 
the postulate that interested Simon so much, the un- 
attainability of the absolute rero. 

by Lindemann, made much impression on those o 
who were his studenta around 1930. And it was the good 
fortune of some of us to be actually present at the birth 
of another postulate of i tence, at æ colloquium by 
E. A. Milne in Wadham, Co . Inp a talk on 
the red shift, he was struck by the ibility of a oom- 
pletely new coemology, starting from the assumption that 
there was no observation by which any man could tell 
that he was not at the centre of the universe; in this 
cosmology™ all other observers would appear to be 
receding radially away from him, at distances propor- 
tional to their velocities. This principle can be more 
simply stated as "it is impossible to tell where one is in 
the universe"; and to this Bondi and Gold™ in 1948 
added the further that “it is impossible to tell 
the cosmic time"— from which the hypothesis of oon- 
tinuous creation resulta. While these last two tes 
have ER oer rame MH dive 
stimulated a great deal of ; and Milne’s method 
of distance measurement by signals in & way 


impotence, to have value, must state 


ity, for example, to say that it is impossible to 
an i power of three that is divisible by two. 
(It may be of intermediate profundity to say that no 
perfeob model of & new phenomenon can be made, and 
that all ‘explanations’ must be partial only.) A valuable 
postulate codifies, and. extrapolates from, & great 
deal of practi i in which ing has been 
by many routes, and all of them have resulted 
in failure. The supposes that this failure is due 
to something i impossible about the thing being 
attempted, such as the detection of drift through the 
ether. The value of the postulate arises in two ways: it 
can then act as our guide to save us wasting further time 
on impossibilities such as motion engmes, and 
it can enable us to think in tly about other phen- 
omena the lanation of which is otherwise obscure. It 
may even enable us to predict them as, for example, the 
uncertainty principle tells us at once to expect that long 
decay-times will be associated with very sharp transitions. 
The successes of postulates of impotence have made 
physicista the readier to formulate them, and have 
enoouraged the axiomatic approach. E. T. Whittaker, 
indeed, looked forward “to a time in the future when a 
treatise in any branch of physics could, if so desired, be 
written in the same style as Huclid’s Hlements of Geometry, 
with some a priori principles, namely, postulates 
of impotence, and then deriving everything else from them 
EM 
Whittaker thought that this would apply 
euis io besos af phys in a Highly developed 
state”, there has been an increasing readiness to seb up 
postulates of impotence in advance of experimental 
evidence. The logical consequences of a postulate are 
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then evaluated, and tal checks made in order 
to teat ita validity. This is a legitimate enough procedure, 
especially since it may stimulate experiments that would 
otherwise not be known; but the too ready postulation 
of impotence can be a danger to progress, especially 
in technology. It is this aspect that I now want to 
discuss. 

My first cautionary example, curiously, is the vary one 
which Whittaker cited as the prototype of postulates of 
impotence, and concerns the possibility of recognizing the 
two components of a double star with an astronomical 
telescope. It was found in the eighteenth century that 
this problem preeented experimental difficulties due to 
the broadening of the individual images, and in 1828 
Fraunhofer showed, that the sire of the star image in & 
telescope is inversely proportional to the aperture of the 
object glass. The blurring of the image is, of course, due 
to diffraction, and Fraunhofer’s work led to the theory of 
the resolving power of optical instruments. ' 

The subject was mvestigated—above all—by Rayleigh, 
who showed that the theory could be applied to the sharp- 
ness of images produced by tical system; and, 
among other aspects, he Taie the possibility of 

very small rotations of a galvanometer by 
observing the reflected image from a mirror attached to 
the suspension. He came to the conclusion that a rotation 
of the mirror could be recognized by a movement of the 
image, provided that the rotation of the mirror was 
enough to move ite edges through & distance equal to one 
quarter of the wave-length of the light which was being 
used to form the image. It was, incidentally, at the 
meeting of the British Association for the Advancement 
of Science in Aberdeen in 1885 that he announced this 
result™. It has been much quoted since. 

Bo here we have a postulate of impotence, that it is 
impossible to detect the rotation of @ mirror, unless its 
edges move by at least & quarter of a wave-length. In 
practice’, it is nob difficult to observe rotations of the 
mirror that correspond to movements of one-millionth of 
this value. The reason is that the postulate is false. Of 
course, there is something bebind it. The formula for 
resolving power is reasonably near the truth, but resolving 
power is & criterion that applies to recognition of two 
images simultaneously, when both are present, in an 
optical system. This, however, is not the problem involved 
in observing the rotation of a mirror. In the former case, 
we have to observe the presence of two diffraction patterns 
simultaneously, and to recognize that there are two 
present, whereas in the second case—the rotation of a 
mirror—vwe have to establiah the centre of the diffraction 
pattern before the mirror is moved, and compare ita 
position with that of the centre of the pattern after the 
mirror has moved. This is & very much easier problem, 
and the postulate of impotence of resolution no longer 
applies—we can do a ion times better. 

The confusion between resolution and ision extends 
over a wide field. I even encountered it in 1940, when 
ane of our moet distinguished physicists could scarcely 
believe that the Germans could set up a radio beam 
system over Britain with the precision that I had stated. 
His argument was that the resolving power of the aerials 


-used by the Germans would not allow the accuracy of 


alignment that would be needed. Fortunately, the 
problem was almost exactly the same as that of the 
galvanometer mirror, and I was able to convince him. 
Radio has indeed been a field where false ates of 
impotence have flourished, from the days w. Marconi 
astonished many men of science by si across the 
Atlantic so far around the curvature of the Earth that he 
appeared to defy diffraction theory. The theory was, of 
course, reasonably oorrect— but in practice there was a 
new phenomenon that few had foreseen, reflexion by the 
here. Much later, it was difficult to make authorities 
ia Britain tales sarioualy the radio-navigational means of 
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bacause it was thought that these means would have a 
shorter range than in fact they had. 

We had in 1940, incidentally, almost given up hope of 
developmg an airborne radar I for detecting 
towns, because we believed that it would require oenti- 
metric wave-lengths to give the necessary accuracy (which 
was correct) but that matric wave-lengths would be 
necessary to differentiate between the buildings in a 
town and the incidental irregularities of open country. 
We were therefore almost leading up to & postulate that 
it would be impossible to detect towns by radar from the 
air. Actually, there 1s always moral comfort when one 
concludes that some form of military nastiness ia excluded 
by Nature; but for this very reason one needs to be very 
careful before concluding that it is indeed so. One must 
apply what in English studies“ is known as ‘Crow's 
Law’, after Mr. John Crow, of King's College, London: 
‘Do not think what you want to think until you know 
what you ought to know”, and which was anticipated by 
Pasteur's!* "I should lke to see these profound words 
inscribed on tbe threshold of all the temples of science: 
‘The greatest derangement of the human mind is to 
believe in something because one wishes it to be s0’’’. 

To return to radar bombmg: it was quite by accident 
that we found that towns showed up very well in centi- 
metric airborne radar. The missing factor m our previous 
thinking was the presence of many corner-reflectors oon- 
stituted by the vertical and horizontal surfaces in a 
typical town. 

The development of centimetric radar was itself a 
triumph over another false postulate of impotence: that 
15 was impossible to generate much power at wave-lengths 
shorter than about fifty centimetres. This was a dootrine 
when I was first concerned with air defenoe in 1935. The 
argument ran thus: the period of the shortest waves 
which it was possible to generate must be longer than the 
time that it took electrons to cross from the cathode 
the anode of the generating valve. Now this argument was 
quite bogus—once again the wrong criterion was being 
watched. I first realized this through & comic incident at 
Farnborough, when a long-range lo was being 
demonstrated to the Air Staff. The origin of the demon- 
stration waa a desire for & more humane way of policing 
the tribsamen of the North West Frontier than bombing 
their villages. The idea was that instead an aeroplane 
should fly over the village and address the inhabitants 
through a loudspeaker. It was hoped that, both aircraft 
and loudspeakers being new weepons, the tribesmen 
might be awed into submission by the voice of God. 
Such a powerful loudspeaker was novel not only to the 
tribæmen—t did not exist at all, and had to be specially 
made. It was set up on one side of the aerodrome at 
Farnborough, and actuated by s microphone on the 
other side. You could thus speak into the microphone, 
and two or three seconds later your voice would come 
booming back to you from the other side of the aero- 
drome. On the day of the demonstration, the Air Staff 
representatives were as much impressed by the novelty 
as were the prospective victims. Before long, one of 
them. on hearing his own voice for the first time ın this 
curious way, After the due interval, the loud- 

laughed back. This time, the whole delegation 
laughed, and the loudspeaker duly roared with laughter. 
Next time, there was so much laughter from the loud- 
speaker that the microphone picked it up, and so made 
the loudspeaker la again. The air around Farnborough 
resounded with the laughter from this self-amuaing system. 

Now that demonstration showed that the argument 
about not being able to generate centimetric waves was 
falso—for here we had a system which was capable of 
generating laughs at rates much higher than onoe in three 
seconds (the transit time of the sound) and could indeed 
generate sounds with periods of leas than one thousandth 
of a second. What mattered was not the duration of the 
transit time, but ite constancy, so that sounds did not get 
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blurred in the transit. I &otually used this analogy to 
persuade the Admiralty that centimetric wave generation 
should be possible; and the fect that the Olarendon 
Laboratory was &sked to work on this problem in 19389 
was in part due to this event. 

Another piece of false doctrine at about the same time 
was that it was impossible to make a bullet-proof fuel 
tank. Our bombers in the early raids on Kiel proved 
very vulnerable because a single shot through a fuel tank 
would stop them returning across the North Sea. By 
contrast, German aircreft proved difficult to shoot down 
—they went on flying despite several shots through the 
tanks. When we ultimately shot one down near the Firth 
of Forth, we saw that it bad self-sealing tanks. The sub- 
sequent enquiry ito our failure to fit simlar tanks 
revealed & oeutionary tele. It turned out that there 
were ideas about bullet-proof self-sealing tanks before the 
end of the First World War. In peace, of course, the 
ability to remst bullets was of little advantage: what 
would b» an enormous comfort would be & tank that 
would not rupture in the event of a crash. The specifica- 
tion was therefore amsnded, to call for a tank which was 
both bullet-proof and crash-proof. Between the Wars, 
various inventors oed tanks, including some very 
like those ultimately used by the Germans. But each 
tank was duly taken to Farnborough, filled with fuel, and 
heaved over the side of & building, so that it fell some 
60 ft. on to concrete. All the tanks burst, and so the 
doctrine grew up that fancy tanks were no good; we thus 
entered the Second World War without bullet-proof tanks 
because we could not make & craah-proof tank. Onoe 
again trouble had arisen through applying s criterion 
subsidiary to the operational problem. 

The history of bombmg in the Second World War 
illustrates how doctrme oen develop from early dis- 
appomtmente to false postulates of impotence. At the 
beginning, we deluded ourselves that we could hit small 
targets in Germany; and in this phase we aimed at some 
crucial targets such aa oil-produotion plants. This effort 
failed, and it became a doctrine of impotence that we 
could not expect to knock Germany out by sttacks on 
what were called: ‘panacea’ targets; such targets were 
held to be false concepts. The real reason for the failure 
was not the concept but the macouracy of our bombing, 
which was only good enough for hitting aree targets such 
as towns. ‘This therefore became our policy. In the 
meantime, our bombing sharply improved— 
but only ın the last few months of the War was it switched 
back to oil targets. It then proved strikingly effective; 
but it could probably have been smnularly effective several 
months earlier if it had not been inhibited by the dootrine 
of the impossibility of knocking out oil that had sprung 
from our previous disappointment. 

Almost all the foregoing examples have this in common. 
Someone tried to do something and failed. He then 
invented & false reason for his failure, and this was 
usually a postulate of impotence when it should have 
been an admission of moompetence; but it was enough 
to obscure the true posmbilities for some years, and to 
discourage others from making the attempt. 

When I was 8n undergraduate it was still bemg debated 
whether a steam locomotive could be built to rum at 
more than 100 m.p.h. The famous City of Truro bad 
once been reported, shortly after 1900, at rather more 
than 100 m.p.h. downhill, but in the nmeteen-twentics 
this figure could not be equalled in deliberate efforts with 
more powerful engines, even when streamlined. One cause 
of failure, Sir William Stanier told me, was that engineers 
had forgotten to allow for the expansion of steam in the 
super-heater tubes, which ought to have been made with 
gradually widenmg bores to keep down the steam velocities 
at the exit end, and thus reduce the superheater resistance. 
When this measure was taken, along with others, speeds 
easily went beyond the 100 m.p.h. figure; and those of 
us concerned with elamentary physics have for a century 
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taught thet because of linear expansion it is necessary to 
have frequent gaps in the rails; Kelvin calculated that at 
least two hundred yards of gaps were needed between Lon- 
don and Edinburgh. We have now to explain why, oon- 
trary to this doctrine, we are using great lengths of long- 
welded rail. The answer is that, if care is taken, the 
expansion. forces, although great, need not be dangerous: 
these forees—which are along the length of the rail—can 
exert only a small component at right angles, and this 
can be contained by adequately securing the rail to its 
twin and to the ground. 

Lest we laugh at the engineers, let us remember that pure 
science has had ita own follies through refusal to face 
non-conforming evidence. The French Academy about 
1780 denied the possibility of stones falling out of the 
aky: almost every astronomer and every physicist during 
1982-1940 took no notice of Jansky’s remarkable dis- 
covery of radio waves from the Milky Way: many 
geologista held for a long time that it was i le for 
the continents to move: the very word ‘atom 


our 
chall 
behind the limitations of electromagnetic quanta as 
means of observation? How far shall we be able to see 
into the structures of what we call el particles, 
or into the mysterious processes of life? Niels Bohr™, 
in his Atomic Physics and Human Knowledge, has exem- 
plifled that same reservation towards living systems that 
Kelvin and others placed on the second law of thermo- 
dynamics. They were careful to point out that they did 
not know whether this law held for living systems; and 
Bohr (p. 100) has held that “an account, exhaustive in 
the sense of quantum physica, of all the continually 
exchanged atoms in the organism not only is not feasible 
but would obviously require observational conditions 
incompatible with the display of life’. But it will be 
interesting to see how far we can go. 

Where, then, do we stand after this ramble through 
theory, experiment, and technology, and through genuine 
and false i ? We have seen the philosophical 
fascination of arguing from impotence: each postulate 
describes a boundary condition for human achievement 
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and understanding. The assembly of postulates provides 
a framework of external anchor-pointa inside which the 
whole of physical knowledge can be fitted and ‘explained’. 
But good postulates are not to be cheaply won, and, like 
good anchors, they must be well tested before employment. 
The price of the test is often a hard experimental beating 
against the bounds of experience, and & penetrating 
theoretical search for an explanation of the pps ea ae tal 
failure in terms of what is already known. y when 
theory and experiment have jomtly and exhaustively 
failed can we be reagonably justified in trusting a new 
principle of impotence. Otherwise, we shall invent false 
reasons to delude ourselves away from achievements that 
could be within our competence. Principles of impotence, 
like other hypotheses, are not to be multiplied without 
necessity. 
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RESEARCH IN INDUSTRY IN INDIA 


By S. H. M. HUSAINI, A. GHOSAL and A. RAHMAN 


Survey and Planning of Scientific Research Unit, Council of Scientific and Industrial Research, 
New Delh! 


SURVEY of research as carried out in industrial 

establishmenta in India has been made by the 
Survey and Planning of Scientific Research Unit of the 
Council of Scientific and Industrial Research. The interest 
of business and igdustrial establishments in scientific 
research is of recent origin ; even two decades ago they 
were sceptical of the utility of research in augmenting 
production. The survey was directed towards estimating 
research efforts made by the industrial establishments 
and also towards assessing the contribution of research 
towards growth of production. It was intended primarily 
to have & quantitative analysis of the situation so far as 
possible. A country-wide survey of all the establish- 
ments was planned; but it was found that only bigger 
establishments maintained research departments and 
others primarily made use of research results. 


It was, therefore, decided to make a detailed study of 
research efforta in twenty-five top industrial establish- 
ments over the period 1955-62; the main observations of 
the survey of these establishments have been in 
in this article. Out of the twenty-five extablishments, four 
were in the lio sector, and twenty-one i the private 
sector. A li more than half these establishments 
are engaged in the production of chemicals and pharma- 
oeuticals products, whereas the other half included firms 
manufacturing reyons, textiles, iron and steel and electri- 
cal machinery and metallurgical products. Two of the 
big firms engaged in the manufacture of chemicals were 
subsidiaries of their parent companies in Britain, whereas 
ee Gt ey el gle puo 
in man’ ing producta. Out of two steel planta oon- 
sidered, one was in the public sector and the other in the 


126 
private sector. All these establiahmen fully 
equipped research departments. RS 
Personnel 
, Detailed statistios of loyed in these estab- 


lishments were available. For all twenty-five estab- 
lishments together, production, maintenance and sales 
accounted for about 60 per cent of the total staff 
1 ation about 18 per cent, routine technical and 
auxiliary jobe about 17 per oent and research and develop- 
ment for only 5 per cent of the total. 
There was, however, variation from in to indus- 
try. Those producing chemicals (including paint and 
nS); dyestuffs, insecticides, and ons employed 


as much as 63 cent of its total staff in research and 
development (for thie fen pesca | j 
educ : is an adjunct for 


The i 
employed only in research and develo 
headings: (a) scientists and technologista; (b) auxiliary 
technioal staff; (c) administrative and other staff. The 
growth of personnel under all these heads has been 
considerable during the period 1956-62. It was found 
that in all the twenty-five establishments together the 
staff strength in research and development departments 
increased seven-fold during the period 1956-62; out of 
them the number of research mnel (scientists and 
soe ian bou Fic Api diet 

Im about eight-fold. The growth was groatest 
during 1956-60. During the period 1960.02 the increase 
in the strength of research personnel attainod 25 per cent. 
These norms, however, vary from industry to industry. 
A few teristics for partioular industries wero 
observed the distribution of personnel in research 


and dev t . In 1962 m drug and 
pharmaoeutioal M taare for every two nine 
Res es fu dde eee as e or 
à eed Sad supporting were employed ; 


pl à iid numbers; ohemiste were em- 
oyed large num particularly in & rayon factory, 
chemical factories and dyestuffs factories. The chemical 
engineers are also increasing in numbers in the industries, 
especially in steel plants, chemical and paint factories. 
Mathematicians, Physicists and statisticians are oon- 

icuous by their absence in most of the industrial estab- 
lishrnahte: , In 1962, however, a large number of physicists 
were recruited in steel planta. 

, Analysing the distribution of scientista and technolo- 
gista in various departments of all the industrial estab- 
lishments covered, we found that about 35 per oent were 
employed in production, 14 per cent in maintenance, 
about 7 cent in sales, 10 per cent in quality control 
and routine technical jobe, and 11 per cent in research and 
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development. ‘The distribution, however, varies from 


whereas in drugs, 

and electrical machinery only 10-17 per cent were loss than 
that age. In electrical machinery a little lesa than 60 
per cent of all scientista and technologists were in the age- 
group 30-40. 

A study of movement of scientiflo personnel to and from 
research and development ta has been made 
over the iod 1958-68. Four types of changes were 
considarod; Hankar on peaciotion to. alles departments, 
transfer without ion to other departments, resigns- 
tions from the esteblishment and death or illness. It 
was found that most of the exita were due to transfer on 
promotion to other di ta within the establiahment, 
though during the period 1960—63 a number of transfers 
to other were effected without any promotion. 
Resignations from the establishments were comparatively 
small. 


Research Expenditure 

An analysis of i in the firms surveyed has 
been made. A few firms were hesitant in giving the details 
of their expenditure; others, however, gave the expendi- 
ture figures in great detail. The significant observation 
made from the survey was the small amount of di- 
ture by the industrial establishments on and 

t. One pharmaceutical establishment Pr 
only 1-5 per cent of a total recurring expenditure of Ra. 
105 millions on research and development during 1958-62; 
four enterprises in chemical industry together spent only 
0-8 per cent of their total expenditure of Re. 224 millions; 
in two steel plants together, out of a total recurring 
M re of Rs. 1,473 millions over the same period, 
& li leas than 0-1 per cent was spent on research 
and development. Comparatively high proportionate 
expenditure on research and development was observed 
in a insecticide establishment (about 5 per cent of the 
total). 

It was originally intended to relate research expenditure 
to the value added (ar to the value of net sales) in the 
establishmenta studied. The figures obtained so far are 
only approximate, though a few firms have also given de- 
tailed figures for theee. A detailed investigation of the 
ratio of research expenditure to net sales (or valued added) 
is to be made; efforts are also being made to examine 
the elasticity of net sales with respect to research e i- 
ture or vice versa. From rough analysis it is fo that 
the rate of increase in the research i is In many 
cases greater than the rate of increase in the totel expend- 
iture; but since the total research expenditure is on a very 
low level it appears that adequate research is hampered in 
the i . 


Utilization of Research 


Even though research efforts are not substantial in most 
of the industrial establishments surveyed, it is encouraging 
to find that most of the establishments exploited the 
processes which were developed internally. Four chemical 
firms ado more than 80 per oe&t of the processos 
develo internally, whereas the rest were brought from 
outaide sources ; in the establishment all the fifty- 
one processes exploited durmg 1958-62 were devel: 
internally. This points to the fact that research in the field 
of applied chemistry and dyes has a fairly high standing in 
India, so that the respective firms can afford to compete in 
the market by developing their processes. The same oon- 
clusion holds good for the new designs used during 
1958-62 by the chemical firms. It should, however, be 
borne in mind that the conditions regarding research 
and development prevailing in the big industries covered 
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in the survey do not hold true for numerous smaller 
establishments, most of which do not have their own 
research laboratories but depend on ing processes 
et che ues. Tii detailed 
in ion of all industries, which has been taken up 
by the Unit, wil lead to important conclusions which 
will be representative for India at large. 


Contributions 


The contributions by research ta of industrial 
establishments in terms of papers, patents and 
inventions have also been examined. Most of the research 
papers were published by the research departments of 
drug end pharmaceutical and chemical firms. The 
research of one steel plant also published 
a number of research papers during the period 1955-62. 
During the same period the number of research papers 
and technical reports published by the active ta 
of the establishments examined increased from 41 to 318. 
It is, however, generally observed that very few contribu- 
tions to basic research were made by the research depart- 
ments. It is expected that in the near future managers 
will become more research-conscious and more scientists 
will carry out basic research along with the problems of 
direct interest to the firms concerned. 
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From the nature of the papers published by research 
we find that very little engineering research 
was performed in the firms during the period 1955-62. 


Other Aspects 


was 71 for the electrical industry; in the insecticides 
factory almost all the money invested by foreign collabora- 
tors was for employing oonsultante. 

Fourteen industries are actively collaborating with 
the national laboratories by way of referring their problems 
including developmental programmes. 

It is gratifying to find that the big establishments 
have started to train qualified scientists within the 
i go that in future they become motivated towards 
research for solving the problems of the firms concerned. 
Ten firms out of twenty-five covered in the survey are 
primarily iri technical knowledge from foreign 
countries (two through their parent companies abroad). 


UNIVERSITY OF NEWCASTLE UPON TYNE 
MERZ COURT 


By Pror. J. M. 
Department of Chemical Engineering, 


HIS is the age of university expansion, and the 

University of Newcastle, in common with other 
universities, has steadily expanded ita facilities and is not 
only the largest university centre in the north of England 
but is also noticeably a key oentre of technological activi- 
ties. Although sited within the city boundaries, it is 
fortunate in being adjacent to the exceptionally large 
Town Moor, covering one thousand acres, which gives it 
a very pleasing aspect on the northern side. 

The latest and largest addition to the buildings is Merz 
Court, which was officially opened by the Prime Minister 
ear ge Rea which provides accommodation for Chemical 
and Electrical Engineering, and also for the Department 
of Mathamatios (Fig. 1). The north-eastern ion has 
a long history as one of the key areas-of engineering, 
including electrical i i and there sre also very 
substantial chemical installations in the region. It is 
therefore appropriate that the new building should reflect 
the industrial achievements of the area by being named 
after the Merz family, who indeed played a notable part 
in the development of both electrical and chemical 
activities. 

Dr. Theodore Merx came from Germany to enter the 
chemioal industry, first in Glasgow and then in Newcastle. 
He is best known for his activity in the founding 
of the North Eastern Electricity Supply Company, which 
has since merged into the North Eastern Electricity 
Board. He has, in addition, a permanent place m the 
history of the University as one of those ible for 
the foundation of the Durham College of Science which 
later became a part of the t University. His book 
on the History of Thought in the Nineteenth Century gives 
him s permanent place with the thinkers of his time. His 
son, Charles Merz, born in Gateshead, was trained as an 
electrical engineer, and later founded with William 
McLellan the mternetionally known company of Merx 
and McLellan, who have been associated particularly 
with electric power installations over a long period of 
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years. His second son, Norbert Merx, played an important 
part in the development of the north-eastern region and 
contributed in particular to the North Eastern Electricity 
Supply Co., Messrs. Reyrolle, Ltd., and Thermal Syndi- 
cate, Ltd. 

Morz Court provides a usable floor area of 114,000 
sq. ft. on a site area of only 47,000 sq. ft. This is broadly 
divided so that Chemioel i ing has 80,000 sq. ft., 
Electrical Engineering 50,000 aq. ft. and Mathematios 
20,000 sq. ft., with the remainder for general purposes. 
To provide this large building on so small a site presented 
a major problem, to the architects, not only because the 
Engineering Departments required large laboratories, 
many of which must be on the ground floor, but also 
because the soil required strengthening in order to support 
the heavy loads of such a building. The building is 
formed round a quadrilateral base with a central court- 
yard. In general there are six storeys, but some of the 
laboratories spread through two floors. The west side 
houses the Electrical Engineering Department on all 
floors, while on the east the Chemical Engineering 
ment occupies the lower three floors with Mathematics 
on the floors. The south side provides & To of 

ts with a top 


lecture rooms available to all 
floor again for the use of the Ma Dirt: aic 
The much shorter north side contains the wor pa of 
the Engineering Departments, a students’ common room, 
a seminar library for the building, and some small offices. 

The construction of the building is of reinforoed oon- 
crete and the east and west wings are cach of 60 ft. in 
width, providing, in the case of Electrical Engineerimg, 
very large laboratories. The south side includes the largest 
lecture theatre, which will accommodate about two 
hundred students and which is well fitted for sound 
amplification and projection units. There are two 
preparation rooms which serve the other lecture rooms 
in this section. This south front is supported on a single 
spen of 111 ft. over the entrance to the inner courtyard. 
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Fig 1. 


Such an arrangement provides an open access on the 
ground-level and breaks up what would otherwise be a 
rather heavy front to this mde of the building. The 
front is further relieved by an unusual bridge pathway 
which provides communication between the other engin- 
eering buildings and the main University Library. 

The internal wall finishes are fair-faced concrete and 
fair-faced brick in the laboratories, and plastered concrete 
in the lecture and administrative rooms. Wood-blook and 
cork-tile floors have been widely used except in some Chem- 
ical Engineering laboratories, where tiled floors, resistant 
to acid and solvents, have been laid. The door frames and 
much of the joinery is from the hard paduak wood and 
many of the flush doors are finished in the new poly- 
urethene paint. The arrangement of the ceilings is 
interesting in that the use of softwood slate spaced very 
slightly apart and backcd with fibre-glass gives sound 
insulation at an economical cost. The corridors, which 
have been kept to a minimum in the general design, have 
softwood open slatted ceilings which have been sus- 
pended where necessary. These slats can easily be re- 
moved to provide access to the surface ducta—a very 
important requirement in an engineering building. 

The building is heated from an oil-fired installation in 
the basement, giving a total output of 34 million B.Th.U./ 
h. This plant supplies most of the building with low-pres- 
sure hot water pumped through finned tube convectors. 
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Control is provided by fans operating from thermostats, 
Such an arrangement giving fairly speedy heating-up 
when required. Special time-switches enable the heating 
load to be modified for night operation. Tho boiler plant 
also supplies steam for experimental purposes to the 
Chemical Enginoonng Department at & pressure of 100 
Ib./in.* and a separate electrode steam boiler provides 
steam at 500 Ib./in.* to one laboratory. 


Laboratory Supplles and Equipment 


The suppliee of electricity to both the Electrical and the 
Chemical Engineering Departments are extensive and 
complex. Two 750-kVA transformers mounted in the 
basement of the Electrical Department provide the main 
source of power; other equipment geporating the various 
forms of supply 1s also mounted in the basement. The 
supplies to the five floors of the Electrical Department are 
taken through coded cablea in large ducts with ample 
Spare capacity. These cablea feed either directly to 
central distribution boards or to small laboratory panels. 
Three 3-phase and neutral a.c. du pm are distributed 
from the basement. These are 415 V at 600 amp, 240 V 
at 200 amp, both of 50 o/s, and for servo work 60 V at 
200 amp, and a further supply at 500 o/s. Six mercury 
are rectifiers provide 120—0—120 V at 1,000 amp d.c., and 
in addition a lead acid battery provides 120—0-120 V 
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d.c. There are also available two motor generator seta 
giving 100 amp at 240 V. In these laboratories, special 
penels designed in the Department are used. These panels, 
which may be regarded as engraved line diagrams, 
provide sufficient information for students to understand 
the arrangements for supply and when necessary modify 
connexions relatively easily. The various oonnexions 
throughout the Electrical enable pieces of 
i nt to be connected electrically from one laboratory 
to the other without much difficulty. This flexibility is 
ed as a considerable asset. 
the Chemical Engineering Department the supplies 
of electric power are much simpler but are substantial in 
quantity. The general scheme is to arrange bus-bers 
either at one level or, in the case of the pilot plant labora- 
tory, at two levels. Tappings from these bus-bars can 
readily be obtained at any desired position, but a number 
are fitted in for initial operation. 

The Chemical Engineering Laboratories are also provided 
with compreased air, gas, water, and in many cases 
steam at 100 Ib.fin.. There are no general facilities 
either for vacuum or for hot water, but these can be 
provided when required for individual pieces of equipment. 


Research and Teaching 


Both the Engineering Departments have some special 
laboratories for research purposes, but in many cases, 
particularly in the Chemistry Section, the research and 
undergraduate teaching are combined so far as possible. 
Some special facilities in the Electrical Area include a 
screened room and a high-voltage laboratory. They are 
also provided with equipment for developing analogue 
computers and electronic circuitry. On the heavy current 
side, work is mainly on speed control of motors. 

In Chemical Engineering the research activitier are 

ted to the new field of electro-chemical engineer- 
ing, for which there is & large special laboratory, to oom- 
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bustion research, reactor design, and to the fleld of high- 
intensity heat transfer. Again, both Engineering Depart- 
mente have their own workshops covering machine work, 
electronic work, instrument work and glass technology. 

The top floor, mainly devoted to the Department of 
Mathematioa, gives an added sense of lightness as a result 
of the fitting of a number of glass domes on the flat roof. 
In this section, the architecte have successfully provided 
a little more perambulatory space, some of which is 
available on two terraces outside the normal rooms. 
The greatly enlarged premises for Mathematics are a 
source of considerable pleasure since this Department has 
managed to grow rapidly to one of those providing a 
significant contribution to the training in this key dis- 
cipline. They have active research work in hand in 
functional analysis, group theory, mathematical logic, 

tial theory, continuum mechanios, fluid dynanice, 
relativity and mathematical statistics. 

To the visitor and to those who work in it, there is no 
doubt that thia building represente a step forward in the 
general style for the University. The large area of walls 
finished in white with rather light ceilings gives an air of 

which is much appreciated. The wide variation in 
heights of room and the interesting development of the 
common-user lecture block facing south all help to excite 
the visitor and give the permanont dweller satisfaction. 
To have fitted three such different departments into the 
game block and woven them to form a united home is an 
undoubted achievement, and those who work there will be 
indebted to the architecta, Messrs. Richard Sheppard, 
Robson and Partners. Each of the departments has & 
strong uate research school, and Merz Court 
can be looked on as one' of the major centres of new 
development in the north-cast. 

In the course of his tour round the building, the Prime 
Minister pointed out the i oe of modern 
technologies and the need for each part of the country to 
play its individual part in a successful community. 


OBITUARY 


Prof. John E. Driver 


Pror. Jous E. Driven, who died in Winchester on 
March 27, was the youngest son of Frederick and Mary 
Eleanor Driver, and was born in Monteerrat in the West 
Tndies on October 26, 1900. He left Montserrat at the 
age of ten and.oontinued his education at West Buckland 
School in Devon and High Pavement School in Notting- 
ham, from which he won a scholarship to what was then 
University College, Nottingham. He was remarkably 
advanced for his age, and as a student during the First 
World War, doing part-time training in the Officers Train- 
ing Corps, read for an honours degree in chemistry under 
Prof. F. 8. Kipping, and graduated at the early age of 
nineteen. The commanding officer of tho Officers Training 
Corps, Major B. R. Trotman, was city analyst and part- 
time lecturer in applied chemistry, and Prof. Kipping also 
assisted the Corps as musketry instructor, so that there 
waa close integration of his academic and military studies. 
This occurred in another form in his service during the 
Second World War.® 

Driver was appointed to the staff of University College, 
Nottingham, in 1920 and remained there until 1988 when 
he left to take up a similar at Cambridge, which he 
held until the end of 1845, though absent on war service 
for much of the time. Although conditions for research at 
Nottmgham in the pre-war years were difficult and formal 
teaching duties very heavy, he began research which 
continued throughout his career, making important oon- 
tributions to such topics as the chemistry of crude drugs, 
dyes of the aurin type, the Fries re-srrangement, and 


phenol aldehyde reactions, publishing mainly in the 
Journal of the Ohemical Society. Ho was a lucid and 
inspiring teacher to pharmacy as well as chemistry 
students and was popular with staff and students alike. 
For some years he was an examiner of the Pharmaceutical 
Society of Great Britain. He showed a flair for authorship 
too, especially in the fleld of pharmaceutical chemistry and 
the i of crude drugs. In collaboration with 
A. O. Bentley he published the T'eztbook of Pharmaceutical 
Chemistry in 1925, and was largely responsible for the 
revision of this book in the several new editions produced 
in the subsequent 40 years. He also published, with G. E. 
Trease, Ths Chemistry of Orude Drugs. His other books 
were Bakery Soienos and Tables of Quakiaitwe Analysts, 
and he was checking the proofs of the seventh edition of 
the popular Analysts book at the time of his death. His 
career at Cambri bad scarcely begun when it was 
interrupted by the d World War. His qualifications 
and experience led him naturally in the Services into the 
Chemical Warfare Branch of the Royal Engineers. His 
service in the Army during 1940-45 included a period of 
two years at the School of Chemical Warfare at Winter- 
bourne Gunner as brigade major, as well as periods with 
the 21st Army Group and the War Office. 

Driver became the editor of the Journal of the Chemical 
Sootety in 1946, filling this office very effectively until 
1949 when he accepted the invitation to beoome professor 
of chemistry in the University of Hong Kong. He took up 
his appointment on April 11, 1949, and filled it with 
distinction until an intermittent but serious illness forced 
him to retire on March 11, 1960. The Faculty of Science 
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in the University of Hong Kong had been formed only 
just before the Beoond World War, though chemistry, 
physica and mathematics had been taught earlier withm 
the Faculty of Arta. The newly created Faculty had ita 
first meeting on July 4, 1089. Dovelopment was inter- 
rupted in December 1941 by the invasion of Hong Kong, 
when the University was forced to close. It did not re-open 
until 1046 and had to start again almost from scratch. 
In this vital phase of re-establishment and expansion he 
played an importent part. He planned a new chemistry 
building, completed in 1953 and described in the Procsed- 
ings of the Chemioal Sooiety in 1958, which has proved ono 
of the University’s finest buildings. He was able also to 
resume his research activities. his main contribu- 
tions were nevertheless in the exercise of his flair for clear 
thinking, clear presentation of views, and as an administra- 
tor. He waa elected dean of the Faculty of Science in 
November 1950 and held office continually until November 
1959. His talents as an author were particularly helpful 
in his duties as chairman of the Board of the University of 
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Hong Kong Press. His valuable services were, however, 
by no means confined within the University. He acted 
several times as external examiner in the University of 
Malaya. He took also a great interest in extra-mural 
affairs. He served as a Justice of the Peace. He served 
also on the Hong Kong Government Pharmacy Board and 

Goods Committee. He was a Fellow of St. 
John's Oollege in the University and a member of the 
Council of Bt. John's Cathedral in Hong Kong. His 
notable contributions to all aspecta of University life led 
the Senate to confer on him the title of emeritus professor 
on his retirement. 

Despite poor health, retirement did not end his profes- 
sional career entirely. He continued to revise his books, 
and the University of Hong Kong was very glad to have 
his continued service as ita representative in the United 
Kingdom. He retired to ire, where country life 
and the devoted care of his wife brought back a measure 
of health and the ability to sustain his professional and 
other interests. J. Miia 


NEWS and VIEWS 


Director-General of the Meteorological Office : 
Sir Graham Sutton, F.R.S. 


Sm Gnanam BuTTON, who will be retiring from his 
pe as director-general of the Meteorological Office 
30, was appointed head of the Office in 
1953 after unusually varied in Government 
Science: superintendent of research at the Ohemical 
Defence Experimental Establishment, Porton; superin- 
tendent, Tank Armament Research ; chief superintendent, 
Radar Research and Development Establishment, Mal- 
vern; and latterly as Bashforth profeasor of mathematical 
pe ysics and dean of the Royal Military College of Science. 
personal scientific reputation rested on his pionber 
researches in diffusion and other problems of the Barth's 
atmospheric boundary layer, consolidated by his text- 
book Misrometeorology, which appeared first in 1953 and 
has become the standard text. Under his direction the 
Meteorological Office has undergone numerous changes 
towards meeting its primary task of providing a national 
meteorological service, its hitherto dispersed headquarters 
have been unifled at its new and impressive scientific 
and administrative centre at B Berkshire, and 
Weather Centres, open to the public, have appeared in a 
number of cities; but perhaps the large development 
of the research side of the Office, to the status of a direo- 
torate employing some sixty research scientists with 
high-speed computers and other modern facilities to 
match, will come to be regarded as bis most far- i 
innovation. He leaves the Meteorological Office as a 
well-founded, up-to-date, scientific institution. Fortu- 
nately, in his new post as first chairman of the Natural 
Environment Research Council (Nature, 20b, 748; 206, 
873; 1965) his wide experience and proved ability will 
continue to be devoted to the benefit of science for some 
time to come. 

Prof. B. J. Mason, profeasor of cloud physics m the 
Imperial College of Scienot and Technology (Nature, 188, 
781; 1960), has been appointed to succeed Sir Graham 
Button as director- of the Meteorological Office. 


Controller In the Ministry of Technology: 
Dr. J. B. Adams, C.M.G., F.R.S. 


Tan Minister of Technology, the Right Hon. Frank 
Cousins, has appointed Dr. J. B. Adams, director of the 
Culham Laboratory of the U.K. Atomic Energy Authority, 
to be controller in the Ministry of Technology. In addi- 


tion to his duties with the Ministry, Dr. Adams will con- 
tinue to direct the work of the Culham Laboratory. 
John Bertram Adams, who is forty-five years of age, 
entered Siemens Research Laboratory from Eltham 
College. He was employed between 1940 and 1945 in the 
Telecommunications Research Establishment, Malvern, 
and afterwards in the Atomic Energy Research Estab- 
lishment, Harwell. ing 1958-61 he served with tho 
Organization for Nuclear Research (CERN) at 
Geneva, for the last fifteen months as director-general. As 
director of tho Proton Synchrotron Division, he was 
responsible for the design and installation of the highly 
successful 28-GeV proton synchrotron which is the major 
equipment of the laboratory. In 1961 he rejoined the U.K. 
Atomio Energy Authority as director of the newly estab- 
lished Culham Laboratory. Dr. Adams was made a 
Companion of the Order of 8t. Michael and St. Georg» in 
1962. He was awarded the honorary degree of D.So. by 
the University of Geneva in 1960 and by the University of 
Birminghama in 1961. Dr. Adams was elected a Fellow of 
the Royal Society in 1963. 


Mathematics In the Imperial College of Sdence and 
Technology : Prof. G. E. H. Reuter 


Pror. G. E. H. Raursr has been appointed professor 
of mathematics in the Imperial College of Science and 
Technology from October 1965. For the past six years 
he has been professor of pure mathematics at the Univer- 
sity of Durham. Educated at Trinity Oollege, Cambridge, 
he took up his firat tment, in the Scientific Civil 
Service, in 1941. In 1040 he moved to the University of 
Manchester where he was made senior lecturer in 1955. 
His research has been chiefly concerned with the analytio 
theory of Markov chains. The development of & popula- 
tion of any kind may be viewed as a random process and 
a Markov chain may be thought dof as a far-reaching 
generalization of such a process. While Prof. Reuter 
has, for example, made a study of competition between 
insect po ions, his most i t work concerns the 
theory of general Markov chains. In the case of popula- 
tions, one assumes known the birth and death rates at 
the possible population sizes and attempta to deduce 
various of the population behaviour fram these. 
To solve 6 Pagong pronume Sema Ope ap aT 
main aim of Markov chain theory. Prof. ter has 
shown that operator theory is a natural tool for tackling 
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many of these problems and that it may be applied to 
solve some of them under wide conditions. One might 
single out his work on the Kolmogorov equations and his 
work with Dr. D. G. Kendall (now profeesor of mathe- 
matical statistios at Cambridge) on ergodic theory and on 
‘pathological’ Markov chains. 


Pure Mathematics In the University of Durham 


FoLLowina the appointment of Prof. d. E. H. Reuter 
to a prof ip in mathematios in the Imperial College 
of Science and Technology, two professorships have been 
AME in udi ip mathematica in the University of 

J. Willmore and Dr. C. Hooley have 
been ened to these chairs. 


Prof. T. J. Willmore 


Dr. Wilmore was educated at Palmer’s School, Grays, 
and King’s College, London, where in 1989 he gained a 
B.Bo. degree with first-class honours in mathematics. He 
was appointed an assistant in the Mathematics Depart- 
ment at s College, but the outbreak of the Second 
World War his plans and from 1989 until 1046 
he was on the scientific staff of the Royal Air Foroe at 
Cardington. After the War, preferring university career 
to the Scientific Civil Service, he resigned his appointment 
and in 1946 became a lecturer in mathematica at Durham. 
In 1954 he was appointed lecturer in the Department of 
Pure Mathematios at Liverpool, and became & senior 
lecturer in 1956 and & reader in 1962. Dr. Willmore's 
early research was on elasticity and relativity theory, 
but he soon became interested in differential metry 
and most of his work has been in this field. He hae pub 
label stay papers an Leeming Russen, parallel disti. 
tions and derivations on manifolds, and has more recently 
become interested in global problems, particularly those 
related to curvature. He is the author of An Introduction 
to Differential Geometry, which is now a standard under- 
gu aa text in Britain and the United 
tates. He also collaborated with H. 8. Ruse and A. G. 
Walker in the production of & monograph on harmonic 
spaces and with I. R. Porteous in an undergraduate text 
on topological geometry which is soon to be published. 
The of mathematics teachers is a particular 
interest of Willmore’s and he has for some time 
actively assisted the Institute of Education and the 
Eixtra-Mural Department in Liverpool, where he helped to 
organize and run courses designed to bring teachers up to 
date in modern mathematics. It is always a compliment 
to be appointed as a senior member of & university where 
one was formerly & junior, and Dr. Willmore's distinction 
as & geometer and a teacher, together with his energy and 
wide intereste, will contribute much to his former uni- 
versity and ite Mathematics t. Dr. Wilmore 
takes up his new appointment on October 1. 


Dr. C. Hooley 


Dr. Hooley was educated at Abbotsholme School, 
i and (after two years national service) at 
Ohristi College, Cambridge. He was a Fellow of the 

Co from 1955 until 1958, and since then has been & 
lecturer in mathematios at the University of Bristol. 
Dr. Hooley’s researches in the analytic theory of numbers 
have him an international reputation among 
experts in the field? The subject is one which has been 
deeply investigated during the past fifty years, and the 
frontier of the knowledge which is attainable by oonven- 
tional methods is fairly well defined. But it is sometimes 
possible to make further advances by & combination of 
analytical and arithmetical ing, the latter bei 

technically elamentary but usually very difficult. In this 
way Dr. Hooley has succeeded in provmg a number of 
results that had previously appeared to be out of reach. 
As an illustration, one may mention his proof (Math. 
Zeitschrift, 89, 259; 1958)" that for 'ahmoet all’ those 
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numbers that are representable as æ + y*, with positive 
integers 2, y, there is only one such representation. 


Medica! Research Councll : DEPO Intment of Head of 
Division of Physiol armacology, National 
Institute for Medical ud 


Pror. B. Data BUuENS bas been appointed to the 
scientiflo staff of the Medical Research Council as head of 
the Division of Physiology and Pharmacology at the 
National Institute for Medical Research, in succession to 
Prof. W. 8. F who will be retirmg from this poet 
in November 1965. f. Burns, at present professor and 
chairman of the Department of Physiology, MoGill 
University, Montreal, was a member of the Counoil’s 
staff at the National Institute from 1946 until 1950. He 
has been particularly concerned with neurophysiological 
investigations of the brain, and it is intended that his 
work in this field should be continued when he takea up 
his appointment st Mil! Hill next year. 


Computers, Technologists and their Applications 


Ix & written answer in the House of Commons on 
June 24, the Minister of Technology, Mr. F. Cousina, gave 
the names of 17 research associations which actively 

the use of computers in their respective indus- 
of 18 research associations which had access to 
computers on their premises, at universities or at member 
firms; of 15 research associations using computers in 
their routine research (the names of some ssasociations 
appear on all three lista). In another written answer on 
June 24, Mr. Cousins stated that of 4,004 non-industrial 
Civil Servants employed by his Department on June 1, 
1965, 1,400 had university degrees or equivalent quali- 
fications m scientific or technological subjecta, and about 
another 1,400 had other scientific or technological quali- 
fications. In a third written answer, Mr. Cousins stated 
that since the creation of his Department, besides the 
sponsored study by the Tavistock Institute of Human 
Relations of factors affecting the status of engineers, and 
work on behalf of the Committee on Manpower Resources 
for Science and Technology, action was in hand, in ool- 
laboration with other Departments, to promote the 
greater use of technological subjects in television and 
radio and to produce special booklets and 
films for wide distribution among young people. 


Oceanographic Research 


tries; 


Natural Environment Research Council, in the House of 
Lords on June 22, the Minister of Stato for Education 
and Science, Lord Bowden, said that the Govarnment 
was quite satisfled m this respect. The membership of 
the Council included Prof. M. J. Lighthill, Sir Edward 
Bullard, Prof. J. E. Harris and Dr. C. M. Yonge, all of 
whom had made important contributions to oceanography 
or related fields and had served on the National Oceano- 
graphic Council. The terms of reference of the Natural 
Environment Research Council were adequate for it to 
continue to advance the national effort in scientific 
hy, and this would be assisted by the fact that 

there would be one source of funds for basic oceanographic 
research. The Ministry of Defence would have an assessor 
on the Natural Environment Research Council, and would 
also be represented on the Council's Committee responsible 
for oceanography. The Minister was anxious to continue 
to co-operate, and the Royal Navy’s representatives on 
the Committee were determined that their Service’s 
interest should be pursued as strongly as when the 
Admiralty administered the National Institute of Oceano- 
graphy. There must be close co-operation between the 
Navy and oceanographic researeh—on which the Navy 
spent £590,000 m 1964. On priority of ocean hio 
research, Lord Bowden said that priorities for various 
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research programmes were to be assessed by the new 
Research Council, and it was the Government’s intention, 
in the light of the advice it received from the Research 
Council, to do what it could m oceanographic research. 
This was not a fleld in which inadequate resources need 
limit Britein's participation. 


Business Schools 


In reply to questions in the House of Commons on 
June 24 regarding progress in eatablishing the new 
business schools, the Secretary of State for Education and 
Science, Mr. A. Crosland, stated that both schools had 
leased temporary premises which were being adapted and 
equipped, and staff were being recruited. The first full- 
time course at Manchester would begin next September. 
In London it was hoped to hold some part-time courses 
this autumn and full-time courses would start next 
February. The London School had appointed ite director. 
Ho was satisfied that liaison between the Schools and the 
Ministry of Technology and the Government generally 
would be close and sufficient. 


Liberal Studies In a Technological Education 


UNDER the title Symposium on Liberal Studies the 
British Association for Commercial and Industrial 
Education has collected & series of articles issued in the 
Association’s Journal over the past 18 months (Pp. 40. 
London: British Association for Commercial and Indus- 
trial Education, 1004. 105.) The president of the 
Association, Bir Willis Jackson, contributes a foreword, 
and there is an introduction by Sir Eric Ashby, in which 
he states his reason for regarding the liberal studies pro- 
gramme in the colleges of advanced technology as one 
of the initially important educational experiments of this 
century. There 1s also a select bibliography compiled by 
Mr. D. R. O. Thomas, characterized by breadth and 
vision, though, as always, there 18 room for two opinions 
c M ee 
against alternatives. In the of the six articles, Prof. 
T. Lupton argues the claims of industrial administration 
to be & liberal undergraduate study. In the second, H. N. 
Sheldon describes the aims, content and methods of these 
studies, which are the responsibility of the general or 
liberal studies departments in colleges of advanced tech- 
nology and assesses their value as an integral part of the 
training of und uate technologists. In the third, 
“Teaching Technology—e Liberal Approach”, Mr. J. P. 
Moore describes the present arms and methods in teaching 
metallurgy at Bitterne College of Technology; Mr. D. J. 
Isaao's 'Conoepts and Methods in Science Teaching” 
examines the attitudes and assumptions of studente and 
teachers at Brunel College and describes the action taken 
to remedy an unsatisfactory situation. Under the title 
“Humanities and Teohnology—e New Discipline”, Mr. 
A. M. Duncan discusses the imperative need for e single 
system rather than two separate aspects of the same 
culture. Fmally, Sir Lealie Rowan in an article, ‘Liberal 
Studies in Technology”, examines the need for change 
in attitude to training for management. 


British Admiral : A Super Oll Tanker 


Ox March 17, 1965, British Admiral, the first tanker of 
100,000 tons deadweight to be built in Europe, was 
christened and launched by H.M. The Queen at Barrow-in- 
Furness, at the yard of Vickers—Armstrongs (Shipbuilders), 
Ltd. This was a great occasion, but there was also another 
soon to follow. In April 1965 the British Petroleum Tanker 
Company, the shipping subeidiary of the British Petroleum 
Company, celebrated its jubilee and to mark both events 
a recent issue of the BP Magazine, that, colourful quarterly, 
is devoted entirely to see-going oil- tankers and to the 
history of the British Petroleum Tanker Company in 
particular (15, Spring 1965. Pp. 32. British Petroleum 
Co., Ltd., London, E.0.2). ‘During these 50 years, the 
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Britash Petroleum Tanker Company has grown from 
modest beginnings to beoome the operator of one of the 
largest privately owned fleete in the world. The 
themselves have grown in size and complexity and 
busmeesa of tanker operation, whether from the viewpoint 
of the man at see or in the office, has developed to the 
point where ıt 13 at once both an art and & science." The 
articles ın this publication, written by experte, aided by 
& series of excellent illustrations and diagrams, not only 
record the achievements of the British Petroleum Tanker 
Company over the years, but they are also a valuable 
insight into the evolution of oil-tankers in general; as 
such, they make commendably instructive reading for all 
interested in this vital aspect of international oi opera- 
tions. The contributions are: “From Whalng Brg to 
Super Tanker”, by M. Clémans and R. Ilian; ‘““Those Who 
Go to Sea" (anon.); “A Tanker is Built", by Commander 
E. H. W. Platt; "Special Services’, by Captam G. A. B. 
King. There is & special supplement in photogravure 
illustrating the actual launching of British Admiral and 
inside this folder are representations of some of the 
original plans used for ita construction. From these and 
some explanatory notes 1b is learnt that, compared with the 
Queen Elizabeth (overall length 1,031 ft.), British Admiral 
is 917-5 ft.; breadth is 118 ft., and 128 ft., respectively ; 
the tanker’s depth to upper deck 1s 66 ft.; her service 
speed, loaded, about 15-5 knots. Other details of engmes 
and general layout of this ‘big ship’, also of the commodore 
and, chief engineer, whose responsibility she will be, 
complete what is a most worthy tribute to all concerned 
with her commission. 


The Quekett Microscopical Club 


THs year the Quekett Microscopical Club celebrates 
the centenary of ite foundation on July 7, 1865. The title 
of the Club commemorates the name of John Thomas 
Quekett, professor of histology and conservator of the 
Hunterian Museum at the Royal College of Surgeons of 
England. A prominent microscopist in his day, a founder 
member of the Microscopical Society of London (now the 
Royal Microscopical Society), Fellow of the Royal Society 
and of the Linnean Society of London, and author of the 
Practical Treatise on the Microscope, Quekett died in 1861 
at the early age of forty-six, greatly respected by all who 
knew him. There were at the time several suggestions 
current for commemorating his name in some permanent 
way. As events have proved, no more appropriate memorial 
to him could have come of this desire than the association 
of his name with this Club, which has mot twice-monthly 
for the past hundred years, and to-day enjoys a world- 
wide membership. Appropriately, the Club’s president in 
this oentenary year is Prof. Gearge J. , who 
Buona the chair of pathology at tho Royal College of 

cipal event to mark this oocasion will 
den & two- day s edtcatm meeting &nd exhibition of mioro- 
scopy, which will be open to visitors. This wil be held 
in the Central Hall, Westminster, 8.W.1, during October 
8-9. The theme of the meeting will be two-fold : first, to 
illustrate the founding and history of the Club; and 
secondly, to present & survey of present-day microscopy 
and microscopical equipment in science and industry, in 
addition to ita recreational aspects. Demonstrations of 
films, slides and microprojection va also be staged 
throughout the two days. 


The Manchester Museum 


Ta report for the year ending July 31, 1964, recalls that 
for several years the policy of the Manchester Museum has 
been to concentrate on the more attractive display of ite 
extensive collections (Pp. 20. Manchester: The Man- 
chester Museum, The University, 1965). To this end, & 
new Japanese gallery has been arranged and the Cannon 
Aquarium. ned to the public. The latter was removed 
from the Deploy Department of the University and 
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includes displays of tropical and cold freshwater fish, 
amphibians, snakes and lizards and a variety of inverte- 
brates. Another feature of outstanding interest during the 
year was an exhibitiort of the Moon. A commercial firm 
in the town centre has given the use of a shop-window 
for the display of a small exhibit. This is changed each 
month and is already proving an attraction. 


The Coryndon Memorlal Museum, Nairobi 


Durma the yoar 1963-64 the authorities at the 
Coryndon Memorial Museum realzed that with the im- 
portance now given to Hast Africa in matters concerning 
the conservation of wild-life, they wero becoming the 
obvious centre of visual education and propaganda in 
this connexion (report for the period July 1, 1963, to 
June 30, 1964, of the Coryndon Memorial Museum, and 
the Coryndon Museum Centre for Prehistory and Palae- 
ontology. Pp. 52. Nairobi: Coryndon Memorial Museum, 
1964). Consequently, the Museum has featured to an 
ever-in: i extent as a notable tourist attraction. 
The Coryndon Museum Centre for Prehistory and Palae- 
ontology, established in buildings situated within the 
Museum grounds, has now completed its second full year 
of operation. Under the honorary director of the Centre, 
Dr. L. 8. B. Leakey, the resulta achieved have been 
extremely encouraging, and the necessary finance has 
been raised to construct a much-needed additional 
laboratory. Work has continued on extending the ex- 
hibition space in the Snake Park, and a large aviary haa 
now been completed. 


Marble of the Cyclades Islands 


Tma report for 1964 of the Rugby School Natural 
History Society contains a report by J. C. Broome which 
won for him a Trevelyan ip (Pp. 24-- 1 plate. 
Rugby: Rugby School Natural History Society, 1965). 
He describes a visit to the Cyclades Islands in the 
Sea, which are part of an ancient massif, probably of 
Cambrian age. The rocks underwent considerable meta- 
morphoeis and marble was formed from the limestone 
originally present. Orogenesis during Tertiary times 
established ridges which later became largely submerged, 
by movements still in progrees, to form island chains. 
In the Cyclades there are two such chains, continuing the 
lines of Euboea and Attika, respectively. Paros and 
Naxos lie between them and are made up of older rocks 
projecting through the more recent. True calcitic marble 
18 found on almost all the islands, and on many it has 
been quarried. On Tinos there is also a rock which 18 
known commercially aa & ‘marble’, but which is, in fact, 
an ophicalaite. 

From the beginning of the third millenium 5.0. the 
islands were the home of the Cyaladean branch of the 
Aegean Civilization. During the early bronze age tho 
islanders produced various kinds of marble objects, the 
most important of which are small human figurines. 
The earliest specimens are flat, violin-ahaped objecta, 
scarcely recognizable as human, but the more advanced 
figores often show rounding of limbs and indications of 
facial features. The centre of the civilization was Paros, 
and most of the figures are in Parian marble. Marble was 
first quarried in the sixth century 5.0. The most important 
of its early uses waa statuary, which at this period was 
limited to two fornts, both common on the Cyclades, the 
kouros, a nude male figure, and the koure, a draped 
female figure. Except on Naxos, where there was e 
flourishing school of sculpture using local marble, the 
islanders worked in Parian marble, which was held in 
high esteem throughout the world and rivalled only by a 
variety from Mount Pentelious, near Athens. The first 
use of marble in architecture was for roo tiles. Later, 
in the Temple of Apollo at Delphi, the e was of 
marble (Parian) and finally the whole building, as, for 
example, in the case of the Parthenon (Pentellic with 
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Parian roofing). The quarries passed to Imperial Rome 
in the first century B.C. and many varieties 
were rted in large quantities to Rome for building 
Hatna: Parian marble was extensively used for 
making statues. During the Byzantine period the quarries 
were abandoned, but ın the nineteenth century & move 
was made to reopen them. The only ones that are 
economically run to-day are those of Paros, Naxos and 
Tinos, which Broome discusses. 


Hyperbaric Oxygenatlon 


THE collection of papers presented at & conference held 
by the New York Academy of Sciences in February 1964 
provides & comprehensive and stimulating review of the 
present status of hyperbaric wal rcr (Annals of the 
New York Academy of Sciences, 117, Article 2: Hyper- 
baric Oxygenation. By 8. Attar and 37 other authors. 
Pp. 647-890. New York: New York Academy of 
Sciences, 1965. 7 dollars). Treatment of patients 
under conditions of high-preesuro air or oxygen 1s often 
considered to be a new science, so 1t comes as & surprise 
to read of experiments starting in 1662 and flourishing in 
the nineteenth and early twentieth centuries. The 
clinical aspects of treatment of patiente suffering from heart 
complaints or gas poisoning are discussed at some length, 
sa are the effecta of high oxygen partial pressure on 
micro-organisms and toxins. It was enco to note 
that considerable emphasis was placed on the safety 
aspects that should be observed. One must always 
remember that when treating a patient in a large chamber, 
the medical staff are also subjected to the high-preesure 
conditiona and must observe the correct decompression 
cycle when returning to normal pressure. For example, if 
they have been at a pressure of 3 atmospheres absolute 
for 170 minutes, the time taken to return to normal 
preasure (1 atmosphere absolute) must not be less than 
98:8 minutes. The fire hazards associated with high 
partial pressures of oxygen are also worthy of note since 
many pieces of equipment normally used in operating 
theatres may burn with explosive force under these 
conditions. The appeal made by one contributor for 
standardization in terminology is especially worthy of 
notice. For example, chamber pressures are expressed 
in pounds per square inch gauge pressure, p.s.i. absolute, 
atmospheres, depth of water and mm of mercury. This 
provides an exercise in mental arithmetic, but makes 
comparisons of various conditions tedious. 


Nutrition Research in Hungary 


RESEAROH on nutritional and allied problems is expand- 
ing in moet countries. A small volume recently published 
—Year-book of the Budapest Insttiuts of Nutrition 1008— 
clearly shows that Hungary is no exception (Pp. xiv -+ 86. 
Budapest: Institute of Nutrition, 1964). This publication 
reflects in abbreviated form the varied activity of the 
Institute. Ita staff published seventy communications 
during the year, and some of them are summarized hero. 
As in some other nutritional research institutes, the cover- 
age extends into flelds of food chemistry, microbiology, 
and also into problems of food and cosmetics toxicology. 
Among investigations of interest is a series on the factors 


Paraffin is demonstrated to interfere with the utilization 
of carotene but not with its absorption from the intestinal 
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tract. Other matters reviewed here aro a survey of 
radioactivity in foods, nutritional values of wheat and 
cabbage proteins, and the use of thin-layer chromato- 
graphy for lipid oxamination. An interesting section 
contains a number of papers on the effects of high- 
frequency and infra-red cooking (evidently in inoreas- 
ing use in Hungary) on the physical properties of foods 
and their nutritional losses. ` 


Quaternary Dlatom Flora in West Sweden 

Diatom Floras $n ths Quaternary of the Gita Riwer Valley 
(Western Sweden), by Dr. Urve Miller, describes the diatom 
succession in the gilts in the Göta River from Glacial times 
onwards (Sveriges 1 Undersokning. Series Ca, 
No. 44, . 67 +6 plates. Stockholm, 1904. 80 kr.). The 
silta contain a few marine fossils, which piove that they 
were deposited in an estuary, but at most levels the vast 
majority of the diatoms are freshwater planktonic species, 
mainly no doubt carried down by the river, but ın part 
perhaps living in fresh water floating on the top of the 
soa-water. The succession, which shows some well- 
distinguished phases, is interpreted as tho result of both 
changing climate and changing freshwater supply. 
Carbon dating is used. The changes are recorded in the 
ways used for pollen analysis—a fairly large number is 
counted (here the number chosen was 2,000) and the 
percentages of the different species or larger groups are 
recorded. A good many rare species are noted and figured. 


The Royal College of Surgeons of England 


Tum annual report of the Council of the Royal College 
of Surgeons of England for the year ending July 31, 1964, 
which includes the report of the Institute of Basio 
Medical Sciences, contains scientific reports from the 
Departments of Anatomy, Pathology, Physiology, 
Pharmacology, Dental Science and Biochemistry, 
Ophthahnology and  Ánaesthetios, and the research 
establishment at Buckston Browne Farm (Pp. 124. 
London: Royal College of Surgeons of England, 1965). 
The d reporta include summaries of research 
progress, and liste of publications during the year sre 
appended. 


The Leopoldina German Academy of Sclences : Elec- 
tlons 


Tas Deutsche Akademie der Naturforscher Leopoldina, 
Halle, recently elected the following new members in the 
sections indicated: Astronomy, Prof. M. G. J. Minnaert 
(Utrecht). Pharmacology, Prof. F. Markwardt (Erfurt). 
Pathology, Prof. W. Doerr (Heidelberg). Internal Medicine, 
Prof. A. E. Sundermann (Erfurt). Oto-, Rhino-, Laryngo- 
logy, Prof. Rosemarie Albrecht (Jena); Prof. H. Jakobi 
(Halle); Prof. H. Naumann (Berlin); Prof. H. F., Sohu- 
knecht (Boston). Dermatology, Prof. H. Kleme-Natrop 
(Dreeden). Stomatology, Prof. R. Ritter (Heidelberg). 


John F. Kennedy Memorlal Fellowships at the Welzmann 
Institute of Science 


UwpER tho John F. Kennedy Memorial Fellowships 
Scheme, established by the Weizmann Institute of 
Science, Dr. Sidney Borowitz, chairman of the Depart- 
ment of Physics of New York University, New York 
City, and Dr. Henry Wallman, professor of applied 
olectronica of Chalmers University, Goteborg, have been 
awarded one-year fellowships at the Weizmann Institute 
of Science for the academic year 1965-66, and Dr. John 
Blatt, professor of applied mathematics at the University 
of New South Wales, has been named a visiting professor 
at the Institute for a one-year period. Two scholarships 
at the Feinborg Graduate School of the Weizmann 
Institute were awarded to Y. Frishman, for research in 
nuclear physics, and to M. Lahav, for research in X-ray 
crystallography. Two additional scholarships will shortly 
be announced. 
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The John F. Kennedy Memorial Foundation, the funds 
of which have enabled the awards to be made, waa estab- 
lished by the Weixmann Institute of Science in 1964; it 
is intended as a 6-million dollar endowment fund to 
advance scientific research. Half the fund has already 
been raised, in the sum of I£8-5 million, including I£l 
million from the Israeli Government, [£2 million from 
American contributors, I£8 million from the Weizmann 
Institute's Endowment Fund, 1£600,000 from Israel 
donors. The first recipients were chosen by an inter- 
national scientific committee consisting of Lord Rothschild 
(University of Cambridge), Prof. A. Lwoff (Pasteur 
Institute of the University of Paris), Dr. I. L Rabi 
(Columbia University) and Dr. J. Robert Oppenheimer 
recently retired director of the Institute for Advanced 

tudy, Princeton). 


University News: Birmingham 


Tma following appomtments have been announced: 
Lectureships, Mr. G. R. Isaak (Physics); Mr. Y. W. Lam 
(electronic and electrical engineering); Dr. D. R. Lloyd 
(chemistry); Dr. N. Crawford (physiological chemistry); 
Dr. D. d. Gwyn and Dr. D. B. Thomas (anatomy). 
Research Fellowships, Mr. M. M. Bibby (chemistry); Mr. 
G. 8. Boulton (geology); Mr. D. P. 8. Peaoock (application 
of scientific techniques to archaeology); Mr. O. 8. Repton 
(electronic and electrical engineering); Mr. J. R. Tittensor 
(chemistry); Dr. K. Burdett (medical biochemistry and 
pharmacology). i 

Keele 


Da. R. C. Mappisow has been appointed lecturer in 
physics as from October 1. 


Nottingham 


Ta following readers have been appointed: Dr. W. B. 
Hugo (pharmaceutics); Dr. H. MoCallion (mechanical 
engineering); Dr. R. H. Osborne (geography); Mr. C. 
Snell (stress analysis); Dr. A. Wright (electrical engin- 
eering). 

Announcements 

Dr. J. H. Quasran, professor of biochemustry at 
McGill University and director of the MoGill-Montreal 
General Hospital Resoeerch Institute, has received the 
annual award of 500 dollars of the Canadian Socisty of 
Microbiologista, in recognition of his many years of 
outatanding research in microbial physiology and allied 
flelds. 


Oras days will be held at the Mining Research Esteb- 
lishment of the National Ooal Board, Isleworth, during 
July 20-21. Further information can be obtained from 
C. 8. Makower, Mining Research Establishment, Worton 


Hall, Worton Road, Isleworth, Middlesex. 


Tus 461sb meeting of the Biochemical Society will be 
held jointly with the Physiological Society in the Univer- 
sity of Oxford during July 15-17. Further information 
can be obtained from the Biochemical Society, 20 Park 
Crescent, London, W.1. 


Tra second international conference on  ''Proto- 
zoology” will be held in the Imperial College of Science 
and Technology durmg July 29—August 5. Further 
information can be obtamed from Dr. R. 8. Bray, London 
School of Hygi and Tropical Medigine, Keppel Street, 
London, W.O.1. 

Ax international neurochemical conference entitled 
‘Variation in the Chemical Composition of the Nervous 
System as Determined by Developmental and Genetio 
Faotors”, organized under the auspices of the Neuro- 
chemical Commission of the World Federation of Neurol- 
ogy, will be held in Oxford during July 25-80. Further 
information can be obtained from Dr. G. B. Ansell, 
Department of i tal Neuropharmaocology, the 
Medical School, Birmingham 15. 
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THE MATHEMATICAL ASSOCIATION 
ANNUAL CONFERENCE 


modated at Bt. Hugh’s (the 
Dr. I. W. Busbridge), 


Tho Association was received on arrival by the Lord 
Mayor and Lady Mayoress at a civic reception, and later 
by the Vice-Chancellor and Mra. Wheare at & University 


of working school computers was a special feature of the 


mam, 


The various official reports at the annual business 
meeting indicated that the Association is in a flourishing 
condition with many worth-while projects in hand and a 
membership of now more than 5,000. The Treasurer, 
however, sounded a clear note of warning i 
increasing costs, the normal rate of increase of member- 
ship will be insufficient to provide the necessary finance 
for all the projects to be completed. He set the Association 
& of 7,000 members by its centenary year, 1971. 
The ls and Industry Committee has been working 
on the £8,000 given by the British Petroleum Campany, 
end has good hopes that further assistance will be avail- 
able to enable it to continue work beyond present horizons. 
The Association's Diplomas (Teaching &nd Technology) 
are now well established and the Teaching Diploma is 
keeping abreast of modern trends of ing. 


ing them. 

. , reporting generally on ‘Current 
Affairs", spoke of the way in which the Association and 
the Institute of Mathematics and Its Applications are 
working closely together to the common good, each in its 
own He saw little danger that the advent of the 
Institute, which owed much to the Association for ite 
inception and is now well established, would mean any 
diminution of the Mathematical Association. 

The place of the computer in mathematical education 
is one topio in which the existence of a professional 


They have both worked through the Joint Mathematical 
Council in deciding how best the computer needs of 
schools can be met, not only for class instructional pur- 
poses, but for familiarization courses for teachers. "The 
present choice would seem to lio between the central 
computer based on a university or college of advanced 
technology, and the travelling ter. There is no 
support for individual oamputers for schools. 

or the International Congress of Mathematicians at 
Moscow in 1966, tho three topics to be discussed by the i 
International Committee for Mathematics, and their 
United Ki sponsors, are: (a) the programme of 

iversi ini in ics for fature 


Robbins and All That = 
Dr. I. W. Busbridge began her idential address by 
i i the attention of the audience i 


lies 

bridge suggested that it was worth considerin g similar 
problems which must have faced Britain when the building 
of the Sheldonian was started in 1664. Galileo had died 


men, Halley 


taught by him. The Visitors tried to impose new statutes 
but then, as now, 


time was ripe for Newton, whose Principia was initiated, 
&nd the prmting paid for, by Edmund Helley, whose 
o is still to be seen in nearby New College 


importan experiment in 
foundation in 1078 of the Royal Mathematical School at 
Christ’s Hospital to provide navigators for the Royal 
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Navy and merchant marine—an early technical section of 
a comprehensive school. The foundation had the benefit 
of advice and help from Sır Jonas Moore, inspector 
general of Ordnance, and one of the best practical mathe- 
maticians of the day, and the continuing interest of 
Newton, Flamsteed, Wren and Pepys, all governors of 
the school Halley, who lived nearby, helped with the 
publoation of the text-book on navigation. Unfortunately 
there was—just es now—e shortage of teachers of 
mathematica, and, in 100 years, no emment mathemati- 
clans were produced by this School. 

Before coming to the problems of the present day, Dr. 
Busbridge referred to a later ‘Robbins Report’—the Royal 
Commission on the Universities of 1850. Although some 
steps had been taken before 1850 to eatabliah degrees in 
science at Oxford and Cambridge and the setting up of 
laboratories at Balliol and Christ Church, the Commis- 
sioners mado enlightened proposals ing the provision 
of & School of Mathematics and Phymoal Sciences with 
two departments: (a) Pure and Applied Mathematics; 
(b) Mechanical Philosophy, Chemistry and Physiology, 
together with subordinate science. They also proposed 
that proficiency in mathematics might compensate for 
"reaknees in Latin in a new matriculation examination. 
‘The reactions at Oxford were violent, but reforms came 
steadily. 

Turning to the Robbins Report itself, Dr. Busbridge 
oonsidered the recommendations for s two- or three- 
subject degree to include mathematica, since ‘‘the great 


majority of undergraduate studenta of mathematics have 
neither the aim nor the ability to become mathematicians 
of the front rank, and, for them, somewhat less oonoen- 
tration would be appropriate, in order to make way for 
the study of some other suitable subject such as physics 
or chemistry’. Dr. Busbridge, while completely in favour 
of two-subject courses involving mathematics provided 
such a courao is well integrated, was concerned at the 
definition of ‘front-rank’ mathematicians. Assuming that 
such a mathematician 18 one capable of profiting from e 

uate course in advanced mathematics, that is, 
those with first and top seconds in Finals, ahe disagreed 
profoundly with the suggestion that all the rest would be 
better doing two-subject degrees. It is well known that 
almost one-third of the students entering mathematics 
courses fall by the way. The pro were: (a) more 
help and guidance to be given to year mathematics 
atudente—the year which even quite able students find 
difficult; (b) grants should be extended to allow mathe- 
matics honours failures to transfer to a doublo-subjeot 
honours course (this policy is understood to be now 
accepted in principle); (o) a lowering of the standard of the 
first-year course. However, she appreciated that each 
university must solve the problem for itself. 

Dr. Busbridge was next concerned with the shortage of 
teachers of mathematics and, with the increased require- 
ments of the universities and other colleges of further 
education, ghe feared a shortage in the schools for some 
timo to come. The Oxford system of lectures to perhaps 
150 undergraduates, with a wide range of abilities, made 
it desirable that there should be an adequate backing of 
tutorials; but this again created a staffing problem, though 
without two-way traffic at all levels, lectures cannot expect 
to be successful, The tutorial system is equally good for 
the “embryo Newton”, the steady-going second-class man, 
and for the man, at the bottom of the list. Dr. Busbridge 
did not advocate the abolition of the Oxford entrance and 
scholarship system. Her experience showed that among 
her most able studente were those who on the results of 
the Advanced Level Examination for the General Cer- 
tifleate of Education would never have been selected. 

The new school mathematics courses are bound to 
create problems over the next few years, and universities 
will have to design their first-year courses over that period 
so that all students arrive at the second year with e 
common basis of knowledge. This must be dons without 
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boring 'moderniste" who have been stimulated in their 
schools or confusing the "traditionahste" by not laying & 
true foundation for the new work. The Association's 
Univermties and Schools Committee is trying to compile 
a bamo syllabus which would be common to all Advanced 
Level courses for the General Certificate of Education and 
without which a first-year university course would be 
unintelligible. This basic syllabus would also be the 
backbone of the one-subject Advanced Level course, thus 
facilitating the transfer from science courses to mathe- 
matics. 

Dr. Busbridge &ppeeled for more expermmentetion in 
schools. She did not expect them to go all the way with 
some of the new projects, but hoped teachers would endeav- 
our, whenever appropriate, to make injections of modern 
mathematics into the traditional system. This would 
stimulate both teacher and pupil. Syllabuses were never 
intended to be adhered to rigidly. Every teacher of 
mathematics has two objects: (a) to give to every student 
the opportunity of developing his or her mathematical 
powers to the full; (b) to foster those of special ability 
for the sake of the country aa & whole and for the advance- 
ment of knowledge. Dr. Busbridge criticized the Leicester- 
shire form of comprehensive schooling (with ita junior and 
senior high schools) as it 1s likely to affect the fulfilment 
of these objecta. The years twelve to fifteen are the most 
important in the production of the mathematician, yet, 
under the Leicestershire scheme, experience 1s showing that 
few qualified mathematicians are opting to teach in the 
junior high schools. For Britain to survive we have to 
increase the supply of mathematicians, and yet many 
local authorities are turning to the Leicestershire plan as 
the solution to all their difficulties. In the true com- 
prehensive school no such difficulty is created. She oon- 
sidered that the Mathematical Association should press 
for & dovetailng of time-tables between the junior and 
senior high schools under the Leicestershire plan so that 
at least the ‘A’ stroams would be taught by fully qualified 
mathematicians. In the universities the process of 
levelling up or levelling down 1s also working. Whatever 
happens, this must be a levelling up, since Britam needs 
the best mathematicians that she can produce if the 
‘brain drain’ is ever to be slowed and æ reverse flow 
stimulated. Eminent research schoola must be built up 
which will provide such intellectual and material attrac- 
tions that many of the ablest young mathematicians and. 
scientists will choose to study in them. 

In conclusion, Dr. Busbridge, viewing all the difficulties 
ahead, took heart from the past surrounding her audience. 
Life under the Puritans must have been pretty grim, and 
yet it was the continuing effort of men with vision and 
faith that brought in the golden age of British mathe- 
matics. Now, asin 1665, we need the vision of Christopher 
Wren and Robert Streater when they chose “Truth 
deacending upon the Arta and Sciences’ as the' subject for 
their great painted oeiling. 


The Mathematical Association, the Institute of 
Mathematics and the Joint Mathematical 
Council 


The first discussion of the conference was on what the 
foregoing bodies do for the teacher of mathematics, and 
was opened by Prof. T. A. A. Brosalbent on the Mathe- 
matical Association, and Prof. J. G. Semple on the 
Institute of Mathematica and Ita Appheations and the 
Joint Mathematical Council. 

Prof. Broadbent challenged members as to whether 
they were accepting their individual responsibility to see 
that things which needed to be done were done. In 
his view, the Association to-day offered very good 
value to members for their subscriptions, with & first-class 
Gazette, frequent reporte, ample branches, diplomas, etc. 

The Aseociation’s primary purpose 18 the teaching of 
mathematics, but we must appreciate that the mathe- 
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matics 18 at least aa important as the teaching. We must 
teach good mathematics in & good way. 

He was sorry to note how few of the younger university 
dons and lecturers were members. This he felt to be a 
bad thing on & number of counts, but particularly for the 
inevitable widening which must result in the gap between 
the universities and the schools, & gap which only the 
Association is qualified to fill. 

Prof. Broadbent hoped to see more young men and 
women playing thoir full part in the activities of the 
Association, and charged the older members to see that 
this was possible and encouraged. This is not & matter 
of what ‘they’ should do; it is a ‘do-it-yourself’ problem. 

Prof. Semple, secretary of the Joint Mathematical 
Council, outimed the steps which have led in the past 
two or three to the setting up of & Joint Mathe- 
matical Council of the United Kingdom, and of an 
Institute of Mathematics and Its Applications. He pad 
tribute to the part which the Mathematical Association, 
and in particular Mr. J. T. Combridge, had played in their 
inauguration. 

In addition to setting up the Institute of Mathamatios 
and dealing with international conference matters, the 
Joint Mathemstical Council has been mainly involved 
with two projects which both affect the teacher: (a) the 
setting up, under the Organization for Eoonomic Co- 
operation and Development, of & national committee, 
under the chairmanship of Dr. E. Kerr (Salford Royal 
College of Advanced Technology), to report on mathe- 
matios 88 & t of the trainmg of engineers to 
first-degree level in Great Britain; (b) the formulation of 
plans for improving the standard of mathematical in- 
struction in schools and increasing the supply of tramed 
mathemetioans. 

Dr. Kerr’s committee has worked out a ‘core’ syllabus 
in mathematios for engineers which contains & substantial 
section on numerical analysis and computer programming 
acience. It has also prepared a Advanced 
Level syllabus which would provide the kind of school 
mathematical training moet useful to engineers. 

Discussions are now proceeding with the appropriate 
institute on how time for this oore syllabus can be 
found from that at present allocated to other engineering 
subjecta, and how mathematics departments generally are 
to equip themselves to teach in the spirit envisaged in 
the report from the Organization for Eoonomic Co-opera- 
tion and Development. 

The Joint Mathematical Council's most difficult project 
has been that of the present complex of problems relatmg 
to msthematical instruction in general, and particularly 
in schools, both pri and secondary. The Council's 
approach to this prob 
main heads: (a) the possible danger of the threatened. 
pn of General Certificate of Education sylla- 

, and the possibility or desirability of some degree 
of control, for example, by means of agreed minimal core 
syllabuses at the various levels; (b) the provision of a 
regular and effective information service for all teachers 
of mathematica; (c) the expansion, both for the present 
emergency and on & permanent basis, of facilities for the 
in-service training of teachers of mathematics in schools. 

To try to reach & decision on (a), the Joint Mathematical 
Council has charged all its constituent member associe- 
tions, covering thesuniveraity-level to the pri school, 
to examine this problem independently ando report back 
to the Education Committee of the Council on which 
selected Her Majesty’s Inspectors of Schools are attending 
members. 


The fo ing items (b) and (c) have not posed the 
initial problems that (a) has done and is likely to do. 
Recommendations for the in-service traming of teachers 
and for the setting up of an information service for 
teachers have already been welcomed by the Minister of 
State for Education and are now under his consideration. 
These proposals include the setting up for the development 
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of in-service træning of teachers of: (a) local mathematics 
centres (each located in & school and covering & consider- 
able group of primary and schools in & local 
education authority neighbourhood); (b) regional advisory 
units (based on institutes of education); (c) & national 
committee. In addition, it is proposed that & national 
information centre should be established, located possibly 
in one of the larger institutes of education. 

waa very conscious of ite failure to make an impact in 
the primary fleld and that the fault lay in the first instance 
with the members, who had failed to accept their respon- 
sibility aa mathematicians to help to bridge the gap. 
Courses and lectures were arranged, but secondary and 
university teachers were all too conspicuous by their 
absence. 


Mechanics Report and Other Discussions 


The second and third discussions of the conference 
were on the Association’s recently issued second reports 
on the teaching of mechanics and arithmetic in schools. 

The Mechanics Report was deecribed by the president 
as one of the Association’s outstandmg reporta and & 
great addition to ita literature. 

Mr. J. T. Combridge, chairman of the Report Sub- 
Committee, outlined same of the thoughts which had 
guided ite preparation. While apphed mathematics is 
tending to di from the examination syllabuses, 
there is still plenty of applied mathematics which needs 
to be taught. It 1s & suitable subject for all secondary 
pupils whatever the age or ability, and it should provide 
the opportunity for co-operation with teachers of science 
subjects. It i8 most certainly not a dead subject: it 1B 
indeed a live and developing subject and teachers should 
endeavour to make it a live subject in keeping with 
modern times, whether by eriment or other means. 
The report endeavours to lead, 

Mr. B. L. Parsonson (Harrow School) described the 
report as & spirited plea for the retention of a subject 
which surely must be needed in times whon the demand 
for technologists, applied mathematicians, and scientists 
capable of doing applied research 18 so great. Ho blamed 
the examination system of the past twenty or thirty years 
for the subject’s present disrepute. It has removed the 
subject from the real world into that of unreal problems, 
and any questions set involving & teet of the principles 
of mechanics soon showed the students have & serious 
lack of understanding of the basic principles. 

The only major criticisms of the report from the floor 
emphasized that frames of reference were not sufficiently 
streased and that insufficient attention was directed to the 
needs of the teachers at the Certificate of Secondary 
Education level who need more guidance than their more 
highly mathematically qualified colleagues. 

The problem of the mathematical model and the 
diffioulty of setting examination questions which are both 
sensible and soluble at the appropriate level was one 
to which no ready answer was given. All were agreed on 
the early introduction of the use of vectors. 

The Arithmetic Report (a completely new report to 
replace the previous 1931 report) waa described by Mr. 
O. G. Nobbe, & member of the Report Sub-Committee, as 
one based on the concept that computation, soon as & 
mechanical process, is being left increasmgly to the 
machine, and that the time thus saved allows & more 
informal approach leading to better understanding. 

Mr. Ellerby (St. Dunstan’s, Catford), speaking as a 
junior school master, felt that the report should have 

iven more guidance, though this view was not supported 
foni the floor. Many felt that teachers must be prepared 
to consider alternative methods which may seem equally 
desirable, weigh them and make up their own minds. 

Some void would have hked to see statistics, 88 & 
branch of arithmoetio, receiving even greater emphases in 
the report. 
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The final discussion of the conference was on school 
mathematical societies. The main ers were Mr. D. 
Hobbs (Exeter School) and Mr. A. R. T (Abing- 
don). Mr. Hobbs outlined the activities of an essentially 
practical society which thrived on the making of mathe- 
matical machines and models of all types, working com- 
puters being demonstrated. Mr. Tammadge spoke of the 
more cul inclmed senior society the modus vivendi 
of which was based socially and intellectually on that of 
the university society. 


General Lectures 


Dr. J. F. Soott, deputixing for Prof. MoKie, gave 
the Association a most absorbmg account of the early 
history of the Royal Society up to the early eighteenth 
oen 


tury. 

Prof. M. F. Atiyah, Savilan eeBor of geometry in 
the University of Oxford, a “Linear and Non- 
Linear Mathematics”, members to some of the 
frontiers of mathematios to-day, indicating the unity and 
simplicity of the subject. He showed the significance of 
linear methods in various parts of mathematica and the 
advanteges in translating .certam kinds of non-linear 
problems into lmear form: in this, one does not restrict 


t of Education, University 
i ted lecture entitled ‘‘Auto- 
mation in the Classroom”, gave a balanced idea of the 
way in which teaching machmes can be used aa an aid 
in the teaching of mathematics. The present machines, 
which are relatively unsophisticated, are mainly effective 
in the teaching of motor skills and are more usoful for 
revision, remedial and self-tatoring work with students 
capable of constructing responses. Conventional teaching 
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cannot fail to beneflt. In this respect his concluding 
remark was very pertinent: "Any human teacher who 
aaa Uo Toplanod by a machine ought to bes. 
Mr. J. Durran (Winchester 


Paay ahol teacher, and now a Fellow of the Nuffield 


increasing awareness mathematicians that, using 
as santioal an “appre an. poets with young 
children; athean oan EATE OE o A 
for all children. ; 


Electlons and Future Conferences 


At the annual genoral meeting, Mrs. E. M. Williams 
waa elected president for 1965-66. The following honorary 
offcers were re-elected. Treasurer, Mr. R. E. Green; 
Seorstariss, Mr. F. W. Kellaway and Miss R. K. Tobias; 
Bditor, Dr. E. A. Maxwell; Librarian, Prof. R. L. Good- 
stein; Assistant Secretaries, Mr. K. J. Backhouse, Instruc- 
tor Captain R. G. Cross, Mr. B. J. F. Dorrington, Miss 
E. M. Holman, Dr. E. Kerr and Mr. O. Steele; Assistant 
Treasurer, Mr. N. Q. Dodds. 

The 1966 meoting wil be held in the University of 
North Staffordshire during April 13-16, 1966. The oen- 
tenary meeting (1971) is being planned for University 


College, London, where the i meeting of the 
Association for the vement of Geometrical Teaching 
(now the Mathematical Association) was held in 1871. 


R. G. Cross 


SIXTY THOUSAND PERIODICALS 


B as World List of Scientific Periodicals * was initiated 
lato in 1920, when Sir Sidney F. Harmer, director 
donas Be ee a Re rien Meena 
wrote to Sir Peter Mitohell, secretary of the 
Zoological Society of London, aaking him to direct the 
attention of the Conjoint Board of Scientific Studies 
to the problems of what is now referred to as information 
retrieval. The multiplicity of periodicals, issued in vario 
languages throughout the world, was already confusing. 
No single library held more than a fraction of the total 
number, and the Board was invited to consider the 
preparation of a list of scientific periodicals with an 
indication of the libraries where they were kept. - 
The Board adopted the i and work 

late in 1921, under the guidance of the World List Aseocia- 
tion, incorporated as a limited company. The first edition 
concerned the years 1900—21; it was issued in two volumes 
of which the first, published in 1925, listed 24,128 titles, 
while the second volume, published in 1927, gave standard 
was issued in one volume in 1984, and covered the years 
1900-33; the third edition, covering 1900—50, was issued 
in 1962 and reprinted in 1958. The present edition 
covers the years 1900-60 so that, like its predecessors, it 
attempts to include every periodical which survived into 
the present century. About a quarter of the entries 
ere titles published since 1950 and the total number 
is now more than 60,000, and the List is now issued in 
three volumes. In spite of the inconvenience in handling 
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which is inevitable in a multi-volume work of referenoe, 
this edition is even more generally useful, and readily 
consulted, than ite predecessors. A new type-face has 
been employed, words used in the alphabetical arrange- 
ment are in bold type, and the number of cross-references 
has been increased. The transliteration of Cyrillic and 
Greek alphabets is in accordance with the recommenda- 
tion of the Royal Society, modified and published as 
British Standard 2979 : 1958. 

The abbreviation of titles of scientific periodicals 
according to & carefully considered system, which has 
been & feature of the World List since its inception, has 
been instrumental in effecting a degree of uniformity in 
bibliographic usage throughout the scientific world. The 
abbreviations in this edition follow a forthooming British 
Standard, not greatly different from the system followed 
in previous editions. 

is is to be the last edition of the World List compiled 
and produoed in this way, by an Association which has 
no permanent steff and by editors whose main occupation 
is elsewhere. The first three editions were prepared 
under the supervision of the late Mr. W. A. Smith, of 
the British Museum. After his death, before work on the 
fourth edition was begun, Mr. Peter Brown, aleo of the 
British Museum, undertook the editorship with Mr. G. B. 
Stratton, of the Zoological Society, who has been associ- 
ated with the World List from its earliest) days. The 
Association has had four successive chairmen: Sir Peter 
Ohalmers Mitchell, Dr. A. 8. Neave, Dr. E. J. Holmyard, 
and the present chairman, Dr. L. Harrison Matthews, 
In future, it is proposed to continue the List in the 
form of an snnual cumulation of the material published 
quarterly by Bucop, the British Union Oetalogue of | 
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Periodicals, published by the National Central Library. 
It is hoped that it will be possible to prepare 5- and 
10-year compilations, offering to the user the convenience 
of the present ilation-and incorporating the name 
World List in the title. Bucop employs a computerized 
system and the National Central Library commands 
resources commensurate with the immense amount of 
material which it wil be necessary to handle. 

The possibility of providing an index, to assist (for 
example) in tracing @ periodical the title of which is 
incompletely known, is being borne in mind by the 
compilers of the computerized catalogue. It could hardly 
be expected within the framework of the World List 
as it is to-day. This edition is not absolutely free of 
errors, but it is clear that it has been most meticulously 
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prepared. It is obviously imposible to guarantee the 
inclusion of every scientific periodical in a list compiled 
from information volunteered by contributing libraries 
the stocks of whioh may not include every publication 
that could qualify. However, the number of libraries 
contributing to the present edition has been increased 
and, by courtesy of the Director, the compilers have 
had acoeas to a number of titles held in the National 
Lending Library for Science and Technology, which was 
not officially opened until 1962. 

Many new journals have been started since 1960, 
but nevertheless these three volumes provide an invalu- 
able guide to all but & small fraction of the periodical 
literature a scientist may wish to consult, and to ita 
whereabouts in British libraries. 


FIELD STUDIES COUNCIL 


JAEN to the latest annual report of the Field 
Studies Council*, the year 1963-64 saw & oontinu- 
ance of the growth in the number of studente attending 
the Council’s centres. The total number of student-vreaka 
reached 11,617 (an increase of 12 per oant)—mainly as & 
result of additional accommodation at Slapton Ley and 
of a full season at Orielton, but also because of larger 
bookings at other centres. This was divided between 
subjects as follows: 


Biological subjects 5,979 
Countryside and natural history 122 
Geographical snd 4,086 
Art 245 
Arobaeology 219 
Other courses 196 


The number of individual attendances as distinct from 
the number of student weeks was 11,629, divided as 
follows: 


Sixth forms 7,756 
Other forms 192 
Training colleges and teacher courses 1,569 
Universities 1,160 
Technical collages 145 
Amateurs 827 


Despite the extra numbers which the centres have been 
able to take, many hundreds of would-be students had to 
be turned away. It is the Counocil’s aim and intention to 
open further centres when the necessary finance becomes 
available, and the New Centres Working Party is oon- 


* Field Studies Oounoll Annual 1963-1964, 30 +8 iphoto- 
graphs, date, (Field Beatie Ouna, 1065. meee - 


tinuing its searoh for suitable properties in areas where 
centres might be established. The Council was greatly 
heartened in the early part of the year to learn that the 
Worshipful Company of Drapers was proposing to make 
& grant of £25,000 to it to mark the occasion of the 
sexcentenary of the granting of the Company’s first 
charter. Payment is to be made by instalments over & 
period of not more than five years; 8& condition of the 
grant is that it shall be used for purchasing and con- 
verting & property situated in North Wales to a field 
studies centre. Search immediately began for a suitable 
building. It was decided that the property most suitable 
to the Council's requirements was Rhyd-y-Creua, a house 
situated in the Conway Valley, one mile from Betwa-y- 
Coed. Rhyd-y-Creus is unlikely to be ready to accom- 
modate students before the 1966 season commences. 

Following the recommendation of the Scientiflo Ad- 
visory Committee, Preston Montford and Slapton Ley 
have been i by the Department of Education and 
Science, the reporta of which are now being awaited. 
Preston Montford was also visited by two scientists from 
the Sub-committee and as a result of their report and 
suggestions & new experimental biology course was in- 
&ugurated which, after one season, is oonsidered to be 
very successful. , 

A small working party has been set up, the brief of 
which is to consider the educational aims and practice of 
the Field Studies Council in the light of present and 
a, needs and to make recommendations to the 


PHILOSOPHIES OF PIERRE TEILHARD DE CHARDIN 


FIRST met Pierre Teilhard de Ohardin aa & young 
man, when we were assisting in prehistoric investiga- 
tions in north Spain in 1912 or thereabouts. I also had 
occasion to see him from time to time until his death. 
He had & charming, personality and was an excellent 
research worker in the flelds of palaeontology and geology, 
and did much administrative work while living in China. 
He read deeply in the realm of philosophy, and was 
accepted wholeheartedly by others practising in that 
discipline. Above all, he was & profound Christian—a 
Roman Catholic and indeed a Jesuit. Not many men 
have reached the front rank in all these three disciplines, 
and therefore what he has to say is worthy of great 
consideration. 

Teilhard was & firm believer in evolution—indeed, he 
was to some extent persecuted by his own hierarchy for 


this belief—but he did not confine evolution to living 
organisms; for him everything from the atom to reflective 
man has been influenced by evolution. He made no dis- 
between animate and inanimate objects. Matter had 
‘pre-life’, an imperceptible icle of life, and was therce 
fore aleo influenoed by evolution. At present the effects 
of evolution tend to divergence, but in the case of reflective 
man must ultimately converge towards & unity which he 
called omega. For Teilhard this amega was equated with 
the incarnation, birth, life, death and resurrection of 
Jesus, the Christ. 

Such a bald series of statements is, of course, grossly 
inadequate. It takes many hours of hard study properly 
to appreciate the width and depth of Teilhard's thought. 
It is a great pity that the older generation of Jesuits in 
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the ‘twenties failed to recognize what a great man he 
was. They seldom allowed him to come to Paris, and he 
mostly lived and worked outside his native France. He 
died in 1955 in the United States. Only after hia death 
was it possible for his great books to be properly produced. 
The Abbé Breuil once told me that what he was able to 
publish during his lifetime was only because he chanced 
to be & friend of the then Pope. Several times friends 
suggested that he should cease to be a Jesuit. But Pére 
Teilhard waa loyal both to his Church and to his Order. 

Pierre Tetthard de  Ohardwi—Some Aspects of his 
Thought* is an admirable introduction to certain aspects 


* Proceedings Unisersit Nowcossls Tynes Phileeopkical 
Sootety. [oM cn 8: He Fethard de Oharin Soms Aepects of ne 
Thought. P. H. (Newoasile upon Tyne. Untverzity 
Newcastle upon Tyne Boclety.) 


ONCOLYSIS WITH LASER ENERGY 
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of his philosophies. It should be read before a ting 
to tackle the great life by Claude Cuénot, or in the 
two major works of Teilhard himself, namely, The Phen- 
omenon of Man and Le Milieu Divin (the French title has 
been retamed in the English translation). Not everyone 
after careful study will entirely agree with Teilhard’s 
thought. There will always be thoee who separate 
entirely the soul of man from the rest of creation and 
treat it like the mistletoe on an apple tree, which for a 
time ia bound to the tree yet ia really totally distinct. 
But Teilhard’s philosophy is worthy of very careful 
thought, and anyone interested cannot do better than to 
read carefully Fothergil's Pierre Tetlhard de Ohardin: 
Some Aspects of his Thought. 
M. O. Burarrr 


COMBINED WITH CHEMOTHERAPY 


By JOHN PETER MINTON 
Surgery Branch 
AND 


Pror. GEORGE H. WEISS and Pror. MARVIN ZELEN 
Blometry Branch, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 


I have shown that pulsed laser 
energy can be used for the rapid and precise destruc- 
tion of malignant tumour implants in animal systemet. 
It has been shown quantitatively that the probebility of 
destroying & tumour implant in a mouse depends on the 
ratio of laser energy to tumour size. The destruction 
probability increases with this ratio in a manner which 
can be made mathematically precise’. 

It is the purpose of this article to report on experiments 
where chemotherapy has significantly increased the 
destructive effect of laser energy on the tumour system. 
Other investigators‘ have also attempted to find a way 
for potentiating the destructive effects of the laser energy 
on tumour . These investigations involved 
painting the surface of a tumour with a dye or systemic- 
ally injecting various pigmented solutions into the 
animal. The resulta by these methods have been relatively 
unsucceseful. 

The resulta of experiments comparing the effect of 
laser energy alone with the combination of laser energy 
and & course of cyclophosphamide on tumour-bearing 
mice are summarized here. The results show that per- 
manent tumour destruction by laser energy is significantly 
increased in mice receiving cyclophosphamide as oom- 
pared with mice not receiving this course of chemotherapy. 

The i t consisted of injecting 115 six-week-old 
ODF, female mice with 0-04 o.c. of a 1: 10 dilution of 
Cloudman S91 melanoma’. At the end of two weeks 
of tumour growth, the animals were arranged in order of 
size of tumour which ranged from 1 mm to 10 mm in 
diameter. The animals were parred according to size such 
that animalé in a pair had tumours of comparable size. 
Among the 57 pairs, 11 pairs were designated as ‘control 
pairs’; the remaining 46 were termed ‘treatment pairs’. 
The control pairs were assigned to every fifth pair in order 
of sixe of tumour. One animal in each of the control and 

then received an 11-day course of oyclo- 
pense ben. heamotherapy injected subcutaneously at a 
daily dosage of 25 mg/kg/day. At the end of the fifth 
or sixth day of chemotherapy, all the animals in the 
treatment pairs were exposed to laser energy. Animals 
in the same pair received the same amount of energy 
from a ruby laser (6869 Laser Unit—Maser Optics, 
Boston, Mass.). The ruby rod was 1-6 cm in diameter 
and 17-7 am in length and utilized a Fabry-Perot etalon 
dielectric costing for internal reflexion. It was stimulated 


by two 7-5 kW xenon flash lamps. The laser energy was 
delivered in several pulses, each of which was 48—56 joules. 
Energy determinations were obtained by direct calori- 
metry at varying intervals between the series of tumour 
exposures. Each laser pulse was delivered through a 
bioonvex lens with a 12-5 am focal length. 

In order to destroy a tumour, it is neceasary that the 
entire tumour be exposed to laser energy. Therefore, 
large tumours (greater than 5 mm in diameter) received 
multiple pulses. Animals were observed for flve weeks 
after exposure to the laser energy. 

There were 42 treatment pairs in which resulta could 
be evaluated; the death of two mice invalidated reaulta 
from two other pairs. These results are summarized in 
Table 1. 

The only experimental resulta which can be used for 
evaluating the comparison between the two treatments 
are those pairs in which the tumour on one mouse was 
destroyed, while the other mouse’s tumour recurred. 

There were 15 such pairs. Of these, 14 showed tumour 
destruction by the combination of laser and chemo- 
therapy with tumour recurrence on the paired mouse 
which received laser only. Clearly this is a highly 
significant result. 

The effect of chemotherapy before irradiation by laser 
energy was to decrease the growth rate of the tumour. 
Consequently at al time of laser radiation, the animals 
receiving chemoth had tumours which were (on the 
average) slightly er than those receiving no chamo- 
therapy. The average (geometric) diameters were 
8-27 mm and 7:92 mm for the non-chemotherapy and 
chemotherapy snimals respectively. 

In order to determine if the slight difference in tumour 
size could possibly account for the potentiation observed 
with the chemotherapy, the animalagwere paired a second 
time (after being exposed to the laser energy). The 
animals in the same parr received the same amount of 
laser energy, but this tame the (geometric) diameters of 
the tumour at the time of laser exposure were matched. 
This classification yielded pairs, in which the averags 


"So 
b 5. 
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diameter of the non-chemotherapy and Ghanornersey 
animals was 7:97 mm and 8-01 mm respectively. 

experimental resulta for this second ing are sum- 
marized in Table 2. Tho number of pairs for which the 


Table $. RESULTS OF BBOOND PAIXING 
(EMO, dose (pe EA ot MH day of ohemoitiorapy. Just pelot- to laise 
exposure 


‘Laser plus chemotherapy 
; Tumour destroyed Tumor Toms A 
Tumour destroyed 1 
Leser only | Tumour recurred 9 20 29 


' 10 21 31 
outcome for both animals was different ıs 10. Of these, 
9 were favourable to the combination therapy. Again 
these resulta are highly significant (P = 0-025). 
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An incidental observation was that tumours which 
recurred after laser radiation appeared to grow at a 
much faster rate than before being irradiated. In con- 
trast, recurrent tumours after combination chemotherapy 
and irradiation had a reduced growth rate (in comparison 
to normal tumour growth rate). 


1 Minton, J. P., Zaen, ML, and Ketcham, A.8., Fed. Proc., Supp ,14 24, IOB, 
155 (Jan. Feb. 1965). 


! MInion, J. P., and Zelen, H., J Nat. Cancer Ins., 84, 2, 191 (1905) 

* Klein, H., Third Boston Laser Conf., Aug. 6, 1964, Northeastern Untveruty. 
1 foGaff, P. (personal communication). 

* Snell, G. D., J. Nat. Oanosr Inst., 13, 1511 (1953). 


MAGNETIC AND SPECTRAL EVIDENCE FOR TRINUCLEAR 
CLUSTERS IN MOLYBDENUM CHLORIDES 


By Da. R. COLTON and Pror. R. L. MARTIN 
Department of Inorganic Chemistry, University of Melbourne 


N a recent communication! we directed attention to 
the fact that compounds involving polynuclear metal 
clusters are not necesearily diamagnetic, and that para- 
magnetism can often be of diagnostic value for detecting 
the preeence of metal-metal bonding. If a oore is oon- 
stituted of an odd number of metal atoms with uneven 
electron configuration, the cluster is likely to be weakly 
paramag.ectic and to obey Curie's Lew. Thus, the low mag- 
netio moment of rhenium (IV) chloride, per = 1:0 Bobr 
Magaetons (B.M.) is independent of temperature and is con- 
sistent with trinuclear species Re,Cl,, with & single un- 
i electron distributed over the Re,-core!. On the 
other hand, if the core contains an even number of metal 
atoms, diamagnetiem is generally observed (for example, 
[MoC], [Wl], [Ta4Ch,]**) (rofs. 2 and 3), although 
paramagnetic species may also be found (for example, 
Mo,Cl,., [Cr,Cl,]*7, [(x-cpd),Ti,Cl,], rofa. 4-6). 


Table 1. Magwerio PROPERTIES OF MOLYBDENUM (LI) CHLORIDE 
x 10° = 2-84 

seh Wi Cote 

100 

0-99 

098 

0-96 

097 

0-99 

0-96 

0-97 

1-00 


300 
281 
256 
231 
209 
158 
141 
115 

91 
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An early investigation’ of the magnetic properties of 
molybdenum (III) chloride at three tem showed 
that the magnetic moment was about 0-8 B.M. This 
value is anomalously low for molybdenum (III) oom- 
pounds, which usually show magnetic moments of the 
order of 3-88 B.M.'. We have now investigated in detail 
the variation of the magnetac susceptibility of molyb- 
denum (IIT) chloride with tem: 
agree well with 
polation to finite susceptibility of a plot of Xy-! against 
T (Curie-Weiss plot) shows the preeonoe of an antaferro- 
magnetic interaction with a 6-value of 100°. With the 
inolumon of this term the ic moment of molyb- 
denum (III) chloride is 1-0 B.M. and independent of 
temperature. , This suggests that the compound is also a 
trimer Mo,Cl, with the ground state ion 
(a,')(a4")*(e^)*(s")* isoelectronio with that of Re,Cl,, 
(ref. 1) The deviation from a true Cune law is not 
unexpected if the compound has a structure of the same 


r 


type as that found for rhenium (III) chloride, the weak 
antiferromagnetic interactions occurrmg via bridging 
chlorine atoms joining the adjacent trimer unite’. The 
experimental results are presented in Table 1. 

The diffuse reflectance spectrum of molybdenum (III) 
chloride ia not unlike thoee of the Re (LII) clusters 
examined by Cotton e£ al.’ with well-defined absorption 
peaks at 530 my and 760 my, as shown in Table 2. 


Table 1. HP»OTRA OF MOLYBDENUM CHLORIDE CLUSTERS 


Oom- Electron Positions of 
pound configuration rires ey 


Solvent 
Mo,0,** Lu 14,100 (160), 21,500 (1,550) Aoetonitrile 
Mosh Cad 13,150; 19,100 Reflectance 
Re, Ol, a 13,300 (410); 19,400 (1,610) Aoetone* 


Our evidence for the trinuclear nature of molybdenum 
(LO) chloride is at variance with unpublished data quoted 
by Schafer and Schnering’*, who suggest that the com- 
pound contains Mo,-clusters and is di tic (Xy = 
19 x 10“ o.G.8., H.w.U.) The trichlorides of several 
transition metals, notably those of titanium!!, rhenium 
and ruthenium™, are known to exhibit polymorphism; 
possibly Schafer prepared a different poli orph. The 
material used in our invostigations was prepared by 
thermal decomposition of molybdenum (V) chloride in 
nitrogen, the temperature being kept as low as possible 
to avoid further Pda Mine to molybdenum (II) 
chloride. Vie tages eT y to asoerteun, by X-ray 
powder methods, whether MoCl, and ReCl, are iso- 
structural are imoonchusive, although the diffraction 

of the two compounds are similar. 

Mr. D. F. Stewart and Dr. T. A. O'Donnell of this 
Department, have recently succeeded in isolating a 
chloro-cation of molybdenum (IV), [MoCl,]+. The mag- 
netic moment of this species lies between 1- 6 and 1:7 BM. 
and the Curie law is obeyed. The electronic spectrum of 
solutions of the cation in acetonitrile closely resembles 
those of other d? and d: trimers, which suggests that this 
cation should be formulated as [Mo,Cl,]**. Reference to 
the M.O. diagram! shows that the expected state 
electronic configuration of (a, )*(a,")'(e^* should be 
associated with two unpai electrons per [Mo;Cl,]** 
trimer witb & oorreepo magnetic moment of 1-64 
B.M., that is, 2/8 of an electron per molybdenum (IV) 
atom. Preliminary magnetic measurements on molyb- 
denum (IV) chloride, ne (V) chloride and tungsten 
(V) bromide suggest that these compounds also involve 
trinuclear clusters, the latter oompounds existing as 
[W,0l,.]** and [W,Br,,]** cations. 
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Table 3. OOWPLNEIFTIXS OF MOLYBDXNUX CHLORIDE OLURTERS 
Oxidation stato of molybdenum +1 +2 4+3 +4 +45 +6 
5 in Mo,-otuster unknown 6 3 3 2 unknown 


Table 4. POSIBLE CLUSTERS FOR MOLYBDENUM CHLORIDES 








The pronounced tendency of molybdenum to form 
metal-metal bonds in the +2 oxidation state is well 
known. We have also obtained evidence, to be presented 
later, that metal-metal interaction occurs in dimerio 
molybdenum (V) chloride. The results presented here 
demonstrate that this tendency 18 not restricted to these 
oxidation states but is common to all the established 
oxidation states of molybdenum other than +6. 

An interesting progression in the complexity, n, of 
halide clusters with varying oxidation state of the metal 
atom emerges from these investigations (Table 3). The 
inverse relationship can be rationalized in terms of the 
suggestion of Cotton and Haas? that the preferred struo- 
ture 18 one which will minimize the electrostatio charge 
carried by the cluster. Table 4 summarizes the possible 


NATURE 


July 10, 1965 VOL 207 


clusters of molybdenum chlorides in all six oxidation 
states on the basis that they adopt one of the established 
Mo,Cl,, [ReaClia]* (or Re,Cl,), or [Mo,Ol,]* structures. 

The clusters known to exist (enclosed by full linea in 
Table 4) conform both to the foregoing electrostatic 
requirement and that of filling only those metal-metal 
molecular orbitals which are bonding. 

We assume here that molybdenum (III) chloride, like 
rhenium (IIL) chloride, achieves the prototype structure 
(that is, [Re;Cl,]*-) via mter-cluster chlorme bridging of 
adjoining trimers. On the other hand, the cation [Mo,C aJ 
derived from trimeric molybdenum (IV) chloride can 
presumably solvate in donor solventa like acetonitrile. 

The implications of Table 4 should be of general validity 
and not neceesarily restricted to the chemistry of molyb- 
denum. 


1 Colton, R , and Martin, R. L., Nature, 205, 239 (1065). 

1 Cotton, F. A, and Haas, T. H, Inorg. Chen., 8, 10 (1964). 

* Bose, D. H, and Bhar, E G., £. Pkyeik, 48, 716 (1931). 

* Colton, R., and Tomkins, I. B., Austral. J. Chem ,18, 447 (1005). 
* Marnshaw, À., and Lewis, J., J. Chem. Soo., 806 (1061). 

* Martin, R. L., and Winter, G., J. Chem. Soc. (in the press), 

7 Klemm, W., and Stenberg, H., Z. Amorg. Chem., 887, 195 (19036). 


* B N., and Lewis, J , in Modern Ooordrnation , odit. 
Pene i MT Wiking: d. ee ee Chenin 0). m 


* Cotton, F. A., and Magus, J. T., Inorg. Chem., 8, 1402 (1004). 

* Bohafer, H., and Sohnermg, H. G., Angew Chem., 76, 833 (1061). 

u Lewis, J. D. J., Newnham, L H, and Nyholm, R. 8., J. Chem. 
Soc., 2086 (1961). 


u Brown, D., and Oolton, R., Austral. J. Chem., 18, 441 (1965). 
W., ; K. R., Moore, 


USE OF COMBINATION BANDS IN THE VIBRATIONAL SPECTROSCOPY 
OF METAL CARBONYLS 


By Pror. J. LEWIS, A. R. MANNING, Dn. J. R. MILLER 
and M. J. WARE 


Department of Chemistry, University of Manchester 
AND 


Dr. F. NYMAN 


Petrochemical and Polymer Laboratory, !m 


ria! Chemical industries Ltd., 


Runcorn Heath, Cheshire 


HE use of infra-red spectroscopy in inorganic chemis- 

try has now become widespread. It is a particularly 
valuable method of studying transition metal carbonyl 
compounds because a ions around 2,000 cm-! can 
be specifically associated with C—O stretching vibrations. 
Metal-carbon stretching and MCO angle deformation 
modes occur! over a relatively wide range, 350—700 am-!. 
The remaining vibrational modes for mononuclear car- 
bonyle, MGM angle bending, probably occur below 250 
am~. 

Measurements of the infra-red spectra of carbonyl 
compounds in the C—O stretching region, 1,700-2,200 
cm-!, have been used to provide information on molecular 

i and to study variations of bonding in 
series of compounds. In all but monocarbonyl compounds 
there are several C—O stretching vibrations, and in order 
to make a study of bonding it is necessary to know 
as much as possible about all of them. Many carbonyl 

ds are hi symmetrical and consequently 
only a few of the fundamentals are infra-red active, and 
even when several are observed their correct assignment 
may prove difficult. Raman spectra yield more frequencies 
and polarization data which afford additional means of 
assignment. Unfortunately the Raman spectra of only 


a few carbonyl derivatives are available because the 
compounds are often coloured and absorb, rather than 
scatter, the incident radiation, or are decomposed by it. 
Limited solubility also restricts the use of Raman methods 
in many cases. Stammreich e£ al.! have overcome some 
of these difficulties by using sources of long-wave-length 
radiation and their resulta have greatly extended our 
understanding of carbonyl compounds. 

As an alternative to Raman spectroscopy for determ- 
ining ‘infra-red-forbidden’ fundamentals the infra-red 
combination frequencies can be measured. We have 
found that, for a large number of carbonyl derivatives, 
binary combinations of O—O stretching fundamentals 
oocur near 4,000 am-! with extinotiqn coefficients of about 
5-30. Buch benda have been reported by Jones for the 
Group VI hexacarbonyls* and for nickel oarbonyl*, and by 
Jonest and Edgell! for iron pentacarbonyl, but have not 
previously been studied in detail. 

The commonest type of infra-red active binary combina- 
tion is that of an ‘allowed’ with a ‘forbidden’ fundamental. 
Direct overtones are leas commonly permitted. Thus, 
by subtraction of the known active fundamental from the 
combination frequency, a value for the inactive funda- 
mental may be obtained. Our experience is that the error 
in frequencies so calculated is not likely to exceed 20 om-!, 


No 4993 July 10, 1965 


and is almost invariably such that the calculated frequency 
is low. Higher- inactive fundamentals are 
"obtained more accurately than lower ones; we think that 
this resulte from a ial cancelling of effects due to 
anharmonicity and Fermi resonances. 

These principles may be illustrated by reference 
to chromium hexacarbonyl. The molecule has Os 
symmetry and there are three fundamental O—O stretah- 
ing modes, belonging to the representations djs, e, and 
tia. Only the ths mode is infra-red active and occurs at 
1985 om~. Two binary combinations are allowed 
(Gy + his), symmetry Tis, and (es + bia) which spans 
Tia + Ta. case is used for fundamentals, for 
example, dy. Oapitals are used for ies of combins- 
tion terms.) They are observed at 4,082 am~! and 38,985 
om-!; subtraction of 1,085 am~ yields 2,097 om- and 2,000 
cm-! for the forbidden fundamentals. These figures may 
be compared with the values 2,100 cm-* and 2,020 am-t 
recorded in the Raman and assigned, respectively, 
to dy and e, fundamentals. It is probable that the 
greater accuracy of the ay, frequency is due to the effects 
of (1) anharmonicity, which tends to lower both dy, and 
e, values, and (2) Fermi resonance between the T',4 oom- 
ponents of the combination terms which would also lower 
the calculated e, frequency, but would raise the a,, value 
in opposition to the anharmonicity effect. 

Interpretation of the infra-red spectra of manganese 
and rhenium carbonyl derivatives presenta an interesting 


d The compounds are binuclear molecules, 
1(00),, and, in addition to the usual vibrations, the 
metal-metal ing mode must be considered. A 


knowledge of the fundamental frequencies and force 
constants of metal-metal bonds would be of considerable 
value. We have measured the spectra of many manganese 
carbonyl derivatives but discuss here only the parent 


compounds Mn,(CO), and  Re,(CO),. The C—O 
ing fundamentals and binary combinations are 
shown in Tables 1 and 2. The Raman of the 


colourless Re,(OO);, has also been recorded (Table 3) 
and enables us to check how correct are the assignmenta 
made from binary combinations in the infra-red. The 
were all measured in carbon tetrachloride solution ; 
are slightly solvent-dependent, but we shall discuss 
these variations in later publications. The Raman 
spectrum of Re,(00),, was also measured in cyolohexane, 
in order to observe some of the lower frequency bends 
mentals are accurate to + 0-5 om- combination bands 
and Raman lines to + 2 om~. 
Manganese carbonyl has a solid-state structure‘ in 


which two OO and the metal atoms are oo-linear, 
the remaining groups being arranged in two staggered 
as shown in Fig. 1. The metal atoms are displaced 


outwards from the centres of these . The shape 
is a very good approximation to Dy symmetry, although 
the site symmetry is only OC, We assume that the Dy 


Table 1. SPECTRUM AND ÀSSIGHHENTS OF Mn,(00),, 


Observed Calculated 
frequency (am~) : Assignment frequency 
1,980 4,590 bh = 
2,014 25,500 * = 
2,046 12,100 h* Ls 
5,906 «01 — bs -— 
3,061 e 105 Pah 3,961 
L2 m 
3,000 10-6 athe 29603 
4,028 12:5 ee 4,022 
4,035 =e) ate 4,082 
m b. EMO ide 
cis pt E. 130 
: + 
4,168 T3 ae ih. ties 


Fundamental: * . 
Fommy (ax): 2716 19e aio 1080 3014 2018 1,047 


* The asterisk Is used to distinguish the higher af two fundamentals in the 
maine symmetry class. 
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o Caleulated 
frequency (cm-) s Asmignment frequency 
1,974 6,500 h zi 
ED m E. : 
— — ath 3,008 
3,047 141 ate 3,047 
3,981 s. = 
CA 4,002 
3,999 149 (eth. hsc 
4,087 17-7 gia 4,040 
cont p idi = 
4,009 © 6T a" +b 4,100 
4,122 Shoulder — — 
4,138 32:1 8*6 4 
4,108 40 at rh 4.200 


Oaloulated frequencies were obtained from Raman fondamentals, except 
for the e combinations, 


Table $. BRAMAN SPROTRUM OF ReQ400), 


Frequency (om) Character Assignment 
18 s pol «,, Ro-Ro) 
MEAT w Jao 
288 
454 ms 
535 w &Re00) 
1009 M4 « 
1,017 s D ba é + x00) 
2,080 w 
2,126 s poi &i 


GNU E Ne, c eek D ne MAI SC E 
Fundamental: afle obo xia i94 iu id 1,084 


arrangement is preserved in solution and that rhenium 
carbonyl is similar. The possibility of the squares 
being in an eclipsed configuration (Dy symmetry) cannot, 
however, be excluded on spectroscopic grounds. 


The D, arrangement gives rise to seven C—O stretching 
modes belonging to species a, (two), b, (two), 61, 6, and 6. 
Their forms are shown in Fig. 2. Only the two b, and the 
e, vibrations are ‘infra-red allowed’ and just three strong 
bands are found in the 2,000 om~ region, which have been. 
assigned by Flitcroft, Huggins and Kaces’ as shown in 
Tables 1 and 2. ‘The four remaining fundamentals, 
a, (two), e, and e,, are Raman active. It may be noted 
that mutual exclusion of infra-red and Raman lines occurs 
here, although these molecules are not centrosymmetric. 
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The twelve ‘infra-red-allowed’ binary combinations of 
these fundamentals are as follows: 


(a, + ba) (Ba). Four separate bands. 
(a, + 6,) (B). Two separate bands. 
(es + b.) (E). Two separate bands. 
(ex + 6) (Bi + By + E) 

(6, + 6,) (B, + E) 

(26,) (A, + B, + By) 

(e1 + 63) (E, + Ex) 


Seven principal peaks are observed in the 4,000 cm-t 
region for both manganese and rhenium carbonyls. The 
analysis ahows that there is considerable overlap of the 
twelve combinations. Assignment of the spectra has 
p carried out using: (1) intensity relationships ; (2) 

n with related compounds such as Mn(CO),Br 
and [Et,PMn(CO),],, the latter compound having the same 
geometrical structure’ as carbonyl with the 
two anal CO groups replaced by Et,P ; (3) a method of 
elimination based on internal consistency. Twenty-four 
possible assignmenta were tested and only two appeared 
to be satisfactory. The Raman spectrum of rhenium 
carbonyl gives complete confirmation of the assign- 

_ment of the two a, modes. The other strong Raman 
line, at 2,027 om-!, must be either e, or 6, but on 
the evidence available it is impossible to distinguish 
between them. However, the form of the equations 
relating frequencies to a Cotton-Kraihanrel force fleld* 
indicates that the frequency of the e, vibration should be 
much less than that of the e,. For this reason we favour 
the sssignments given in Tables 1-8. We cannot at 
present explam the weak Raman line at 2,090 cm-}. 

In addition to Mn,(CO),,, mosCO ae and Re,(CO), 
Flitoroft e£ al. have di the infra-red active funda- 
mentals of the mixed carbonyl, (OO),Mn.Re(OO),. This 
compound probably has O, symmetry and may bo 
expected to show more bands in the infra-red spectrum 


than the others. In O,, symmetry a, and e modes are- 


infra-red active, and by oonmdering the correlation 
between representations of groups C,, and D,« and by 
assuming that the general form of the normal modes is 
similar in homo- and hetero-nuclear carbonyls, it would 
be anticipated that the three fundamentals corresponding 
to a, and e, in Dy symmetry should become infra-red 
active. The b, and e, modes should not their 
appearance. The spectrum of (OO),Mn.Re(CO), shows 
three strong bends similar to the other unds, to- 
gether with six weaker bands, given aa 1945 (J), 1992 (H), 


Ed 
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1998 (O), 2031 (G), 2044 (F), and 2124 am~ (X). 
same letters are used. for identification by us. 

Flitaroft ei al. suggest, very tentatively, that band Æ 
may be a binary combination of the a, C—O stretahing 
fundamental at 2,054 am-! with the Mn-Re stretching 
vibration. However, we have the following reasons for 
believing that this band is, in fact, an a, fundamental of 
(CO),Mn.Re(OO), which is infra-red active in O,» sym- 
metry: 

(1) As we have shown, both Mn,(CO),, and Re,(CO),, 
have infra-red inactive a, fundamentals at about 2,120 
om~. 

(i) A combination of [a (2054) + a,(M’—M)] m a 
molecule of C, symmetry corresponds to a combination 
fo." + E li in & D,« Bystem which would be per- 
mitted in the infra-red. No such frequency oan be found. 

(iii) The assignment of Flitoroft e£ al. yields & Re-Mn 
stretching frequency of 70 am-1. However, we attribute 
the strong polarized Raman line in Re,(CO),, at 128 
om~ to Re-Re stretching; assuming an effective rhenium 
mass equal to the atomic weight, this corresponds to a 
force constant of 0-9 md/A. With the same force constant, 
we calculate the metal-metal stretching frequencies in 
the related compounds as follows: Mn—Re 190 cm~, 
Mn-Mn 236 cm-!, To-To 176 om~. 

(iv) The weakness of the band E in the infra-red is 
consistent with the amall dipole change expected for an a, 
vibration of this sort. 

Discussion of the other weak bands reported by Fht- 
croft e al. in all the compounds which they investigated 
cannot be included here in any detail, but it seems to us 
probable that band C, which occurs in all their spectra, ıs 
due to the e, vibration of molecules with a CO group ina 
radial position. In (CO),Mn.Re(OO),, assignment of band 
obecbusdus acabe ee Mus 
the lower a, Hee which we find and band J may 
well be the e m rresponding to e, in the homonuclear 
carbonyls. However, it is at least equally likely that band 
J is & OO satellite of the frequency at 1,978 om~, as 
suggested by Flitcroft e£ al. 

There are several features of the assigned fundamentals 
of manganese and rhenium carbonyls which are worthy 
of mention. The fundamentals, a, *, have very high values. 
Qualitatively there seem to be two reasons for this, which 
reinforce each other. Coupling between different CO 
groups on one metal atom generally has the effect of 
raising the frequencies of those vibrations in which the 
C—O groups stretch in phase. This effect raises both a,* 
and b,* frequencies. It may be seen from Fig. 2 that in 
both these modes the five C—O groups on one metal atom 


ig 


The 


ff dit 


Fig. 2. The forms of the C—O stretehin ee for a molecule, M4,(00),, of Dig symmetry 
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oscillate with the same phase. Both valenoe bond theory 
and molecular orbitel theory, however, prediob thai 
coupling between O—O groupe on adjacent metal atoms 
would result in & lowering of the in-phase frequencies. In 
terms of potential energy functions this statement means 
that the relevant interaction force constants should be 
negative. Thus it would be icted that the a,* 
should be leas than b,*. It appears to us that 
the a,* value is abnormally high because of sterio repul- 
sions between the radial OO groups on different metal 
atoms; these repulsions are most effective when neigh- 
bouring OO groups on the two metel atoms stretch in 
phase, which oocurs to the maximum extent in the a,* 
mode and to the minimum extent in the b,* mode. This 
explanation oen also account for the a, frequency being 80 
much higher than the e,. These ideaa are only ite- 
tive, but we intend to make force constant calculations 
based on the model suggested by Kraibanzel and Cotton’. 
This model has been used by several workers'*-!, but 
has never been fully tested owing to insufficient data. 
From these examples, it will be apparent that the 
utility of measurements in the near infra-red region is of 
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considerable importance in both the asmgnment of infra- 
red active modes and in elucidation of infra-red inactive 
modes, particularly for complexes where Raman data are 
difficult to obtain. 
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SEPARATION OF LIQUID MIXTURES BY NON-FOAMING BUBBLE 
FRACTIONATION 


By DENNIS C. DORMAN and Pro. ROBERT LEMLICH 
Department of Chemical Engineering, University of Cincinnati, Cincinnati, Ohio 


(PL us ocu ee 
interest in the technique of partiallyse parating 
(concentrating) the components of & liquid mixture by 
means of foam fractionation. Studies reported include 
those of our own group!-*, aa well as those of a number 
of other investigators’ including one investigation which 
ap recently in Nature’. 

oam fractionation is based on the preferential adsorp- 
tion of a volute at the interface of bubbles which are 
usually formed by deliberately bubbling a gas through a 
liquid mixture. These bubbles rise, forming & foam which 
carries the solute off overhead, thus effecting a partial 
separation of components. Unfortunately, by ite very 
nature, use of the technique is limited to gystems which 
will in fact foam. Accordingly, the present investigation 
was initiated to examine the feasibility of using a 'foam- 
les foam column’; that is, just a vertically elongated 
pool of liquid. So far as we are aware, this bas been a 
virtually aree of study. 

The simple device used is shown in Fig. la. It is called 
a ‘bubble column’ in contradistinction to a foam column. 
In the work recorded here it was a vertical glass tube 
filed to a convenient height with a very dilute aqueous 
solution of & surface-active agent, namely, technical 
monobutyl diphenyl sodium monosulphonate. Nitrogen 
gas (which was first thoroughly humidified to eliminate 
subsequent evaporation) was bubbled up through the 
iquid in the column. The objective was to see whether a 
significant concentration gradient would oocur in the 
column despite the fact the solution was too dilute to 
foam. * 

After bubbling for several hours at room temperature, 
samples were withdrawn from the top &nd bottom of 
the column and analysed for solute spectrophotometrically 
by the standard methylene blue test’. A number of runs 
were conducted. For initial charge concentrations of 
several parta per million, the concentration at the top 
was as much as quadruple that at the bottom. Such 
marked separation shows that, even at concentrations 
below the foaming threshold, the rising bubbles were quite 
effective in adsorbing solute at their surfaces and carrying 


it to the top of the column. (Bubble fractionation is 
based on surface adsorption of non-volatile solute and 
should not be confused with the familiar but quite different 
operation of desorption which involves diffusion of volatile 
solute into the bubble interior.) This transport estab- 
lishes the concentration gradient within the column. 

Of course, the operation has ita internal limitations. 
The rising bubbles drag lean liquid from the bottom up to 
the top. Rich liquid from the top then flows down to the 
bottom as replacement. The mixing action of this ciroula- 
tion limits the separation attainable. 

With bubble sizes in the narrow range of 0:36-0:38 om 
diameter, varying the cy from 120 to 250 bubbles 
per min was of comparatively little effect. This accords 
with the aforementioned limitation. Increasing the bubble 
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frequency increases the undesirable mixing as well as the 
destrable adsorbing surface. 

Fig. 2 and Fig. 3 show the effecta of several independent 
variables on the separation ratio (which is defined as the 
ratio of the concentration at the top of the column to 
that at the bottom of the column). The degree of separa- 
tion increased with the height of the liquid column and 
with the charge concentration, but decreased with the 
column diameter. This last would seam to result from a 
wall effect which is diminished at larger diameters, thus 

the aforementioned undesirable circulation to 
proceed with leas hindrance. 
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The experiments performed here were in batch. How- 
ever, with sufficient hold-up (liquid residence time) it 
should be possible to operate continuously as shown in 
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Fig. 16. Finally, for a solution the concentration of which 
is only slightly below the foaming threshold, it should 
be possible to enrich the top of the liquid sufficiently by 
bubble fractionation so that foam pac could be 
used above it. This is illustrated in Fig. 1 

This work was supported in part by U.S. "Publio Health 
Bervice research grant WP-161. 
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LOWER OLIGOCENE BIRD-TRACKS FROM NORTHERN SPAIN 


. By Dr. J. F. M. de RAAF 
Kon/Shell Exploratie en Produktle Laboratorium, Rijswi]k 
AND 
Dr. C. BEETS and G. KORTENBOUT van der SLUIJS 
Rijksmuseum van Geologle en Mineralogle, Leiden, The Nethertands 


N the course of & preliminary sedimentological investi- 
gation of a Lower Oligocene formation outcropping in 
the provinces of Navarra and Zaragoza, Spain, one of us 
(de R.) discovered bird-tracks. Some time afterwards his 
co-authors collected more material from the same locality 
and, by proceeding along the strike, sampled scores of other 
bird-tracks and natural caste. The collected material, 
now kept in the Rijkmuseum van Geologie en Mineralogie, 
Leiden, derives from an outcrop area some 40 km long, 
starting from the westerly wedge-out of the fossiliferous 
formation, via the Liedena area where bird-tracks had 
been first observed. by 1, to the east (Bailo-Salinas 
de Jaca area), where it is increasingly better developed, 
but where tracks are apparently lacking. 


The lowermost part of the continuous Oligocene section 
discussed here contains in the Liedena area 
gypsiferous depomta, which are a few tens of metres thick. 
They are overlain by Mangin’s ‘gròf à ripplemarks’ and 
together with the latter form & complex almost 100 m 
thick. 

With reepect to the mode of deposition, two types of 
sandstone can be distmguished in this sequence, namely, 

sandstones with bases channelling into the beds 
below and others the deposition of which evidently did not 
alter the original upper surface features of the under- 
lymg bed. As regards sole markings, flute casts are 
restricted to the firat , casta of bird-tracks and lower 
surface ripple-marks to second type. 
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These sediments form the base of the rogenic fill 
of the Ebro basin and should not be considered & ‘flysch’, 
as Mangin contends, in spite of their rhythmic aspect and 
local gradmg*. In slightly more detail, this type of 
sequence is a8 follows: The bassal part of the Oligocene in 
the region with bird-tracks outlined here generally 
consists of red and grey to greenish calcareous shales with 
thin intercalations of siltstone. Both the shales and 
siltstones contain a certain amount of gypsum. This 
sequence grades upwards into & much more arensceous 
succession with scores of beds with bird-traoks (Fig. 1). 
Generally, it consists of alternating rather fine to medrum- 
grained sandstones, siltstones and calcareous to mlty 
shales. There would appear to be & i of non- 
graded beds, particularly as regards the thinly bedded fine- 
grained units. Sandstones containing irregular silty to 
pelitio trends are not infrequent. Several thin beds show 
evidence of slumpmg. Many of the sandstones and elt- 
stones display ripple-marks on their lower or upper sur- 
faces. are some apparently symmetrical ripple- 
marks, which are generally thought to be due to wave 
action. 

The best examples of grading (ref. 2, p. 195) were found 
in the thickest sandstone beds (thickness about 1 m or 
more). On the sole of the graded unite flute casts and 
groove casts are occasionally present. Mudflakes were 
obeerved near the erosional baee of several of these beds. 

Towards the top of the arensceous succession the 
sequence becomes generally finer-grained and consists 
predominantly of finely grained thin-bedded sandstones 
and siltstones alternating with calcareous pelites. The lower 
surfaces of the arenaceous beds are here particularly rich 
in very delicate sole markings connected with bioturba- 
tion, the presence of peeudomorphs after salt crystals, 
striations, eto. It was interesting to find coprolites of the 
same nature as those described from the Rotliegendes by 
Keineck* as Planolites rugulosus nsp., stemming from 
a simlar environment. Bird-tracks, both on sandstones 
or siltstones (occasionally on ripple-marked surfaces or 
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associated with salt peeudomorphs) and on shaloe (evi- 
denced as natural caste on the sole of overlying arenaceous 
beds), occur in the entire arenaceous succession, although 
more frequently in ite lower part. 

Finally, there are mud cracks and also, not infrequently, 
rain imprints mainly on shaly, silty beds throughout the 
gequenoe. 

Eastwards, the whole arenaceous succession thickens 
and red colours become predommant. Burrows, presum- 
ably made by crabs, and at places passing from a sandstone 
through & thick shale bed into the underlying sandstone, 
finally occur in such abundance that the observed con- 
current lack of bird-tracks may be confidently attributed 
to their being obliterated by intensive burrowing activities. 
As to the environment of deposition of the sediments dis- 
cussed here, our observations do not seem to tally with 
opinions often expressed regarding depth of formation. 

us, the individual graded unite encountered in the 
various sections traversed are often quite similar to deep- 
water deposits in other formations, at least in outward 
appearance. However, there can be little doubt that the 
sequence described here was deposited in an environ- 
ment with shallow or negligible aqueous cover, m & 
coastal belt with temporary and local evaponitic con- 
ditions. In such an environment, minor strcamfloodsa 
originating in & hinterland with little topographic relef 
after cloud bursta may be the depositing agent of the 
generally rathor finely grained graded beds encountered. 

It finally remains to consider the extraordinary, and 
often beautiful, preservation of a truly amazing abundance 
of bird-tracks ın an area of the order indicated. Itis hard 
to see how tracks abounding in all directions go repeatedly 
could be preserved at all with such regularity without 
invoking aeolian action. Only thus can we envisage the 
rouch-repeated mechamsm of quick bunal and most 
succesful] preservation of the tracks after their imprint 1n 
exposed wet arensceous to clayey sediments, first with 
wind-blown mlt and sand derived from drying flats and 
only later by more sediment transported by water. 
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However, observations on the subject are, we believe, still 
largely lacking and the matter would require some con- 
siderable further study. 

In this article no attempt will be made to describe the 
fossil tracks m any detail. Again, there seams, at this 
stage, little point in figuring all the various types of tracks 
discovered. It may be stated that the tracks appear to 
have been made largely by semi-aquatio birds on slightly 
emergent mud and sand or alt flats, probably subject not 
only to repeated inundations but also to repeated drying 
with associated aeolian transport. Most of the tracks were 
apparently made by & limited number of species which 
flocked together in a favoured environment and did so 
for a very long time. The various fossil-track assemblages, 
when fully studied, may well give us an interesting insight 
into the animal life of the period concerned in & fairly wide 
region in northern Spain. 

Fig. 1, Showing one of the largest slabs of siltstone 
collected, is given here as an example of the more interest- 
ing assemblages (imprints) discovered. As in most 
instances observed by us, the majority of tracks were 
evidently made by small wading birds, and some of these, 
at least, show affinity to tracks made by sand-pipers, 
anipe-like birds, and other small birds, or by gulls. More 
spectacular are the large tracks, often of astounding 
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clarity of impression, of a large web-footed bird. A 
preliminary investigation suggests that we may well have 
to look among the heron types of wading birds, more 
particularly the stork f&muly (Ciconoidae), for the 
nearest relatives of these web-footed birds. It is not 
surprising that the tracks should have a ‘modern’ appear- 
ance, for most of the bird families now living had already 
evolved by Upper Eocene time. 

Bo far, bird-tracks have been but rarely reported from 
northern Spam?! and those reported by Hernandez‘, 
although likewise of an Oligocene age, are quite unlike any 
discovered by us. Recent literature on the subject of bird- 
tracks (compare Abel’) includes in i finds in 
Poland, the Rumanian Carpathians‘, and the Uinta Basin 
(Eocene), Utah, United States’. 
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"96 Raaf, J. T. er na: 3, Twurbiduss, 102 (Blaevier, 


L H. H. A, Geol.-petrogr. Unters. am Baknevracheitt Martinstcin 
( Matnz, 1053). 

4 Herníndez-Paeheco, Y , Mem. R. Soc Espen. Hist. Nat , 15, 370 (1920). 

* Abel, O., tae oe ibi. E 

* Panin, N., voi mae pas Seo. Geol. Geogr., Stud. 
Oerostari Geol , Sa tii oed ines 


On E D, T4. P4. G ud. Geol. Uwta Bas , Highth Ann. Field Conf., 
(1967) 


ENVIRONMENTAL DETERMINATION OF INSULAR VARIATION IN BIRD 
SPECIES ABUNDANCE IN THE GULF OF GUINEA 


By Pror. TERRELL H. HAMILTON} and NEAL E. ARMSTRONG 
Department of Zoology, University of Texas, Austin, Texas 


lol 1 dlustrates for the avifaunas of the four 
islands in the Gulf of Guinea off West-Equatorial 
Africa the well-knuwn species-area and species-isolation 
curves. The first is positive, the latter is negative, and the 
species numbers vary positively when plotted Seo di 
maximum elevation of the islands. The data 
Amadon! and indicate that bird ies numbers increase 
with area (slope = z = 0-489*%) lees rapidly than with 
decreased distance from the mainland (z = — 0-866). 
The question arises: do bird species numbers (Y) vary 
among the islands in a way that Y depends on several 
factors (such as area, elevation and isolation) for de- 
termination of ita value? Here it oan be assumed that 
insular area and elevation are positive indices of ecological 
diversity and the likelihood of newly arrived dispersers 
finding vacant or available ecological niches, and that 
isolation, measured as each island’s distance from the 
African mainland, makes negative the chances for dis- 
persers to reach given islands*’. 

Multiple regression snalysis provides one test for the 
problem, and among others two models or estimating 
equations are convenient and standard: 


Y = aya by Xo byj4X 5, — (Model I) (1) 


and 

log Y = log ay.c-- bri- jlog X, + by; log Xs. (Model IT)(2) 
Here, b 18 a pure number, being the ratio of increase in Y 
(de ent variable) with that of X (independent 
variable), independent of other Xs. The intercept value 
or constant (a) is the value of Y or log Y when XB or 
log Xs are zero. The two models derive respectively from 
the linear and non-linear equations: 


j = be (I) (3) 
where z = xs with z = 1, and 
ý bs (I) (4) 
where v œ% 1. 
+ Present address: National Institute for Medical Research, Mill Hill, 


London, N.W.7. 


For multiple regression analyms involving four variables 
(1 dependent, 8 independent), we have found with our 
oomputer programme (University of Texas: Tennessee 
Valley Authority Multiple Regreesion Comprehensive 
Analyms) that & minrmum of 5 sample items is n: 
for consistent calculation of the standard deviations (sy) 
(ref. 4) of the partial regression coefficients. For a fifth 
sample we selected the highlands of Mt. Cameroon 
(13,350 ft.) on the mainland coast of the Gulf. Searle’ 
records 67 bird species for the montane forest (lower 
lmit: 5,000 ft.) of this volcano, which is about 22 miles 
from Fernando Po in the Gulf. If from standard mape we 
estimate the radius (r) of the volcano at 5,000 ft. as 7 miles, 
and if we assume & right cone with & height (A) of 8,350 ft. 
for the voloano’s ‘cap’ above 5,000 ft., then the new 
sample’s area or curved surface area (osa) is 169 sq. miles 
by the formula osa = nrVr* — h*. Although isolation for 
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Fig 1 Bira M aroe ina. esisolation curves for the four Islands 
in the Gulf of Guinea. To show by closed (6) and open (O) circles 
their respective postive and vo and open 
langis a, rv epi td S E illia montans sample of 
Cameroon, these values are not uttheed in the matrices 
for the regression lines, Raw data (Y, species; X,, area; I, à 
X, isolation) for each isolate or semple. Annobon (9 bird 6-8 ag. 
mles, 1,969 n2112 enger aod 48-7, 8,110, 188-7) Tomé 
(44, $88 1, 6,640,174 0); M. 
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@—e * Y predicted by oreo (x,) 
a—4 « Y predicted by eereton (X,) 
O—O =Y predisted by rsckation (X,} 
M ^ Y predisted by X, X, X, 





Annobon Principe 8Ko Tomé Mt. Cameroon Fernando Po 


(montane forest) 
2. and mni of the 
Firg PN by ee aD CONG E One i s 
E HEU rir rer Helge he 
ein Ui ene numera, Manda denti OE 
and 0-083 log species 


this continental sample should be zero or negligible, ıt 
can be assigned a token value of 1 mile. This avoids for 
Model II the problem of working with the common 
logarithm of zero, or minus infinity. That Amadon‘, 
Searle’, Moreau’, and others have discussed the strong 
geological and avifaunal affinities between this voloano 
and ite insular relatives nearby in the Gulf is considered 
justification for our use of this additional sample. 

Table 1 summarizes computer results of an examination 
by the models of the regreasion of Y on the Xs and of 
log Y on the log Xs, and we note that a secondary aim of 
this report is to check the feasibility and riateness 
of a multiple regreesion investigation of a biological 

with few sample items. Goodness of fit for regres- 
sion of Y or log Y on the Xs or log Xs is estimated by the 
mre of R^ or the coefficient of multiple determination 
(= E" Ey?) (ref. 4). All single and partial regression 
coefficients are tested by Student's i-distribution (t = 
b/s»), and may be considered i t unless designated 
by an asterisk* (significant: 0-05 > P > 0-01) or 
asterisks ** (highly eignifloant: P < 0-01). 

Preston’ and MacArthur and Wilson’ have suggested 
the respective indexing of isolation by the reoiprooel and 
square of the distance, and Hamilton et al.* have used the 
linear (that is, arithmetic or untransformed) value of 
distance. For Y, but not log Y, we have tested the 
reciprocal and square transformation (X,, X,) of the 
isolation or distance measurement (X,), along with the 
squares (X,, X,) or area (X) and elevation (X,). The Xs 
are used in smgle and multiple regression for two and 
three independent variables with ‘overlapping’ not 
allowed. For example, for predictions with area, elevation, 
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and isolation, only one measurement or transformation of 
each variable ([X, or X4] - [X, or ord] [X, or X,or X4]) 
is used in any multiple 

Tho waulie summarized in Tablo 1 (of. values for R*) are 
good in-most cases, but the better predictions are by the 
Imear meesurementa of X,, X, and X, or their logarithmic 
oounterparta. For isolation, however, the square of the 
distance is clearly superior to the reciprocal in predicting 
Y—a point of some value in speculations on the shape of 
the curve for bird species crossing water-gaps 
(cf. Hamilton and Rubmoff?). 

Either by Model I or II it is obvious (Fig. 2) that an 
almost perfect prediction (R* = 0:99-1:00) of Amadon’s 
and Searle's data for variation in bird species numbers in 
the Gulf of Guinea can be obtained by use of three 
measurements of their insular or sample environment: 
area, elevation, and isolation. For predictions noted 
in Fig. 2, the multiple regreasion equations for 3 Xe are: 


Y = 78180* + 0:110* (area) — 0-004 (elevation) — 


0-302" (isolation) (I) (5) 
and 
log Y = 9-712 + 1:225 (log area) — 2-702 (log 
elevation) — 0-891 (log isolation) (II) (0) 


In equation (5) Xy! is 9077-2, and the sum of squares 
attributable to regression (Zy*) is 9074-7. All parte of 
equation (6) are insignificant, and ita intercept value 
(a) is -extraordinarily higb, being approximately 10*' 
bird species when the log Xs are projected to zero. This is 
of mathematical rather than of biological aigniflcenoe, and 
stems from the inclusion in the equation of log elevation, 
with which log Y in this instance varies negatively, and 
thus increases (!) aa elevation approaches zero (see (8) 
below). 

The better multiple regressions with two independent 
veriables occur by the following equations: 


Y = 54-150* + 0-094 ** (area) — 0-281" (isolation) (I) (7) 
and 


log Y = 0-880 + 0-444* (log area) — 0:117 (log 
isolation) (II) (8) 


Standard errors of the estimate (5) for f and log Y 
predicted by the two equations are respectively 6-1 species 
and 0-184 log species. With elevation (X,) withdrawn 
from the calculation matrices, the models account here 


Table 1. IKSULAR VARIATIOK IX NUMBER OF BIRD BPROIES IN THA GULF 
oF GUMU 


Contlictens or determination i and ae ne for regres- 
mon on three environmental factors and their tranafi 
Independent - Models 
variables I t n Variables I I 
Area I, 0889* 0803* IX., 0-849 = 
Area’ Ii 0-825 * — Xx 0-907* q= 
Hievadon Xs O772* ose7* XY, 0 075* gus 
"Hievation?* X 0847* — IX, 0 459 = 
Isolation I, 0 646 0 358 Xu. 0 024" = 
1/Isolahon xX. 0 012 — IG: 0 859 m 
Isolation’ I: 0 653 — Xi, 1-000** 0-990 
: Iun 0 968 — 
Xi 0907* 0918" X.I., 0 981 = 
xu, 0 980^ — IJI, 0-978 — 
Ii 0991** A*t XXT. 0-962 — 
Iu. 0 936* — II, 0-960 == 
Iu 0-980** — IX. 0 970 — 
XI. 2-890 — X. 0 066 — 
Xu. 0 958* = IG 0-948 — 
XM, 0 846 — IH, 0-990 = 
Iun 0 799 — XII. 0077 — 
Xu. 0991** — XXI, 0-978 rd 


t Under Models I and II are listed the values for E*(-r* for 
gogio variablon) f re DP Lee 


or Dora 


CN for, 8; Ee tore a rS di for 3 Is, s Fote: no attemps is 
made here to evaluate the models, or 
the various a aan na T, cach Gor han a Eh g al 
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Table 2. INSULAE VARIATION IX NUMMER OF HIRD BEROUNS IN THA GULF 
Ay a ri un 
Variation and Mean 
Tta sources t oe squares 
Bird species sample Mos. ae =9,077-2 
Hnvironmental variation 2 Ly "y= 08,0081 4, 50r-1** 
Unexplained variation 2 751 37.5 
F - n 1/37 8% 108; P= «001 
Area and isolation 2 Zy 3, 9,0011 
Ares alone 1 Ep" =7 822-7 
Isolation minns area, 1 13794 1,370-4** 
Area and isolation 2 Fy "n= 9,0021 
Isolation alone 1 Ly", =5,878-2 
Area minus usolation 1 3,123- a el 
Unexplained variation (error) 2 761 37.5 


Interpretation ot RARE: (D of null 
variation tn bird spectes numbers BV dc for by yaratan th me nd 
leta; Qi vail re and ian oo independently of one 


+ Variation in bird species numbers (Y)= zy* - (ZF? - Zy*; environ- 
varaton = Zy" Vy ri, sumos of squares accounted for by regreson of F 


X and I, 
T vns urea ane Ty (clan variance ratio, 


respectively for 99 and 95 per cent of the variation in Y 
and log Y. Note also the marked decrease in the intercept 
value of equation (8) (of. equation (6)). By comparing 
values for E’ in Table 1 for predictions by the three 
possible pairings of the Xs or log Xa, one readily sees that 
area and isolation are the more important contributors 
to bird species’ variance by either Model 1 or Model II. 
A ‘quick and dirty’ test of significance for H* values in 
Table 1 is by evaluating their roots (= ror R= 
coefficient of correlation or multiple correlation) against 
R. A. Fisher’s signifloanoe table for correlation coefficients’. 
Thus with 8, 2 or 1 degree(s) of freedom, any r? or Rè 
value in Table 1 must be 0-771, 0:903 or 0-904 to attain 
at least a 0-05 * level of significance. 

Analyses and partitioning of the variance‘ of Y and 
log Y support the conclusion from the comparison of E! 
date (Table 1) that aree and isolation are the important 
‘pushers’ of bird species’ numbers. For equation (7) 
(Model I), Table 2 presents such an examination of the 
variance, and shows by results of #-tests: (i) that no 
significant variation in Y remains unaccounted for by 
regreasion on area and isolation (Zw! = 9,077-2; Eġ* = 
9,002-1); (ii) that each variable accounts separately for a 

t component of Y variance. As the small sample 
size (n = 5) suggests beable departure of r from 
normality, we have tested tho arrola and multiple 
correlation values by R. A. Fisher’s trans- 
formation of r to s;, where s. = 0-5 [log, (1 + r) — log. 
(1 — r) In an important instance, a value of 0-996 for 
E, (cf. Table 3 where E*,, is 0-901) is significant ** both 
by t-teab and by z--test, with 1, being 2-304 as determined 
(soe ref. 9, 260) by the difference between 0-5 log, for 
mean square of Xij*;, and such for Xi*y.;. 

Concluding désoussion. (1) Multiple regression analysis 
reveals that insular area, isolation, and elevation may be 
respectively considered as major, minor, and trivial 
contributors to variance for bird species numbers of 
isolates and & sample in the Gulf of Guinea. T the 
variables give near-perfect prediction (Fig. 2) of Amadon's! 
and Searle’s' data. t coefficients of multiple determines- 
tion (R*) are greater than those of single determination 
(r*) (Table 1) suggests strongly that insular variation in 
bird species abundance is determined by several factors— 
& principle rather obvious, but rarely demonstrated. In 
the Gulf of Guinea, then it appears that two factors 
‘working’ in opposition to one another interact to 'fx' 
insular avifaunal size: one, area presumably Dp 
environmental opportunity or ecological divermity; 
the other, isolation. 

(2) Recently, mterest has been expressed in the value of 
Shi he Mbps ok Ure sarees Es (6 by oar Madel Ei Mor 
log species regressed on log area':’-*. In the present work, 
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the first-order, apeciee-aree curve (£y,) is 0-50* for the five 
sample items. When 'oorrected' in multiple regression, 
Zy;.3, becomes 1-22 *, and when ‘recorrected’ by removal of 
log X, (trivial contributor to variance of log Y) the value 
(now fya) becomes 0-44*. This is larger then such 
values reported for the three other, more 

isolated archipelagos, the avifaunas of which have been 
analysed correspondingly (West Indies, 0.24**, East 
Indies, 0-28**, and East-Central Pacific, 0-80**) (ref. 2). 
Preston in his canonical theory’ for species abundanco 
considers z to become smaller as oceanic isolates become 
continental samples. MacArthur and Wilson, in their 
equilibrium theory*, proceed from populstion-turnover 
theory to statistical aspects of species numbers distribution. 
and conclude that s becomes larger as islands or sets of 
islands become more isolated. In this stance the different 
theories of the workers cited predict the same (1) response, 
namely, that z becomes smaller with decreased isolation. 
Although the small le of 5 prevents our conclusion 
, the bird i curve for 
the Gulf of Guinee is the ite of what would be 
expected by either the canonical or equilibrium theory. 
That is, it is larger, not smaller, for & set of islands next to 
a continent, the equatorial avifeuna of which probably has 
a relative ancient history. It should be noted, turning the 
discussion coin to ita other side, that the findings of 
Hamilton and oo-workers’ for ‘corrected’ species—area 
curves for the two Pacific and West Indian avifaunas 
offer support for both theories. The vatues listed here at 
once average 0-273 (Preston’s theoretical s value: 0-270) 
and show an increase in value (0-24 — 0-28 — 0-30) when 
listed in increasing order of their o's oceanic 
isolation from contmental or soogeographio source regions 


rogrossion coefficient for 
md Du Coda (e cae (8) 
D EM at Mie eaea or destoqhe in Db d pelea 
numbers when such variation is i + of area and 
isolation. This is a non-obvious finding, for the ion, 
of Y on X, is positive (by, = 0-018 *). Since the 
contribution of vation (X,) to Ly* is trivial and insigni- 
floant, the finding may either be an insignificant variability 
due to the small value of » or be a result of correlation or 
oonfi between the Xs themselves (but ry, OF fa; 
is each leas than 0-80; see ref. 4); or the findmg may be 
an indication of a reality which would occur if n were 
larger! Having noted these alternatives, we propose to 
consider the latter, improbable (admittedly) possibility for 
heuristic purposes only: 

Imagme a circular, sea-level island. To increase in 
elovation without increasing in surface area, & reduction 
in sea-level circumference must be attendant to the rise 
of an elevation peak. The problem resolves to the question 
of how a shift in space from the lowlands to the highlands 
—without insular change in total surface aree or isolation 
— might result in fewer ies ? 

Writing in the vein of theorists and systems-makers, we 
offer three of various possible answers to the questions 
posed: (i) Bird species may immi into new areas leas 
fonidly than tios became oxtinet by ths leas of equal aioa: 
(ii) Bird species restricted or adapted to highland zones 
may have & higher extinction rate than their lowland 
counterparts. (ui) Suggested by R. H. MacArthur and 
possibly related to (ii). Insular bird species adapted to 
montane habitats may have & lower immigration rate than 
lowlend species as a result of the greater distances neces- 
sary for their inter-island or continent-to-island dispersal. 
Binoe there is leas space for species in the highlands than 
in the lowlands, suggestion (ii) finds support in—indeed, it 
may be another manifestation of—the observation™ that 
species of small islands or continental isolates become 
extinct more rapidly than species in the larger situa- 
tions. 

Making an analogy with decrease in number of species 
per unit area on paesing fram tropical to temperate to 
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arotio latitudes, we thus predict that when bird species- 
sample area studies are carried out at various elevations 
within these and perhaps other islands the speciee-eleva- 
tion curve for intra-island situations will in the mam be 


negative. 
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GEOLOGY OF RÉUNION ISLAND, INDIAN OCEAN 


By Dr. B. G. J. UPTON 
Department of Geology, University of Edinburgh 
AND 
Da W. J. WADSWORTH 
Department of Geology. University of Manchester 


N recent years petrologists have devoted considerable 

attention to the volcanic islands of the oceans, and the 
Hawaiian archipelago, in particular, has been accepted as 
a classic area for the study of basalte. From a review of 
the literature on oceanio basalt islands it became apparent 
that Réunion in the Indian Ocean is one of the few other 
oceanic islands offering a volcanic sequence comparable 
in thickness and variety to those of the larger Hawaiian 
islands, and that it would be profitable to make a detailed 
study of ita petrology. The following account presents the 
preliminary resulte of this work, based on two periods of 
field-work in July and August in 1968 and 1904. 

Réunion is situated at 55° 80’ E. and 21? B. on the 
southern extremity of the Mascarene ridge in the western 
Indian Ocean, The island is ovoid in plan with a long axis 
directed N.W.-8.E. and an area of 2,512 km’. It emerges 
from depths in excess of 4,000 m to culminate in two vol- 
canio summits: Piton de la Fournaise, in the south-east, 
is an active basalt cone reaching 2,631 m above sea-level, 
while Piton dee Neiges in the north-west, despite ite long 
extinction and severe erosion, still attains a height of 
8,069 m. The diameter of the whole volcanic complex at 
the —4,000-m contour is c. 190 km and the average 
gradient from this depth is 4-5°. 

Piton de la Fournaise has been described in considerable 
detail by a number of investigators, among whom 
Leoroir** is outstanding. But the older massif of Piton 
dea Neiges has received much leas attention*,*,’. Piton des 
Neigee is apparently unique in ita combination of extreme 
dissection and variety of rock types. Not only are the 

lavas and ashes largely preserved but, as & 
result of amphithoetre-headed valley erosion on a 
igious scale, relatively ancient suites of effusive and 
Intrusive rock, ranging from ultrabesio to acid in composi- 
tion, are displayed for examination deep within the core 
of the original voloano. The lavas fall naturally into two 
groups generally separated by a well-defined erosional 
discontinuity; theeyounger Differentiated Series consiste 
mainly of hawaiite, mugearite and feldsparphyric basalt 
flows with thick intercalated lastic deposits, and the 
older Oooenite Series consists mainly of olivine-rich basalt 
flows, which tend to be thinner, to have lower dips and to 
material than the lavas of the Differentiated Series. 
Ultrabasio inclusions occur sporadically among the flows 
of the Ooeanite Series. 

The lowest structural levels of the volcano are enooun- 

tered in the floors of the three great erosional cirques 


.seen, the inner and lower 


which surround the summit of Piton dee Neigee. Here, the 
lavas of the Oceanite Series are underlain by a massive 
accumulation of poorly bedded agglomeratic material, ab 
least 1,000 m thick, composed entirely of fragments of 
olivine-rich basalts, identical in type to the overlying 
lavas. The total thickness and lateral extent of this 
Cirque Agglomerate is not known, because only the top 
part of the pile is seen and it is not clear whether it 
accumulated within a caldera or over the flanks of the 
volcano during ite earlier history. 

Deep erosion to the north-east of tho summit in the 
Balaxie cirque has revealed zones of intense mylonitization 
in the Oceanite Series. The mylonitization appears to be 
associated with the occurrence of low-angled t t-planes 
ipping towards the volcano centre. At one locality a slice 
of layered gabbro, tens of metrea thick, oocurs among the 
crushed lavas and has itself been partially mylonitized. 
The Ooeenite Series and the Cirque Agglomerate are 
dissected by dykes, sills and inclined sheets, which become 
concentrated towards the core of the volcano into intense 
‘sheet-swarms’ where the country rock makes up only a 
very small tage of the total outerop. The earliest 
members of this hypebyseal suite are ultrabasio sheeta, 
some of which have been observed to cut the layered 
gabbro. These were sucoeoded by innumerable basio and 
intermediate intrusions including at least one strongly 
differentiated sill. The intrusions are massive 
undulatory sheeta of syenite, up to 100 m thick and oon- 
taining numerous narrow veins of quartz-sanidine-oalcite 

ite. The syenitea are among tho latest intrusions 
cutting the Oceanite Series and the Cirque Agglomerate, 
but are themselves cub by occasional thin besic dykes. 
No clear pattern of intrusion is discernible among the 
minor intrusives exposed in the floors and walls of the 
cirques, but a radial swarm of olivine basalt and oceanite 
dykes can be recognized within the Oveanite Series on the 
flanks of the voloano. 

At some time before the extrusion of the Differentiated 
Series and probably before deep dissection of the primitive 
olivine basalt shield, zeolites were deposited in the vesicles 


the great majority of the basic and ultrabeaio intrusions. 

The later intrusions, including the i are nob 

zeolitixed and clearly represent a later event probably 

peu with the eruption of the Differentiated 
ee. 


152 


On the northern and western flanks of the mountain 
the lavas and fragmental rocks of the Differentiated 
Series were laid down in an apparently conformable 
sequence with no obvious erosional breaks, and the strata 
thin very rapidly away from the volcano centre. The 
surface of the youngest material in these areas has been 
little modified by erosion since its formation; on the higher 
ground this surface is composed of moderately consolidated 
ash a few metres thick. Around the western flank of the 
voloano the lower slopes are built of apparently youthful, 
blocky flows of fi hyric basalt. 

On the eastern of Piton des Neiges the situation is 
much more complex. This is the side of the volcano which 
has received most of the precipitation from the east and 
south-east trade-winds, and here radial stream erosion 
has been extremely vigorous. During the later evolution 
of the volcano (at least) it would seem that no sooner was & 
deep ravine trenched into the mountam-side than it was 
occupied and obliterated by new flows from the summit 
crater. Between periods of extrusion new stream valleys 
were developed on either side of the flows thus channelled 
by earlier valleys and these, in turn, were filled by lava. 
The repetitive pattern of eventa, whereby valleys created 
by water during periods of comparative quiescence were 
destroyed by lava during subsequent volcanic activity, has 
been recognized by Stearns‘ in his work on the Hawaiian 
volcanoes. The ences of this erosional bias to 
the windward or eastern side of Piton dea Neiges included 
faster valley-head migration towards the summit crater 
with consequent concentration of flows on this side of the 
mountain, and the development of relatively thick flows 
as a result of restriction to steep-sided ravines. In other 
words, in spite of inequality of erosional rates around the 
mountain, an approximately symmetrical shield profile 
was maintained. 

There is one clearty demonstrable intraformational 
erosional break within the Differentiated Series on the 
eastern side and others are strongly suspected. The 
youngest flows emitted from the summit cone were 
directed along valleys trenched into earlier members of 
the Differentiated Series. These distinctive young flows 
are of intermediate composition and carry phenocrysta of 
plagioclase, olivine, augite and magnetite. Like the 
feldsparphyrio basalt flows near the weet coast, the surface 
features have been little changed by t erosion. 
The latest flows and pyroclasts of Piton dea Neiges are 
believed to have been erupted from a relatively steep-sided 
(15—20?) summit cone the top of which lay approximately 
300 m higher than the present summit. Massive and 
ap tly horizontal flows, not accessible but thought to 
belong to the Differentiated Series, are exposed on the steep 
eastern side of the summit massif about 1,000 m below the 
summit itself, and are inferred to be caldera-filling flows. 
Thus, although there is no evidence whatever of caldera 

ing during the final stages of activity, it seems 
probable that such structures did exist at least once, 
during the earlier development of the Differentiated 
Series. 

The most spectacular flows of the Differentiated Series 
are those forming the south wall of the Balaxie cirque; 
these are very thiok (up to 100 m), nearly horizontal unita, 
exhibiting pronnan columnar jointing. The aooessible 
members of this group are seen to contain a very high 
proportion of basalt fragments representing earlier 
eruptions, in & glassy and flow-banded matrix containing 
abundant phenooryste of anorthoclase and sanidine. The 
evidence suggests that these flows are ‘nuée ardente’ 
deposita formed during eruption of magma which was 
probably similar to that which produced the intrusive 
sheets of quartz syenite elsewhere, although the high 
content of included basalt chips precludes an socurate 
assesament of its composition. i 

The three great cirques of Piton des Neiges are erosional 
features which owe their distinctive form to the contrast 
between the lavas of the Differentiated Series and the 
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underlying rocks. The Ooeanite Series is composed prin- 
oipally of thin vesicular flows by scariacecus 
horizons and it is therefore relatively susceptible to erosion. 
This applies even more to the zeolitired parts of the 
Ooeanite Series and to the Cirque te. Thus, the 
older agglomerates and lavas, withm a 7-km radius of 
Piton des Neiges’s summit, have relatively little coherence’ 
and crumble readily. The overlying Differentiated 
Series, consisting mainly of tough massive flows of basalt 
and intermediate rocks, forms a relatively oampetent 
cover. Wherever & consequent stream has been initiated 
on this cover and eroded a gorge sufficiently deep to expose 
the older series, the prooees of undercutting, valley widen- 
ing and deepening, and headward erosion is accelerated 
and reaches its extreme development when the valley 
heads the rotten core of the volcano comprising 
the reolitized lavas and pyroolaste. Lateral undercuttmg 
and land-sliding become the principal erosional processes 
and the resulting avalanche deposita out as loosely 
consolidated aheete (shown as ‘drift’ m Fig. 1) over the 
valley floors where they are rapidly dissected into a 
‘pad-land’ topography by stream run-off. Cilaos and 
Salaxie, the principal towns within the cirques, are both 
built upon erosional remnants of great debris deposits of 
this type. The surfaces of such deposits may weather to 
form lateritio soila before becoming submerged, by further 
avalanche flows, and hence a crudely bedded appearance 
results in some sections. Previous writers have not clearly 
distinguished the crumbling zeolitized lavas and agglomer- 
ate (both riddled by minor intrusions) from the i 
avalanche debris and fluviatile sediments and have simply 
described all fragmenta material forming the rugged floors 
of the cirques aa ‘basaltic detritus’. The development of 
only three cirques (with possibly a fourth to the 
east, now filled with the youngest lavas), rather than & 
number of amphitheatre-headed valleys, seams to indicate 
that the first few valleys to the core proceeded to 
dominate the situation by relatively rapid lateral extension 
and ‘capture’ of the run-off previously feeding the 
neighbouring valleys. 

A number of ancient terraces, composed of fluviatile 
sands and pebble-beds, oocur im the river gorges draining 
out from the cirques. Some of these, through which the 
streams have trenched deep ravines, are more than 100 m 
thick. At present, ition of this sort of material is 
occurring only in the deltaic fans at the seaward ends of 
the gorges. It is probable that the older d ita were 
accumulated in large temporary lakes formed by the pond- 
ing of the rivers ind dams created by massive 
land-sliding from unstable mountain-sides. 2 

The eruptave histories of Piton des Neiges and Piton 
de la Fournaise have undoubtedly had oonsiderable over- 
lap, and Réunion must have passed through a stage when. 
it consisted of & relatively steep, explosively active, cone 
to the north-west, emitti & variegated sequence of 
products, and a basalt shield volcano to the south-west, 
producing & rather uniform series of lavas. These basalts, 
olivine basalts and oceanites are strikingly similar to the 
older series of Piton des Neiges. In spite of being a highly 
productive volcano, Piton de la Fournaise is also deeply 
Incised by river go The drainage pattern is partly 
redial and in by a series of caldera rmg- 
fractures. The latter are closed (convex) towards the west 
but are open towards the east. It is bable that they 
have developed as a combination vertical caldera- 
collapse (as a+ Kilauea and other Hawaiian volcanoes) 
and slumping towards the steep, unsupported, eastern 
side of the volcano. The modern cone has three inter- 

ing crater-pits at the summit, of which the most 
is the focus of contemporary activity. The cone is 

itself enclosed on its southern, western and northern sides 
by a caldera wall 100-300 m high. Most historic eruptions 
heve occurred within the bounds of this caldera, the 
flows being predominantly directed towards the east. 
Prehistoric and historio flows have spilled into some of the 
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very abundant. They are mainly dunite, occasionally 
grading into pyroxenite and very rarely carrying plagio- 


The division of the lava sequences of many Hawaiian 
volcanoes into two main groupe’ can be y matched 
in Réunion. The Differentiated Series of Piton dea Neiges 
is clearly equivalent to the alkalic suite of lavas which 
typically forms the upper part of mature Hawaiian 
vo oeg, and similar rooks build the exposed part of the 
other Mascarene voloances, namely Mauritius’ and 
Rodriguez!*, The Oceanite Series of Piton des Neiges, 
and the lavas of Piton de la Fournaise, represent the 
‘primitive’ basaltic suite, which in Hawaiian volcanoes is 
of tholeiitic type. The chemical affinities of the Réunion 
‘primitive’ lavas are leas established; using the 
chemical date quoted by Lacroix it can be shown that the 
majority of the olivine basalts contain signifloant amounts 
of normative hypersthene, which is generally a tholeiitao 
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characteristic, but an alkali-silica diagram (Fig. 2) 

indicates & ition intermediate between the tholeiitio 

and alkalic suites as defined by this method for the 

Hawaiian lavas’. The mineralogical evidence, particularly 

the nature of the groundmass pyroxenes, requires detailed 

investigation, but preliminary work indicates that Ca-poor 

pyroxenes are absent. ° 

1 Tilley, O. H., Quart. J. Geol. Sos. London, 108, $7 (1960). 

a Yoder, HL. 8., and Tilley, O. B., J. Parol., 3, 842 (1962). 

* Macdonald, G. i., end Katsura, T., J. Peirol., §, 82 (1964). 

‘ A., Le Volesm de L'io ds la - 
vas, Ba, MM os Réunion of see produits (Gauthier: 
* Laorotx. AL, de L'ile de la Réunion (supplement) of ochni dela 

Grend-Comore (Gauthier-Villars, Paris, 1938). 


( 
n eee M Ma, RTI ERR EE 
., Kinds géclogigue de L'ile de la Réunion (Betvico 

Tananarive, 1969). 
* Steams, EL T., Heawei Div. Hydrog. Bull., 8 (1946). 
ER; and Mioolaysen, L.:O.,-Oolomial Gool. Dur OMA Rés. DIO 4, 


1 MoDougall, L, Upton, B. G. J., and Wadsworth, W. J., 1065 (in the presa). 


CALEDONIAN OROGENY OF THE CENTRAL 
IRISH SEA REGION 


By D& W. €. TREMLETT 
Department of Geology, University of Glasgow 


pee the publication! of a suggested scheme of 
correlation of Oaledonian structural and igneous 
events in Britain, further research in North Wales, both 
by myself and others, now allows & fuller comparison of 
ite history with that of 8.E. Ireland to give & detailed 
pietus of the Caledonian orogeny of the Oentral Irish 
region. As was pointed out previously, a consideration 
of this orogeny should include not only the initial 
compressions which led to widespread folding and cleavage 
at the end of the Silurian period but also the succeeding 
phases of high-angle faulting and igneous intrusion oon- 
tinuing long into Devonian times (ref. 1, p. 796). The 
initial correlation of the Caledonian eventa (so defined) 
of these two areas on either flank of the Irish Sea was 
based entirely on my own work'?. The ent 
recognition by Helm, Roberta and Simpson‘ that the fold- 
and cleavage observed by Simpeon in the Isle of 
* are also present in North Wales allows, however, 
a closer correlation of the earlier phases of Caledonian 
history. 
It is clear that the F, fold system (and ite associated 
cleavage) described by those authors is indicative of a 
streas-aystam oorrespondi to that which produced 
low-angle thrusting in S.E. Ireland; and that these local- 
‘ized structural features represent the second reasional 
Seta of the orogeny, following the more widespread 
olding and cleavage of the first compression (F;). The 
; F, folds and cleavage of North Wales must then represent 
the second cross-phase, since the earliest Caledonian 
‘intrusions of northern Lleyn (the early granodiorite suite, 
‘intruded during the much weaker third compression) 
: te all the more severe deformation of the 
country rocks. The F, folds and cleavage are, like those 
of the F, phase, closely localized, at least in the definite 
examples quoted by Helm, Roberts and Simpson‘. Folds 
and cleavage of this generation in south-eastern Lleyn 
have since been described by me’, but no definite 
examples of F, folds or cleavage have yet been ob- 
served in the areas of the peninsula that have been 
examined. 

Further investigations by me to cover & more erten- 
sive part of the Lleyn i *" have also added 
further information on the later Caledonian history of 
North Wales. It has now become apparent that a group of 


E.N.E. sinistral wrenches which have displaced the early 
granodiorite intrusions’ can be separated from the north- 
easterly dextral wrenches such as the Nefyn fault (ref. 8, 
pl. ee ee ee ee eee 
of fractures. The Nefyn fault 1s acourately dated by 
the penetration of aplites of the Bodolias granodiarite 
up minor fractures associated with this fault, which has 

early displaced the mam intrusion (ref. 8, p. 174). 
Moreover, the direction of iðn indicated by micro- 
granodiorite dykes of Pennant type, associated with and 
of the same magma type as these early granodiorites, is 
correct for the formation of dextral wrenches with the 
direction of the Nefyn fault. Hence it appears that the 
north-easterly dextral faults pre-date the E.N.E. sinistral 
displacements, which apparently formed in the later part 
of the third crose-phase when & new generation of magma 
was emplaced to form the Pistyll microgranodiorite* with 
& form indicative of the north-casterly compression 
required for the formation of E.N.E. sinistral wrench 
faults. 

In addition to some' early N.N.W. faulte which formed 
at the game time as the intrusion of the early grano- 
diorite suite (ref. 8, p. 173), there are also later N.W.— 
N.N.W. fractüres in the Lleyn peninsula, which clearly 
chop across the E.N.E. sinistral wrenches (ref. 7, p. 11) 
and include faults of sinistral wrench type as well as dip- 
slip faults and others which contain componenta of both 
types of movement. While same of the dip-slip faults are 
closer to N.W. in direction and somewhat sinuous in their 
outcrop, other faults with an important dip-alip compon- 
ent share the N.N.W. direction and straightness of 
fractures which are largely or entirely sinistral wrenches. 
Hence it that a series of N.N.W. sinistral faults 
was fo first, and later with a flight change of the 
streas fleld some of these became modified or very largely 
overprinted by dip-slip movements, while some new, 
generally shorter, dip-slip faults also formed, closer to 
N.W. in direction. Both phases of movement can be 

i prior to the intrusion of felsite dykes’ and 
hence both belong to the fourth compressional phase as 
defined by the events of B.E. Ireland, for as has previously 
been pointed out! the felsites (and same of the later eventa) 
of North Wales can be closely fixed in that scale. The pre- 
felsite W.N.W. faults across the southern end of the 
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Pistyll microgranodiorite, which were included in Table 1 
of ref. 1, are now known to represent an uncommon fault 
direction in Lleyn. The reason for their formation m 
that locality, while N.N.W. sinistral wrenches were form- 
ing in most other parts of the peninsuls, to have 
been. due to a local modification of the vertical component 
of the stress fleld by the recently emplaced Pistyll intru- 
sion. 


Table 1, CORRELATION OF THE MID-PALABOZOIO AETERNI 


STRUCTURAL 
Bram OF SOCECRIEE IKELAND AND NORTH WALRS, SHOWING DIRBOTIONS 
OF MAXINUM HORISONTAL 


Arklow area | BE Ireland) North Woles us 






b Ww Lm 
Barty gasodorie sett. 
—— pu | 
== 
[emm ` Fy tetis & 
zoo comano. air Lh cete 
—E— 
TOT CROG-PUME 
poe 


The age- à of some of the later intrusions 
of North Wales have been discussed previously (ref. 7, 
p. 233), and it was seen that, contrary to the sequence 
thetr order of emplacement is: 
(1) ultramafic suite; (2) felaites and granophyres ; (3) doler- 
ites. While some of the ultramafic intrusions of Anglesey 
appear to have a sill-like form, there is no doubt that 
many are essentially dyke-like (possibly with locally 
concordant contacts) and have an outcrop parallel to 
that of the country rocks only because that was tho 
orientation of the maximum horizontal compression during 
their emplacement. The ultramafic rook of Pen-y- 
rhiwiau on the mainland appears to have been intruded 
as a dyke one of the E.N.E. wrench faulte'. This 
relationship is the item of evidence on the earliest 
possible age for this suite, so it is possible that the 
ultramafic intrusions were emplaced during the third 
orosa-phase (prior to the extensive N.N.W. and N.W. 
faultmg of this region), but intrusion in the early part 
of the fourth croge-phase appears to me more probable. 

Tho position in the timo-sequance of tho felsites and 

granophyres of North Wales is fixed not ed 
relative to the felsites of B.E. Ireland and the 
N.W.-N.N.W. faults of the Lleyn peninsula (see above) 
but also in relation to the succeeding igneous evente of 
the fifth compressional phase*. Though some of the intru- 


NATURE 





156 


sions have a circular outcrop and some follow pre-existent 
faulte**, many develop a N.N.E. elongation®*:’ indicating 
the direction of maximum horizontal compression (albeit 
& weak one) during their emplacement. 

The discovery of more rocks of Garnfor type at Garn 

Bentyrch’ suggests that the W.N.W. orientation of the 
intrusions of these rocks and the dolerites at Garnfor 
may represent a local variation of a general north-westerly 
sive eee reis iban àn ee Dart at 
compressional To as was previously 
The events of fifth crosa-phase have previously been 
deecribed'.*, consisting essentially of the intrusion of the 
Yr Eifl mi ite and dip-slip movements along north- 
easterly faults, but, whereas these faults in the Nefyn 
area were once thought to have originated at this time’, 
ib is now apparent from studies over a wider area that they 
already existed as part of the E.N.E. sinistral wrench 
system prior to the intrusions of felsites, Garnfor 
hybrids and Yr Eifl microgranite. The small post- 
intrusive movements affecting these rocks represent 
only reactivation of already existent faults. Some 
inal E.N.E. smistral displacements of the margms of 
felsite intrusions are ps more likely to have occurred 
during this phase t at @ later stage of the fourth 
cross -phase. 
It will be noted that the Caledonian history of North 
Wales is now known in more detail than at the time of my 
previous publication on, correlations of stress-chronology?. 
Nevertheless, as is indicated by a comparison of this new 
history with the earlier version, further research of 
North Wales has tended to lify rather than modify 
the history previously vont Any modifications are 
minor and it is clear that the history deduced earlier was 
essentially correct. 

A new i of the Caledonian history of North 
Wales with that of S.E. Ireland on the besis of the stress 
chronology of the two areas is given in Table 1. It will be 
seen from this that the filling in of the gaps in the Oale- 
donian history of North Wales has tended to increase the 
similarity of ite structural sequence to that of S.E. Ireland. 
The new information has not required the change of posi- 
tion of any of the correlated events, and porta the 
previous tentative correlation. Moreover, further 
results of research in North Wales have not required the 
addition of any more compressional or cross-phases, and it 
begins to appear as if the five cycles previously detected 
in the Caledonian earth-movementa of the region constitute 
the total number (apart from the Middle Devonian move- 
ments which must also be included in this o 
e pe The ubiqui iconos ns m 
eat hase in B.E. Ireland, and the widespread 

thrusts and associated cleavage during the 

occid earn compression, indicate that these main phases of 
the orogeny were much more severe in the western parts 
of this region, while the important faulting of the third 
compression indicates a continuation of this state of 
affairs, but in the later phases there is no general rule on 
which area had more severe stresses applied to it. Never- 
theless, though some of the were stronger 
in one area than the other and many of the structural 
episodes are represented by different evente on either flank 
of the Irish Sea, it is apparent that when the events are 
represented by the direction of maximum horizontal 
fom D ee re 

history of the two areas which suggesta an overall 
control of Caledonian orogenic processes over the whole 
region. 
1 Tremleit, W. H, J. Geol., 71, 703 (1068). 
1 Tremlett, W. H., Quart. J. Geol. Soc. Lend., 115, 17 (1950). 
* Tremlett, W. H., Lis. and Manch. Geol. J., 8, 157 (1062). 
‘Heim, D. G., Roberts, B., and Simpson, A., Waters, 200, 1060 (1063). 
! Btmpson, A., Quart. J. Geol. Sec. Lond.,119, 867 (1063). 
* Treml, W. H., Geol. J. (in the press). 
* Trernjett, W. EL, Geel. J., 4, 207 (1064). 
* Groenly, H., The Geology of Angiessy (Mem. Geol. Surv. G.B., 1919). 
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SALT WATER IN THE BOTTOM LAYERS OF TWO 
NORWEGIAN LAKES 


By HANS HOLTAN 
Norwegian Institute for Water Research, Blindern, Norway 


URING and after the last glacial period large areas 
of Norway were flooded by the sea, and the marine 
limit was in most places situated far above the present 
sea-level. Later, the sea retreated, and the lake basins in 
areas that had been flooded were left filled with sea-water. 
In deep basins in sheltered localities salt water can, be- 
cause of ita density, remain in the deepest layer of the lake 
for & long time. Consequently, trapped sea-water can 
still be found in the bottom layer of certain deep lakes 
situated below the marine hmt. 

In 1952 it was discovered! that lake Rerholtfjord in 
Telemark county, southern Norway (Fig. 1), mtuated 
60 m above sea-level, has & layer of salt water extending 
from & depth of 134 m to the bottom (147 m). 





Wig. L Norwegian lakes with trapped sea-water 


Since then, Strøm has also described’ two similar lakes 
in northern Norway (Fig. 1). Botnvatn, situated 12 m 
above sea-level in the Salten district, is saline from a depth 
of 102 m to the bottom (118 m). Smmilarly, Rerhopvatn, 
8 m above sea-level in the Lofoten district, haa salt water 
from 44 m to the bottom (02 m). Strøm maintams that 
there is no doubt that the salt water in the bottom of these 
lakes is the remains of previous sea-water. 

In 1963, during a limnological investigation of several 
lakes in the Kristiansand area in the south-western part of 
Norway, two lakes, Tronstadvatn and Birkelandsvain 


(Fig. 1), were found to be meromictic, with salt water in 
the bottom layer. 

The bedrock of the catchment area of these Jakes 
(Fig. 2) is built up of gneisses and granite gneisses. The 
topography 1s irregular and most of the area is covered 
by only & thin layer of moraine material. Between Birke- 
landsvatn and Tronstadvatn there is a small moraine, and 
there are remains of moraine material in some places 
along their shores. In the catchment area there is & good 
deal of marshland and the soil is peaty. Moat of the area is 
covered by coniferous forest, particularly pine (Picea abtes 
and Pinus silvestris). With regard to the geological origin 
of the lakes, they are eroded along a fault-line, and their 
ahores are very steep. Consequently the lakes are protected 
from the wind by the surrounding hills and the locahty 
has & rather sheltered character. 

Tronstadvatn is situated about 13 km from the sea and 
Birkelandsvata about 22 km. The lakes were sounded 
using & ‘Simrad’ echo sounder (Simonsen Radio A/S, 
Ensjøveien 18, Oslo). The morphological details for the 
lakes are given in Table 1. 

Tronstadvatn and Birkelandsvatn have catchment areas 
of about 53 km’ and 22 km’ respectively. According to 
data from the Norwegian Watercourse and Electricity 
Board’ the mean drainage in this area is about 40 1./sec/ 
km', which gives 183,000 m? and 76,000 m?’ of drainage 
water per 24 h for Tronstadvatn and Birkelandsvatn 
respectively. The ‘theoretical renewal time’ of the whole 





Fig. 2. Tronstadvatn and Birkelandsvatn, the eatehment area 
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Tronstadyvain Birksiandsvain 

Altitude above sea-level 41 43 
Maximum de m 98 69 
Average depth, m 37 22 
Surface km* 2-0 0-8 
Volume, 765 16-7 
Maximum km 49 2-0 

km 0-8 09 
Oryptodepression, m 57 26 


Table 2. YIGUXNS CaLo ) ooD X100 KMnO. 
b. FOR vz mg PiL AND (mL X/1 aJL) 


Locality Colour, mg Pil. ml N/100 KMnOJL 
Rossevatn 13 250 
Trometadvain 15 27-5 
Hammerratn 18 31-3 
Reirvain 21 358 
Dirkelandsvaia 25 36-5 
pru : s 

tn 29 46-3 
Storvatn 45 56-3 


water mass is thus about 14 months for Tronstadvatn 
and 7 months for Birkelandsvain. 

Down to about 78 m in Tronstadvatn and 33 m in 
Birkelandsvatn the lakes are dimictio, and every spring 
and autumn the water turns over; during winter and 
summer & thermal stratification is established. During 
the summer stratification period the thermocline is situated 
at a depth of 7-8 m in both lakes. From 78 m in Tron- 
stadvatn and 38 m in Birkelandsvatn the tem 
increases with increasing depth (Fig. 3) and 

conditions are constant durmg the year. 


the 


The pH and ‘hardness’ of the fresh water in Tronstad- 
vatn and Birkelandsvatn are low, as in most of the other 
. The lakes receive & 


DM eI. 

In the aerated water masses the saturation value 
lies’ between 80 and 90 per cent, but in the chemocline 
layer the value decreases from about 80 per cent to 0. 


mg 0,/L 2 6 8 10 n 
"anda $8 “a 46 50 54 68 62 6-6 70 


d 
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SIME Nue bua oriona nani ei Hide 
bably associated with humic 
wb the insoming 

water. tN ea dr cart as tem in e Whe 
fresh water of the two lakes has a low content of chloride 
and sulphate. The concentration of these ions increases 
oe e 


(ue m), and baa a volume of 2:6 x 10* m". 
landsvatn the water extends from 33 m to the 
bottom (69 m) and the volume is 2 x 10* m”. 

The qualitative and quantitative composition of the 
salt water is somewhat different for the two lakes, as can 
be seen from Table 8. 


Table 8. CHmuIOAL COMPOSITION OF THE BTAGKANT WATER IX TRONBTAD- 
YATE AKD DBIRKENLAWNDSYATE AND OF NUN BALINITY 


(85 peris per a 
Parameter Tronsiadvain ^ Birkelandsvatn (35% e) BIT 
x 10* 2,500 8,800 €. 48,000 3-5 
q mg/L om 8,350 19,900 50 
mat Q-b * 0 08 
a, 165 11,100 3-7 
a Ay 52 10-3 300 20 
Eu R is moo 
A a 150 118 1 0-75 
Mn, mg/l. 10 1 0-001-0 01 0-12 
* Mot analysed. 
The figures in the last column (BHF) the ratio between the con- 
centrations of the different components in and in. 


(35 parts per thousand) 
Locality ayBr Nek CUN. Br/Na 
Tronsiadvain 165 Pr f 1/41 
Sea-water $00 30 1:8 1/168 


Table 3 shows that most of the componente are present 
in greater concentrations in Birkelandsvatn than m 
Tronstedvatn except for iron and 
manganese, the oonoentrations of 
which are greater in Tronstadvatn. 
The concentration ratios between 
various components are shown in 
Table 4. 
Table 4 shows that the ratio 





between chloride and bromide is 









































sodium. It is not, therefore, pos- 
sible on this basis to Bay whether 














the stagnant water in Tronstadvatn 
and Birkelandsvatn is the remains 








of previous sea-water. 
Oomparing the ratios of chloride 








and sodium concentrations in the 





























fresh water and the stagnant water 
we find that these ratios increase 
with depth, as Table 5 shows. 

In the fresh water in Tronstad- 























vatn the chloride/sodium ratio is 
the same as in sea-water, but this 
is not so for the stagnant water. 














Fig. 8. Some cbemical components tn Tronstadvatn and Birkelandsvain 





In both the fresh and the stag- 
nant water tbe ohloride/sodium 
ratio is greatest in Birkelandsvatn. 
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Table 5. RELATIONSHIP BETWEEN CHLORIDE AMD SODIUM IN TROXFTADYASK 
AND BRIELANDEYATN 
Depth (m) 
Locality 1 80 82 88 $4 50 70 77 7B 79 80 90 
'Tronstad vatn l7 18 L8 21 42 41 41 41 
Birkeiandevatn 22 28 32 46 55 56 


The origin of the salt water in Tronstadvatn and Birke- 
landsvatn 18 of considerable interest, especially as it can 
throw some light on the location of the marine limit in 
south-west Norway. Danielsen‘t maintained that the mar- 
ine limit in the Kristiansand ares is situated about 40-50 
m above the present sea-level. On the other hand, Ander- 
sen’, ın & comprehensive investigation of the quaternary 
geology of south-west Norway, states that the marine 
limit in the Kristiansand area 18 mtu&ted between 16 and 
28 m above the present sea-level. 

The geology of the area in which these lakes are situated 
is such as to preclude the ides that the salt water gained 
ita mineral contents from the bedrock. It seams very 
likely, therefore, that the salt water in the bottom of the 
two lakes is of marine origin. This constitutes powerful 
evidence that the marine limit in this region was situated 
at least 40 m above the present sea-level. 
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The fact that the concentration ratios of the ions 1n the 
salt water of the lakes are different from those of sea-water 
does not necessarily i the sea-water theory. 
It is quite likely that the slow addition of organio and 
inorganic allochthonous material from the catchment 
area over thousands of years could have altered the 
composition of the salt water in the period that has elapsed 
since the lakes became isolated from the sea. Furthermore, 
dilution and selective adsorption of the various salta could 
have occurred in such a way that their ratios to each other 
are now quite different from what they are in sea-water. 

It is, then, reasonable to suppose that the salt water 
in the bottom of Tronstadvatn and Birkelandsvatn has 
originated from sea-water left behind after the last glacial 
period. This is considered to be evidence for placing the 
quaternary marine limit in this area at a level at least 
40 m above the proeent sea-level. 

‘Stream, E, Waters, 180, 062 (19057). 

* Bram, K., Now Scientist, 13, 584 (1961). 

: Norges og elektrimtetsyeecn, Hydrologiske Undersekeleer 
1 Norge (1 


‘Danteleen, D., Norg. Geol. Unders., bë (1010). 
1 Andersen, B. G., Norg. Geol, Unders., $10 (1060). 


ACCELERATED DEFORMATION OF ROCK SALT AT ELEVATED TEMPERATURE 


By T. F. LOMENICK and R. L. BRADSHAW 
Health Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


See reprocessing of pa reactor fuel produces 
a chemically complex and hazardous effluent which 
cannot be handled‘ by conventional waste-disposal 
methods. Special methods of disposal are required to 
contain these wastes for centuries, thus preventing the 
escape of fission products to the environment. The most 
promising method for disposal of high-level, heat-gener- 
ating, power reactor wastes is the conversion of liquid 
wastes p» solids, followed by the ultimate disposal of the 
solids in & salt mine. 

In order to be able to design a radioactive waste 
facility in a salt mine, it is necessary to be able to predict 
the effecte on mine stability of both supporting-pillar 
stresses (produced by the superincumbent Earth strata), 
and elevated (produced by radioactive decay 
of the fission p in the waste). 

Recent work by Serata‘ and Obert’ at ambient tem- 
peratures has shown that flow in rock-aalt mines may be 

ximated by testing scale-model uni- 
anally. It is generally known that elevation of the 
temperature increases the creep rates of streesed rook-salt 
specimens, but no data or experience are available which 
can be directly applied to mine conditions. 

To simulate pillar, roof and floor conditions which would 
exist in mined cavities in rock salt, sample specimens are 
fabricated to represent scale models of salt pillars and 
their surrounding rooms. The test specimens used in the 
work recorded here are cylindrical in shape, with a portion 
of the centre ground out to form the pillar and surrounding 
rooms (Fig. 1). By ‘epoxying’ steel rings around the ends 
of the samples, effective confining pressure is aaa to 
the roof and floor portions of the models when 
loaded. Constant udiavial loads ate applied toth modols 
by hydraulic compression testers having capacities up to 
300,000 Ib. (1 Ib. = 0-453 kg). Cavity closure 1s measured 
by mounting two dial gauges 180° apart on the rings. 
All testa were conducted in & controlled-temperature room 
equipped with automatic dehumidiflers to prevent con- 
densation on the samples during extremely damp periods. 
Elevated temperature testa were performed with the 
specimens inside & cylindrical heating jacket and with 
berrier heaters on top and bottom between the specimen 
and the platens. 


All model pillars were fabricated from 6-in.-diam. 
(1 in. = 2-64 om) cores of rock salt taken in the mine of 
the Carey Salt Oo., Lyons, Kansas. The pillars measure 
4 in. in diameter and 1 in. in height. Testa were oon- 
duoted at temperatures of 22:5° O, 60° O and 100° O for 
axial loads of 2,000, 4,000, 6,000, 8,000 and 10,000 Ib./in.* 
(1 Ib./in.* = 0-0703 kg/am?*). Durations of the tests varied 
from a few hours to several thousand hours. For certain 
temperature and load combinations, duplicate or triplicate 
testa were run in order to obtain an approximate measure 
of variation from sample to sample. Eventually, this will 
be done for most of the combinations. By the middle 
of February 1965, about 25 pillar models had been tested 
in this La 

From these testa it was observed that tho deformation 
of the pillars increased markedly with increasing loads. 
However, even more significant was the greatly accelerated 
creep rates of the salt at elevated temperatures. The 
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Wig. 2. Deformation af model rock salt pillars 


cavity closures with time for models axially loaded to 
4,000 Ib.fin.* and 6,000 lb./in.? at temperatures of 22-5° C, 
60° C and 100° C are shown in Fig. 2. These curves, 
along with those at higher and lower stresses, all show 
general similarities. For each curve, there is initially a 
high creep rate that decreases with time. Teste of longer 
duration show that creep rates continue to decline even 
after 5,000 h. This is in agreement with measurements 
that we have made in salt mines which show that closure 
rates are still decreasing with time in openings up to 
12 years. At room temperature (22-5? O) the percentage 
cavity closure (inches shortening of the pillar) for the 
4,000-Ib./in.* sample was about 3 per cent after 300 h and 
for the 6,000-lb./in.* model approximately 10 per cent, 
while for the 4,000- and 6,000-lb./in.? samples heated to 
60° O the closure for the same period of time was about 
10 due cent, respectively. When the temperature 
js in to 100? C, the increase in the rates of cavity 
closure is even more nounoed. It is also of interest 
that the deformati behaviour of the salt pillar loaded 
to 4,000 lb.fin.* at a temperature of 60° O is approx- 
imately the same as the behaviour of the sample loaded 
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to 6,000 Ib.'m.* at room tem . Also, the creep 
curve for the 4,000-lb./in.* at 100° O shows a close 
correlation with the behaviour of the 6,000-Ib. fin.! sample 
at 60° C. This strongly that salt pillars subjected 
to elevated temperatures will behave like pillars under 
higher stresses. 

We were encouraged to extend the pillar-model tests to 
elevated tem tures after we had analysed the results 
of a series of seven testa at ambient temperature which 
were performed for us by the Applied Physics Laboratory 
of the Bureau of Mines‘. To data we fitted an 
empirical equation, extrapolation of which produced 
predicted creep rates which were in reasonable agreement 
with vertioal and horizontal creep-closure rates which we 
have been measuring in the Kansas mines since 1059 
(ref. 6). The followmg empirical equations have been 
fitted to the resulte of the Oak Ridge National Laboratory 
pillar-model testa for times from 10 h on. The equation 
would require modification to fit the date from sero time. 

€ — 8:2 x 10295 TIM! ge-2 {+u 

c= 9-2 x 1035 Tims ght pe 9 t A 
where & = strain rate (vertical convergence, p in. in. 
h-1); © = cumulative deformation (u in. in.-*); T= 
absolute temperature (°K); c = average stress 
(Ib./m.*); ¢ = time (b); and A = total deformation at 10 h. 

At ambient temperature these equations give approx- 
imately the same results as those derived from the 
Applied Physics Laboratory tests. Although the data are 
still too sparse to attempt a statistical analysis, the resulta 
appear to corroborate a previously developed hypothesis" 
that the effect of elevating the temperature is essentially 
the same as that of increasing the average pillar stress, 
and that the relationship between creep rate and axial 
strees follows the same power law regardless of the 
temperature. 

This work was supported by the U.S. Atomic Energy 
Commission under contract with the Union Carbide 
Corporation. 
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LOGIC OF COMPUTER-BASED INTRINSIC CLASSIFICATIONS 


By Pror. W. T. WILLIAMS* and Dr. G. N. LANCE 
C.S.LR.O. Computing Research Sectlon, Canberra, Australia 


believe that the rationale of the numerical tech- 


the ‘absolute’ nature of the classifications so 
and, on the other, to unmerited summary dismissals of 
many such systems (see, for example, the strictures of 
Seal! on the work of Sokal and Sneath"). The intention 
of this article is to place these methods i. their logical 
context, to reveal those areas in which empirical testa 
are & , and to announce computer programmes 
capeble o ing out such tests on & more extensive 
scale than his hitherto been possible. 

* Permanent address: Department of Botany, Untversity of Southampton. 


The Statistical Problem 

From oe statistical point of view any olassificatory 
system involves three terms: the individuals that are to 
be classified, the attributes by which these individuals are 
described, and the uses to which the olaeifloetion is to 
be put. Any one of these three may in principle be either 
a finite or an infinite set; if a set contains more elements 
than can conveniently be individually considered, we shall 
regard it as infinite. The uses will therefore only be treated 
as & finite set if they are all known, and in this case an 
extrinsic classification (that is, a classification with respect 
to one or more external oriteria, suoh as that suggested 
by Macnaughton-Smith*) is required; we sre not here 
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concerned with this case. The attribute-set, though 
always in principle infinite, is in practace always finite 
since no use can be made of information we do not possess. 
In intrinsic olaemifloations, therefore, there are only two 
basio situations according to whether the individual-set 
is finite or infinite. Of the eight possible mtuations 
(finite or infinite sets of individuals, attributes or uses), 
only the case with all three terms finite is strictly non- 
probabilistic, because completely determinate, and this 
case is unlikely to arise in practice. However, if the uses 
constitute the only infinite set, it will be difficult to inter- 
pret the assigning of a probability or & signiflcance-level 
to any fusion or separation of individuals or groups; it will 
normally only be possible to assess & result as 'informa- 
tive’ or ‘profitable’. It is in this wider sense that Willams 
and Dale‘ have used the term 'non-probabilistic'. 

The distinction between the two basio situations 
(probsbilistic, or non-probabilistic in the wider sense) 
may to the user appear artificial or unimportant; but they 
represent two quite distinct statistical problems which 
we shall deal with in turn. 

(1) The case of the finite population. The clasaic example 
of this case is that in which the elements are taxa the 
characteristics of which have been extracted from the 
relevant literature. A more troublesome case is that in 
which the charaoteristioe have been obtamed from an 
examination of representative specimens (for example, 
type-specimens in the nomenclatural sense). Haere it is 
easential for the user to decide whether these are to be 
regarded as specimens (that is, individual samples from a 
population and thus subject to error) or as es (that is, 
convenient summaries of information which define taxa, 
as distinct from merely illustrating them). 

Tho practical test in border-line cases is primarily 
whether the user does or does not wish to question the 
distinctness of the elements. If he does not, then these 
elements are members of & finite population: they are aa 
completely defined as the user wishes, they are postulated 
as different, and the null hypothesis that they are samples 
from a larger population ıs highly artificial. This sivuation 
is non-probabilistic in the wider sense defined here, and 
it remains to lore the status of the information then 
produced by loe uster-seeking’ or ‘similarity’ methods. 
Consider, as an analogy, a family of ten children; to their 
mother they are unique and precisely known entities. 
She may nevertheless find it useful to group them in 
order to convey information economically: into, for 
example, two musical and eight unmusioal, or into six 
boys and four girle. The musical classification would only 
be useful in a very specific context; but the sex classifica- 
tion would involve differences on many other attributes, 
and would serve & variety of purposes. Such a claasifica- 
taon is, in fact, predictive; the precise purpose for which 
it is to be used may not be known at the time that it is 
made, and ite function is simply to provide groupings which 
it is hoped will involve attributes additional to those 
immediately under consideration. 

Two important oonclusons follow: (a) Classifications 
80 produced can never be true or false, or even probable 
or improbeble; they can only be profitable or unprofitable. 
To define an optimum method we should have to formalize 
the situation sufficiently to estimate, and thence to 
maximize, the expected profitability. The purpose of 
such methods is not to displace the intuitive taxonomist, 
but to suggest to him potentially fruitful lines of investiga- 
tion. (6) Such classifications are not unique. The ten 
children might equally well have been divided into three 
infante, flve at school, and two out at work; and this 
grouping would have been more profitable than the sex- 
grouping for some purposes, less so for others. The 
classification must be tested empirically by the observation 
of further appropriate attributes. 

If, however, the user does not choose to regard his taxa 
as inviolate, an alternative strategy is available; he may 
postulate that the differences between two similar taxa 
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might have arisen as a result of sampling errors, and he 
may then elect to analyse his finite group as if it were & 
sample from & hypothetical infinite population. Thia is 
in effect the strategy suggested by Goodall’. Bo far as 
the inter-relationahips between elementa are concerned, 
the group under investigation is regarded as & model of 
an infinite population; each pair of taxa can then be 
associated with & probability that the resemblance of the 
two elementa has arisen by chance. This system has the 
interesting property that the degree of armilarity between 
two individuals is related to the homogeneity of the group 
as & whole. (This concept is familiar to taxonomiste 
who are well aware that the orders of differences which 
separate tribes in & homogeneous family such as the 
Labiatae would barely suffice to distinguish genera in the 
more diverse Ranunculaceae.) Goodall (personal com- 

munication) has under development a corresponding 
probabilistic oluster-analysis system; but even when 
this is available the computation involved is likely to 
preclude the use of the method in any but omtical cases. 
For the ‘primary survey’ of taxonomy—the delimitation 
of groups likely to be worthy of further study—the user 
may normally be expected to use empirical coefficients 
in the predictive sense outlined here. 

(2) The case of the sample. In ecology (in olaseifloation 
of vegetation) the population under investigation is 
usually a set of quadrats; in microbiology it may be a 
set of isolates. In such cases the population is manifestly 
a sample from & larger population, and is subject to bias 
and error in the sampling. Three strategies are now 
available: 

(a) The user may, providing he does so overtly, choose 
to process the data as if it were a finite population. It 
then follows that, whereas with & truly finite population 
the resulte can be at worst unprofitable, they can now in 
addition be misleading. This therefore imposes 
on the user & more stringent test of profitability ; in ecology 
& habitet survey will provide such a test, as will the 
investigation of the behaviour of further attributes in 


taxonomy. 
(6) The origi classification may be lied to a 
freah sample by means of an allocation rule, and the 


resulting sub-division appropriately tested for significantly 
high information-content; this strategy has received 
leas attention than it deserves. Alternatively, but less 
satisfactorily, & second sample may be classified inde- 
pendently and the resulta compared ; no precise test of the 
validity of such & comparison has been suggested, but 
groupings recognizable as common to the two analyses 
are unlikely to be due to sampling errors, though they 
may be due to bias. 

(co) The user may choose to work in & genuinely pro- 
babilistic situation such as is provided by the Goodall 
coefficient. He has more commonly wished to take 
advantage of the kid of ‘similarity’ deflned by the 
empirical systems, and to assign probabilities to hire rela- 
tionships so obtained. The difficulties of this a Ve eee 
have been briefly discussed by Williams and D 
problem is notoriously intractable and, although it bu 
given rise to a formidable literature, only in tbe case of 
the rarely used information statistic can there be said to be 
a satisfactory solution. Taxonometric writing has some- 
times seemed to us to imply that this particular type of 
strategy is the normal one, and that åta state of develop- 
ment is substantially satisfactory; such a view cannot 
but arouse misgivings. - 


New Computer Programmes 


We are not here concerned with monothetic olaseifloa- 
tions, which use a divisive strategy, but with the poly- 
ipid lomerative (‘similarity’) methods which have 

widely used for taxonomic purposes. In those cases 
in im which empirical classifications can be justifled, it is, 
as we have already implied here, to be expected that 
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different types of problem will be best served by different 
systems; the distinction. frequently made in the literature 
between ‘size coefficiente’ and ‘shape coefficiente’ is & 
familiar example. Nevertheless, few comparative studies 
have been made of different systems on the same set of 
data. This is largely because any one worker has usually 
had socess to a very limited range of alternatives; and we 
have therefore written, for the Control Data 8600, a flex- 
ible rogramme to facilitate such investigations. The 
ion, in outline, is as follows: 

Data (i) type: qualitative or quantitative. Since the 
programme is intended for methodological study, provi- 
sion has nob been made for missing or inapplicable attri- 
butes. Automatic transposition is available for ‘inverse’ 
classifications of attributes*. 

Data (u) dimensions: fast versions of the present 
programmes will acoommodate 100 individuals specified 
by 50 attributes. Alternatave versions, using magnetic 
tape ag an intermediate store, will accommodate popula- 
tions of very considerably increased sire. 

Sorting strategies. Both nearest-nei and group 
sorting are provided. The group sorting is of the type 


' in which & group is replaced on formation by the oo- 


ordinates of ite centroid (or, in the case of the information 
statistio, by & definition of the whole group). 

0 . Four basic coefficients are provided : 

(i) Huoldean distance. Provision is also made 


for initial standardization of attributes to zero mean . 


and unit variance, or for the reading in of & vector of 
weighting coefficients. 

(ü) 'Non-meirio coaffictent’. In the conventional nota- 
tion of a 2 x 2 table, this is rai a a Rea ON the 
ee TU Sn Y aa) two vectors (z;,) and 
(22) is (Bley zyl) It is open to mathe- 
nee Objections, But Wis 80 ae been used 

fe Sl er that it is important for comparative purposes. 

7" dii) orrelation coefflotena. 


(iv) Information statistio. If a group of n elementa is 
defined by p attributes, and if the jth attribute is 
by a elements, the loea of information on formation of the 
group from its elemente may be defined by: 


I = pnlogn — 3 (a4 log as + (n — a4) log (n — aj] 


The cosfilcient used for discrimination is the increase in 
I on fusion, which is to be minimum. It is available in 
thia form only for qualitative data, and cannot meaning- 
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fully be used with nearest-neighbour sorting ince it is 
then & constant multiple of Euclidean distance. 

To allow as much space as possible for data, three 
separate programmes are provided: QUALNEARB (qualita- 
tive date, nearest-neighbour sort), ONNTROID (qualite- 
tive or quantitative data, centroid sort) and NUMENZAR 
(quantitative data, nearest-neighbour sort). 

Dr. J. M. Lambert has made a prelimmary examination 
edel tive runs of all methods on two quali- 

ecological populations. The results 
ade aegre png ar dime eb tale 
grounds, centroid sorting is always more powerful than 
nearest-neighbour sorting; they also give grounds for the 
tentative suggestion that the information statistic is the 
most informative of the coefficients. A full account of 
these analyses will in due course be submitted for publica- 
tion in an ecological journal. Meanwhile, usera with 
other types of data may wish to undertake similar oom- 
parative studies, and specifications of the programmes 
can be obtained from Dr. G. N. Lance. 


Problem of Mixed Data 

A striking characteristic of much genuine taxonomic 
data is the high proportion of multi-state attributes. 
These cannot in all cases be realistically dichotomized ; 
nor can the separate states be regarded as qualitative 
attributes, since the states are not normally independent 
and spurious negative associations immediately arise. 
Taxonomists cannot be expected to use numerical methods 
until these are capable of processing their data without 
distortions i solely for the convenience of the 
method. The coefficient will acoommodate mixed 
date, but a simpler method is desirable for everyday use. 
We have therefore developed & cruder empirical system 
based on the ‘non-metric coefficient’, adi will &ocom- 
modate qualitative, quantitative and An sue attri- 
butes; it has been assembled into a programme (MULTIBT) 
which uses centroid sorting. Min pies staan 
as still experimental, but it has given 
on small-scale problems and is available for more mtis 
teste. 

We thank Mr. P. Macnaughton-Smith, of the Home 
Office Research Unit, for his advice. 
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NUCLEOLAR AND CYTOPLASMIC RIBONUCLEIC ACID INHIBITION BY 
EXCESS THYMIDINE 


By D& FREDERICK H. KASTEN, FREDY F. STRASSER and MARIAN TURNER 


Pasadena Foundation for Medical Research, Pasadena, and Department of Anatomy, University of Southern California 
School of Medicine, Los Angeles 


IAS deponden low concentrations, actinomycin D inhibits DNA- 

t RNA synthesis without affecting DNA 
cca fied arias At the cytological level, this action mani- 
feste itaelf in the nucleolus, resulting in an inhibition of 
nucleolar RNA synthesis with failure to form ribosomal 
RNA (ref. 2) and & peculiar sorting out of the fme-structural 
components of the nucleolus. During the course of an 
investigation of nucleoprotein synthetio patterns in syn- 
chronized mammalian cells, we obtained evidence for a 
similar selective inhibition of nucleolar RNA synthesis 


resulting from treatment with relatively high ooncentra- 


tions of thymidine. 


Exooss thymidine was first reported to induce partial 
synchrony by Xeros*. An improved eee id 
technique has since been shown to induce 
cultures of heteroploid human kidney cells’, HeLa collat 
and diploid Chinese hamster ovary cella’. By adjusting 
the two exceas thymidine pra to coincide properly 
To tho time parameters o totic cyole, such oella 

istos ur: in & synchronized burst following 
oe to medium. This conclusion is supported 
by our observations on CMP oells using Coulter electronic 
cell counts, mitotic oounte, phase-contrast time- 
cinematography film records, and tritiated thymidine 
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&utoradiography!*. Observations on thymidine inhibition 
of nucleolar RNA synthesis and cytoplasmic RNA are 
described in detail ın this article. 

A newly developed epithelial line of human &denocar- 
cinoma cells was used. This rapidly growing line is 
designated as the CMP line (the growth characteristica, 
cytogenetics, and ultrastructure of CMP cells will be 
deasribed in another publication from this laboratory) 
and is now in ite 55th passage. All procedures to be 
described were carried out in & 87° C warm room in order 
to mmimize temperature fluctuations and improve cell 
synchronization. Cella were grown in Eagle's medium 
plus 10 per oent foetal bovine serum, plus penicillin (100 
unite) and streptomycin at 5Oy/ml. Trypainized cultures 
were seeded on to coverslips in Yerganian tubes at a 
density of 20,000 cells per ml. and grown for 3 days. While 
in the logarithmic growth phase cultures were bloaked 
for 24 h with 2-5 mM of thymidine. The blockage was 
broken by washing cells 3 times in pre-warmed Gey’s 
balanced salt solution and incubating m normal medium 
for 15 h. A second thymidine blockage was imposed for 
24h. 

At the end of the second thymidine treatment, tritiated 
uridine was added for 1 h to the thymidine-rich medium 
to give 20 po./ml. (Schwarz lot 6501, 4-42 c./mM). Ran- 
domly growing cells were likewise exposed to labelled 
uridine for 1 h. Cells were fixed in Carnoy’s acetic 
aloohol (1:8), brought to water, treated with 5 per cent 
cold trichloroacetic acid for 15 min to remove labelled RNA 
precursors, washed in water, dried, and covered with 
AR 10 stripping film. Duplicate seta of slides were stored 
at 4° O for 4-8 days. tions were developed in 
Kodak D19 and stained with haematoxylin and eosin. 
A third set of slides from the same experiment, but 
unlabelled, was fixed in 95 per cent methanol and stained 
by May—Grimwald—Giemea for mitotic counts. 

The mitotic rate in untreated randomly growing cells 
was 3 per cent. This population of interphase cells exhib- 
ited & uniformly heavy nucleolar and a moderate nuclear 
labelling in approximately 90-95 per cent of all cells; 
cytoplasm was lightly labelled (Fig. 1). The density of 
label in nucleolus, nucleus and cytoplasm was approxm- 
ately in the proportions of 6:3:1 respectively. It was 
not poesible to make exact grain counts because of the 
intense labelling, but the intracellular pattern of moor- 
poration was evident. There was no labelling in mitotic 
calls. Thymidine-blocked cells had a mitotic rate of 0-3 
per cent—10 times less than controls, demonstrating an 
almost complete pramitotic block. Arrested cells appeared 
cytologically normal except for averaging larger nuclei 
than controls. Nuclear RNA labelling density was some- 
what less than controls, but there was & complete absence 
of uridine incorporation into the nuoleoh and cytoplasm 
(Figs. 2, 3). Phase-contrast observations were made 
under high magnification to verify that unlabelled areas 
resembling nucleoli ın size and distribution were, in fact, 
these structures (Figs. 4, 5). More than 96 per cent of the 
labelled nuclei contained unlabelled nucleoli and oyto- 
plasm. In the remaining 4 per cent, all nucleoli in each 
cell were equally labelled and to the same density as in 
controls. Blockage of RNA synthesis was reversible, as 
demonstrated by the fact that when exceas thymidine 
medium was replaced by normal medium, there began a 
rapid incorporation of uridine into nucleoli during the 
first hour, amounting to about 75 per cent of controls. 
The amount of labelled RNA in the nucleoli and cyto- 
plasm reached normal levels within 1-2 h. 

Bootama e£ al.’ state that cells blocked with excess 
thymidine are in the S phase of the cell cycle. Their 
resulta appear inadequate to support this conclusion since 
their evidence 18 based on the fact that cells were actually 
labelled with tritiated thymidine after being returned to 
normal medium —in effect, after the block was removed. 
They also observed a peak mitotic burst 6 h earlier than 
expected if the blockage was actually in early S phase. 
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In a recent abstract, Puck' also stated that thymidine 
blocked 558 HeLa cells are accumulated at the beginning 
of S. In support of the views of the foregoing authors is 
the finding that excess thymidine inhibits DNA synthesis''. 
In our experiments, cells are blocked with 2-5 mM of 
thymidme. When tritiated thymidine is added to such 
blocked cells in labelling doses, it is diluted 1,000 times by 
unlabelled thymidine. Under these conditions it would be 
surprising to see any evidence of DNA synthesis. In fact, 
we do not observe any labelled nucle: in blocked cells 
after exposure to ‘diluted’ tntated thymidine for 1 h 
(New England Nuclear Corp. lot 108—55-14-114, 6-7 o./ 
mM, 12-5 uo./ml). It should be possible to circumvent 
this difficulty and decide unequivocally whether DNA 

synthesis occurs in double-blocked cells by employing 
er DNA precursors beaidee thymidine. Feulgen oyto- 
photometry may also help in clearing up thw point. 
Judging from the timing of the peak mitotic burst observed 
in our experiments, the blockage ap to be in the G1 
or very early S phase. A more dd tive conclusion as 
to the nature of the block must await further investiga- 
tion as already indicated here. For the present we can 
assume, for theoretical considerations, that there is & com- 
plete cessation of DNA synthems. 

The accumulation of cells in the G1 or early S phaso 
by excess thymidine 18 the most obvious effect displayed. 
A second, and what appears to us to be a more significant 
action, is the selective inhibition of uridine incorporation 
into nucleolar RNA and a lack of cytoplasmic labelling. 
Chromosomal RNA synthesis is depressed slightly. 
Theee results, in regard to nucleolar and oytoplaamic 
RNA inhibition, are shmilar to those obteined with actino- 
mycin D (ref. 2). Themumiory of resulta should not be oon- 
strued to mean that the molecular mechanism of action 
is necessarily the same in both cases. On one hand, 
actinomycin D combmes with the DNA template! and 
prevents the action of DNA-dependent RNA polymer- 
856!513 while excess thymidine is thought to inhibit 
DNA. synthesis by blocking the formation of deoxy- 
cytidine triphosphate from oytidine-0/-phoephate*. The 
fact that nucleolar RNA synthesis is selectively blocked 
demonstrates, in accord with previous obeervatians™ 14-15, 
that chromatin RNA synthesis 18 largely independent of 
nucleolar RNA synthesis and that there exist at least 
two different extracytoplammio fractions. Since tritiated 
uridine was available for 1 h in control cella of our experi- 
ments, there was sufficient time for nucleolar RNA to 
become labelled and to provide ribosomal companente of 
cytoplasmic RNA (ref. 17). The fact that both nucleolar 
and cytoplasmic labelled RNA are eliminated by exceas 
thymidine is probably due to the failure of nucleolar 
RNA to be formed which, in turn, allows no ribosomal 
RNA to be produced. These experiments do not exclude 
the poembility that excess thymidine acta as a competitive 
inhibitor for uridine or that cytoplasmic RNA synthesis 
is blocked independently of nucleolar RNA. 

According to Smellie!*, two drfferent enzyme systems are 
found in nuclei that catalyse the incorporation of all 4 
ribonucleotades into RNA. Both systems require a DNA 
primer and one also requires an RNA primer. Further- 
more, RNA polymerase, & nucleolar constituent in 
animal cells’, a to be naturally associated with 
DNA (ref. 20) and is required for RNA synthesis. Since the 
actinomycin D-DNA complex inbibiks both RNA poly- 
merase and DNA polymerase", there is & quantitatively 
selective effect on RNA synthess. It is suggested that 
nucleolar DNA synthesis triggers nucleolar RNA synthesis 
and also chromatin DNA synthesis. There is recent evid- 
ence that early replicating DNA of the nucleus plays a 
vital part in cell survival™. If it should be demonstrated 
that early replicating DNA is associated with the nucleo- 
lus, the argument will be further Our 
observation of complete nucleolar and cytoplasmic RNA 
inhibition in thymidine-blocked cells (when DNA syn- 
thesis is inhibited) is consistent with the hypothesis 
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Figs 1-5 CAP oclls exposed to tritiated uridine at 20 zo /ml. for 1 h and fixed ın acetio aloobol (1 3) Developed AR 10 autoradjograph~ 
stained lightly with haematoxylin and cosin end photographed by bright-fleld except for Fig. 4. (Figs. 1, 2.4 5, x c 1700 Fig 3 v v 660; 


Fig 1 Control cells demonstrate intense tritiated-uridine Incorporation into nucleol (aee arrows for some examples) sore whet Tos nta 
into chromatm RXA, and light cytoplasmic RNA labelling 


Figs. 2and 3. Double thymidine-blocked oella. Note lack of nucleolar and cytoplasmse RNA labelling. plight backgroundi-- on 


Fig 4. Phase-controst photomicrograph of a labelled cell which had been blocked with thymidine Focal level 1s just blew Uhn sirov 
directs attention to nucleolus (nu) 


Fig. 5. Sanx cell es in Fig 4 but in brght-field. Focal level is on silver grains. Arrow points to unlabelled nudon rarna 
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that nucleolar RNA synthesis 1s dependent on DNA 
synthesis and specifically the DNA localized withm the 
nucleolus. 

This work was supported in part by research grantas 
from the Milheim Foundation for Cancer Research, the 
U.8. Public Health Service (research grant CA 07991—01 
from the National Cancer Institute) and the U.8. Army 
Medical Research and Development Command, Depart- 
ment of the Army, under research grant DA-MD-—49- 
193-65-G'188. Jorgen S. Hansen helped with the photo- 
graphy. 

"ha gor MUS OK Bhatkm, A. J., and Tatum, H. L., Soíenos, 134, 
* Perry, R. P., Jp. Call Res., 89, 400 (1068). 

* School, Q. L, J. Ultresiruot. Res., 10, 224 (1964). 

* Stevens, B. J., J. Ultrastruct Res., 11, 320 (1004). 


* Mono oe Montgomery, PO BA ang Highs B., Cancer Res., 84, 


* Xeros, N., Waters, 194, 682 (1062), 


NATURE 


July 10, 1965 VOL 207 


1 Bootmna, D., Budke, L., and Vos, O., Kap. Coll Res., 88, 501 (1904). 

* Puck, T. T., Solanos, 144, 565 (1904). 

* Petersen, D. F., and Anderson, B. O., Nature, 808, 642 (1064). 

1 Kasten, F. H., Stramer, V. F., and Turner, M. (to be published). 

us R. R., and Fischer, G. À., Biookim. A 
aa uei Betonara, Biophys. Acta, 


uU CELUM MAN E Solemnes, 188, $15 (1062). 

TUUM Malamy, IL, and Alexander, ML, Proc, U.S Net 
ox. 48, TAE (1003). 

nd. J. B., and Ktnosita, R., Fap. Coll Ree., H, 168 (1061). 

as B. P., Hell, å., and Hrrera, M., Biookum. Dhophys. Acts, 49, 47 


(1961). 

n Ms , Hodnstt, J. L, and Busch, H., Biookim. Dyopkys. Aata, 91, 
17 Perry, E. P., Pro US Nat. Acad. Soi., 48, 2179 (1062). 
1* &meliie, B. M. B., m Progress ia Nwoeso And edit. by Davidson, 

s ip Gotin, ea ae Toan ew York, 1068). 
1 Ro, T Muramatsu, AL, and Busoh, E, Pvoohem. Biophys. Hes. Commun., 


ta 148 oe. 
» Hurwliz, J., and A J.T, in Nuno Acid Research, odit. 
y Devideon, J. , and Oohn, W. 1, 59 (doademio Press, Ino , New 


9 Kafrwara, K, and Muoller, G. O., Biookwun, Diopkys. Aata, 91, 486 (1904). 


CHEMICALLY INDUCED DELAYED GERMINAL MUTATION IN Drosophila 


By Dr. THOMAS ALDERSON 
Department of Genetics, University of Cambridge 


T has long been recognized that there is a marked 
similarity of genetac effecta in the production of gene 
mutation and chromosome breakage by X-irradiation and 
chemical mutagens. However, one notable difference 
between them was soon shown to be the high frequency 
of visible-moeaios (mainly for bristle mutations) produced 
after chemical treatment of Drosophila’. 

As discussed here, the phenomenon of mosaicism is to 
be understood as the co-existence of somatic and/or 
germinal cells of different genetical constitution (for & 
mutation) in one and the same individual organism. The 
organism is said to be somatioally-mosaic when mutation 


affects a pro ion of the somatic oelle, and germinally- 
(or gonadi -) mosaic when a proportion of the germ 
cells is affected. 


This article reporte the induction of germinal- 
mosaicism for sex- recessive lethal mutations after 
treatment of spermatozoa of Drosophila melanogaster by 
adult feeding of two monofunctional ethylating agents 
(diethyl sulphate and ethyl methanesulphonste), and 
N-nitroeomethylurea; mosaiciam is afterwards detected 
by investigating the distribution of sex-linked recessive 
lethal mutations in the germinal tissue of the embryos 
produced from fertilisation of untreated ova by the 
treated spermatozoa. In particular, ethyl methane- 
sulphonate and N-nitrosomethylurea are found to produce 
the highest rates of mutation yet recorded m Drosophila, 
giving frequencies of sex-linked recessive lethal mutations 
of about 70 per cent. Formaldehyde, which was also 
tested, was found not to produce a significant increase in. 
germinal sex-linked recessive lethal-mosaicism when 
administered by a larval feeding method. 

The ethylating agents were selected for study, since 
previous testa for the induction of visible sex-linked 
mutations after treatment of Drosophila spermatozoa with 
diethyl sulphate indicated that mutations were originating 
mosaically’, N-nitrosomethylurea was selected for in- 
vestigation, because testa showed that it was an extremely 
potent mutagen. Formaldehyde was examined because 
previous tests’ on the induction of visible sex-linked re- 
cessive mutations after larval feeding of formaldehyde have 
shown that approximately 50 per cent of these mutations 
arose as complete (or whole-body) mutations, whereas the 
remainder showed somatic-mosaiciam for the mutation. 


The GenetIcal Basis for Lethal-mosaicism 


One of the most objective means (and, therefore, the 
standard test)‘ for the quantitative detection of genetio 


mutation in Drosophila is to examune for sex-linked 
recessive lethal mutations arising in the germinal tissue 
of the male. Since the male is hemizygous for the X 
chromosome, the male cannot be a carrier of a pre- 
existing sex-linked lethal, and the frequency of lethals 
arising ‘spontaneously’, or induced by treatment, can be 
conveniently estimated from a sample of the germ cells 
of the male. 

The procedure used here is to mate wild-type males 
individually for three days to two virgin females which 
are homozygous for a specially-constructed X chromosome 
(the Muller-5 chromosome). The F, female progeny from 
this mating are consequently heterozygous for the 
paternal wild-type X chromosome under test and a 
maternal Muller-5 X chromosome: each F, female 
represents one individual wild-type X chromosome 
donated by one individual spermatoroon. 

The F, female progeny (or a sample of them) arising 
from each male are then mated individually to an F, 
Muller-5 brother. The importance of the Muller-5 chromo- 
some is seen here, for it contains a complex inversion 
which prevents crossing-over between the two X chromo- 
somes in the F, female, and thus keeps the wild-type 
chromosome intact. The Muller-5 chromosome also carries 
a dominant mutation, bar-eye, and a recessive mutation, 
apricot eye, and these markers allow easy recognition of 

e two classes of male and female in the F, culture. 

An F, culture without a lethal contains two pheno- 
typically distinguishable types of male and female: thus 
it contains about 50 per cent Muller-5 males and 50 per 
cent wild-type males; and it contains about 50 per cent 
homozygous Muller-5 females and 50 per cent hetero- 
rygous wild-type females. (The heterozygous wild-type 
females, being heterozygous for the bar-eye gene, exhibit 
phenotypically & kidney-shaped red eye.) An F, culture 
with a lethal is detected by the complete absence of wild- 
type males in the culture, which also contains both types 
of female as well as MuJler-5 males. * 

Binoe the test detects & sex-linked recessive lethal in 
the F, culture by the complete absence of males which 
carry the paternally-derived wild-type X chromosome, it 
follows that the gonad of the F, female carries the paternal 
X chromosome only in a lethally mutated oondition. 
However, if the gonad of an F, female carries the paternal 
X chromosomes in both the non-muteted and a lethally 
mutated condition (that is, the female 1s germinally mosaic 
for the paternal X chromosome), then the F, culture may 
contain some males carrying the non-mutated paternal X 
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chromosome, and be classified as a non-lethal, or possibly 
88 a Berni-lethal, culture. 

Operationally, the sex-linked recessive lethal teet thus 
detecte mutational evente which produce F, females 
carrying the paternal X chromosome only in a lethally 
mutated condition (complete lethal), and misses P, 
femalea which are inally mosaic for the non-mutated 
X chromosome and for a lethally mutated X chromosome 
derived from it (lethal-mosaic). 

However, it is possible to detect F, females which are 
germinally-mosaic for a lethal by sampling several 
heterozygous F, virgin females fram a non-lethal (or 
apparently non-lethal) culture, and mating these indi- 
vi y to Muller-5 males. Since each F, female receives 
only one paternal X chromosome from the F, female 
(which may be either non-muteted, or lethally mutated 
when it aries from an F, female germinally mosaic for & 
lethal), F, lethal-mosaiciam is detected by the presence 
of both non-lethal and lethal cultures in the P, sample 
from a non-lethal P, culture. By the same procedure, it 
is possible to test for lethal-moeaiciam in F, females by 
proceeding to the F, generation, or for F, lethal-mosaice 
by proceeding to the F, generation, and so on. 

Table 1 illustrates the complete and mosaic sex-linked 
recessive lethal cies after treatment of Drosophila 


males with diethyl sulphate or formaldehyde. The F, 
complete lethal cies are those mutations which 
are apparently establi throughout the germinal tissue 


of the F, female; the F, lethal-mosaics are mutations 
occurring after a delay (from & premutational event), and 
are established in only a fraction of the germinal tissue 
of the F, female. 

The diethyl sulphate treatment is by adult feeding" for 
24 h, and the formaldehyde treatment by larval feeding 
on a yeast-glucose medium over the entire larval life’; 
controls were by adult feeding of males in the case of 
diethyl sulphate, and by larval feeding of females with 
formaldehyde for the formaldehyde control. 
hyde is not mutagenic towards female larvae.) 
Mix ux E of diethyl sulphate was adjusted to give a 
comparable P, complete lethal frequency with that of 
formaldehyde. d 

Sinoe it is usually difficult to sample from all non-lethal 
F, cultures, several P, heterozygous wild-type/Muller-5 
females are collected as virgins from each of a sample of 
non-lethal P, cultures, and mated individually to Muller-5 
males to give the F, generation cultures. Care was taken to 
sample non-lethal F, cultures derived from each P, male. 

Details are listed in Table 1 of the number of non-lethal 
F, cultures examined, and the number of males from 
which these are derived, the average number of females 
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examined from each non-lethal F, culture, and the number 
of F, cultures which later show moeaiciam for & lethal in 
the F, generation. The percentage of F, lethal-moeaics 
is calculated from the number of non-lethal F, cultures 
which yield one or more lethal cultures in their F, sets 
out of the totel number of P, seta examined. 

A significant increase in the frequency of F, lethal- 
mosaics is observed after adult feeding of diethyl sulphate 
compared with the controls, while no statistically sig- 
nificant increase in F, lethal-moeaios 1s detectable after 
larval feeding of formaldehyde. An increase in the fre- 
quency of F, lethals is observed only after diethyl sulphate 
treatment; the formaldehyde treatments show no 
significant difference from the controls. 

The average number of lethal cultures defining the F, 
lethal-mosaics after each treatment can be estimated 
from the number of F, lethal-bearing females (detected in 
the F, generation). For example, the diethyl sulphate 
treatment gives 17 F, lethal-mosaics and there are 48 
lethal-bearing P, females distributed among them. Con- 
sequently, the average number of lethal cultures from 
each F,lethal-moeaio is (48/17) or 2-8 from an overage of 
four famalea from each non-lethal F, culture (see Table 1) 
This figure allows an estimation of Lg cent (2-8/4 x 100) 
as the average mutated fraction of F, lethally-mosaic 
gonads after diethyl sulphate treatment; this 
with 25 per cent for the adult feeding control, 32 per cent 
and 15-5 per cent for the respective formaldehyde treat- 
ments of males, and 11 per cent for the formaldehyde- 
treated female control. 

In some cases, however, an P, female may not be 

i -mosaic for a lethal but produce a lethal gamete 
spontaneously during germ cell development. Thus, if an 
P, female gives one lethal F, culture in a sample of ten, 
the lethal need not necessarily have arisen from a lethally- 
mosaic F, gonad; only if such cases oocur clearly in 
excess of the number expected from spontaneous mutation 
can they be ascribed to F, lethal-mogaiciam. In general, 
the more lethala present in an F, set the lees aro they 
likely to be due to spontaneous mutation; this criterion 
is complicated, however, when a spontaneous mutation 
occurs early in germ cell development, since the resulting 
clone of mutant cells could be taken to be a lethal-mosaio. 

It should be noted that by the larval feeding method 
the mutagenio activity of formaldehyde is effective 
through the pre-meiotic primary Pei dd stago, and 
the subsequent meiotic divisions of this cell may allow the 
complete establishment of a mutation in the spermato- 
zoon, even if the origin of the mutation is delayed: the 
higher frequency of F, lethal-mosaics from post-meiotio 
stages compared with pre-meiotic stages has already been 
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Table 1. COMPLETE AND MORAIO HEI-LIMKED REORSSIVE LETHAL FREQUENCIES AFTER TREATMENT OF Drosophila MALES (AND, IK ONR CLES, OF FEMALES) 
š WITH DrgTHYL SULPHATE i 
































Formaldehyde 
Control Diethyl Formaldehyde | Formaldehyde females 
sulphate ales ) 
( Molar concentraizon — 15x10 4£8x10* 48x10" 4:8 x 10+ 
Type of treatment Adult feeding | Adult feeding | Larval feeding Larval feeding 
F Survivors (X) 100 97 B2 86 82 
19 Ko. males u 46 26 40 23 
No. 308 344 388 302 408 
|, Complete (%) 00 130 9-3 95 0 24 
No. non-lethal F, cultures examined ( 142 ( 104 ( e3 ( 91 78 
from arising from from (arte rom 
34 33 d E] 47 
Av. No F, fensjes examined [non oul : 4 ) zeg 1 a) 9 ) 
Wo of F, at least one lethal tn the F, set 2 17 4 5 2 
F, 4 F, eitbal-momucigm (96) l4 168 43 55 2-6 
Total No. F, females 568 414 651 819 702 
No. lethal- F, females 2 48 9 7 2 
Lethal in F, (% 0-85 11-6 1:88 085 0-28 
Total lethal frequency (%) (complete lethels + F, lethal-mosaics) 14 29-3 18-6 15-0 2-64 
( Wo. non-lethal F, examined 40 58 B0 
( from | (i from | ( from — — 
2558 4653 Ost 
Aum No. F, females examined lethal oulture — — 
F., 4 No. of F, oultures yielding at one lethal in F, 1 £ 2 — — 
F, exhal-mosaicism (X) 2-5 Li 25 — — 
Total No. F, females 240 231 560 — — 
No. lethal- F, females 1 2 2 ` — — 
Inihahs in F, (X 0-42 0-86 0-36 — — 
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reported after chemical treatments of Drosophila males*:’. 
This consideration applies only to the formaldehyde 
experiments, since the other types of treatment reported 
here are effects on spermatozoa, which require fertilization 
for the establishment of a mutation the origin of which 
is delayed. 

The estimation of F, lethal-moeaios after diethyl 
sulphate treatment and the adult feeding control (see 
Table 1) are based on small F, sample seta (average of 4) 
and do not detect F, lethal-mosaica which contain less 
than 25 per cent of mutant X chromosome. The F, seta 
of the other treatments (Tables 1 and 2) have been 
increased to. about ten cultures, and here the sample size 
does not detect F, mosaic-gonads containing lese than 
10 per cent mutant X chromosome. These sampling pro- 
cedures thus miss those F, lethal-moeaios which are 
fractionally leas than are covered by the F, sample seta, 
and thus they correspondingly underestimate the fre- 
quency of mutations which occur after a delay. 

The adult feeding control, the diethyl sulphate treat- 
ment, and one of the male formaldehyde treatmenta have 
been taken to an F, generation following the same pro- 
cedure described for the F,. No significant lethal-mosaic- 
ism is detectable from F, females either after treatment 
compared with the oontrol and none of the F, lethal 

cies differs signiflcantly from any other. 

ce all progenies are traceable back to individual P, 
males, it is possible to determine whether F, females tend 
to show mosaicism for a lethal if the male from which the 
female is derived also gives complete lethals in the P, 
generation; that is, whether the F, lethally mosaic female 
ee ee alternatively, from a non- 
lethal line. nte presented in Table 1 are 
found to ie -moeaice only from non-lethal lines 
for both controls, mogaiciam only from non-lethal lines in 
the first formaldehyde experiment, and 60 per cent 
mosaicism from non-lethal lines and 40 per cent from 
lethal lines in the second formaldehyde experiment. The 
diethyl sulphate treatment is found to give 37-5 per cent 
mosaicism from non-lethal lines and 62-5 per cent from 
lethal lines. All F, ‘lethal-mosaice’ (detectable in the P, 
generation) arise from completely non-lethal lines; that 
is, the males gave no lethals in the F, or F, generations. 

Table 2 lists the complete and mosaic sex-linked 
recessive lethal frequencies arising from Drosophila 
spermatozoa after adult feeding treatments’ with ethyl 
methanesulphonate and  N-nitroeomethyluree. Both 
compounds produce very high frequencies of complete 
iere -linked recessive lethal mutations, and since these 

t the highest induced mutation rates 
yet cb apr in, Drosophila , additional date are given of 
du RE MS indie Mood o, The fertility of 
F, cultures after treatment oan be ju from the 

_average number of chromosomes it has Moser Won, to 
examine per male, since all females recov from F, 
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cultures were examined; the control figure (10) is 
arbitrary sample, since more than 10 females could have 
been examined per male. 

2 of spermatozoa with either ethyl methane- 

honate or N-nitrosamethylurea is found to produce 

y mosaic F, gonads at significantly high frequencies 
sao with the control. The average number of lethal 
cultures in each F, set is 1 for the control, 5:4 for ethyl 
methanesulphonate, and 6:3 and 7:3 for the respective 
N-nitrosomethylurea treatments. Both the ethyl methane- 
sulphonate and N-nitrosomethylurea treatments produce 
clearly significant increases in 7, lethals compared with 
the control. 

It has so far been assumed that when more than one 
lethal is present in an F, set, the lethals are identical 
with one another. However, this may not be true as a 
general rule, i after such effective mutagenio 
treatments, where the possibility of two or more different 
delayed mutations being established in the gonad must 
be considered. To decide this condition, it is necessary 
to detect autosomal recessive lethal mutations since sex- 
linked recessive lethals cannot be tested for identity 
(‘allelism’). 

An examination for lethal lme or non-lethal line origin 
of lethal-moeaioe in these experiments (Table 2) is found 
to give a non-lethal line origin for the control, and half- 
and-half origins for the N-nitrosomethylurea treatment 
(4:85 x 10-9 M). However, the higher concentrations of 
the N-nitrosomethylurea and ethyl methanesulphonate, 
where all non-lethal F, cultures were examined, gave only 
lethal-bearing P, males, and all the F, lethal-mosaica are 
thus from lethal lines; apparent discrepancies in the 
number of males tested for the F, and in the number of 
males used for sampling of non-lethal F, cultures are due 
to some males giving only complete lethal cultures in the 
F, generation. 

The misclassification of an F, culture as a complete 
lethal is statistically possible, though the culture may be, 
in fact, either F, lethally mosaic, semi-lethal, or even 
completely non-lethal. .Although a complete lethal is 
usually confirmed by crossing a single F, heterozygous 
female from the culture to a Muller-5 male, an F, mosaic- 
ally lethal or a semi-lethal culture could still register as a 
complete lethal. Oocasionally, an apparently lete 
F, lethal behaves as a non-lethal on reteeting; this 
may well be due to the misclassification of an P, lethal 
mosaic as a complete lethal, and the chance sampling of 
an F, female for retest which carries the non-mutated 

X chromosome. Accordingly, all complete F, 

which occurred at the higher concentrations of 

ethyl methanesulphonate and N-nitroeomethyluree were 
examined for possible F, lethal-moeaicimm by sampling 
20 heterozygous F, females from each complete lethal 
culture. The majority of F, complete lethale gave only 
lethal cultures in their F, seta, 

















five cultures were - 





Table 2. OOMPLETE AND MOSAIO BXX-LINXAD RECESSIVE LETHAL FREQUENCIES ARISING FROM Drosophila BVERXATOLOA AFTER ADULT ÉFBEDIKG TREATMENTS 
WIth MHYL METELNNÉULPHOXATE (MME) AND N-NMITROMOMETUYLURNMA (ANU) 
| Oon&rol HMB HMB NMU NMU 
Conesntration — 0-25 0-4 01 0-05 
105 x1 312x101 X. o7x Tole 4-35 Sie u 
Duration of treatment (h) 24 24 2 24 
lares 100 76 71 88 96 
Sterile F, Hd 00 8-0 T£? 43:3 12-7 
Sterile F, cultures 05 107 190 e13:1 8-8 
Ave chromosomes examined /maje 10 oes kt kt 35-7 
No. . . 
P, Wo. bre tested *?96 359 150 z 536 
Complete lethsia (X) T “its Ba 4s p 
No. non-lethal F, oultures examined t ( 80 T4 ( 17 ( 91 
d) 2743) en P 
Average No. F, fem les examined/non-lethal culture 10 — 10 16-3 1 
F, 4 No. F, cultures at least one lethal in the F, set 1 — 18 3 12 
F 4 (96) 1-85 — 34-3 17:86 13-8 
Total No. F, females Bof — 745 277 988 
Tetas fn F adus $1 A Am Et kt 
| Total lethal riot RO (96) (complete lethals + F, lethal-mosaics) 1-38 — 13-3 86-1 38-6 
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found to show mosaiciam for a lethal; the F, females 
from which this mosaiciam arose were thus reclassified as 
F, lethal-moeaics. 
The Embryological Basis of Lethal-mosaldsm 

Although the experiments (Tables 1 and 2) clearly show 
delay in the origin of sex-linked recessive lethal mutations 
after treatment of spermatozoa with N -nitrosomethylurea, 
diethyl sulphate, and ethyl methanesulphonate, their F, 
lethal-moeaio frequencies give no real indication of the 
proportion of induced mutations which are expressed 
after a delay. Some, or even all, of the complete mutations 
may have arisen after a delay; that is, the mutaticn is 
not immediately established in the F, female zygote, but 
occurs later in embryonic development. The gonadal 
tissue of Drosophila is derived from about three to seven 
cells which are situated at the posterior end of the embryo, 
and partitioning of these so-called pole oells to form the 
polar cap does not occur until about the ninth synchronous 
nuclear division (512 embryonic cells present)". Since the 
gox-linked lethal test detects only those mutations which 
are present in the germinal tissue of the P, female, a 
lethal may conceivably be established after a delay of 
several (up to about seven or eight) divisions and still be 
detectable as a complete mutation if the presumptive 
gonadal cells receive only & lethally-mutated X chromo- 
some. Alternatively, an F, female may be gonosomically- 
mosaic; that is, while oarrying the non-mutated X 
ohromoeome in the gonadal cella, a lethally mutated X 
chromosome is present in the majority of the somatic 
cells. The process of gonadal embryogenesis adds a 
further complication to the assessment of mutational 
delay, since investigations on the t embryonic 
migration of pole cells reveal that not all pole cells are 
incorporated into the gonad to function as primordial 
germ-cells, and no information is available as to a random 
or a non-random utilization of those pole cells (about 40 
in the male, 5-12 in the female) which eventually form 
the gonad. 


Mosalcism for Visible Mutations 


The examination of delayed germinal mutation can 
thus establish little in the timing or in the overall recog- 
nition of mutational delay. It would seem better to 
analyse such a problem by the use of visible mutations 
which phenotypically affect the majority of the somatic 
cells of the adult P, female. Sex-linked recessive genes 
affecting body colour (such as yellow body) or bristle 
morphology (such as singed or forked bristles) when 
induced on & gametio X chromosome of the treated male 
ate widely revealed in the somatic cells of an F, female 
when the P, male is croased to a female homozygous for 
these genes. The induction of somatic effecta involving 
oom: mutation, or fractional mutations (such as half- 
and- mosaics, quarter mosaios, eto.) can thus be used 
to measure the timing of mutational expression by the 
distribution of mutant tiasue in the F, famales. However, 
when mutant expression is delayed more than one or 
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two nuclear divisions, the detection and the estimation 
of the fractional distribution of mutant tissue becomes 
dificult. 

Investigations have established tho whole-body char- 
acter of most (98 per cent) X-ray-induoed visible mutations 
in Drosophda, with the relatively high per- 
centage (30/67) of fractional visible mutations arising 
spontaneously and after chemical treatments’; in all 
three series, the mutant tissue of the detected fractionals 
seems to involve half the body (not a quarter or leas). 
This type of fractional mutation undoubtedly forms a 
large ion of those sex-linked recessive lethals 
which are detected as germinally complete lethals. How- 
ever, germinal-mosaiciam also detects a group of delayed 
mutations which would not be recognized by phenotypic 
(somatic) effecta alone. The reported absence of germinal 
lethal-mosaiciam in Drosophila after X-irradiation’ and 
after ultra-violet irradiation™ of spermatozoa demon- 
strates the absence of a long delay in the origin of K-ray 
and ultra-violet induced mutation, in contrast to the 
prolonged delay which is found after chemical treatments. 

Another consideration, arising from investigations of 
the induction of the autosomal visible mutation, dumpy 
wing (which has a restricted phenotypio distribution), 
after treatment of spermatozoa with a monofunctional 
quinacrine mustard!*, ig that five times aa many sperm- 
atozoa carried this mutational event as would have been. 
detected by examination of the germinal tissue alone. It 
has been ' that moet of the quinacrine mustard- 
induced phenotypic (somatic) dumpy wing-moeaios are 

i non-mutent, and this observation, besides 
supporting the embryological evidence that the gonad is 

uoed from few embryonio cells, suggests that many 
Tothal mutations must remain undetected, since they are 
included only in somatic tissue. 

In spite of the difficulties involved in the overall 
asseseament of delayed germinal mutation, the extension 
of the routine sex-linked recessive lethal test to include 
the detection of lethally mosaic gonads is clearly essential 
for a proper estimation of the effects of chemical muta- 
gens; this consideration is of particular importance if a 
chemical mutagen produces a high frequency of germinal- 
mosaicism and a low frequency of germinally complete 
mutations. 
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PHENOLS AS PLANT GROWTH REGULATORS 


By Pro. R. L. WAIN, F.R.S., and H. F. TAYLOR 
Agricultural Research Council, Plant Growth Substance ana Systemie Fungicide Unit, Wye College (University of London), 
i , Kent 


near 


d | ‘HE discovery! of indolyl.8-acetio acid (LAA) as & 
plant growth hormone in 1934 lod to the examination 


curvature and tomato leaf epinasty teste*. They are active 
in producing morphogenic abnormalities in plants, for 


of compounds having a similar structure. Some of these -promoting the rooting of cuttings, for setting fruit in the 


were also found to promiote ocell elongation in the plant 
tisenes used in the standard tests for growth-regulating 
activity, such as the wheat cylinder, pea segment, pea 


absence of pollination and producing other physiological 
effecte as doos IAA. Furthermore, the more active of 
these compounds, for example 2 : 4-dichlorophenoxyeoetio 


168 


acid. (2: 4D) and 2-methyl-4-chlorophenoxyacetic acid 
(MCPA), sim applied. to plants at oertain dose rates, 
were found to destroy some species and not others. Such 
chemicals have been developed for use in agriculture as 
selective weed-killers. 

The important synthetic plant growth regulators fall 
into three groupe: (a) aryl boxylio acids, 
for example 2:4-D and MOPA; (b) arylalkanecarboxylio 
acids, for example a-naphthylacetio and oertain chloro- 
substituted phenyl-aoetio acids; (c) certain halogen deriva- 
tives of arylcarboxylio acids, for example 2 : 8 : 6-trichloro- 
benzoic acid. Much attention has been directed to estab- 

relationships between chemical structure sand plant 
once deis activity for compounds within these 
groups. It is of interest that substitution of chlorme into 
the 2- and 6-positions in the ring of phenoxyaoetio acid 
confers only slight growth-regulating activity, whereas 
similar gubetituente with phenylaoetio and benzoic acids 
give oompounds with &otivity**. Several theories 
attempting to account for such behaviour have been 


Compounds outside the foregoing three groups have also 
been shown to exhibit growth-regulating activity. These 
include simple molecules such as ethylene, propylene and 
acetylene, and certain dithiocarbamate derivatives’. A 
number of other unrelated substances ahow slight activity 
in the wheet cylinder test. Sinoo this activity is only 
evident at concentrations just below those which produce 
toxio DUO these compounds are not regarded as 

substances. Their apparent activity could 
ires Eee. ditate OG on he cl ull Ph DOT 


changes in ita plasticity*. 
Among phenolic unds, írams-oaffeio acid was 


reported by Vendrig and Buffell’ to be active in the 
Avena coleoptile test, bub Thimann e£ al." found it possessed 
negligible activity in this test and was maoctive in the 
pee curvature test; we have shown it to be inactive in the 
wheat cylinder, pea segment and pea curvature testa. 
The acted as a synergist, however, whan tested 
with IAA (ref. 8) as did a number of other phenolio 
EEE FE examined by Nitach and Nitsch’. a- and p- 
thols have been reported to be slightly active in 
promoting rooting of cuttings of Phaseolus vulgaris!*. 

Work by one of us led in 1059 to the discovery of a new 
highly efféctive contact herbicide, 8 : 5-diiodo-4-hydroxy- 
benzonitrile, which was given the common namo 
"ioxynil'U. Since that time, the compound has received 
considerable attention here, and much is now known of ita 
mode of action. In a study of analogues, 2: 4: 6-tri- 
iodophenol, m which the nitrile group of ioxynil is re- 
placed by iodine, was examined. The compound was found, 
over some weeks, to produce morphogenio effects in tomato 
Janta when added to the sgoil in which baa oid 
Bine this was à response kindas to that tad by syn. 
thetic plant growth-regulating substances, we decided 


Table 1. GROWTH-REGULATING ACTIVITY OF CERTAIN HALOGEX 


OURYATURE 


NATURE 





July 10, 1965 von 207 


to make a systematic investigation of halogen-subatituted 
phenols as growth substances. iota peters A tbat 
some of these molecules are markedly active in this 

Phenol itself, a- and f-naphthol, and all the chloro- 
and dichloro-phenols were first examined in the wheat ` 
cylinder, pea curvature, pea segment, and tomato leaf 
epinasty teste. All were mactive with the exception of 
2: 6-dichlorophenol. Solutions of the sodium salt of this 

und were active in the wheat cylinder test and 

highly active in the two pea tissue testa (Table 1). In the 

i test when applied at 2 per cent in 

ional & strong and typical growth-substance response 
was obtained. 

Further experiments with triohloro-, tetrachloro- and 
pentachloro- “poe revealed the known high phyto- 
toxicity of these compounds; 2:8: Pxurieiosopheaol; 
however, was found to possess significant 
activity (Table 1). The relatively unstable 2: 6- dichloro- 
thiophenol was slightly active, but 2: 6-dibromophenol 
showed high, and the 2: 6-diiodophenol very high, 
activity in the pea and tomato testa (Table 1); 2:6 
dimethyl- and 2 : 6-dinitrophenols and 2-chloro-, 2-bromo- 
and 2-iodo- phenols were all inactive. 

Within 24 h of the application of solutions of 2 : 6- 
dichloro-, dibromo- or diiodo- phenols to the soil of potted 
tomato plante, severe epinastio responses were obtained. 
This reaction was particularly severe and persistent with 
the dibromo- and diiodo-compounds; planta treated with 
the dichloro derivative in this way tended to recover after 
some days. 

As with the benzoic and phenylacetic acids which show 
growth-promoting activity, these active phenols possess a 
weakly acidio grouping with two ortho-substituted halogen 
atoms in the ring. The pattern of activity exhibited by 
these phenols, however, is of interest in that the com- 
pounds are much more active in the pea curvature and 
pee segment tets than in the wheat cylinder test (Table 1), 
a type of behaviour which is not usually observed with syn- 
thetio plant growth- tors. On the other hand, there 
are further similarities between the benzoic acids and phen- 
ols. In the 2: 6-disubstituted benroio acids, the activity 
is removed when a para substituent is introduced? and 
our results indicate that this same structural requirement 
operates also with phenols. Thus, 2: 6-dichloro- and 
dibromo-phenols are active in the wheat and pea tests and 
2:4:6-trichloro- and tribromo-phenols are inactive. 
Again, while 2 : 6-diiodophenol is active in these teste, 
substitution of OH,, I, NO, ON or COOH in the 4-poeition 
destroys activity completely. These and other observa- 
tions indicate that phenols and benzoic acids may have & 
similar mode of action in plant his eva 

In view of the extensive investigations which have been 
carried out on lant growth substances during the past 

the activity of certain halogen-substituted 
phenols, here reported, must be regarded as an important 


PHENOLS ASSESSED IN THE Wheat CYLINDER, PRA SEGMENT AND PHA 
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finding which opens up many possibilities for future 
research. Some of these are now under investigation in 
this laboratory. 
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REACTION OF AMINO-ACIDS AND PEPTIDE BONDS WITH FORMALDEHYDE 
AS MEASURED BY CHANGES IN THE ULTRA-VIOLET SPECTRA 


By Prom LEO. J. SAIDEL, JOEL S. SATZMAN and WILLIAM H. ELFRING, Jun. 
Department of Blochemistry, Chicago Medical School 


pu part of an investigation of cross-links produced in 
proteins by formaldehyde’ it was observed that 
solutions of proteins, peptides and amino-acids exhibit 
appreciable changes in their ultra-violet spectra in the 
210-250 range when formaldehyde is added to them’. 
Bince the o tion of Einhorn? that the N-alkyl amides 
of fatty acids are very unreactive, it has been generally 
that the peptide bonds of proteins react with 
formaldehyde very slowly or not at allt*. The observed. 
changes demonstrate that the peptide bond of 
tides oen in fact react with formaldehyde and 
suggest similar reactions can occur in proteins. 
Fraenkel-Conrat and Oloott’:* have accumulated consider- 
able evidence to prove that many side-chain groups can 
react. And although model investigations have indicated 
that some of these reactions are also accompanied by 
spectral changes", this article will be limited to considera- 
tion of reactions involving only amino-groupe, unsub- 
stituted amido-groupe and substituted amido or peptide- 


certain 


groupe. 

To foroe the reactions to equilibrium in a reasonable 
of time and to minimize reactions among the 
molecules of the compounds themselves, high formalde- 
hyde concentration (8M) somewhat elevated pH (pH 10) 
and (40° O) and very dilute amino- or amido- 
solutions (0-0005-0-001 M) were chosen initially. How- 
ever, many measurements were also made at 25° O and 
ab lower pH. Reagent grade formalin containing 87:1 
De ore formaldehyde and 14 per cent methanol was 
ted to the proper concentration before use. Formalin 
conteining lees than 1 per oent methanol, supplied by the 
Celanese Chemicel Co., was found to give essentially the 
samo resulta when tested in some of the reactions, although 
the rates were somewhat elevated. All reactions were 
carried out in buffered solutions: 0-02 M borate buffer 

above pH 8 and 0-038 M phosphate buffer below pH 8. 
Absorbance changes at 220 my and constant tempers- 
ture were followed with either a Beckman model DU 
or a time-driven model DK-2 spectrophotometer. The 
ael tanes ot 340 my of 3 M formeldehyde ia not too 
high with the buffers used if the pH is kept below 10-5. 
Above pH. 10-5 the much more highly absorbing anionio 
formaldehyde existe in appreciable concentration and 
readings must be made at longer wave-length with higher 
compound concentration. To compensate for changes in 
, both 


the ebeorption of the formaldehyde on standing 
reference and prin cuvettes always contai 
concentrations of formaldehyde initially. Some or 


errors in the early report* attributable mainly to this 
here. 


The addition of formaldehyde to neutral or alksline 
solutions of free amino-acids at 40° O has the immediate 
effect of increasing the absorptivity 2-8-fold (Figs. 1 
and 2), the increase depending on the concentration of 


formaldehyde, the pH and the structure of the amino-acid. 
Glycine and threonine behave like the amino-acids indi- 
cated in Fig. 1. The increase may be reversed by acidify - 
ing the solutions to pH 1-2 whereupon the absorptivity 
drops to that of unassociated cationic amino-acid. It is 
usually assumed that reaction of formaldehyde with 
amino-acids is nearly instantaneous, but Baur’ reported 
an initial change in conductivity lasting for as long as 2 
min when glycine was mixed with formaldehyde. If 
absorptivity measurements are made rapidly at 25° O, 
the resulta indicated in Fig. 1 (ineet) are obtained. 

In harmony with the theories of Levy and Rilberman* 
explaining their titration curves the initial rapid increase is 
attributed to monomethylolamine formation, while the 

decrease observed at higher formaldehyde oon- 
centrations to dimethylolamine formation. If the Levy- 
Silberman? theory regarding the reaction of rand dA 


a(x 10%) 





L Molar absorptivity cbenges at 220 produced by the reection 
of eialden ae with mono- dLamtno acids, AI carves on the large 
were at 30+1° O and 3 M formaldehyde at pH 96 wm 
ammo-aaid, The 6-amtnocaproate are K 
,S-diamino 


min. 
I-kucine aí the indicated concentration in 
Pru butler ut ot buffer at pH 0&7 1098 
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with primary amino-groups ia accepted, it is possible to 
calculate, from this and previously published data’, the 
association constants of the amino-group with one and 
two molecules of formaldehyde, and to assign absorptivity 
values to the monomethylolamine and dimethylolamine 
respectively. 

Like the monoamino-acids, the diammo-acids exhibit 
the initial changes in absorption with formaldehyde 
attributable to mono- and di-methylolamine formation. 
But in addition they exhibit a secondary change much 
slower even at 40° C than any observed with monoamino- 
acids (Fig. 1). Apparent first-order kinetics is obeyed 
throughout most of this phase of the reaction. French 
and Edsall* have N,N'-methylene bridge forma- 
tion for lysine. And although no attempt has been made 
to isolate any of the reaction products, the present 
observations lend some support to this possibility: (1) 
First-order kinetics for the secondary change is consistent 
with an intramolecular rather than an intermolecular 
reaction. (2) Unlike methylolamine compounds the 
lysine-formaldehyde reaction product does not return to 
an unassociated state at pH 1-2. This is indicated by an 
absorptivity value of about 400 for the acidified reaction. 
solution instead of an e value of about 50 for 
unaseociated dicationic lysine and also by the very rapid 
return to high absorptivity on re-alkalinization. (8) The 
observed rate constants to correlate to some 


r pparent firat- 
order kinetics. There is a strong pH dependence indicated 
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by the absence of absorption change of N i 
_ a6 pH7 (ig. 2) within 20h. However, unlike the reaction 
of fi dehyde with the amino-group, the reaction with 
the amido group is not reversed by lowering the pH. 
Methylolamide formation by reaction of formaldehyde 
with acid amides haa been known since tho early researches 
of Einhorn? 6 al. using preparative procedures. Later 
Crowe and Lynch!’ using a polarographic method found 
that the reaction is second order for amide and formalde- 
hyde concentrations, greatly increases in rate when tho 
pH is varied from 8-6 to 12-7, and yields an association 
constant of about 25 over the entire pH range already 
indicated here. It is fairly certain that the absorption 
increase observed at pH 10 (Fig. 2) is caused by methyl- 
olamide formation. 

The amino-acid amides treated with formaldehyde at 
pH 10 exhibit both the rapid initial increase in absorption 
characteristio of amino-groupe and the slow subsequent 
increase characteristic of amido groups (Fig. 2). But at 
pH 7 only asparagine and glutamine exhibit the slow 
reaction whereas i ide does not (Fig. 2). From the 
disappearance of nitrous acid reactive groups and meaa- 
urement of pH changes Levy and his colleagues!!! have 
concluded that ine and glutamine undergo rapid 
mono- and di-methylolamine formation, followed by slow 
methylolamide formation and N,N'-methylene bridge 
ring closure. Their resulta indicate that methylolamide 
formation limits the subsequent rate of ring closure. 
It is ible that the absorption obeerved at 
pH 7 indicate that asparagine and glutamine can form the 
N,N'-methylene bridge whereas glycinamide cannot. In 
any event, methylolamide formation does not appear to be 
the rate-limiting step because N- : ine, which 
has a free amido group, fails to react at pH 7. o explana- 
tion is at hand for the much greater reactivity of glutamine 
compared with ine. 

Reaction of N | substituted amides with formaldehyde. 
The change in absorption observed with certain substi- 
tuted amides, for example N-methylacetamide and N- 
acetylgtycine (Fig. 8), is simular to that observed with 
unsubstituted amides. On the other hand, the immediate 
increase observed with glycine anhydride is different 
(Fig. 3). It was erroneously stated earlier that glycine 
anhydride exhibits no change in spectrum’. Presumably 
the products of all these reactions are methylolamides. 
This conclusion is in agreement with those of other labora- 
tories based on. ive methods starting with glycine 
anhydride! an -methylacetamide and measurement 
of bound formaldehyde, but is contrary to that of 
Einhorn? already mentioned. The strong dependence 
of the rate of the reaction on pH may be seen by compari 
the curves for N-acetylglycine at pH values of 10 and 7 in 
Fig. 38. However, above about pH 9, where the reaction 
occurs at a readily meesurable rate, the completeness of 
the reaction, as measured by the equilibrium absorptivity, 
appears not to depend on p Both the rate of attaining 
equilibrium and the completeness of the reaction do 
depend on formaldehyde concentration. Thus, the rate 
constants in Figs. 2 and 3 are only approximately com- 
parable because, when the measurements were made, the 
importance of precise pH control waa not realized. By 
measuring the ihbri absorptivity at more than one 
concentration of formaldehyde, it is possible to calculate 
both the absorptivity of the methylolamide and the 
equilibrium constant of the reaction. None of these 
reactions is reversed by lowering the pH. . 

- The effect of the N-alkyl substituent on the equilibrium 
pomt was determined by comparing the reactivity of 
various N-acetyl amino-acids. Unlike N-aoetylglyoine, 
the N-acetyl derivatives of leucine (Fig. 3), alanme and 
glutamic acid exhibit only a alight rise in absorptivity at 
pH 10 or even higher. For the reaction to approach 
ra pee two or more ae atoms are required 
on the alkyl carbon atom bo to the nitrogen atom. 
There is further evidence for this in the appreciable 
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increase in absorptivity observed when the N-acetyl 
derivatives of i and i io acid are 
treated with formaldehyde at pH 10. The increase in 
absorptivity observed with N-acetylleucylglyvine at pH 
10 (Fig. 3) can then be explained in terms of appreciable 
methylolation of the N-leucyl bond but not the N-acetyl 
bond. 


The true peptides, possessing a terminal amino-group, 
may or may not exhibit the initial increase in absorption 
depending on the relative absorptivities of the dimethylol- 
amino and monomethylolamino derivatives and the con- 
centration of formaldehyde. The slow t increase 
observed with some of the N-acetyl amino-acids is ikewise 
observed with the ‘corresponding peptides. Thus, glycyl- 
glycine like N-acetylglycine undergoes a slow increase to 
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high absorptivity at pH 10 and ap not to react 
appreciably at pH 7 within 20 h (Fig. 3). Similarly, 
leucylgtycine (Fig. 3), alanylgtycine* and prolylglycine™ 
all undergo slow increases to high absorptivity at pH 10. 
Glycylleucine, on the other hand, like N-acetylleucine, 
exhibite only a slight increase in absorptivity at pH 10 
(Fig. 3). Of course, glycylproline with no replaceable 
hydrogen on the peptide bond nitrogen exhibits only the 
initial increase in absorptivity but no subsequent increase’. 

With the examination of more peptides and with the 
great prolongation of the period of observation at different 
pH levels (see legend to Fig. 3) the parallel behaviour 
of peptides and N-acetyl amino-acids ins to disappear. 
The N-terminal amimo-group, the sid ins on the acyl 
residues of the peptide and the length of the peptide 
chain all affect the reactivity of the peptide bonds in a 
discernibly systematic way, particularly at pH 7. The 
formation of a methylene bridge between the amino- 
nitrogen and a peptide-nitrogen has been suggested by 
French and Edsall‘. Their suggestion was based in part 
on the work of Wadsworth and Pangborn!*, who demon- 
strated the irreversible bonding of formaldehyde coupled 
with the disappearance of amino-nitrogen when alanyl- 
glycine was treated with 1 mole of formaldehyde at pH 8. 
The spectrophotometric studies lead to a similar oon- 
clusion. The complete evidence is based on the examina- 
tion of a large number of additional peptides and is beyond 
the scope of this article. However, the resulta presented 
here clearty demonstrate that peptide bonds react with 
formaldehyde and provide some basis for concluding that 
part of the absorption change observed with insulin! and 
other proteins, moluding time on formaldehyde treat- 
ment” is attributable to reaction with certain peptide 
bonds. 

We thank Mr. Joe DeBlasi for his assistance. This 
work was supported by the U.S. Office of Naval Research, 
contract Nonr 1655(01), (N.R-804-803) and by the U.S. 
National Institutes of Health, grant GM—00434. 
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BROAD-BANDED STRIATED BODIES IN THE SENSORY EPITHELIUM OF 
THE HUMAN MACULA AND IN NEURINOMA 


By Pror. |. FRIEDMANN, Sin TERENCE CAWTHORNE and Mr E. S. BIRD 


e 
N a recent publication Lowenstein and Osborne! 
described an interesting striated structure in the sensory 
hair cells of the labyrinth of the ammoooete larva of the 
lamprey, Lampetra fluviatilis. The authors have suggested 
that no such organelles have been described in the laby- 
rinth of any other animal and a brief description of our 


„e own findings in the human labyrinth and elsewhere might 


be of some interest. 
We have studied eleven specimens of the human utricle 
removed at operation to cure Méniére's disease. Tho 


Department of Pathology, Institute of Laryngology and Otology, London 


specimens were promptly fixed in iced buffered oamio acid 
in the first three cases and embedded in methacrylate, and 
in 4-5 per cent buffered gluteraldehyde* in the next 
eight cases, then embedded in ‘Araldite’*®. Ultra-thin 
sections were cut on a Hurley-type ultramicrotome, 
stained with Karnovsky's lead monoxide and examined 
under & Siemens EHhniskop I electron microscope. 

There was more or lees widespread degeneration affecting 
many cells of the macula showing vacuolation of the 
cytoplasm and large numbers of fat droplets. Moreover 





ponam macula (Ménikre's disease) with 
5 MAE fat dro TA Sr rete CE mitt ) 


the cup-shaped nerve endings of WersAl embracing the 
degenerating hair cells have undergone degenerative 
changes affecting both the numerous mitochondria and the 
nerve tissue proper. Such oalyoes a ad darkly 
stained rings round cross-cut hair The surface 
was usually covered with some amorphous degenerated 
cellular matter in which there wore embedded remnants 
of the ciliary apparatus extensively damaged in all cases. 

Two unusual structures have been observed: (a) intra- 
cellular laminated structures, (b) extracellular broed- 
banded filaments (?long-spacing collagen). 

Laminated structures. These are polygonal or rhomboid 
crystalline structures 0-5-—1-5 wide, formed by alternating 
dark and leas dark linee (Fig. 1). The dark lines or bends 
are 100 A wide and repeat approximately every 1,000- 
1,500 A to form a macro period. Mech major Period is 
subdivided by s leas dense line or band about 70-80 A 
wide and they may be linked by thin fibrils. 

The common site of the crystalline inclusions found in 
eight specimens (Table 1) seems to be the apical and 
perinuclear zones of the hair cells. There are, however, 
similar striated structures within the cuticle close to the 
rootlets of the stereocilia where their position suggests 
some functional association with the cilia. The inclusions 
may be present in well-preserved cells, but more frequently 


Table 1. MEWBERANOUS LABYRINTHEOCTOMY rok MOÉNIERE' S Dismase (11 
PATIENTS) 
Hiectron miaroscopy 
Duration of Laminated “Long oaod 
Sex Age symptoms ineinsions 
£o 8 me ue — € 
yoars = 
M 54 6 months - = 
M 55 3 years +++ - 
F 51 7 yoars Ttt +++ 
M 65 4 years T + 
Af E E IT m ++ 
F 16 ++ = 
gs ^ Deaf 15 
(mumps) 
M 43 4 months + = 
M 52 2 years - + 
M 31 2 yours tL = 


NATURE 


July 10, 1965 vou 207 


appear to be associated with fat droplets, degenerating 

mutochondria or some amorphous matter Misa of 
cytoplasmic origin. The inclusions may be single or 
form groups (Fig. 2), especially in degenerated parts of the 
epithelium where numerous laminated structures grouped 
together often form a 'parquet-floor' pattern (Wetzstein 


et al.*). 
Broad-banded (long-spacing collagen ‘Luse 
body’). Apart the laminated inclusions, broed- 


banded filaments were seen in five specimens (Table 1) 
underneath the basement membrane of the ithel- 
ium closely associated with myelmated nerve fibres . 3) 
or scattered between the numerous non-myelinated nerve 
axons of the utrioular branch of the vestibular nerve. 
The broad-banded filaments form long chains or fusiform 
bodies. The intervals between the bands measure 
approximately 1,000 A. There is little similarity between 
these extracellular filamentous structures and the intra- 
cellular laminated material described here. The long- 
spacing fibres are particularly abundant among the 
torminal branches of the vestibular nerve iteelf and can 
roadily be distinguished from native co 

Neurinoma (neurtlemmoma). Similar striated fllament- 
ous structures may be found in some tumours arising 
from Schwann cella. We have found numerous striated 
fusiform structures in thin sections of a neurilemmoms 
presenting as a nasal polyp (Fig. 4) similar to those first 
described in neoplasms of the eighth nerve by Luse! and 
by Raimondi ei al.'; and more recently by Pillai’ in the 
experimentally constricted tibial nerve of rate. The 
fusiform or comma-shaped striated bodies in the nasal 
tumour are closely associated with the basement mem- 
brane ang seam to emerge from it. 

Unusual laminated or striated structures have beer 
described in various tissues by several authors; some of 
them are listed in Tables 2 and 8. 

Unusual laminated inclusions in the sensory epithelium 
of the macula of the utricle of a patient operated on to 





2. Macula of the human utnole (Ménikre's disease). Apical zone of 
Te laminated a semi-eirolé around a 


sensory cell with 


structures 
group of vacuolated mitoabondrie. Caso 11. ( x 18,000) 
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All the detergents in the concentrations listed in Table 1 
decreased the membrane resistance within a few minutes 


| min 
+00 p 
i M : by ab least 10* ohms. In the case of anionics and cationics 
0 the resistance stayed at low values or continued to 
SA il decrease slowly during experiments thai lasted for more 
— 60 a b c' d [1 idolis 


re Ls Qallbeation pulse, Be aV: b, kanng e LO dn cf bigh state again within minutes. This transient action 


mv 


tpat impedance : 
aL EO peing s foal onnoentra on ide of 0-004 M. apparently depended on the concentration of detergent 
QL, Concentration ratio nei ne Ex 10- per cent w ru: used: the higher the concentration, the slower the 
ire EE, eng der gS ease e ape low rosie movame 

Teads $1 mV E Potential differences acroas the membrane are produced 


by detergents in two ways: (a) there are potentials 
tolerated by the membrane. Only those were used which generated by the detergenta themselves in the absence of 
brought down tho resistance to 10 per cent of the starting additional salt gradients; (b) there are potentials gener- 


value within 5-10 min. ated by the detergents by virtue of an additional salt 
Fig. 1 illustrates a typical experiment in which an gradient. 
&nionie detergent developed a cationic resting membrane All of detergent produced potentials of varying 


potential. Addition of the detergent lowered the initially magnitude, per se, ın the absence of a salt gradient. The 
high resistance by several decades. The input impedance sign of thee potentials was the same as tho sign of tho 
was kept high in all cases with respect to the total mem- detergent molecule itself and not the sign of its counter- 
brane resistance, eo that the potential was accurately ion, non-ionic detergents acting like anionic detergents. 


recorded. The e i ts were followed by controls to Thus, anionio and non-ionio detergents showed a small 
rule out potentials erated by the detergents themselves anionic potential immediately after adding thom to the 
without a salt lent. To exclude the effect of H+-ions system. This potential was amall and did not exceed 


the pH was adjusted before and tested after every 4 mV; it decayed within seconds. On the other hand, ,’ 
experiment. No deviation from the adjusted buffer value cationic detergents developed & large cationic potential, ^ 
was detected. per se, which increased with ioreasing concentration of 

All four typee of detergents lower the membrane the detergent and persisted for some time. For example, 
resistance and develop potentials to varying degrees, at  oetyl-pyridinium chloride in 6 final concentration of 
least transiently. Only the anionic detergents produce 10-5 per cent wiv developed & cationic potential of 
prolonged steady effecte. It may be noted that ampho- 50-00 mV in & few minutes, which steadily decayed to 


6-8, since the -membranes tended to break at higher In the presence of a salt gradient (high concentration 

te a 
usually lio far on the acidic side and so they only showed cationic potential. Only with anionioe did a steady 
anionic properties. No qualitative difference in their potential difference persist acroes the membrane, in many 














behaviour from anionic detergents could be found. experiments for more than 1 h. The potential generated 
Table 1 
[ Resistance and potential effects dus to detergents 
Concentra tion used 
Detergent type and formula to lower R from SE 
»10*to «10* 

em? ———M——————71 

Is — l 











Antonie: 
Sodium 4-methyt- Y 5x1 1 
teal (Gen Ate, Tampon air NY 






























































benzene Na 6x104+10' % wív| 
(A danio Bon So- wes 
I—— x1 ———1 
Tetradecy! sodtum te(K | 1x107 £ 10? % viv 
and K Laboratories E 
Oailon: | 
GQetyi-pyridtntum chlonide 1x10*+10 % WY 
H + 4 
Dodecyl-benzene trimethyl- 1x10" % viv 
ammantum (Intex 
Chem. Oo , 'Intexsan ABM. 
B0?) | 
| Xon-iomo: 1 “| 
PL ott Max. in 10-80 | Hone Max. ın 10-80 | None | Max in 10-30 | None 
pb oeste Oorp. recovery sec, decay in decay 
) . m min, x $0—60 sec, In 
: z o8 |1x10++10' % wir more than less than min, large, 
+—— 10* ohms 4 mV anionie ca a.onio 
L es 3x10*+10' % v/v 
L101 5x10 x10! % viv 
pS 1 - ds 
N: amino 5x10-7+10' % w, Like antonios Like antonics Like anionies 
rakna fpe ni, 
160°) | 
egi beiaine (du Pont, Prod. | 1x10*+10t % viv 
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* At pH 0:8. 
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1 2 
Log 0,/C, 


Wal as function of KM gradient. O, ‘Ultrawet KX 


Fig. 2 Poten 
(anionic), 5 x 10> per cant w/v final concentration, 6, ‘Pluronic L 101’ 
concentration 


(nan-lonto), 4x 107* per cent v/v final 
by non-ionics in the preeenoe of a salt Eradient decayed 
within 20-60 min as tho membrane resistance recovered. 
By contrast, cationic detergenta lowered the membrane 
resistance considerably, but no potential difference was 
produced by a salt gradient. Introduction of a gradient 
during and after all phases of the self-generated cationic 
potential remained without additional effect on the 
potential. The potential develo across the membrane 
as & function of a salt gradient is shown in Fig. 2 for an 
anionic and a non-ionic detergent. 

Saponin, a surface-active molecule with haemolytic 
activity, was found to act hke an anionic detergent in a 
concentration of 5 x 10- per cent w/v. 

The mode of action of detergents on lipid bilayers as 
described herein could be explained as a modification of 
the lamellar membrane structure by a phase transition to 
localized ‘micellar’ arrangements (of. ref. T) The struc- 
ture of the membrane is sufficiently flexible to adopt these 
different configurations. The ‘liquid’ state of the lipid 
hydrocarbon chains in the lamellar phase’, that is, their 


NATURE 


July 10, 1965 VoL. 207 


relatively free mobility, would permit the rearrangement 
of the lipid membrane structure. Localized lipid micelles 
with a negative charge would result and form a fixed- 
charge, cation-seleotive pore of the Teorell-Meyer-fievera 
type. The degree of vibrational freedom across the bilayer 
of the ‘flxed’ sites (that ia; restricted to the lipid phase) is 
unknown. If great enough, the fixed sites would become 
carrier-like. 


proposed for 


arrangements 
membrane during different 
functional states. 


I thank Dr. P. Mueller and Dr. D. O. Rudin for their 
advice. I also thank the chemical companies mentioned 
herein for their help in providing the detergenta used in 
this investigation. 
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VARIATIONS IN PHOSPHOKINASE ACTIVITIES DURING THE 
CELL CYCLE IN SYNCHRONOUS POPULATIONS 
OF HELA CELLS 


By T. P. BRENT, Pros. J. A. V. BUTLER, F.R.S., and Da. A. R. CRATHORN 
Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, Fulham Road, London, S. W.3 


A of the sequence of events in the 
replication cycle of mammalian ocells would be of 
great importance in elucidating the control mechanisms 
involved. Up to the present, the process which has been 
most in igated in this connexion is the synthesis of 
DNA, which has been found to occur continuously between 
divisions in bacteria! but is restricted to the so-called 
S-phase in mammalian cells. Few observations have been 
made of the evente in the oell cycle such as the levels of 
particular enzyme aotivities. The enzymes involved in 
the production of the immediate precursors of DNA 
synthesis are of special interest and have been widely 
studied in asynchronous cell populations, for example, the 
thymidine phosphokinase reactions: 


TdR — TMP — TDP — TTP 
{fll ——_ —____ 
1 2 


which we have now examined in a synchronously dividing 
population of HeLa cells. For the purposes of the work 
recorded here, reaction 2 was taken as a single reaction, 
since, although the diphosphate has been shown to be an 
intermediate in some cell systems’, under the conditions 


of assay used the formation of the diphosphate a8 a 
precursor of the triphosphate could not be detected. 

The difficulty in examining these reactions at various 
stages in the cell cycle has bean that of obtaining a 
homogeneous synchronous population of cells in sufficient 
quantity for the assay of these Some previous 
work on the changes of level of the thymidine phospho- 
kinases has been carried out using regenerating rat liver’; 
however, this tissue is unsati since less than 10 per 
cent of the cells take part in the burst of cell division 
following hepatectomy. Synchrony in mammalian cells 
has been obtained by a number of differant methods‘. In 
moet of these, induction of synchrony is accompanied by 
& metabolic disturbance to the cells and may result in 
unbalanced growth of the culture. The technique of 
selecting cels from a randomly dividing population does 
not ap to be open to this criticism. 

In the investigation reported here a reasonably syn- 
chronous population was obtained, in sufficient quantity 
for enzyme assay, by a method essentially that of Robbins 
and Marcus‘. Mitotic cells were selected by washing a 
monolayer culture with Eagle’s medium deficient in Cat. 
The cells were routinely grown as monolayera and in 
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suspension in Oe**-defloient Fagle's medium supplemented 
with 5 per cent pig serum and 2 per cent calf serum. 

The degree of synchrony was determined by measuring 
tho mitotio index of a stained preparation of cells at the 
time of collecting. This varied from 50 to 85 per cent. The 
cell number was followed during the subsequent cycle by 
counting cells in selected fields on Petri dishee* or by 

ter counting (Fig. 1). 

The rate of DNA synthesis throughout the cell cycle was 

measured in two ways. First, by scoring ‘the percentage 


with tritiated thymidine. Secondly, 
„cells in suspension were pulsed with tritiated thymidine 
ipore’ filters under suction, 
washed with about 20 ml. of p hate-buffered saline and 
fixed by washing with & similar volume of 5 per cent 
trichloroacetic acid. The filter was then dissolved in 
scintillation liquid and counted in a Packard liquid scintil- 
lation counter. The incorporations thus measured were in 
good & with measurements of incorporation of 
tritiated thymidine into the hot trichloroacetic-soluble 
material of the cell. The curves for the rate of DNA 

j during the cell cycle are similar to those described 
by Terasima and 'Tolmach' (Fig. 1). 

For enzyme assays, 2-5 x 10" synchronous oells were 
maintained in magnetically stirred suspension throughout 
a complete cell cycle. Aliquots of the suspension, equiva- 
lent to 2-8 x 10° cella, were taken at intervals for prepara- 


potassium chloride medium at pH 8 (ref. 8) prior to 
sonication in a small volume (0:5 ml.) of the latter. The 
supernatant fraction obtained by centrifuging at 100,000g 
for 40 min was stored at — 20° O 
assays. . 

Thymidine kinase was assayed by incubating 0-05 or 
0-1 ml. boss actu sd dd fear lhat 37°C 
with an vo of an incubation medium containing 
10 mM ATP,.10 mM MgOl, 12 mM 8-phoephoglyoerate 
and 100 mM £ris-HCOl, and about 700 pymoles tritiated 
thymidine of high specific activity (14 o./mmole, Radio- 
chemical Centre, Amersham). The reaction was stopped by 
adding 100 per cent w/v trichloroacetic acid to a final 
concentration of 10 per cent. 20 pl. of the supernatant, 
containing the doe pp bela products of thymidine, 
was chromatograp on Whatman No. l paper, using & 
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solvent system comprising butanol, acetone, ostio acid, 
ammonium hydroxide. The distribution of the phosphory- 
lated derivatives was measured using & Nuclear Chicago 
windowless chromatogram scanner. 

The percentage conversion of thymidine to TMP and 
TTP was plotted against incubation time—the slopes of 


the cell oyole. 

It was found that the level of thymidine a ae 
(reaction 1) is low immediately after division (Gl phase), 
rises during the S period, reaches a maximum about 5 h 
after the peak of DNA synthesis and falls ra idly during 
the subsequent division (Fig. 1). The curve of activity for 
the thymidylate phosphokinase (reaction 2), assayed by 


substituting tritiated TMP for TdR in the 
substrate, is similar to that for thymidine hoepbhokinase. 
Preliminary aseays have also shown & i pattern for 


deoxyoytidine phosphokinase. 
These resulta show oonolusively that the thymidine 
phosphokinases go through a sequence of appearance and 
i during the oell cycle aa assayed in the 
activity occurs some- 


enzymes 
the cell at the beginning of the S period, in order to produce 
the precursors required for DNA synthesis, it must be 
concluded that they are proeent in the cell, at such times, 
in & form which is not apparent on assay of the enzyme 
activity in the tant. 
Two possible explanations of this finding can be 
: (1) The enzymes are present before and during 
DNA synthesis in the form of & complex with the nuclear 
particulate fraction of the cell, and the observed increase 
in activity represents their release to the tant 
fraction when their function has been compl (2) The 
obeerved increase in activity is due to actual enzyme 
synthesis and the subsequent decrease due to the binding 
of this enxyme to & nuclear particulate fraction, prepara- 
tory to ita functioning in the next oell cycle. Such & 
mechanism has been ted by Mazia* for DNA poly- 
merase in embryos of sea i 
However, it has been shown for several oell systems that 
the lifetimes of the phosphokinases in the cell are consider- 
ably less than one cell cycle’. It therefore seems more 
probable that these will be formed shortly before 
they are to be used by the cell. In order to istingui 
between those two hypotheses it will be necessary to 
determine whether the rise in enxyme-levels observed 
(Big. 1) is due to new protein synthesis at this time or at 
some earlier stage, information which can only be obtained 
indirectly on the small samplea available. These pos- 
sibilities are being further examined. 
This work was supported by grants to the Chester 
Beatty Research Institute (Institute of Cancer Research : 
Cancer Hospital), from the Medical Research 
Council and the British Empire Canoer Campaign for 
U.8. Public Health Service research 
grant C.4—03188-08 from the National Cancer Institute. 
One of us (T. P. B.) thanks the Royal Marsden Hospital 
for a studentship. 
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1 Grav, M J., and Smelle, R. M. 8., Prochem. J., 64, 518 (1905). 
* Blanchl, P. A., Orathorn, A. R., and Shooter, E. V., Biochim. Biophys. 
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band-width 5 Mo/s 
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time constant was l seo for all 


30 Mo/s, 


frequency o 














miU 
TI 
" 
Tas RAM 
TED AA 
HUC 
In? 








UIO TARJA 














aI TTT TTT 
OS 


H3MOd G3AmI234. 











(d) 


(c) 


COMPONENT B 


A 


ALISN.1NI! SALLY T3 


hem ih24m  ih23m —dih22m lth tm 
UNIVERSAL TIME 


1th 26m 


12hO4m — f2hOSm — f2hO2m = th Om 


12h 05m 


TME 


i b) inermi 
Pipette (5) on. Brightness 


(a; 


(c) emersion; 


Analogue records with recerver time constant of 14 seo: 


with an effecitve beam-width of 3 4 are seo: 


, 1063 
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distributions 


Fig. L Lunar occultation of December 9 
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3* 19' 50° 


45" 


35° 


Deollnation (1,050-0) 


approximation to the contours was obtained by inscribing 
amooth curves inaide the envelopes determined by the 


of a given occultation. By integrating along these strips 
a soan across the source was simulated. The observed 
and simulated scans were compared and the locations of 
the contours adjusted to minimize their differences. This 
procedure was repeated for geveral position angles. 
The dashed contour delineates the region beyond which 
there was no detectable signal. 

Component A is narrow end elongated along the axis 
of the components. At right angles to this axis 1t remains 
unresolved with the present resolution of 1-5 aro sec. 

t B also shows elongation along the line joming 
the companents. By contrast, observations at 410 Mc/s 
suggest that component B may be elongated perpendicular 
to the axis!. The limitations inherent in strip scans must 
be borne in mind when one examines the contour diagram. 
In particular, the increased se ion between contours 
of component B near position angle 150° could in part be 
attributed to confusion with the extended region of 


e A. 

e record of Fig. la is of particular interest because 
the Moon's limb receded along position angle 239°, which 
is onty 15° from the line joinmg the centres of the com- 
ponents. ihe extension at oanp inb A can be seem quite 
clearly on the record as a relatively slow rise with no 


Position angles 
Date of Component A Oomponent B ^ 
oceultation Immersion PHanerion Immersion —— Hmersion 

Deo. 9, 1963 188* 229* 183* 241* 
44, 1964 110° 335° 100° aas° 

J 14-15, 1904. 138° 302° 181° 304° 
7, 1064 134* 303° 123° 304° 

Nor. 25, 1064 104° sane ios 2334* 
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associated diffraction pattern. The 
plateau between 12h 02-4m and 12h 
03-5m v.T. indicates that component 
A ends approximately 10 arc seo 
from the centre of component B. This 
feature of the radio emission shows 
remarkable correspondence with the 
optical data’. 

The centre positions of the two 
components have been calculated fram 
the universal times corresponding to 
the peaks on the restored scans. The 
mean right ascensions end declinations 
(Epoch 1950) together with the root 
mean square errors are: 

Component A: 12h 26m 32-428 + 

0-048 + 02° 19’ 207.2 + 0.4. 
t B: 12h 26m 33-278 + 
0-048 + 02° 10’ 487.7 + 07.8. 

The radio position for component B. 
is 1-5 arc seo north-west of the corre- 
sponding optical position’. If we 
ascribe this difference to systematic 
causes and assume that the stellar 
object lies at the centre of component 
B, then the position of the optical 
jet is that indicated m the contour 

i by the straight, daahed line. 

The ratio of the flux of component 
A to that of component B is 1:00: 
0-92. The combmed flux of the two 
components at 950 Mo/s is 45:5 x 
10-** x.x.8. unite (assuming M87 = 
200 x 10-* units). Henoe, the flux of 

ent A at this frequency is 
23-7 x 10* unite and that of compon- 
ent B is 21-8 x 10-** unite. These 
values are in accord with fluxes predicted from previous 
observations! *:*. 

I thank Dr. 8. von Hoerner of the National Radio 
Astronomy Observatory for supplying his Fortran oom- 
puter e and Dr. W. Nicholson of H.M. Nautical 
Almanao Office for predicting the oocultetions and cal- 
culating the source positions. Mr. J. Ball assisted with 
the computations. 

This work was supported by the U.8. National Science 
Foundation. 
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ASTRONOMY 


Correlation between the Twelve High- 
velocity Neutral Hydrogen Clouds and a 
Feature of the Sky in the Radio Continuum 

Hulsbosch and Raimond! have discovered a Tegion, 
100° in diameter, which contains twelve clouds of neutral 
hydrogen distinguishable from the general background 


—175 kmj/seo relative to the Sun. It is interesting that 
there appears to be a relationship between these peculiar 
neutral hydrogen clouds and the features of the radio 
continuum emiasion from the high galactic latitudes. 
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—90° 
Fig. 1. Ths figure shows the three radio 
open cireles contaming a pomt, 


There are three ridges which describe 
circles across the high 


radio 

loop, centred on the North Equatorial Pole, encloses the 
ion occupied by the twelve high-velocity hydrogen 
(2) No such high-velocity clouds are present 
within the North Polar Spur or the Cetus Arc. Ho 
the southern galactic i , where the Cetus Aro 


hydrogen survey as the northern io hemisphere. 
The North Polar Spur and the Aro are very similar 
to the Loop both at optical and radio wave- 


ated with high-velocity hydrogen clouds. 

All three features emit radio waves because the inter- 
stellar medium is disturbed. 

In the first two cases the disturbance is probably due to 
& supernova explosion. In the third case the disturbance 
may be caused by the entry of high-velocity clouds into 
the Galaxy. Alternatively these clouds may have been 
accelerated by a supernova remnant and had time to 
recombine. 


Department of Astronomy, 
University of Manchester. 
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continomm loops as think continuous Imes, The high-veloalty neutral hydrogen clouds are shown as 
The velocities of these clouds are grven in Inlometres All further fons considered in the search 
for neutral hydrogen with high velocities (ref. 1) are indicated by mnt PON = 


PHYSICS 


Quinary Adamantine Semiconductors 
It is commonly supposed. by solid-state physicists that 
i tetrahedral 


quaternary and quinary compounds (such as 
are listed in & recent article by Pampim?) will prove 


We have made some preliminary investigations of the 
query (but peeudo-ternary) system (Fig. 1), (Zne Cdi-s)y 

tay Bn, As. The compositions Zn Cd In, Sn, As,, Zn Cd, 
In, Bn, As, and Zn, Od In, Bn, As, are all single phase 
with the rino blende structure. Equilibrium is reached 
after only a few days anneal at 595° C. The lattice 
meters for these materials aa found from copper Ka DE 
powder photography were 6-005, 6-006, 5-049 + 0-001 A. 


Cd 
SnAs 


The peoudo-ternary system Iny By As, (Note 
tas upnibalcay we pleted tae [pius pilis. he nec 


Tafi on, 
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Tho existence of the zinc blende structure at these three 
points in the triangle leads us to 
solution at all compositions inside 
with which equilibrium can be attained i 

stimulate work on the many similar systems that 
i by a Central Electricity 


Generating Board contract 
B. R. PAMPLIN 
J. B. SHAH 
ent of Physica, 
College of Science and Technology, 
Bristol. 


1 Pamplin, B. B, J. Phew. Chem. Solids, 96, 675 (1064). 

, B R., and Shah, J. 8. (to be published). 

* Woolley, J. O., III-V Compounds, odit, by Willardeon, R. K., 
and Goering, TL (R 1062). d 
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GEOPHYSICS 


‘Airborne Observations of Natural 
Radioactivity in the Atmosphere 


a scintillation detector of background coun i 
altitudes up to 8-6 km. The 
counting rate were surprisingly 

oocur mainly in the atmosphere between the ground and 
tem’ inversion layers. The variations are due 
principally to changes in concentration of natural redio- 
activity in the atmosphere. 


—— $955 
—x— 10-669 


—— 06-58 
Terap desir 


Oounts per second 


NATURE 


181 


&beorption by air of y-reys from radioisotopes in the 

3, At higher altitudes the coun ing rate increases 
with altitude due to oo&mio rays‘. unting rates, 
especially at heights lom than 2 ie rece Mod more 


abruptly with altitude. 
rates, aa compared with resulte on June 5, occurred below 
thé temperature inversion layers. i 


several fli 
the ai 


pockets, which were not found an hour earlier at this 
altitude, may have been carried up by convection, thereby 
contaming more natural radioactivity 
rounding air. 

It waa probably mainly radon and ita decay products 
which were detected. The princi Y-r& T 
from lead-214 and bismuth-214 (ref. 5). The somtillation 
detector ‘sees’ y-rays emitted by these isotopes distributed 
in the sphere of radius approxmately 800 m about the 
aircraft. Tt has been estimated that the present detector 
will record 8 o.p.s. as a result of & uniform concentration 
of 10-1" curies/o.c. of both lead-214 and bismuth-214 in the 
atmosphere at an altitude of about 2 km. The oalcula- 
tion’, allowing for the build-up of y-ray quanta in air, 
gives & counting rate about eight times that for oal- 
culations based on exponential absorption of y-reys. The 
maximum increase in counting rate above 
the results of June 5 was about 46 o.p.8. 
that is, a concentration of about 6 x 10-17 
curies/c.c. This is well within the range of 
concentrations found by other investiga- 





. Counting rate versus altitude 


The detector, & scintillation unit with a cylindrical 
podium iodide crystal of diameter 10 om and height 
7-5 om, was mounted behind the tailplane of a DO 8 air- 
craft and could detect y-raya coming from all directions. 
The flights were made near Gatton (elevation 100 m), 

85 km inland from the eastern coast of 

Australia. The airstreams were easentially from the easi 
(maritime) for the four days immediately before the day 
Wind directions changed on 
June 6, and, for the subsequent days on which flights 
i tially from the west 


plotted against altitude 
inversion are noted. The counting rates observed 





activity ishigh. Estimation of the efficiency 
of ing of radioactive serosols by rain, 
and the 
interface between two fluids such as st the 


Sydney 
R. A. Foorss 
J. 8. Warr 
Australian Atomic Energy Commission 
Research Establishment, 
Lucas Hei 


New South Wales. 
1 Adams, J. À. B. and Lowder, W. ML, odit., The Natural Radiation Ewriron- 
sent (Univ. Chicago Press, 1064). 
1 guess, H., Ana. Rev. Nuclear Sci., 8, 243 (1958). 
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Possible Destruction of Ozone by Volcanic 
Material at 50 mber 


VBRTIOAL ozone distributions over Boulder, Colorado 
(40? N.), showed a persistent dip in the ozone concentration 
at 50 mb over the period from March 9 to April 10, 1964. 
At the middle of the period the dip reached a maximum 
amplitude of about 50 micro-mbar leas than the neighbour- 
ing ozone partial pressures, and a ‘half-width’ of about 5 to 
10 mb. The rise in ozone concentration below the 50-mb 
level was appreciably steeper than the lines of equal 
mixing ratio, even in the mean of all 23 soundings taken 
during the above period. 

Fig. 1 shows the mean plot of partial pressure of ozone 
against total pressure for the nine consecutive soundings 
from March 16 to 27, 1964, over Boulder. 

These observations appear to require an ‘ozone sink’ 
at 60 mb at the time and place of observation. It is 
tentatively suggested that such a sink could have been 
present in the form of a concentrated layer of volcanic dust. 
Meinel and Memel':t reported such dust, attributed to the 
eruption of Mt. on Bali on March 17,1963, as late as 
November 1963. Similar observations have been reported 
from India, Australia and South Africa. 

Moeeop' gives estimates of mean concentration and 
diameter of samples collected over Australia, while Bigg 
(personal communication) has furnished photographs 
showing patches of volcanic dust as far south as 41° S. 
and barng & vertical thickness of the order of one kilo- 
metre or less. 

From the persistence of the ‘ozone hole’ over Boulder 
and the winds then prevailing at the 50-mb level, which 
were very light, it 18 estimated that the patch of dust 
must have extended over horizontal distances of the 
order of & few thousand kilometres. Confirmation from 
stations in the United States Air Force ozone-sonde 
network gives support to this picture. A similar ‘ozone 
hole’ was found in soundings from Fort Collms, Colorado, 
on March 18 and March 26; from Albuquerque, New 
Mexico, on March 18 and Aprl 8; and from Bedford, 
Maseachusetta, on April 1 and April 2. 

A model of such a dust layer haa been drawn up and tho 
resulting ozone profile computed. This model requires & 
thin layer having a vertical mixing coefficient more than 
an order of magnitude less than current estimates of the 
mean value. On the model chosen a destruction rate of one 
ozone molecule in every 35x10" per seo is i 
to give rise to the observed ozone profile. As the mass of 
ozone per unit volume at 50 mb 1s several orders of magni- 
tude greater than the estimated mass of dust per unit 
volume, such destruction must be catalytic in nature, most 
likely due to the adsorption of ozone molecules an the 
surface of the dust particles with subsequent decom posi - 
tion on collision with & second ozone molecule. 


NN 


Parüal pressure of ozone (mb) 
Fig. 1. Mean of nine conseouttve ozone soundings, March 16-17, 1964 
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In conclusion, it is emphasized that this model ie put 
forward to explain & very particular event and does not 
necessarily imply that dust is normally present in sufficient 


A. B. Prrroox * 


National Center for Atmospheric Research, 
Boulder, Colorado. 


* Present address: O. 0. Ph i 
i .B.L'R.O. Meteorological Physics, Aspendale, Victoria, 
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* Melnel, N P., and Moinel, A. B., Netw e, £01, 657 (1904). 
* Momop, 8. O., Nature, 208, 824 (1964). 


METALLURGY 


Effects of Silver and Two-step Ageing 
Treatments on a Weldable Alloy of 
Aluminium, Zinc and Magnesium 


PoLnxEAR and co-workers! have shown that small 
&dditions of mlver to Al-Zn-Mg alloys can bring about 
creases in strength, and, by retarding over-ageing, allow 
alloys to be aged at higher temperatures. When mlver 
was added to ‘DTD 683’ (ref. 3) the increase in hardness 
at ageing temperatures up to 135° C was &mall, the main 
advantage being that bigh hardness levels wére main- 
tamed when ageing at temperatures up to 180? C. 

Taylor* has ahown that to produce the highest mechani- 
cal properties im a reasonably short time in weldable 
Al-Zn-Mg alloys & 2-svep ageing treatment is ired. 
The alloy is first aged at & temperature below 100° C, 
and then aged at or above 120° O, when reversion is 
followed by rapid ageing to give higher strengths than 
could be obtained by ageing directly at the higher ageing 
temperature. Taylor’s work does not show whether the 
use of 2-step ageing treatments allows high hardnoss 
levels to be maintained at temperatures much more than 
135° C. The use of high ageing temperatures could be 
an advantage in weldable Al-Zn-Mg alloys, since the heat- 
affected zone should be narrower the higher the ageing 
temperature. 

Experiments to evaluate the effect of silver and the 
effect of 2-step ing treatments on commercially pro- 
duced weldable Al-Zn-Mg alloys have been carried out 
on two alloys containing nominally 5-0 per cent (weight) 
Zn, 1-8 per cent Mg, 0-1 per cent Cr, and 0-2 per cent Mn, 
one of which contamed an addition of 0-45 per cent Ag. 
In the first stance bardnees haa been used as a measure 
of strength, though it 18 recognized that hardness is not a 
fundamental property. 

Specimens of both alloys were solutaon-treated at 460° C 
for 80 min &nd water quenched. For each alloy specimens 
were first aged for 7 days at 20° C, 7 days at 70° C and 
7 days at 100° O, before being aged at 120° C, 140° C, 
160° O and 180? C. In addition some specimens were aged 
directly at the final agemg temperatures without & pre- 
lminary low-temperature age. The initial low-tempera- 
ture ageing treatmente were chosen, arbitrarily. 

In the silver-free alloy, 2-step ageing treatments resulted 
in higher peak hardness values at all ageing temperatures 
between 120° and 180° C, the effect being more marked 
the higher the final ageing temperature. The best results 
were obtained when the first ageing was for 7 days at 70° C. 
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Fig. 

cent 1-8 per cent Mg alloy aged directly ai the final - 

ture. (2) The same alloy first aged for 7 at 70° 0. (8) 450 ceni 

Yn, 1 per oent Mg, 0-45 per cent Ag aged at fral 
ageing temperature 

In the silver-oonteining alloy the hardness ob- 


imi ing at low 
in that both increased the hardness at 
the final ageing temperature, and both the greatest 


affect when the final ageing temparafure was Riga. These 
results are summarized in Fig. 1, where peak hardness is 
against the final ageing temperature (1) for the alloy 
of 5-0 cent Zn and 1-3 per cent Mg, aged directly 
at 120°-180° O; (2) for the same alloy first aged for 7 days 
at 70° O; (8) for the alloy of 5:0 per cent Zn, 1-8 per 
cent Mg and 0-45 per cent Ag, aged at 120°-180° O. 
The results show that for the composition investigated, 
an addition of silver brings about & small increase in 
strength when ageing at 120° C, but is a distinct advantage 
in allowing the use of higher ageing tem How- 
ever, the samo advantage can be obtained by using & 
two-step ageing treatment. 
K. d. Kurr 
Christchurch, Hants. 
1 Polmear, L J., J. Inst. Metals, 89, 51 (1960). 
` J. T., Sargant, K. R., and Polmear, L J., J. Inst. Metals, 03, 327 
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Influence of Zirconium Additions on the 
Epsilon Phase of the Titanium-Aluminium 
System 
Taa TiAl phase (c) of the aluminium-titanium system 
exista as a single-phase field and can be achieved as a high- 


tion resistance of 1,500? F, good hot hardness, and low 
density; however, it lacked any degree of room-iem 

tare or elevated-tamperature d 1, The cause of this 
brittleness appeared to be the ordered face-centred tetra- 
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gonal lattioe structure, in which [002] planes of aluminium 
atoms were alternated with titanium atoms. It was 


and the atomic arrangement could be disordered, the 
ductility of the s phase could be improved. Kessler and 
McAndrews! tried to reduce the c/a ratio to unity by the 
additions of 18 different elementa. Davies’ in 1959 sugges- 
ted the addition of Zr a8 a means of reducing the o/a ratio. 
Sandlin and and Troup* continued to study the 
effect of Zr additions to the TiAl binary. The purpose 
of our investigation was to refine the 9,825? F e-phaso 
boundary of the Al-Ti-Zr system outhned by the earlier 
investigators and to determine the influence of zirconium 
on the o/a ratio within the c phase at this temperature. 
Eighteen experimental alloys were from high- 
purity aluminium (99-99 per cent), titanium (98:99 per 
cent), and zirconium (99-72 per cent Zr containing 0-21 
per cent Hf). Twenty-gram button i of eeoh 
composition, as indicated in Fig. 1, were arc-melted in & 
high-purity argon-belium atm: 
was melted six times and invi 
ensure homogeneity. Weight losses during melting did not 
exceed 0-69 per cent. Nominal and analysed, compositions 
within 1 per cent. The specimens were wrapped in 
tantalum foil, encapsulated in quartz, and homogenized at 
2.825? F for 24 h. After heat treatment, the quarts 
capsules were quenched in brine to preserve the high- 


pressure of lees than one micron. 


. pper 
radiation was filtered with nickel. The d-values taken 
from the film, corrected for shrinkage, 
with the d-values of TiAl, TiAl, Ti,Al, Al-Zr phases, and, 
possible contaminants. imens 1, 2, 3, 5, and 7 were in & 
two- ion of TiAl and Ti,Al. Specimens 15, 16, 17 
and 18 were in & two-pbase region of TiAl and TiAl,. 
Specimens 4, 6, 8, 9, 10, 11, 12, 18, and 14 were within the 
boundary of the TiAl phase. The maximum intensity 


d-values of the contaminants Ti,0, and Al,O, were identa- 
fled in some films. Fig. 1 presents the TiAl phase boundary 
determined during this study aa compared with the investi- 
gation by Troup. 

The quenched i 
graphically to determine 


were also examined metallo- 
their metallurgical structure. 
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Two etching procedures were used to obtain 
photomicrographs of homogenized titan- 
ium-rich samples: (1) Kroll’s eteh (6 ml. 
HNO, 3 ml. HF, 91 ml. H,O) with 10-Beo 
immersions, and (2) electrolytic etch (60 
ml. HC1O,, 880 mi. C,H,00,H,OH, 360 ml. 
CH,OH) using & gtainleea steel cathode for 
various times at 20 V and & current density 
of 780  m.&mp/am?. Aluminium-rich 
samples were etohed with an etchant oom- 
monly used for aluminium (45 mL H,O, 9 
ml HNO, 8 ml HF, 30 ml H,PO, 
6 ml. HC,H,0,, 5-10 ml. H40,) by immer- 
sion for 8—8 min. The metallographic date 
supported the resulta of the X-ray exam- 
ination. 

The c/a ratios of specimens in the TiAl 
single phase region were computed by the 
Myers and Davies’ graphical method of 
Precise lattice-parameter determination. 
The 20 values within the 60°-160° range 
were used for these computations. The 
binary limits of the TiAl phase were found 
to be from about 51-5 to 63-5 atomic per 
cent aluminium. 

The everage o/a ratio for the intermediate 
phase TiAl was computed to bo 1-01B. 
The c/a ratio was found to increase alightly 
as the zirconium subetitutionally rep 
the titanium within the TiAl lattice. The 
ojo ratio at the maximum solubility 
lmit of zirconium within the single phase 
was 1:026. The o/a ratio did not approach 
unity with Zr additions as had been 
previously reported but actually was found to increase. 


B. V. BPRAGINB 
J. R. Mans 
R. K. Saxe 


Metallurgy Section, 
Air Foroe Institute of Technology, 
Wright-Patterson AFB, Ohio. 
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tate of Technology (881), pee 
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CHEMISTRY 


The System Dicalcium Silicate- Merwinlte 


It was reported earlier! that a new compound of the 
approximate molar composition (2Ca0.8i0,),.4(3Ca0. 
MgO.28i0,),., had been located in the system 2Ca0.8i0,— 
$OeO.MgO.231O0,. This system, relevant to processes in 
the iron, slag and slag cement industries, has now been 
fully explored and the stable phase assemblages between 
the new compound and adjoining compounds have been 
established. Tho results are presented in the phase 
diagram. given in Fig. 1. 

The compositions studied were pared from crushed 
quartz (99-95 per cent pure), 1 (80-8 per cent pure) 
and MgO (98-9 per cent pure) by ignition at 1,250° C in 
platinum boata in a platinum/rhodium resistance furnaces. 
The fineness of the reaction mixture is of importance to 
the formation of the new compound, and during a heat 
treatment of 10 days duration the mixtures were ground 
frequently to pass a 300 mesh sieve. 

The liquidus, covering the temperature range 1,800° C- 
2,130? C, was established by meena of special techniques 
of high-temperature microscopy! which showed dicaloium 
silicate to be the primary phase throughout the system. 
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9, Liqudus temperature; O, points 
the temperature X-ray camera, T, new 

te; ss, solid solution; @, temperature tranmtion of 2CaO - 
phase boundary; C, O&O, 5, BIO,; L, liquid, M, MgO 


First quid is formed throughout the system at 1,575° O, 
where merwinite decomposes to give «2Ca0.S8i0,, periciase 
(MgO) and liquid. At 1,590? C, MgO dissolves leaving 
dicaloium silicate and liquid. The presence of periclase 
in the system within this narrow range of temperature was 
established by X-ray analysia of quanched products. 
These findings are compatible with the accepted view* 
of the melting behaviour of pure merwinite, and of the 
position of the invariant pomt* in the system CaO- 
MgO-SiO, at which 20a0.810,, periclase and merwinite 
co-exist with liquid. 

In the region in which periclase is present, the system 
20a0.810,-3CaO MgO. 28i0, ceases to be binary. 

The subeolidus regions in which the system is binary 
were explored systematically, by means of high-tempera- 
ture X-ray analysis! at ascending temperatures of prepara- 
tions first annealed at 500° O. 

The new calcium magnesiosilicate decomposes into 
a2C080.8i0, and merwinite at 1,460° O. It was detected 
in the system over the wide range of compositions between. 
5 and 95 per cent of merwinite. 

Magnesium ions enter into solid solution in the atruotures 
of the y- and a’-polymorphs of dicalcium silicate whereas 
the a-polymorph does not appear to form a solid solution. 
The B-polymorph of dioalerum silicate does not form a 
part of the stable assemblages. The solubility of Mg ions 
in the y-structure increases with temperature and reaches & 
manmun equivalent to approximately 9 per cent (weight 
per cent) merwinite at 880° C. The temperature of the 
inversion y20a0.8iOgs — a/20&0.810,, is raised from 
880° for pure 2CaO.SiO, to 990° C for the maximum 
y2Ca0.8i0, solid solution. The temperature of the 
a2C&O.S810,—- a’2Ca0.8i0,. inversion is lowered to 
1,860? C as the proportion of merwinite increases. The 
composition of the maximum solid solution of Mg ions 
with «’2CaO.SiO, ocours at 82:5 per cent 2Ca0.8i0,, 
17-5 per oant SCaO.MgO.28iO0,. The 2-> a’ inversion is 
accompanied by changes in birefringence observable by 
high-temperature microscopy and the locus of the a —- a’ 
inversion was determined by thus method as well as by 
X-ray analysis. Tho new calcium magneeioailioste 
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co-exista with the polymorphs of 2CaO.810, and with 
merwinite, and throughout the system its X-ray diffraction 
pattern (already published!) remains unaltered in terms of 
reflexions present and their relative intensities. This is 
consistent with the view that it is & singular compound. 


W. Gurr 
Building Research Station, 
Garston, Watford, 
Hertfordshire. 
1 Gath, W., Nature, 190, $39 (1061), 
a Osborn, H. F., J. Amer. Cormac Soo., 26, 3X3 (1943). 


Electronic Spectrum of IO~ in Solution 


Compounps of iodine in the +1 oxidation state are 
unstable in aqueous solution, and for this reason their 
chemistry is still not clearly defined. ing the 
absorption spectrum of IO- should be helpful for ao 
systematic investigation of this group. Conflicting reporte 
have been published on this subject! *. Apart from the 
instability of IO-, the main difficulty arises from the 
overlap of ita spectrum with that of other iodine com- 
pounds, in particular that of I,-. High alkalinity and low 
T- concentration are desirable for suppressing the forms- 
Do te and other + I iodine compounds as HIO, I,0H- 

= (ref. 1). Here we report the results of a spectro- 
MAE examination of iodine in highly concen- 
trated alkali solutions. 

Solutions of iodine in 4 N sodium hydroxide were pre- 
pared by rapidly adding 10 ml. of 4 N sodium hydroxide 
solution to weighed quantities of iodine in ‘low actinic’ 
flasks. The sodium hydroxide solution was previously 
kept at 25° C, ite delivery Erud was felstively short aad 
the flask waa shaken to ensure the fast dissolution of 
iodine in the alkali. Some solution was then rapidly 
el c a 
stated cell compartment (25° C ) of a Hilger ‘Uvispek’ 

tometer. The absorbance was measured against 
a reference solution of 4 N sodium hydroxide. sepa 
taken not to expose the cell to light apart from the short 
periods required for the spectrophotometric measurements. 
This was done because the solutions appeared to be 
sensitive to light. Measuring the absarbance (A) at a 
fixed wave-length X, 4 was found to decrease with time. 


(4—B/1a x m-Y^ x 104 
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Tig. 2. The electronie spectrum of IO- in solution 
Fig. 1 shows plota of I/A against time at few wavo- 
lengths, where I- and IOs scarcely absorb (curves 1-6). 
The light-abeorbing species obviously decays by & second - 
order reaction. We identify this species with IO~, which 
is produced by the relatively fast reaction: 


I, + 20H- — TO- + I- + H,0 
and which undergoes the overall reaction: 
810- — IO,- + 2I- (2) 
The analogous reactions for ClO- and BrO- are also of 
second order?*:*. The rate-determining step for the decom- 
position of the hypohalites is presumably : 
XO- + XO- — XO,- + X- (3) 


From the relation A = tro-(1O-) + «x-(I-) + £jos- (10,7) 
and the stoichiometry of reactions (1) and (2) we derive: 


k 
[A-a(5/8 e 180,7)" - att xz A 


where a is the initial concentration of iodine, k is the 
apparent rate constant and Ac = sjo- — 2/8 er- — 1/3 «ro,7. 
tr- and tr10,- were determined by measuring the spectra 
of I- and IO,- in 4 N sodium hydroxide solution (in 
the spectral region examined the correction for IO,- 
could be ignored). To test the validity of equation 
(4) and determine ero- in the region where IO- and 
l- strongly &beorb, samples of IO- solution were with- 
drawn at propriate times from the thermostatic 
flask and rapidly diluted with 4 N sodium hydroxide by 
& factor of 100. The solutions thua obtained were relatively 
stable and their spectra, were messured. Curve 7 (Fig. 1) 
exemplifies the validity of equation (4). From the inter- 
cepts and slopes of the lines the rate constant k and etro- 
could be determined. k appears to be constant, irrespec- 
tive of X, at (4:0 + 0-4) x 10-3 M-! seo. Fig. 2 shows 
the absorption spectrum of IO-. Raising the oonoentra- 
tion of OH- to 10 N had scarcely any effect on the 
but k decreased to same extent: ite value was 

(2-7 + 0-2) x 10-* M-! seo at 6 N sodium hydroxide 
and remained nearly the same at I0 N. This may be due 
to the presence of little HIO in the 4 N sodium hydroxide 
solution. On the other hand, at (OH-) = 2N the 
was considerably changed, Sar E due to the formation 
of other iodine compounds 

The weak absorption band of IO- has already been re- 
ported but with somewhat different shape and intensity 
(tmez = 60) (ref. 1). bably due to the relatively 
low OH- concentration regen ya that work (1 N). More- 
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over, no kinetic investigation was carried out and the 

lation to zero time wes performed graphically on 
the 4A—+ curves. The spectrum at A < 280 mu was not 
recorded earlier. It displays two absorption bands, one 
appearing as & shoulder at about 255 my and the other 
is of high intensity with Amex < 235 mu. 

The low-intensity bands of ClO-, BrO- and I0- appear 
at 2901, 831! and 365 mu, respectively, with tmax: 300, 
828 and 81 M-! am-!, respectively. The valency shell of 
the hypohalite ions is isoeleotronie with that of the 
halogen molecules: (zo)! (yo)! (zc)* (wr)* (or), in the 
molecular orbital treatment. The low-energy band is 
probably due to the excitation 7 ,+ «— 12+ which involves 
the transfer of the antibonding ox electron to the more 
strongly antibonding wo orbital. As in the case of the 
halogen molecules this excitation is likely to bring about 
the dissociation, of the ite ions. The dissociation 

in the state D'(XO-) can be estimated 
from that of the XO radical’, ainoe XO- differs from XO 
the bond order fram 3/2 to 1, that is, D'(XO-) ~ 2/3 D* 
(XO). The estimated values for OlO-, BrO- and IO- are 
thus: 42, 37 and 28 koal, ively. Tho ground state 
probably correlates with O-(*P,,) and X(*P,,), whereas 
the "I excited state may decompose to yield O(*P,) and 
X-18,). If this is correct, then the corresponding potential 
curves should crose, since the electron affinity B(O) is 
smaller than A(X). High kinetic energies are thus im- 
parted to the dissociation products formed by irradiating 
the hypohalite ions in their low intensity bands. This 


may explain their high photochemical sensitivity’. Tho 

subsequent reaction is probably: O + XO--+ XO,-. 
O. Hansoviug 
A. 'TRHININ 

Department of Physical Chemistry, 
Hebrew University, 
Jerusalem. 
t Yuan-taen Chia, UCEL, 8311 (1058). 
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An Effect of Ultrasonic Standing Waves on 
Electrodeposition 

Iw the oourse of an investigation carried out here into 

the possibility of producing flne line patterns by usi 

ultrasonic standing waves to control physical or camion 

processes, the following electrochemical effect was 

observed. 

Ultrasonic standing waves were set up in the electrolyte 
of a small plating cell, using a barium titanate disk trans- 
ducer and, 2-5 om from it, a glas block as a reflector. In 
the gap between the reflector and transducer was a sheet 
nickel cathode, 1:5 cm x 1 cm, so that the 
standing waves were i to its surface. Parallel 
to the cathode and about 5 cm from it was & copper anode 
3-5 om?. When small amounts of copper were plated on 


the cathode by passing about 8 m.amp through the cell, it 
was found that the depoatt was formed in lines 
ing to the standing waves in the e ty te. 


Heavier d ition caused the pattern to disappear. The 
beat electro found was 1 g/l. copper sulphate pentahy- 
drate; the addition of complexing had no observable 
effect. Patterning was found at 2, 6 and 10 Mojs, giving 
27, 80 and 184 lines/om, but becoming very faint at the 
highest frequency. i ] 

No reference has yet been found to this effect in the 
literature, but ib may be related to the Debye potentials 
observed by Yeager e$ al.!. These workers found and 
measured the variation in the potential of a small platinum 
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electrode as it was moved through standing waves at 
eee This was in the region 

10 pV. 

Unsucosssful attempts have been made to measure the 
difference in current passed by two wire cathodes spaced a 
quarter of a wave-length apart on the ing wave fleld; 
but in view of the very small voltages fi by Yeager 
e£ al., it is to be that more sensitive experimental 
techniques would be needed than were available. 

It is not known whether, at the ultrasonic power and 
frequencies used, the Debye voltage is sufficient to cause 
the variation in plating thickness observed, or whether 
some other mechanism is 

This work is the subject of a provisional patent. 


R. J. S1wrSox 
British Soientiflo Instrument Research’ Association, 
South Hill, 
Chislehurst, Kent. 
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Structural Differences between the Alkali 
Imidodisulphates 


Ir has long been known from i 
ments? that there are morphologi similarities between. 


O 2/co. Preliminary X-ray examination ob saws crystals 
at room temperature revealed‘ that ammonium imidodi- 
sulphate differs somewhat in structare from the potassium 
salt in that its true unit cell hes a b-axis three times as 
long (8 x 7-74 — 23-2 A) as & peeudo-oell i hous 
with the potassium salt. Rubidium imidodisulphate 
appears to have a five-fold superlattice since, on b-axis 
Dee ob eb ne cat 
additional week layer-linea between. adjacent strong layer- 
lines. In both salts, reflexions on the extra layer-lines are 
of very low intensity. We have investigated these 
Beccucel p gusce uy neea EHE 
broad-line nuslear-magnetic-resonance ear eee: 

Negative piezo-electric testa’ imply that at room tem. 
perature the structure of neither ammonium nor rubidium 
imidodisulphate departs significantly from ocentrosym- 
metry. From X-ray diffraction examination, the peeudo- 
lattice [110] axis of ammonium imidodi to shows at 
300° K a true repeat distance of 3 x 7-50 = 22-5 A; the 
(3n +1) and (3n + 2)th layer-linee are always very weak 
(where n = 0, 1,2,...i8 the layer-line number of the 

. This is oonsistent with the triple-cell 
picture in which the true oell is C-face centred. At 80° K, 
the same axis exhibits only one weak layer-line between 
each pair of strong ones and the axial length is 2 x 7-40 = 
15-0 This suggests that at low temperatures there is & 
transition from the triple unit call, which exists at room 
temperature, to & cell having dimensions comparsble with 
those of the potassimm salt but in which true O-centring 
is replaced by pseudo O-centring. 

From an approximate least squares X-ray refinament* 
of the ammonium imidodisulphete structure, carried out 
on the peeudolaétioe reflexions only, and with the aaeump- 
tion of isomorphism with potassium imidodisulphste, it 
appears that the structure in the is closely 
related to thet of the potassium salb. Under similar con- 
ditiona, the rubidium imidodisulphate structure did not 
refine satisfactorily. In this salt, the few exceedingly weak 
extra reflexions on b-axis X-ray ph ores ne 
temperature are confined to the (bn + 1) yer-lines 
(n = Q, 1, 2,...), where the true axis length is 5 x T8 = 
88-4 A; low- photo suggest that the 
quintupled cell persists down to 80° On room tenpera- 


4C 


No. 4993 July 10, 1965 


ture rubidium salt rotation photographs about the 
5 x 7-54 = 87.7 A long [110] Ms the pseudo-cell, 
regarded aa [510] of the true oell, a few extra reflexions 
Es adcetel aside (n 2: Brand Ion 8) layco imos Dot 
none on the (5n + 1) or (ön + 4) layers. Neither at 80° 
nor at 800? K were any such pronounced intensity differ- 
t in ammonium imidodisulphate between 
gga hore eena er ie 
thallous imidodisulphate by double 
eoo piticn of fairly soluble (41 g in 100 g water at 
20° C) ammonium imidodisulphate were unsuccessful; 
possibly the Capestan* method, via the -sulphamate, or a 
method analogous to that due to Baumgarten’ for the 
ion of ammonium and i imidodisul- 
phates, would be better. Morphological evidenoe!* indi- 
cates that the ammonium, i and thallium salts of 
methionic acid, CH ,(8O,H),, which is iso-electronic with 
imidodisulphurio acid, are isomorphous with the imidodi- 
sulphates. While methionate! is isostructural 
with potassium imidodisulphate, no lattice structure 
analogous to that in ammonium imidodi has been 
sean in ammonium methionate‘. 

Proton magnetic resonance spectra of powdered am- 

monium, potassium, and rubidium imidodisulphates were 
recorded àb 88-8 Mo/a and with an H, field of about 2 mG 
on & broad-line proton magnetic resonance & a 
based on the Robison! detector. Despite small 
structural change revealed by X-rays, there was no 
significant change in the proton magnetic resonance line- 
width, AH gy, of 4-8 + 0-5 G when ammonium imidodi- 
sulphate was cooled from 283? to 90? K. For the rubidium 
selt, there was no between 268 and 80° K in the 
line-width of 2-6 + 0-5 Q. For potassium imidodisulphato, 
an the other hand, there was a possibly signifloant broaden- 
ing in AHg,, from 2-3 + 0-6 G at 208? to $:3 + 0-5G 
at 80° K. 

We thank Dr. W. G. Perdok for carrying out and com- 
mmnioating the piezo-electric measurements, Mr. R. 
Steadman for ing X-ray i t available, and 
Dr. M. R. Truter for help with low-temperature X-ray 
measurements. 

D. W. Jonas 
G. O. ELS WORTHY 
J. E. PEARSON 
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Reaction of Selenious Acid with Potassium 
Permanganate 
ALTHOUGH the reaction of selenious acid with potassium 
ee ee 
not investigated in detail. See aoe to pide 
selenious acid reduoes Ba dis sotation 
dioxide, which separates the solution. “Bat ie 


pe o ee 
large exceas of selenious acid solution, the pink colour due 
to permanganate is di and the formation of 
cues dnas A deii ance If selenious acid 
18 nob in large excess, only itates of oe 
decus hein P 
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suggests that selenious acid first reduces permanganate 
ion to manganous ion which reacta with permanganate to 
form manganese dioxide. In the present investigation 
the reaction between selenious acid and potassium 
ote eats has been studied by physico-chemical 


ne epica of the Bolution and the solid 
obtained by mixing solutions of selenious acid and potas- 


molar ratio of 5:2, only a portion of selenious acid is 
oxidized to gelenio acid. Complete oxidation of selenious 
acid oocurs within 40 min if the molar ratio of H48eO, to 
KMnO, is equal to or leas than 3:2. The net reaction 
between selenious acid and potassium permanganate in 
acidic medium may be represented as: 
180,860, + 6KMnO, = 

3K,8e0, + GMnSeO, + 6H,800,+ 9H,0 (1) 
GMnSeO, + €EMnO, + 40,0 = 

10MnO, + 2K,8eO, + 4H,800, (2) 


15H,8eO, + 10KMnO, = 
5E48e0, + 10MnO, + 10H48e0, + 5H4,0 (8) 
The reduction of permanganate by reaction (2) may be 
assumed to be negligible immediately after the addition of 
to selenious acid solution. Under such 
conditions the rate of oxidation of selenious acid is equal 
to 5/2 times the rate of reduction of permanganate which 
is directly related to the rate of dise of pink 
colour due to permanganate. irae ti ails uud 
ate by selenious acid in the presence of sulphuric or 
phorio acid has been followed by measuring d ese 
PEU MEG MU UE M ID O o1 ee 
before the appearance of precipitate. The reaction (1) 
Medi io bo OA c selenious acid ia found to be 
first order with respect to H,SeO,, first order with respect 
to permanganate, and zero order with respect to hydrogen 
ion. The rate law for the oxidation of selenious acid is 
given by the expression: 


ZAERO) L K (H,800,) (MnO«-) 
The value of the rate constant K, calculated from the 


permanganate and selenious acid (in 0-6 N H,80,) in the 
range (4-445 — 26-67 x 10-* N) is 26-70 + 0-7 mol! litre 
aoc at 20? + 0-2? O. The energy of activation evaluated 
from the values of K at different temperatures between 20° 
and 82° C, is found to be 20 + 0-5 koal. 

Absorption measuraments have been taken with the 
8 o ‘20’ and the Beckman model 'D' pee. 
photoristar at 620 mys using a call of 1 cm Ii $ path. We 
thank Dr. G. M. Nabar and Dr. B. N. of the Uni- 
versity of Bombay, for allowing us to use these instruments. 

K. Knanava 
B. O. HALDAB 
Inorganic and Nuclear Ohemistry Laboratory, 
Institute of Science, 
Bombay, 
India. 
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Some Properties of Silicon Difluoride 
Gasnous silicon diftuoride has been observed in 
studies!, and polymers of composition (Sify), were pre- 
pared by Sohmeisser* from magnesium and dibromodi- 
fluormilane. However, a convenient tion of both 
silicone diffuoride gas and polymer wan first doadribod by 
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Pease? in 1958, in which silicon tetrafluoride was passed at 
low preesures over silicon at temperatures above 1,050? C. 
Pease showed that gaseous silicon difluoride would poly- 
merire at low tures to form a rubbery polymer, and 
that it could be reacted with halogens or unsaturated 
organic molecules to give compounds containing BiF, 
groups. 

We have extended these investigations and have found 
that both SIF , gas and its polymer (BIF ,), have some quite 
unusual properties, 

In our experiments silicon tetraflucride was passed over 
granular silicon at 1,150? C and the pressure after the hot 
zone was maintained at 0-1-1-0 mm by pumping. A mass 
spectrometric study showed that the gas emerging from 
the furnace contained only BiF, and SiF,. 

Cooling the gas mixture to —196° C gave a red condens- 
ate which became a white rubbery solid at roam tempera- 
ture. We found that this polymer could be destructively 
distilled at 2007-850?O to give all the perfluoroailanee 
BisF gar, from Sif, through Si,,F& (ref. 4). The oom- 

BiF, Si,F,, 8i,F,, and Bi,F,, have been isolated 
the pyrolysis products, other compounds being 
identified by their mass spectra. Perfluorotrisilane and 
higher perftuoroeilanegs have not previously been described. 
They have similar boiling points to the corresponding 
silanes, but muoh higher melting pointe, for example, 
Si,F,,, m. pt. 67° O, b. pt. 85° C; 81,H,,, m. pt. —88° C 
(ref. 5), b. pt. 107? C (ref. 6). 

The solid polymer reacts with 20 per cent aqueous 
hydrofluoric acid to give & mixture of silanes from SiH, 
to at least SiH, The yields are 25-85 per cent 
theoretical and the relative abundances of the species are 
similar to those obbeined from silicon monoxide and HF 
(ref. 7) although lees monosilane is formed. The polymer 
also reacts with: amines and ethers to give com 
mixtures of products, some of which retain long silicon 
chains. 

Silicon difluoride is rather stable in the gas phase, 
apparently decaying only by collisions with the walls of 
the ining veasel, For example the of SIF, 
fell from 0-1 mm to 0-05 mm in 2-5 min m a 5-1. flask at 
25°0. No gaseous polymers were detected by mass 
spectro , but a po film appeared on the walls of 
the flask. Similarly, Sif, did not react in the gas phase 
with boron trifluoride, phosphorus trifluoride or 
carbon monoxide, although in the case of oxygen the rate 
of decay increased greatly due to reaction on the walls of 
the flask. However, if silicon diftuoride was condensed 
with any of these four gases at —196° C, reaction occurred 
and new products were obtained on warming to room 


Dndee these oandik ona beso teiifiadids ftraedia whit 
ailicon—boron—fluorine polymer, and two new compounds 
Sif,SiF,BF, and 8 
isolated. With phosphorus trifluoride the polymer was 
red and a mixture of volatile unds, presumably 
of type Bi4F,4,;PF,, was obtained which readily deoom- 
posed to perfluoroailanes and black PF polymers. Oxygen 
reacted with the silioon difluoride to give a clear liquid 
polymer mixed with a little (BiF,)s, carbon monoxide 
gave & white, brittle solid polymer. Heating either the 
oxygen or carbon monoxide polymers gave & whole range 
of silicon oxyftuorides not previo described. 

Thus, condensing silicon difluoride gas with another 

causes it to exhibit a far greater level of 

ivity than is shown by the uncondensed gas or the 
polymer (SiF',)s. Preliminary work on the infra-red 
of BiF, trapped in an argon matrix suggests 

that at 20° K there is already some polymerization of 
the Sif’, and that this is more extensive at 40° K. The 
aspis is similar to that obteined by Milligan' for 

e dimerization of OF, to O,F, in & matrix, and is 
different from that observed for the (SiF,), polymer at 
room temperature and the perftucrosilanes. Hence a type 
- of unsaturation may exist in the low temperature con- 
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-were again discarded. Thus far, the i i 
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densed silicon difluoride polymers which could cause the 
observed high reactivity. 

This work was supported by funds from the Advanced 
Research Projects Agency administered through the U.8. 
Army Research Office, Durham, N.O. 
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BIOCHEMISTRY 


Stimulation of Steroid C-I18 Hydro 
Adrenal Mitochondria by 
' sine Monophosp 


ApxNoarsn-8',5'-monophoesphate (cyclic 8’,5’-AMP) has 
been shown to stamulate steroid O-118 hydroxylations in 
rat adrenal homogenates! as well as the production of 
corticosterone from endogenous precursors in surviving 
rat adrenal sections’. In the latter instance, the effect of 
the cyclic nucleotide appeared to be related to enhanoe- 
ment of a-glucan per ass activity*, consequent 
NADPH production, and, possibly, to increased provision 
of endogenous steroid substrate’. In homogenates, how- 
ever, stimulation of steroid C-118 hydroxylation did not 
seem to be dependent on i 
NADPH generation, or the availability of endogenous 
precursors’. Since steroid C—11p hydroxylase activity is 
associated with adrenal mitochondria‘, experiments were 
undertaken to determine whether cyclic 3’,5’-AMP was 
effective in isolated mitochondria. The data presented 
here reveal that the cyclio nucleotide was capable of 
stimulating O-118 hydroxylation of added 
and 11-deoxyoorticosterone in purified 
chondria fortifled with NADPH. 

Adrenal glands were obtained under light ‘Nembutal’ 
(sodium pentobarbital) anaesthesia fram young male rate 
(180-150 g) of an inbred Sprague-Dawley strain. The 
Se ee ee rm ee cae: 

i free of fat and connective tissue, and weighed. 
All subsequent procedures involved in the isolation of 
mitochondria were conducted at 0°-4°. Approximately 500 
mg adrenal tissue were hom i for 0-5 min in 8 ml. 
of 0-25 M sucrose using an all-glass homogenizer with a 
loose-fitting pestle. The sucrose was adjusted to pH 7:1 
by addition of 40 mM iris-hydrochloride buffer (pH 7-4) to 
a final concentration of 0-8 mM. The suspension was then 
centrifuged at 700g for 10 mm. Centrifugations were 
carried out in plastic tubes in a Sorvall refrigerated centri- 
fuge. The supernatant was carefully removed with a 
dropping pipette and recentrifuged at 5,000g for 10 min. 
The supernatant and loosely-packed material from this 
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"was similar to that described by Brownie and Grant’. The 
pellet was then ed in tris-mucroee and oentri- 
fuged at 10,000g for 10 mm and the supernatant was 
removed as described before. Electron microscopy 
revealed that this pellet waa composed mainly of intact 
mitochondria. Finally, the pellet obtained at 10,000g 
in a buffer composed of 18 parta of 0-154 
M NaHCO, and 37 perte of 0-164 M KCl. Protein was 
measured in aliquota of the mitochondrial suspension by 
the method of Lowry, Rosebrough, Farr, and Randalls. 

The incubation mixture oontained 0-2 ml. of mito- 
chondrial suspension, 1 umole NaNADPH, 0-2 ole 
{0:05 uo.) of (4—*C)-progestarone or (4—*C)-11 ry- 
corticosterone in 0-018 ml. 95 per oent ethanol, 48 moles 
NaHCO, and other additives, made up to & final volume of 
2 ml, with 0-154 M KOL The amount of mitochondrial 
suspension added to each sample was equivalent to 
kd usce E iar t mitochondria (0-5 mg mito- 
chondrial protein), ived from 75 mg adrenal tiəsue. 
Methods of incubation, extraction, chromatography on 
thin-layer plates, measurement of radioactivity, and 
identification of the ted steroids have been described 
earlier", Recovery of radioactive steroids carried through 
the extraction procedure exoeeded 95 per oant. 

The adrenal mitochondrial preparations were active in 
0-118 bydroxylations only when NADPH or NADP, 
glucose-6-phosphate, and glucose-6-phoephate dehydro- 
genase were add»d. In incubation periods varying in length 
from 15 to 45 min, the major metabolite formed from 
(4—*C)-progesterone was 110-hydroxyprogesterone 
1) After 80 min, very small amounts of @ more polar 
substance, which migrated more rapidly than oortioos- 
terono, were also noted. This may have been a O—18 
The absence of 11-deoxycorti- 
costerone and corticosterone indicated that significant 
contamination with microsomal 0-21 hydroxylase activity 
had not occurred. Cyclic 3’,5’-AMP consistently and 

y enhanced 0-116 hydroxylation of progesterone in 
i sae Le a dk The conversion of progesterone to 
11B-hydroxyprogesterone was stimulated to a greater 
degree by the cyclic nucleotide (2 mM) after moubatian for 
15-80 mim than after 45 min, averaging 30 per cent in the 
former instances and only about 10 per cent in the latter 
sie net 1). 
rogesterone has been reported to inhibit O-11p 
ipa activity in adrenal mitochondrial prepare- 
baa the utilization of 11-deoxyoortioosterone was also 
The major steroid formed was the 0-118 
triaio product, corticosterone (Fig. 2, control). 

Subsequent experimenta revealed that a portion of 
the radioactive material included under the corticos- 
terone was 18-hydroxy-11-deoxyoortioosterone. 
Ab a concentration of 100 pM and with an 
incubation period of 15 min, the basal rates of hydroxy- 
lation were similar for progesterone and 11-deoxy- 
corticosterone; that is, about 20 umolea x 10 steroid 
converted per 100 mg adrenal tissue/h. However, the 
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Table 1. Hrrao? or Orolo 3',5-AwP om 0-118 HIYDEROIYIATION OY 
440) PROGESTERONE IN Bat ADRENAL MPTOCHONDEIA 


Ineabation Control Oyclie $',5'-AMP 

ume 115- formed Per oent P 

(min) (modes x mg adrenal) value 
i5 $-04 0-24 E18 +0 29 a «0-01 
15 5-22 00-24 88 + 0-27 32 «0-01 
30 8-97; 10-93 15-30; 11-20 n — 
20 9 64; 12-50 15-50; 15-10; 18-60 £7 — 
45 14-40 + 6-70 16-38 + 0-32 11 0 05 


The Ineabation medium (2 mL) contained 0 2 3 umole progesterone (0-05 o.), 
Lemos BAPE, and £ amola crs ¥.5-AMP treated: de 


prosenoe of mitoebondria from 70-80 mg The means + 5.9.M. 
shown there were 4 sam. otherwise individual values ere given 
In the former instances, the P values are for the differences between control 


vaines and those obtainsd with the cyclic nucieoade. 


stimulatory effect of cyclic 3’,5’-AMP was greater with 
ll-deoxyoortioosterone, varying from 50 to 75 per cent 
above the control-level durmg a 15-min incubation period 
(Figs. 2 and 3). Furthermore, significent enhancement of 
corticosterone formation from 11-deoxycorticosterone 
could be produced with relatively low levels (0-5 mM) of 
the cyclic nucleotide (Fig. 3). This concentration appears 
to be lower than that required for stmmulation of oorti- 
oosteroid production in intact adrenal cells from the rat". 
The specificity of action of cyclic 8’,5’-AMP haa not as 
yet been thoro examined. The available data 
indicate that 5’-AMP also has a stimulatory effect on 
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Fig. 3. Influence of varying concentrations of $,5'-AMP on œn- 
har pele pa oi pt Mi ieri aid section terna duris tase 
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steroid G—118 hydroxylations in adrenal mitochondria. 
Stimulation could not be produced with 2 mM 5/'-ATP. 
The latter nuclectide has recently been shown to inhibit 
the stimulatory effect of mitochondrial swelling agents on 
pregnenolone synthesis from endogenous sources in 
adrenal mitochondria’. 

The mechanism whereby oyolio 3’,5’-AMP enhances 
steroid C—118 hydroxylations in adrenal mitochondria is 
unknown. Stimulation of NADPH generation has been 
suggested aa & basis for the steroidogenic action of the 
cyolio nucleotide in the intact adrenal oortical oell*. 
However, steroid hydroxylation was not observed in 
adrenal mitochondria or homogenates’ in the sbeence of 
NADPH or an NADPH- even when 
cyolio 8’,5’-AMP was added in high concentration (4 mM). 
Possible explanations for the action of cyclic $’,5’-AMP in 
adrenal bro oell preparations inolude stimulation of the 
idee eli staat or oo-factor acroes the mitochondrial 

and direst activation of the steroid O-118 
hydroxylase enryme system. Effects of cyolio 3’,5’-AMP 
on biological transport and on enzyme activities in other 
‘tissues have been desoribed!*. The relationship of the 
stimulation by ayolio 8’,5’-AMP of 0-118 hydroxylations 

in adrenal mitochondria and to the action 
of the io nucleotide in the intact cell remains to be 
expl ! 
This work was supported by & research grant from the 
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Heterotopic Calcification of Human Nail 
and Hair 


Tua deposition of calcium salts in tissue other than 
osteoid, known as heterotopic calcification, may conveni- 
ently be divided into two distmot types: i br que 
See Gas Bice a ee 
degenerate tissue following injury, for examp 
oemifloans, and metastatic calcification of S 
normal tissue due to a generalized 

horus metabolism and the draining of celcium from 
the aa occurs in h: yroidigm. 

In view of the discovery during the past few years that 
a wide variety of hard keratins may exist in & calcified 
form!+, an examination has been made of human nail and 
hair for adan of heterotopic calcification. 

Vere as A bopt Por Oat uen MD ee 
orthophosphate spacings in the X-ray diffraction pattern 
of keratin, A D EC 
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were examined for oaloifloation, 50 of the nails snd all the 
hair, with one exception, were selected from geriatric 
patients and the nail specimens from persons 
who could be divided roughly into three categories: ` 
1O) ee mielo RR Tulee De MTS OL age, mhos 

nails appeared normal; (b) of category (a) but 
whose nails were abnormal in appearance, for example, 
in shape or contained white flecks, or were mechanically 
m (c) persons of category (a) but whose nail or nail-bed 

injury. 

Although 16 per oent of the nails from geriatric patients 
showed strong calcium phosphate reflexions, these re- 
flexions were absent in the X-ray diffraction patterns of all 
bapa wedi ce) A beard hair, however, which emerged 
at intervals an inflamed follicle (ohin area of healthy 
male aged 33 years) showed strong calcium phosphate 
reflexions with considerable orientation (Fig. 1). 

Nails from categories fy sd (ors a6 colcuia dines 
although sometimes very poor keratin reflexions were 
obeerved in (b). An examination of white flecks in nails, 
which are often associated with low serum albumin, sup 

the view that they are not dius to csletfioe tioni: 
category (o), three cases of calcification due to injury 
Se ee ee ele uud ead ae 
greater detail. The nail female aged 4 years), which, to- 
gether with the bed, been injured by was 
allowed to grow until it off. The appearance of the 
nail at the point of diseontinuity of growth waa quite 
eae de Say aint one eeren Tuercuraph ie. 2). 
The X-ray diffraction photograph of this material showed 
very strong calcium phosphate reflexions, which were 
Shashi in aindaaged! nail of the mins eubiodt alld xn 
electron diffraction pattern of calcium pee also 
was obtained. Tho amount of calcified tin present 
was sufficient to enable a micro oelorum determination to 
be made with & flame photometer, the resulta as 
follows (per cent calcium): Normal nail of subject, 0-29; 
nail at point of severance, 7:2; control l (male aged 38 
years), 0-26; control 2 (female aged 7 years), 0-35. 

It is generally assumed that the calcium salt le 
for oelcifloation is hydroxyapatite, and the percentage of 
calcium in the damaged nail corresponds to 18 per cent of 
\ this aubetanoe. 

It has been established, therefore, that dystrophic 
calcification of nail and hair can ooour as the result of 
damage to the nail bed or hair follicle. Oelcifloation on 
ageing, however, does not occur in hair but is limited to 
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Fig. 2. Wlsotron miarogm: brn de nan ach iam acetal 
ghee mn x 6,150) 


nails, and, in view of the fact that bones oan deoalcify 
with age, could poesibly be metastio in neture. 

We thank Drs. F. N. Bamford and R. K. MaoCuish, 
who sesisted with the provision of samples, and Miss R. 
Ballin, for the electron micrograph. 


P. R. BLAKEY 
O. EARLAND 
Department of Textile Industries, 
J. G. P. Sr. 
D. Swirr 
Department of Pharmacy, 
Institute of Technology, 
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Metabolic Activity of Monolayer Tissue 
Cultures of Human Thyroid 

BrupraB of iodine metabolism by dispersed human 
thyroid cells have been reported by Pulvertaft at al.!. 
Pastan" and Tong et al.* have reported similar studies on 
calf and sheep thyroid cells, respectively. The latber 
authors’ findings that the follicular structure of 
intect thyroid tissue is not indi le for the formation 
of thyroid hormones. Kerkof ef al.‘ have reported their 
interesting observation of the re-organization of the mono- 
layers of thyroid cella in tissue culture into a structural 
pattern resembling cross-sections of intact thyroid tissue 
when thyroid stimulating hormone was included in the 
medium. 

Initially, the present work was concerned with the 
question of the indi bility of the follicular organiza- 
tion of the thyroi not only with regard to the forma- 
tion of thyroid hormones, but also with the formation in 
the culture medium of molecules (peptide or protein) 
which show the imm ogical activity of thyroglobulin 
in the tanned red-cell agglutination inhibition test. At the 
same tame, the specificity of such activities was tested by 
using an established oall-lme aa a control (ERK cels). 
Ooombe et al.* have shown that the ERK cells are of human 
ongm. A 
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Thyroid glands were manipulated within e few hours 
after surgical removal. The cells were dispersed by trypsin 
according to the method described by Pulvertaft e$ al! 
with minor modifications. The cells were cultured in 

' babies’ bottles using the following media with 
and without the addition of 10 per cent serum (con- 
taining 11-6 ug iodine/100 mL): (a) TOM-199 (Glaxo), 
which is iodine-free; (b) & mixture composed of balanced 
electrolyte solution, tryptic meat broth and lactalbumin 
hydrolysate (3-0-7-8 ug iodine/100 ml). Thyroid cells 
could not survive more than 3 paseagea, partly because 
of their increasing stickiness to glass and our consequent 
inability to strip them off with trypsin without causing 
cellular damage. Although some of the cultures survived 
for nearly 2 months, an established cel line was never 
obtained from the 20 human thyroids used in this work. 
Pulverteft e£ ai. are the only authors who claim to have 
done #0. 
obtained at operation. Nine cases were classified as toxic 
diffuse goitre, 5 as toxio nodular goitre, 5 aa non-toxic 
nodular goitre and one as Hashimoto’s thyroiditua. It was 
noted that poor growth resulted from 2 toxio diffuse 
goitres, one toxio nodular goitre and the case of Hashimoto's 
thyroiditis. Thus the most consistent growth was obtained 
from the 5 osses of non-toxic goitre, but ag the numbers 
were small this may not be a significant finding. 

Five of the above thyroid cell cultures were used for 
metabolic studies (2 diffuse toxic, 1 nodular toxic, 1 
nodular non-toxic, 1 auto-immune thyroiditis of the 
Hashimoto type). 

When the monolayers had been developed (2-3 days), 
they ware washed several times with buffered electrolyte 
solution and fresh medium was added. A number of 
bottles were kept for the detection of stable thyroglobulin 
0, 24 and 72 h after this change. An increase in the tanned 
red-oell agglutination inhibition titre was taken as sn 
indication of the synthesis of thyrogiobulin-like material. 
The reaulte of this titration were, however, doubtful because 
positive results were obtamed in only a small number of 
the bottles where calf serum was added, but not in 
protein-free medium. On the other hand, evidence was 
obtained of the presence 2d ae phate activity in thyroid 
call culture medium as indicated by the breakdown of 
141] labelled human thyroglobulin added $n viro (Aseem*). 
The labelled material was incubated with samples of 
tissue culture medium TOM-199 (pH 7:1—7.4) in which 
thyroid cella had been growing, for 24 h at 37°C. The 
breakdown products were separated by dialysis at 4° O 
against tap water for 16 h and original and residual 
radioactivity was counted in & wall-type scintillation 
counter. The results of a ne experiment are given in 
Table 1. The addition of ox haemoglobi (1 
per cent) and ‘Trasylol’, 100 x.r. units/ml. (a proteinase 
inhibitor, Farbenfabriken Bayer A.G.) induced & little 
reduction in this proteolytic activity. The ERE medium, 
however, showed a similar activity. The oocurrence of & 
small degree of degradation of labelled thyroglobulm 
in the controls which were unused media oould be ex- 
plained by the contamination of this preparation with 
proteolytic enzymes originating from thyroid tissue 
from whioh it waa 

Only one culture (derived from a toxic diffuse goitre), 
of 5 tested in this way, showed ability to concentrate 
131] when added to the medium as iodide, after 2-3 days 
growth. In this culture the ratio of cell to medium radio- 
activity was 1:6: 1, while the ratio of cell radioactivity 
to number of calls was 8 times greater than in ERK 
Table 1. DIALYBABLA “I, A8 PER CENT OF TOTAL HRADIOACTIYTITT 

INCUBATION OF I-LAHELLED THYROGLOBULIN FOR 24 H aT 37* O 
Medium of thyroid cells Control (un- 
Bab- weed culture 


Additions Medium of Primary 
HEX od  oultures «cultures = medium) 
None 41 40 31 14 
3 28 10 13 
ox hasmogiobin H 30 20 14 
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cultures. In contrast, the remaining thyroid cultures gave 
oell/medrum radioactivity ratios fon 01: 1 to 0:1; 
not thy different from that of the ERK cells 
(0:2:1). However, the cells of two of the thyroid cul- 
tures with low I contained traces of thyroxine 


and probably triiodothyronme (as well as mono- and- 


di-iodotyrosine), when ee paper chromatography 
after panorestio digestion. The culture media in which both 
thyroid and ERK cells had been growing contained minute 
traces of “J in arganio form (mainly as iodotyrosines). 
181] labelled th: obulm was detected in the medium of 
only one thyroid culture. This material gave a radioactive 
peak in the alpha-globulim region on electrophoresis, which 
was displaced towards the cathode on adding dilute 
Hashimoto serum oconteinmg thyroglobulin antibody. 
This particular culture was grown in the medium contein- 
in calf-serum, and the cells concerned did not concentrate 

1 

There was therefore suggestive but not conclusive evi- 
dence that the thyroid cella were making thyroglobulin- 
like compounds. A more definite finding was that these 
cells produced enzymes with proteolytic activity. Ability 
to make these ensymes was not, however, specific to thy- 
roid cells, since they were also found in the ERK cultures. 
Tho presence of proteolytic activity in the medium would 
inevitably make the detection of thyroglobulin difficult 
by any technique. 

E. B. K. Asseu* 
Medioal Unit and t of Bacteriology, 
University College Hospital Medical School, 
London, W.C.1. 

z Freni address. Department of Therapeutics, Royal Infirmary, Edm 
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Nutritive Value of Nigerian Water Melon 


WATER melon (OUrudus vulgaris) is cultivated in 

Nigeria for the semi-drying oil which is 

used for cooking and may be used as a sub- 

stitute for cotton seed oil. The seeds are also used as 
vegetable soup, but the flesh is never eaten. 

The present work was undertaken to investigate the 
nutritive value of the seeds as a basis for future work. 
The analytical work has been concerned with proximate 
analysis, mineral composition and the determination of 
oxalic, hydrocyanio and phytic acid content. 

The seeds were bought at different times from the 
market, dried o ight at 100° C, and finely ground. 
ash, ether extract and hydro- 

according to the Association. 
of Official ierit Chemists’ Methods of Analysis. 
Potassium was estimated by flame photometry, other 
minerals by means of a photoelectric 
oxalic acid by the method of Dye! and phytic acid by the 
method of MoCance and Widdowson*. 

Table 1 shows a typical proximate analysis of the seeds. 
Table 2 gives the distribution of the major inorganic oon- 
stituents and Table 3 the minor inorganio constituents, 
while Table 4 shows the oxalic, hydrocyanic and phytic 


Table 1. PRoxiwsTs AWALYSIS OF NIGERIAN WATER MELON 
Pr m Orude Aither Orude Carbohy- Ash Calories 
protein extract fibre drate 
% % % % * % % 
91-02 31-88 57-06 8-34 437 6-17 505-66 


Quanirties are given as peroentage fresh weight. 


Table 2 MINERAL &TATUB OF NIGERIAN WATER MELON; MAJOR HLEWENTS 
P K Na 
* * 


* 
5-10 1454 0854 
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Tabl 3. MINERÀAL BrATUR OF NIGERIAN WATER MELON; Merron BIEXEXTS 


Os Mn Te Oa B Zn Mo Al 
* PP ppm. ppm. ppm D... ppm. ppm. 
033 058 43 75 — 498 1*5 50 10 58 
Table 4. OXALIO, HYDROCYAYXIO AWD PHYTIO ACID OON TENTE OF MIGERJAN 
WATAE MELON 

Oxalis acid  — Hydrocyanio acid — Phyte acil P Phytic acid P as 
% mg % mg % % of onginal P 

08 0 000 41 


acid contenta. AN determinations are based on percentage 
of dry matter. 

The seeds are very rich in protein and serve as & protein 
supplement, forming one of the most im t sources of 
protein in the Nigerian diet. Nearly per cent of the 
seed consiste of oil. The oil is used as a substitute for 
oil in cooking, and after the oil has been the 
residuo is wrapped in leaves and steamed to give ‘cake’. 

Tho seed w & good source of energy, 100 g supplying 
about 566 calories. The ash content is high. The import- 
ant dietary constituents of the ash are the oalorum, 
phosphorus and iron contents. It is poor in caloium and 
iron but relatively rich in i The phosphorus 
content is very high. Of the Nigerian and 
vegetables analysed, water melon contains the highest 
phosphorus content. This gives a Ca: P ratio of 1:11. 
Although the ratio is unbalanced (1: 2 is the satisfactory 
ratio), since it is teken along with other foodstuffs the 
satisfactory ratio could easily be met. 

It is generally accepted that, under certain conditions, 
dietary oaloium is precipitated in the intestine, resulting in 
reduced calcium availability, which restricts growth and 
even causes rickets. The two acids that are to 
be responsible for this are oxalic and phytic acids. Further- 
more, the lowering of the calcium by excretion as calcium 
oxalate takes place through the kidneys. Crystals of 
calcium oxalate are deposited in the uriniferous tubules in 
the form of granules or stones, to oxaluria. 

Caloimm determinations in fi are therefore of 
little significance from the nutritional point of view, unleea 
taken in conjunction with oxalic or phytic acid content or 
both. Water-melon seeds contain negligible amounts of 
oxalic acid, but nearly half the phosphorus occurs as 
phytic acid. Nevertheleas, the amount of non- -phytio 
phosphorus is still le. 

has extensively studied in many 
planta, chiefly because of the toxio effect that the deadly 
poisonous hydrocyanio acid produced could have on live- 
stock. Hydrocyanic acid does not occur free, but com- 
bined with sugars to form an insoluble, nan-toxio oom- 
pound known as cyanogenetio glycoside. The water-melon 
seed does not contain any hydroyanio acid. 

The plant samples were analysed by Dr. A. L. Ken- 
worthy, Horticulture Department, Michigan State Uni- 
versity, East Lansing, and this work was supported, m 

part, by & Mi State University International Pro- 
Dena Kod oundation grant. O. L. Oxa 


Department of Chemistry, 
University of Lie, 
Ibadan, Nigeria. 

d of Official Chemists Oficis!l and Teniativs Methods 
of Analysis, ninth (1960). 

* Dye, W. B., Weed, 4, 55 (1960). 

* MoCanoe, R. á., and Widdowson, H H, Brochem. J., 29 (1085). 


Rat Liver Sorbitol Dehydrogenase 


Trumm has been considerable interest in the effeot.of 
various diets and hormones on liver enzymes. Ons of the 
blems related to the in retation of the results is the 


m liver nitrogen content, liver rod E body-weight, and 
ratio of liver-weight to body- Several considera- 
tions related to the reportmg suos obtained. after 
dietary and hormonal treatment have been discussed 
previously". It would therefore be interesting if the 
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activity of ope enzyme were to remain unaffected by these 
treatments using any given method oh roportnk 
resale Such an enzyme might be useful as a 
will present the effects on the activity of liver 
ae deh: activity of several treatments 
known to affect many liver enzyme activities. Sorbitol 
isis iis ee oS DR ope ee eae eee, 
apparently important no metabolic function of the 


liver most regimens or hormonal treatments, and it 
may ore Berve as & control enzyme activity for most 
treatmenta. 


All animals (male Sprague-Dawley rata) were main- 
tained on diet or treatment for 5 days before being killed, 
when they weighed between 100 and 200 g. The basic 
diets have been described previously? and the hormone 
treatments were as follows: oortisone (5 mg/rat/day), 
hydrocortisone (5 mg/rat/day), and thyroxine (1 mg/rat/ 
day) injected interperitoneally. All rats receiving hormone 
treatment were fed the glucose diet (65 per cent glucose, 
25 per cant casein, 5 per cent corn oil, 4 per cent salte, 1 per 
cent vitamins). The rata were killed and bled, and the 
liver was removed and rapidly chilled. A portion of the 
liver was h in 4 volumes of 0.14 M KC) 
centrifuged for 30 min at 20,000g at 0-4? C. The resulting 
supernatant solution was used for a protein determina- 
tion’, thus both a total and soluble protein content ware 
determined. The sorbitol deh was assayed as 
follows: 1:0 ml. of tris buffer (0:1 M, pH 7-4), 0-8 ml. of 
water, 1:0 ml. of p-fructose (1:0 M), 0-1 ml. of DPNH 
(7-5 pmoles/ml.) and 0-1 ml. of enxyme (a '1 to 10’ dilution 
of supernatant solution obtained as above). All &otivitieg 
were corrected for endogenous DPNH oxidation. All 
assays were conducted at 25° O using a Gilford ‘Model 
2000' multiple absorbance recorder. The resulta are 
reported as unite per 100 g body weight, per g liver, and 
per mg liver protein (both soluble and total). One unit 
of activity is the amount of enzyme required to cause the 
oxidation of one umole of DPNH ir in one minute at 25° O 
under the prescribed assay conditions. All reactions 
obeyed zaro order kinetics up to five times the greatest 
activitiea reported. 

In thia investigation 32 liver es were examined, 
but only sorbitol aeie roras belatod consistently in 
all treatments. Two liver phosphatases, six enzymes 
related to glyoogenolysis, one enzyme related to lipid 
metaboliam, flve enzymes linked to the tricarboxylio acid 
cycle, three pentose phosphate shunt enzymes, three 
transaminases, three enzymes related to aromatic amino- 
acid metabolism, four urea cycle enzymes and four other 
enzymes related to amino-acid metabolism were measured 
in addition to sorbitol dehydrogenase. The sorbitol de- 
hydrogenase activity of rats on various diets or hormonal 
treatments is reported on the basis of specific activity 
{activity per g liver protein), per g liver, and per 100 g body 
weight (Table 1). A high protein diet which has been 
shown to increase the activity of many liver enzymes, 
hed no effect on sorbitol dehydrogenase activity per 100 g 
body weight. The same was true of a high fructose 
diet*.*:1*, The administration of the hormones which have 
been shown to cause marked alterations i in liver enzyme 
activity, cortisone and h n65-7.11-14, and thy- 
roxing**-!*, had no effect on sorbitol deh 

It is in to note that none of the treatments 
studied affected the activity of liver sorbitol deh 
per 100 g body weight. The fructose diet would be con- 
sidered the most y to affect the activity of this 


Table 1. Jivrscrs OF DIETS AND HORXOXEÉ OK ACTIVITY oF LIVER 
BoxBITOL DEHYDROGENASE 


Treatment No. E per 100g 
animak Tre total sotuble body wh. 

Cincose diet 10 5400228 190-2008 303119 3960114 
Fructose 6 4374013 145404 800412 273-05 
Proxetn diet 6 6 020 56 ‘TH13 844420 27-7422 
6 3744016 143205 263413 287410 

Cartisons 5 480--0-12 16-7405 28-5305 £84406 
Thyroxine 8 61740-35 201408 3598-16 349214 
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enzyme, since fructose is a substrate for this enzyme, but 
this treatment had no affect. One or more treatments 
caused significant alterations in the sorbitol dehydrogenase 
activity compared with the high glucose diet when the 
results are reported as activity per g soluble liver protein, 
per g total liver protein, or per g liver. Thus, it appears 
that when the most desirable method of reporting results 
is per 100 g body weight, sorbitol dehydrogenase is an 
excellent reference enzyme to show that the changes in 
activity were not due to non-specific overall changes in all 
enzyme activities. In casee where the enzyme being 
measured is related to a function performed by the liver 
for the entire body, such as gluconeogenesis, urea synthesis, 
aromatic amino acid metabolism, etc., activity per 100 g 
of body weight may poesibly be the best method of report- 
ing results as it may reflect the relationship between need 
and activity t7. 

I thank E. H. Avery for his assistance. This work was 
supported in part by U.S. Public Health Service grant 
AM-04782. 


R. A. FREEDLAND 


Department of Physiological Scienoes, 
Bahool of Veterinary Medicme, 
University of California, 
Davie, California. 
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Iso c Nature of L-Glutamic 
Dehydrogenase of Higher Plants 

ELBOTBOPHORESIS of albumins of mature seeds of Vicia 
faba on polyacrylamide gel, with subsequant location of 
1-glutemio acid dehydrogenase (r-glutemate: NAD oxido- 
reductase (deaminatmg) EC 1.4.1.2) (GDH), using a 
tetrazolium procedure, revealed that this enryme could 
be separated into & number ofisoenrymes. A preliminary 
investigation has been made of these iscenzymes together 
with an examination of their distribution within the seeds 
and seedlings of Victa faba (broad bean) and Pisum 
sasou (pea). 

ee Ga Ec a, sterile seeds, 
embryoa or 5 per cent (w/v) potassium 
Bulphate-0.1 M pce buffer, pH 7-2 (2°); the super- 
natant from this ups was then saturated with ammon- 
ium sulphate (4°). itate which appeared was re- 
dissalved in & per fe sai potassium sulphate—0-1M 
phosphate baie, 1 pH TA and then dialysed against tap 
water for 18 h. The supernatant from this dialysis was 
bns et ee eer ee ane feri cent 
acrylamide as previously d GDH activity was 
detected by incubating the gels under aerobio conditions 
at 85° for various times in a solution containing the 
following, per ml.*: r-glutemio acid, 5 mg; nicotinamide 
adenine dinucleotide (NAD), 1 mg; 5-methyl 
methosulphate (PMS), 0-1 mg; 3-(4,5-dimethy] thiazolyl- 


194 


2)-2,5-diphenyl tetrazolium bromide (MTT), 0-5 mg; 
phosphate buffer 0-1 M, pH 6-5. 

Electrophoresis of albumins of mature seeds of Viota 
faba on polyacrylamide gel, followed by detection of GDH 
activity using the procedure described, revealed the 
presence of seven formazan bands, five strong and two 
weak with respect to formazan deposition (Fig. 1); the two 
weaker formazan bands are not seen on the photograph. 
Similar results have been obtained with albumins extracted 
from mature seeds of Pisum satvoum. 

The electrophoretogram shown in Fig. 1 raises two 
important issues: first, do the formazan represent 
GDH activity; and secondly, are these isoenzymes formed 
by the electrophoretic separation or during the extraction 

? 


Evidence that these bands do represent GDH activity 
can be summarized as follows: (1) formazan deposition does 
nob coour on gels boiled after electrophoretic separation of 
the albumins; (2) if NAD, PMS or r-glutemio acid is 
omitted from the incubation mixture formazan deposition 
does not oosur; (3) only very weak formazan bands 
develop when NADP is substituted for NAD in the 
incubation mixture, the GDH of oorn leaves has been 

to be NAD specific’; (4) formazan deposition, due 

ADH,-MTT-tetrarolium reductase (diaphorase), oocurs 

at different sites on the gel to those described here for 

GDH. activity and then only with prolonged incubation 

times. These results that formazan 
ion is due to the i activity of GDH. 

, which is described here, suggests that the 
uo We 1 is not formed as a result of the 
electrophoretic procedure used in the separation of the 
isoenzyme described. Isoenzymes 1-5 have been 
separated, located and afterwards ics 0 Prenn 
amide gel; these eluates, after concentration & second 

horesis, revealed only one strong band of GDH 
activity on the gel and they did not reproduce the full 
shown in Fig. 1. 

Attempts to alter the isoenzyme pettern of the mature 

seed by altering the extraction conditions have so far 


Isoenx; ms No. 
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failed. Extraction of mature seeds with either citrate, 
veronal or #ris-hydrochloric acid buffers instead of phos- 
phate buffer, followed by horesis, show an 
similar to that of Fig. 1. Crude 
extracts, pH 7.2, of mature seeds or 


cipitation, i likewise show a pattern identical to that of 
ig. 1. 

Of the amino-acids tested aa substrates instead of 
L-glutamio acid, only L-aspartic acid, L-v&lme and r-threo- 
nine uced a pattern similar to that shown in Fig. 1, 
but formazan deposition was extremely weak in these 
instances. 

Using the tetrazolium procedure &ireedy described 
changes in the isoenzyme pattern of the cotyledons, radicle 
and shoot have been detected as germination proceeds; 
these changes have been followed using sterile 
seeds of Pisum sakeun. The dormant, cotyledons 
(embryo-free) posseas six isoenzymes, 2-7 (seo Fig. 1 for 

numbers) Isoenryme 2 is characterized by 
weak formazan sage ey egal hora showing omens 
formazan deposition. As i 
totvleduna r e A leo f anv, judged by 
formazan deposition, of the more positively moving i80- 
enzymes which leads eventually to the presence of only 
isoenxyme 7, 21 days after planting. The dormant radicle 
poeeessen isconzymes 1—7, all isoenzymes showing strong 
end equal formazan deposition; this contrasts with the 
pattern of the dormant cotyledons in which isoenzyme 1 is 
not detected and isoenzyme 2 is only weakly active as 
judged by formazan d ition. As germination proceeds, 
formazan depoutinn. Dy bb more positively moving 
isoenzymes of the radicle decreases to give only two 
formazan bands at 66 h after planting; eventually only ane 
formazan bend remains 21 days after planting: this band 
probably corresponda in position to isoenzyme 7 of the 
dormant rails also pow The dormant shoot, like the 
radiole, also possesses all seven isoenkymee. In 
case isoenzyme 7 is characterized by stronger formazan 
releases ihe othe oie Again, as germination pro- 
ceeds the more positively moving i show & 
of formasan deposition which even leads to only 


mee ee A es 

These results suggest that the GD. here can 
be ted into a number of isoenzymes and that these 
different forms of the enxyme are not formed as a result of 
the methods of extraction or separation which have been 
employed. Different parts of the pea seed appear to have 
& specific GDH isoenzyme pattern which can change with 


age. 
A better understanding of th played by GDH in 


the maturing and may give some clue as 
to the function of the GDH-iscenxymes in the various parts 
of the seed. 


D. A. TRURMAN 
C. PALIN 
M. V. LAXOOOK 


'The Hartley Botanical Laboratorieg, 


University of Liverpool. 
3 aml Davis, B. J~ Disc Diiia 
s Pinna fadanrice (nain Kodak Oo.), Tni. Now Yock. 1061). 
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of Cholesterol- 
ue Lipids in vivo 


Transfer of Radioactivi 
7H to Fatty Acids of 


Wax randomly labelled cholesterol (aither with carbon- 
14 or tritium) was fed to rata, & amall but appreciable 
amount of the administered radioactivity could be re- 
covered in the carcass fatty acids’. In both cases it was 
assumed that the lebel was due to incorporation of the 
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carbon atoms of the iso group of the cholesterol gide- 
chain into the isolated fatty acids. In the course of recent 
experiments involving cholesterol metabolism in baboons 
we administered choleaterol-6a-7H (5 mo.) to a male baboon 
(18 kg) which was killed 8 days later. The lipids of a num- 
ber of tiseues (liver, spleen, kidney, lung, adrenal) were 
extracted with chloroform~—methanol 2:1 (ref. 2), - 
ated by chroma’ hy on silicio acid* and sass: for 

i ivi liquid semtillation : 

An a i amount of radioactivity was detected in 
all the lip id classes. While moet of the tritium was found 
to be present in cholesterol and cholesterol ester, as would 
be we also detected considerable radioactivity 
in most of the other lipid fractions. Table 1 presents the 
Pence Ut onn venen iam retioaniivity proponit in i 
found in the trighyoeride or phospholipid fraction. The 
purity of the individ ] lipid $ SOT ERA blished by 
ae ed hy on 'Silioe gel G’. In arder to 
ascertain the site of the radioactive hydrogen, several of 
the more radioactive fractions of the liver and kidney 
lipids were subjected to trans-esterification by heating 
with 6 per cent H,8O, in methanol at 70? C for 4h. The 
fatty acid methyl esters were extracted from the trans- 
esterification mixture with hexane and the absence of 
contamination by the original lipid fraction was confirmed 
by thin-layer phy. The data (Table 2) 
indicate that the 7a of cholesterol been 
transferred to the fatty acids of the various tissue lipid 
fractions bemg studied. iments are in progress to 
extend this observation to o species and to attempt to 
elucidate the mechanism of the transfer. 


Liptd fraction Parcentages of recovered tritium tn: 
Liver Kidney Aorta Lung Adrenal 

Cholesterol ester 08-7 114 15-6 — 002 
Frohayeid — 89 — 189 — 46 — 03 — e 
Ohbolesterol 5-4 61-0 50-0 900 10 
Digtyoertde 09 10 21 10 0-6 
Mo ede 0-9 14 58 05 68 

$8 5-1 142 2-1 7T 


E 
È 
i 
i 
F 


pares — 94 
eem EC : 

aoid 71 = 
Gerettoaito i^ = 7 
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Growth of Escherichia coll NCTC 5928 in 
Relation to Enzymes in Vitamin B, 
Metabolism 


RasuLTS have been obtained which indicate the presence 
in Becherichia coli NCTC 86 of pyridoxamine phosphate 
oxidase! and of pyridoxine phosphate oxidase’. These 
enzymes had previously been demonstrated in rabbit liver 
preparations**. These enzymes in M. ook NCTC 86 have 
been investigated in aqueous extractes obtained from 
&oetone-ether dried cells (kindly supplied by the Lister 
Institute of Preventive Medicine, Elstree, Harts.}, which 
had been grown for 18 h at 87° C on a casein-digest medium 
solidified with agar*. 

The culture media were as follows: 

A. KH,PO,, 9 g Difoo bactocasitone, 5 g/1.; trace of 


Fe80,-7H4,0; water; sufficient 5 N NaOH to bring 
the pH to 7-4. 
B. KH,PO,, 9 g/L; Difco casamino acida, 5 g/L; trace 


of Fe80,-7H,0; distilled water; sufficient 5 N NaOH to 
bring the pH to 7-4. 

O. Simple salts medium’: KH,PO, 8 g/L; ammonium 
sulphate, 2 g/L; n-glucoee, 1 g/1.; sufficient 5 N NaOH to 
bring the pH to 7-0. 

In all cases, Mg8O,-7H,0, 0-2 g/L, was added after pH 
adjustment and sterilisation. 

The B. coli NCTC 5928 cells were produced at 80° C 
under seration, collected, and afterwards dried with 
acetone-ether*. Aqueous extracte were prepared by 
extracting the oells overnight with distilled water (20 mg 
oells/ml. water) at 8°-4° O, after which the suspension 
was centrifuged at 12,000g for 80 min at 0° C. The 
enryme activities were determined on the supernatant 
cell-free extract. 

To determine enzyme activity, reaction mixturea were 
made up with pyridoxamine phosphate (Pam P) or 
pyridoxine phosphate (Pin P) as substrate. The pyridoxal 
phosphate (Pal P) produced was determined by the 
Praag deme procedure’, and protein was determined 

y a modifloation of the method of Lowry et a4.*. Specific 


enzyme activities were expreased in ug pyridoxal phoe- 


phate formed/h/mg protein. 
: Pm P 
OX. 
Oultare Phase of Bpecifio —— ratio 
medium growih of Pal P protein) Pam P ox. 
moaeured af pH 10-1 measured at pH 10-1 
Ows&mtno Log 1-54 1-54. 100 
acids Decl growth 143 1-93 1-85 
Stat. 1-53 148 0-97 
Bone Log. 0-92 1-92 200 
ta Deel. growth 1-06 325 196 
Biat. 144 2°76 1-65 


whereas cells grown in a similar medium (bactocasitone), 
consisting of a pencreatio digest of casein, had no similar 
activity. Cells grown in the simple salta medium were 
found to have marked activities for these enzymes. 

The reason for these differences is a matter for specula- 
tion. Oaaamino acids consist of a mixture of amino-acids, 
commercial casein having been completely hydrolysed by 


of casein by nroteolytio enzymes the H 
with a high proportion of tryptophan’*. Baotocasitone 
also contains a number of substances, inoluding idoxme, 
which originate from the non-protein im of the 


enzyme preparations. These substances are 
destroyed in the HO) hydrolysis procedure. 
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It appears that-the oxidases oan be produced in cells 
grown in a medium containing either a mixture of amino- 
acids without tryptophan, or with NH,* ions as nitrogen 
source and D-glucose as carbon source. It is possible that 
tryptophan, at relatively high concentrations in the-growth 
medium, may act as a oompetitive homologue for the 
formation of the active sites in the enzyme protein. 
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PHYSIOLOGY 
Reflex Innervation of the Ankle Joint 


physiological techniques similar to those used previously 
in this laboratory for the kneet, temporo-mandibular* and 


The lateral 
aspect (and the related collateral ligamenta) is supplied 
from the anterior tibial and interosseous nerves. 
Artioular nerve endings. Microscopic examination (with 
gold chloride, frozen ailver and methylene blue techniques) 
of the terminations of the artioular nerves in the tissues of 
tho ankle joint reveals the endings to be similar in type to 
those in the knee joint, although different in their relative 
Proportions. Myelinated afferent fibres of medium size 
(6-124) in the articular nerves terminate in Type I and 
Type II corpuscles that are located on all aspects of 
the fibrous capsule of the jomt. In the ankle, however, 
the Type II end-organs are relatively more numerous than. 
in the knee joint!, so that the numerical relations of the 
Type I and II corpuscles are more like those in the 
temporo-man jomts*. Type II corpuscles are 
present also in the postemor fat pad at the back of the 


blood vessela at the ankle, constitute the Type IVa 
variety of articular nerve ending, and are supplied by small 
(less than 5u) myelinated and unmyelinated afferent fibres 
in the articular nerves. Type IVb endings, confined to the 
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tunica media of the articular blood veemels, probably 
represent the terminations of unmyelinated, post-gang- 
lionic sympathetic vasomotor fibres in the articular 
nerves. 

No nerve endings of any type are present in the synovial 
tissue of the ankle joint—as is the case with all the other 
jointe we have examined!*. Likewise, there are no 
Peojnian corpusolea in the artioular tissues of the ankle 
(or other’) jomte. 

M. reflexes. Neuropbymological studieet;* 
show that the corpuscular end-organs are articular 
meahanoreoeptors with differing behavioural charac- 
teristics. Type I corpuscles are slowly-adapting and 
Type II corpuscles are rapidly-adapting—-both 


&ppear to operate polysynaptically through the Y-moto- 
neurone loop, contributing thereby to the co-ordination of 
limb muscle tone in re and movement. 
We thank Mr. Johanna Kitau for his assistance. 
M. A. R. FEREMAN * 
Bamnuy Wyxațt 
Neurological Laboratory, 
Royal College of Surgeons of 
Linooh's Inn Fields, London, W.C.2. 
» . , Ml 
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Basal Metabolic Rate in Developing Renal 
Hypertension 

Tsa development of renal hypertension in the rat, 
induced by means of partial occlusion of one renal artery 
and contralateral nephrectomy, has been rted to be 
associated with transient elevation of i&o output, 
The experiments reported here were designed to test the 
possibility that this transient rise in cardiac output is due 
to & concurrent increase in metabolio rate. 


4: 
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A gpirameter was constructed to hold two rate in sepa- 
Tate 00 each of which could be coupled inde- 
pendently to a closed circuit which included an air pump 
and a carbon dioxide absorber. The ges within the circuit 
was pumped round at & rate of 1 l./min. After initial 
washing through of the system with oxygen, farther 
oxygen was introduced into the system, in successive 5-ml. 
amounts and the absorption. time measured by observing 
through @ microscope eyepiece the movement of & fine 
wire attached to & rubber tambour, 13 am in diameter, 
included in the circuit. Negligible pressure changes 
oocurred in the closed circuit. The whole apparatus was 
immersed in a water bath and the observations made at & 
temperature of between 26° and 29? C, mance it had been 
shown that oxygen uptake was constant above 26° C. 
Female Wistar albino rata weighing initially 200—220 g 
were conditioned in pairs daily to the spirometer for seven. 
days. Three measurements of uptake of oxygen were then 
made on. days over & week, at the end of which 
time the animals were subjected to an operation consisting 
of the application of a silver clip to the right renal artery 
together with removal of the left kidney. The clip in the 
case of one member of & pair had a gap 0-25 mm wide 
(experimental group) and in the other 0-5 mm (control 
group). Serial observations of uptake of oxygen were 
then made every 2-8 days for four weeks. After each 
measurement of uptake of oxygen the systolic blood 
pressure was measured by a tail plethyamographio method 
under light ether anaesthesia. 

ight rate in the control group remained normotensive 
(blood pressure, leas than 140 mm mercury), 
whereas ten rate in the imental group developed mild 
to severe ion (blood pressure, 140-200 mm mer- 
oury) (Fig. 1). A slight ive fall in mean oxygen 
uptake occurred in both groupe but there was no signifi- 
cant difference between the groups at any time after 
operation. Statistical analynis of the figures showed that 
the scatter was such that & difference of 8 per cant in 
oxygen uptake between the experimental and control 
groups would have been detected. No difference between 
the weight changes in the two groupe occurred. 

These reaulta indicate that the mean increase of 25 and 
35 per oent in cardiac output observed in rata developing 
this form of renal hypertension in the first two five-day 
periods after operation’ is most unlikely to be due to an 
increase in tissue oxygen requirements. The further 
possibility has been suggested by Borst? that haemodilu- 
tion oould be responsible for the increase in cardiac output. 
The haematocrit in these animals developmg hypertension 
is not reduced by more than 0-5 per cent below that in the 
control animals and it is very improbable that such small 
changes could be responsible. Thus the transient increase 






j il : 


10-15 
Periods after oitpping (days) 
Fig. 1. Büppled, tight itp; white, loose otp 
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in cardiac output observed in the development of renal 

hypertension is not readily explicable on the basis either of 

inareased metabolic rate or of haemodilution. Buch an 

increase the metabolic requirements of the tissues 

might be expected to stimulate autoregulation of peri- 

pheral tissue ion and may be of importance in the 
is of renal hypertension a8 suggested by 
and Cohen!. 

I thank Prof. J. M. Ledingham, Dr. R. D. Cohen and 
Dr. J. R. Hill for their advioe and Mr. F. Palmer for 
technical help. 

A. E. MEINDERS 
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1 Ledingham, J. ML, and Coben, R. D., Lenest, 1, 070 (1063). 
? Borst, J. G. G., Lancet, 11, 1064 (10638) 
* Ledingham, J. à. (unpabitahed. results). 


Endothellal Vesicles and Protein Transport 

Tue physiological mechanism involved in the transfer 
of water, solutes and macromolecules across endothelium 
remains obecure^ though it has been subjected to con- 
siderable investigation. When ity is increased, 
endothelial gaps, believed to be intercellular, are found in 
the endothelium*-. In electron microscopic examinations, 
tracer particles, injected into the blood stream, aggregate 
in the gaps, which are the sites of plasma leakage and the 
stigmate and stomata of light microecopy'". However, 
in phymological states, with the exception of lymphatics*’’ 
and such special vascular beds as the sinusoidal vessels of 
the liver! 14u, gpleen!*, bone marrow’? and frog heart’, 
gaps do not occur in vascular endothelium. This report 
concerns the finding of a new ne vesicle in endo- 
thelium, and it is considered t these specialized 
micropinocytotic vesicles could be related to 
transport in the lymphatic and vascular endoth 
frog tissues. 


rotein 
um of 


green tree frogs (Hyla caerulea) were pithed 
itated prior to the removal of the interdigital 
webs of the hind limbs, and portions of the tongue, mid- 
gut, lung and abdominal skin. Tiasues were cut into 
small bl , fixed for 2-18 h in 1 per cent oamium 
tetroxide, buffered according to ist’s method?! and. 
then dehydrated in ethanol and embedded in ‘Araldite’. 
The sections were cut on an LKB (type 4800 A) ultra- 
microtome, mounted on copper grids, stained with leed!’ 
and 1 per cent uranyl acetate in ethanol and then examined 
in a Siemens Elmiakop I electron microscope. 

In the webs, large cleft-hke lymphatic spaces which 
never contained blood were regularly found. They were 
lined by a layer of endothelial colls with an incomplete 
basement membrane. The ultrastructure of the endo- 
thelium was similar to previous descriptions®’. Án 


or d 


pinocytotio vesicles and caveolae, 
Palade!’ in vascular endothelium, were relatively numer- 
ous; these vesicles were round or oval and for the most 

600-1000 A in diameter, though more elongated or 
even multilocular forms were observed. These vesicles 
and pite were bounded by a well-defined membrane 
immediately within which a light grey zone of variable 
thickness faded centri . The thickness and density 
of this zone often varied around the circumference of the 
vesicle. 

Of much less frequent occurrence were the dense 
micropinocytotic vesicles. These were round or oval and 
varied in size from 600 to 1600 A, most being 800-1200 A. 
The limiting membrane was frequently denser than the 
foregoing type of vesicle. Inside the limiting membrane 
was a zone of granular or fibrillary material 100-800 A 





1. Lympbaiic endothelium containing a dense veslaic and 
oe the basal eaxtucs of tha plaams erbtans cf Pome 
(DO). ense (P) and io moi (O)! Of HERE WORSE aro UTEM 





two dense osveolas (DO) 


Tu. 2 endothaltim with on ths 
nA deas Dod ( CE) and rape (O) of and Ld exe 
1 

flburizated. Li ers er ed rod (x e. 51,500) 


thiok. See ee ae iy ped 

fibrilary material approximately 150-200 
wide on the cytoplasmic surface (Figs. 1 and 2). Small 
vesicles often had a wider zone of material lining the 
cavity, but they may not have been sectioned through the 
centre. At low magnifications they were recognizable 
because of this overall density which contrasted with the 
more numerous vesicles of low density. This specialized 
structure of the wall was seen in alight indentations of the 
plasma membrane as well as m distinct caveolae and 
vesicles. At times only part of the wall of & vesicle was so 
modified. 

The endothelium of blood capillaries, venules, arterioles 
and small arteries also contained the two morphologically 
distinct types of vesicle. As in the lymphatio endothelium, 
dense vesicles were leas frequent than the type origmally 
described by Palade!*. 

The leas-dense vesicles are well-documented structures 
and are known to ocour in endothelium, pericytes and 
smooth muscle cells. They have been extensively inveeti- 
gated for the possibility of transfer of fluid, solutes and 
` larger molecules across the vessel wall, but at present no 
conclusive evidence has been forth ingr. 

The dense vesicles have been obsarved in the oells of 
the proximal convoluted tubules in bat kidney, m the 
liver oells of rats and chickens and also in Kupffer oelis**+*. 
Roth snd Porter™ specifically stated that the dense 
vesicles in these sites were different from and should not 
be confused with the pinocytotio vesicles of endothelium. 
They were under tho i ion that dense vesicles did not 
ooour in endothelial for the vesicles had not been 
observed previously in endothelium. In the psst they could 
have been overlooked in mammalian tissues, for they may 
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notibe eo numerous as in amphibia which have a pro- 
portionately greater daily turnover of fluid and protein 
from blood to aos. 

As yet, the functional significance of the two types of 
vesicle in lymphatic and vascular endothelium is uncertain. 
However, Roth and Porter have provided evidence that 
dense vesicles play an important part in the uptake of 
potee Uy suo developing coorte of the meque sn; the 
ormation of yolk granules", It was suggested that the 
bristle border on the cytoplasmic surface was responsible 
for the invagination of the plasma membrane in the forma- 
tion of pita and vesicles or, what is more likely, for the 
selectivity of uptake and carriage by the vesiclea™*. So, if 
these vesicles are specifically concerned with the uptake of 
protein in other sites, they probably have a similar funo- 
tion in endothelium. Moreover, in endothelial cella they 
could be concerned with protein transfer across the vessel 
wall, be it vascular or | hatio. 

The present unoonvinomg evidence for the role of 
pinocytotio vesicles (of the leas-dense variety) in the 
transfer of tracer i across endothelium!:? may be 
due in part to the selectivity of vesicles and to the physical 
and chemical nature of the injected isles. Therefore 
the permsebility of lymphatic and blood vessels should be 
investigated with the view to determining the functional 
significance and selectivity of these two types of endo- 
theHal vesicle. 

I thank Dr. E. H. Marcer for his advioe. 

The work wes supported in part by the National Heart 
Foundation of Australis. 
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Anti-progestutional Activity of Rutin on the 
~ Rabbit Uterus 


A DIBT conteining 0-4 or 1:0 par cent of rutin, a flavonol 
glycoside with vitamin P activity, has been shown to have 
no effect on reproduction!*. However, Cutting e£ al." 
observed that & dieb containing 0-1 per oent rutin signif- 
cantly impaired the fertility of female mice. Therefore, 


Ad 
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Table i. Brrscr OF SUBCUTANEOUS ADMINISTRATION OF RUTE OK 
PROGNETREONG-IKDUOED HXDOXETEIAL CARBORIO AWHYDEASE INCKXRAER 
Carbonio anhydrase 
Dose Wo. of content 
TProgesterone rabbits (enxyme unli/g issue) 
0 0 9 5lt 4 
1-0 Iu T 552 134 
19 0 8 207 +39 
20 100 5 578 + 60 
20 2-0 4 555 + 54 
2-0 10 5 565 +41 
10 092 3 534 X61 
2-0 O1 5 346+ 28° 
2-0 002 $ f272118* 
0 0-01 4 419127* 
1-0 0-001 4 480431 
10 10-0 5 800 + 67 
10 05 5 430 + 58 
19 0-06 5 2414 24+ 
10 0-005 6 337 + 60 
0 10-0 4 esi 7 
0 10 4 40+ 5 
* P<0 01 compared with ensymp response to 2 mg of alone. 
+ P«0-01 compared with enzyme response to 1 mg alone. 


Table 2. Hrrsct or ORAL ADMONBTRATION OF ROTON OW PROGEFTEROXE- 
IKDUUSD HEDONETRIAL CAXDOXIO AMHYDRASE ACTIVITY 


Dose (mg/antmal No. of eon 
Progesterono rabbits (enzyme onit/g issue) 

0 0 5 65+ 3 
20 0 4 543 28 
2-0 100-0 5 S474 85 
20 10-0 5 427+ 58 
2-0 10 T 632+ 68 
20 1 4 612+ 76 


using carbonic anhydrase determination in the uterme 
endometrium as an indicator of the progestational pro- 
liferation in Clauberg rebbits‘, an attempt was made to 
elucidate whether or not rutin is capable of affecting the 
progestational pro liferation of the rabbit endometrium. 
were performed on immature albino 
female rabbita weighing ap y 1-3 kg. Following 
the Clauberg method’, all animals were primed with a 
subcutaneous injection of b ug oestradiol once daily for 6 
days. This was then followed by simultaneous adminis- 
tration of progesterone and rutin once daily for 5 days. 
Progesterone dissolved in sesame oil was given subou- 
taneously and rutin was administered either gubou- 
taneously or orally as a thin alkaline saline solution. The 
standard dose of progesterone was 1-0 or 2-0 mg per animal 
and the rutin doees varied as indicated in Table 1. The 
rabbits were killed two days after the last dose. The 
endometrium was dissected from the isolated -uteri and 
homogenized in cold distilled water. The supernatant 
of the homogenate was tested for carbonic anhydrase 


activity by the method of Miyake and Pincus’, the 
&otiyity being i in terms of enzyme unite/g wet 
weight of the 


As indicated in Table 1, a standard dose of progesterone 
(2 mg or 1 mg) alone exerted a typical activation of endo- 
metrial carbonic anhydrase. However, when given 
subcutaneously, with 2 mg me, rutin in amounta 
e eer ee E 

the endometrial response; 0-01 mg 

39 per cent, 0-02 mg a 88 per cent, and 0-1 mg a 28 per cent 
inhibition. Likewise, a total dose 
of 0-05 mg rutin also 
unequivocally to prevent the effect 
of 1-0 mg progesterone. However, 
in doses totellmg more than 1:0 
mg, there was no signifloant differ- 
ence between the endometrial en- 
ryme responses to progesterone 
with and without rutin. In an 
attempt to show the effect of rutin 
itself on endometrial enzyme activ- 
iby, rutin alone was injected sub- 
cutaneously in doses of 1-0-10-0 mg per animal. No 

Increase in the endometrial enxyme above the 
control was found. In other experiments (Table 2), when 
rutin was administered orally in doses of 0-01-100 mg 
per animal-slong with 2 mg of progesterone, rutin- 
treated animals responded by showing a marked increase 
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in the activity of endometrial enzyme. The degree of 
increase was essentially the same as that of the enzyme 
activation characteristic of ne alone. 

From tho present finding that in the rabbit rutin exhibi- 
ted a weak inhibition of the increase in endometrial 
carbonic anhydrase caused by progesterone, it seems that 
rutin acts as an antiprogestational agent, presumably 
due to & direct action of rutin iteelf on the uterus. 

I thank Prof. T. Buruki for bis advice. This work was 
carried out with the support of & grant from the Population 
Council, Ino., New York. KArUKUNI YAMABHITA 

Departznent of Physiology, 
Nagasaki University School of Medicine, 
Nagasaki, Japan. 
1 Wilson, B. H., Mortarot, T. G., and Doxtader, B. K , Proc. Soc, Emp. Biol- 
and iod., 64, 314 (1947). 

Outing, W. O., Dreis E Be Aaima, M Nel, B. J. , Brown, B. J., and 
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PHARMACOLOGY 
Metabolic Investigations on Pristinamycin 


PRIBTINAMYOIN is a new antibiotic obtained from 
Strepiomyoes pristinae spiralis, a isolated 
Ea oul Gale tek me Beat Cae (Cordoba) Ma 


Argentina’. It is made up of several oo ta and 
ee eee antibiotics which 
staphylomycin and ostreogrycin. 


streptogramin, 
ome iden analysis haa shown that pristinamycin 
oe ee fi a E 
of which vary within certain fixed limi 


Pristinamycin I4 ae t 
Group 1 { Patayan 14 I-A par ont 
IÍ 
co ndi dis 
Bome of those resemble those of the eee 


antibiotios men 
entiated from these Muy: 


ee ee a of Streptococcus 
facias wes asmophilus injluensas ond against Neisseria 
resistant to lincomyoin'*. 

Clinical uset of pristinamycin has prompted us to 
examine ite in the human body, and as & 
first approach we tried to identify any metabolite origin- 

from one of the main of pristmamycin 
which is called constituent I4, (or 12,035 B.P.), a cyclo- 
poptide of the formula: 


mm CH, 
—OH,—(4 XNOR) a 


This compound is identical to factor B in the ostreo- 
grycin complex, described by Eastwood, Snell and Todd, 
For the systematic investigation of the degradation 
producta which may be excreted in human urine, it has 
been necessary to synthesize and to resolve the unusual 
amino-acids present in constituent Ia; furthermore, the 
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Table 1. Hp VALUES OF SYXTHETIO PEPTIDES RELATED TO PRIFTIRAMYCIN 
1 

Pepi $ om g 
Pio-Thr 0-20 OTe 0-50 
Pie-Thr-Bus 036 0-45 0-53 
Pic-Thr-But-Pro 0-48 væ% 0-54 
TPic-Thr-Buít-Pro-Demephe 0-40 O61 069 
Pye-Thr-But-Pro-Damepne-Pip-Phegly 0-84 074 0-59 
Pio-Thr-O(Pheg!y) 0 80 0-50 068 
Thr-But 0-55 0 15 0-18 
Thr-But-Pro 015 0-22 02$ 
But—Pro—Damephe 0 31 022 O21 
Demephe—Ptp-Pheyl y 0-51 0-50 0-39 
Ptp-Phegiy oss 0-09 O17 
Tic-diy 76 0-41 0-33 
Pic-Thr-Gly 0-48 0 65 0-46 


The following abbreviations are used: Pio, &-hyärorypicoiinto acid; Thr, 
L threonine, a-aminobutyrio ; , L proline; Dammepbe, L para- 
a pe etc ir niania; Pip, 4-oxropipeoolie aad; Pbegly, 
L aphenyigiyoine; Giy, glycine. R} : Ry by thin-layer chromatography on 
silica gel with methanol. BA: Ry by paper chromatography with butanol- 


aceto acid-water (7-1-2). zi ‘Ry by paper chromatography with isoampri 
aloohoi-pyridrne-water (85-35-30). 


linear heptapeptide corresponding to the opening of the 
aforementioned oyolic lactone, and several ohgopeptideg, 
aa indicated in Table 1, have been syntheaxed". 

The search for the metabolites in urine was performed 
as follows: 

(1) For the untransformed constituent I,. 

This mvestigation was carried out by thin-layer and 
paper-chromatography as well as by bioassay". 

(2) For compounds arising from possible degradation of 
the cyolopeptide. 

The search for the amino-acids was performed by 
chromatography of the urines by means of a Technicon 
automatic amino-acid analyser. Synthetio amino-acids 
and urine collected immediately before the ingestion of 
pristmamyoin were used for reference purposes. 

The sasay, of peptides which could occur from cleavage 
of the cyclopeptide, was carried out by two techniques: 
paper chromatography was usod for comparison of urnes 
with blanks containing synthetic peptides, and thin-layer 
chromatography on silica gel was used for a systematic 
search for peptides. Comparstive chromatograms of the 
urines to be investigated, blanks, and urinea with added 
pristinamyom, were devel . Parallel areas were out 
out on each plate, silica udi acne ea Nai 
was collected and eluted and the eluate was hydrolysed. 
Quantitative assaya of the hydrolysates were then per- 
formed in order to determine the presence or absence of 
peptides and to evaluate their qualitative composition. 

(8) For modifled hydrolysis produate. 

The resulta of the foregoing investigation that 
a search be made for compounds the structure of which 
resulted from a madrfication of the metabolites derived 
from the cyclopeptide. Paper chromstography, especially 
on anion exchange , was used for this work. 

A complete survey of the urines of volunteers, who 
ingested 4 g of pristinamycin over 32 h in four adminis- 
trations, gave the following resulte: 

(1) About 10 per oent of constituent T4 of pristinamycin 
was excreted without transformation. 

(2) No single amino-acid derived from constituent I, 
was excreted in any detestable amount in urine. 

(8) No peptide metabolite could be identified by com- 
parison with the synthetic peptides listed in Table 1. 
These include the linear heptapeptide which would result 
from opening the macrolactone and oorrespond to 
theoretical hydrolysis fragmenta of constituent Fa. 

(4) However, some metabolites could be detected in 
small amounts; ultra-violet absorption and fluorescence 
showed that they were related to 3-hydroxypioobnie acid. 
The main product was identified as a derivative of 
3-hydrorypicolinylglyome, but even this peptide dis- 
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appears from the urine 6 h after the absorption of pristing- 
myoin. 


Laboratoires de Recherches de la Bocióté dea 
Usines Chimiques Rhéne-Poulens, 
à Vitry-sur-Seine (Seine), France. 
; Rháne-Ponlene, B. å., French patent 1.301 857 (June 27, 1961). 
Pread'homme, J., À., Oharpende, Y., Tarden, P., Acad. 
Bol , Paris, B80, 1809 (1965). TOM Enn 
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TÀrapenigue, $8, 25 (1062). * » 
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Significance of Smoking in Investigations of 

Urinary Excretion Rates of Amines In Man 

Iw the determination of amphetamine (T's 9 min) by a 
gas-liquid chromatographic method’, an additional peak 
(Tr 28 min) was observed in the extracts from urine of 
some bub not all subjects; only subjects who smoked gave 
this latter peak. In smokers, large differances were ob- 
served in the ‘apparent amphetamine’ content of the 
urine determined by a methyl orange complexing method 
(aging 1:2 dichloroethane as the extracting solvent, a 
solvent wash with borax pH 9-2 and measurements read 
at 540 my), and the amphetamine content determined by 
gas-liquid chromatography’ (Fig. 1). 

The additional component with a T's of 26 min in the 
urine of smokers was shown to be nicotine by gas—iquid 
chromatography, thin-layer chromatography and also by 
the infra-red of the isolated base. 

The sum of the amphetamine content and the nicotine 
content, both determined by gas—liquid chromatography, 
gave values comparable to the ‘apparent amphetamine’ 
content determined by the methyl orange technique. 


ate nei exoretion (g/min) 





ttt BT ot 2 T 2 F 7 * 3 
4 8 12 18 
Tims (b) 
Approximate times of smoking (each | ==F1 oigaretie) 


True (C) and apparent ( ^) rates of 
pine Of ee ae by garb 


t T fF t 


Fig. 1. 
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the procedure for the latter. rate 
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The formation of somplenes with methyl orange is a 
commonly used method for the determination of amines 
in urine and other biological fluids**. However, there 
seama to be little indication that only non-smokers have 
bean used for investigations in man, although it has been 
reported’ that nicotine complexes with the dye in the 
methyl orange technique. We have found that in many of 
the diverse methyl orange methods‘ the nicotine-methyl 
orange complex partitions into the organic phase and thus 
interferes with the determmation of amines in biological 
fluids by these methods. 

Using a gas-liquid chromatographic method for the 
determination of nicotine, we found that the rate of 
nicotine excretion in urine is influenced by the pH of the 
urine (see also ref. 9). Subjecta smoking 20 cigarettes 
a day at fairly regular intervals excreted 0-1-4:3 (mean 
1-0) ug nicotine per min under normal conditions, 
0:4-13-0 (mean 5:0) ug nicotine per min when the urine 
was acidic after the oral administration of ammonium 
chloride, and lees than O'I ug/min when the urine was 
alkalne after the oral administration of sodium 
bicarbonate. 

Usually ‘blank’ values for urine by the methyl orange 
method are obtamed before the method is used for the 
determination of drugs in urine. Obviously the ‘blank’ 
value for a smoker will depend on hie smoking habite and 
the pH of the urine at tbe time of collection; this value 
may have little significance when applied as a correction 
at the time of the determination of the drug. 

It ia our opinion that smokers should not be used in 
urine excretion investigations of basio drugs unless 
nicotine has been shown not to interfere with the assay 
procedure adopted. 

One of us (M. R.) thanks the Medical Research Council 


fora t. 
is A. H. BgoxxTT 
M. ROWLAND 
E. J. Triaes 
School of Pharmacy, 
Chelsea, College of Bcienoe and Technology, 
Manresa Road, 
London, 8.W.8. 
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Biological Half-lives of the Antibiotic 
Lincomycin Observed in Repetitive 
Experiments in the same Subjects 


Sows information on the di half-time of 
lmooamyait (the registered trade-mark of the Upjohn 
Company is “Linoocin’) has been reported by Ma, Lim and 
Nodme! and by Wagner and Alway?. 

We now wish to report biological half-lives of linoomycin 
estimated from serum levels obtained after oral adminis- 
tration of linoomycin hydrochloride in doses equivalent to 
0-5 g lmcomycin base. In three experimenta (I, I and IIT) 
doses were administered to the game panel of six adult 
male subjects at 0, 7, 28, 85, 84 and 91 days. In experiment 
IV a panel of sixteen adult male subjects received doses 
one week apart. Table 1 lista the formulations and their 
code numbers used in the four experiments. 

Experiments H, IIT and IV were cross-over studies in 
which half the subjects received one formulation and 
the other half received the other formulation the first 
week; the formulations being reversed with respect to 
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Table 1 
Type 
Hard-filled capsule containing only Hnoomyoin hydro- 
ahloride. 


Ibd. 

Aqueous solution farmed by dasolying the above capsule 
contents m one-half glass of wa 

Hard-filied 


solution eontaming hydrochloride, 
faves, sweetening agents and flavourmg agents. 


Pacala irig aiU cc EE factu ss LA but ane 


subjects the next week. In each experiment blood samples 
were obtained at zero time (just before administration} 
and at 1-5, 3, 4:5, 6, 8, 10, 12 and 14h after administration. 
Berum was collected and frozen. Antibiotic conoenitra- 
tions in serum were determined by the agar diffusion 
method with Sarcina hitea ATCC 9341 as the test organism. 
The method was the standard cylinder plate procedure of 
Hanks et al.", aa modified by Vavra et ai.*. 

Disa rete constants were calculated in the 
usual way* by first plotting the serum levels against time 
on semilogarithmic graph paper All terminal pointe 
which appeared randomly di uted about & straight 
line were used. The method of least squares was employed 
using an IBM ‘1620’ computer programme. The computer 
converted the serum levels to their logarithms (base 10) 
and printed out the slope of the least line. Division 
of the slope into 0-801 (log,,2) gave the biological half- 
life, tį. 

The biological half-lives calculated from serum levels 
observed in repetitive studies in the same six subjecta are 
shown in Table 2. 

The biological half-lives calculated from serum levels 
observed in Experiment IV are shown in Table 3. The 
median half-life is 4-8 h, which agrees quite well with the 
overall median half-life of 4:0 h obtained in the other 
three experiments. 

Analysis of the data shown in Tables 2 and 3 provides 
little, if any, evidence that the biological half-life of 
lmcomycin changes significantly with time when repetitive 
oral doses are given at weekly or leas frequent intervals. 

Ma, Lim and Nodine! reported & longer disappearance 
half-time of lincomycin after the last dose than that 
observed after the first dose when lincomycin hydro- 
chloride was administered intramuscularly every 12 or 
24 h to human subjects on a multiple-dose regimen. The 
difference in apparent average half-lives was not statisti- 
cally significant, but they that “further studies 
or the further analysis of available data ahould be carried 
out elucidating this point". 

However, ‘disappearance rates’ and ‘half times’ reported 
by these authors following multiple doses were estimated 
from serum concentrations observed at 1 and 12 h or 1 end 
24 h after administration. Our analysis of linoomycin 
serum levels following intramuscular administration indi- 
cates that part of the dose is &beorbed over at least a I2 h 
period. Henoe, Ma, Lim and Nodine estimated half-lives 
from data containing pointe in the absorptuon-tissue 
distribution phase, and not really & set of points randomly 


Table 2 BIOLOGICAL HALF-LIYES (oF HOURS) oF LINCOMYCON OPSERYED 
IN RXPETTTIYR FTUDINS IX THR Same BIX ADULT MALM SUBJECTS 


Bubject 








Date 
Btudy Date H E 0 x B P Median 
1 1NMM  — 6015 ae — 40 535 
I53)04 188  — osr — o ar — BS 

i 3440 (0p (hl i£] ggr bif GOD 44T 
SSMO 5 OO 4B80t 455[ AIH 455" 468 

19/5/04 786) 8 514 4 4 447} 487 

Dr ë sasa o on int ia 4 oot í d 4*0 
Modan 

Subject median 786 503 480 4655 447 4651 400 


* Nornuiadon 1 (median half-life — 5-9 bours 
median half 
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Table $. BIOLOGICAL Haly-Lives (IK HOURS) OF LINOOMYOIN OHTAIKND 
IN Crossover HIPNERIMXNT IV DX BITTEEN ADULT MALM 
COrom-Over No. 1 
19/5/64 26/5/04 
Group of subjects 3 4B" 
5:97 5-40 
14 6 68 4-43 
377 3-76 
419 38-42 
4B 3 - 
4-93 5-45 
aS 5:31 5 24 
4-78 474 
$44 4-41 
Median half-life 4°86 458 
Orom-over No. 2 
20/6/04 £7/5/04 
3 4B 
4:25 4:18 
9-12 4-0 4-61 
4-01 3-TT 
6-27 7 5A 
4B 8 
6:71 114 
13-16 4-83 581 
5-20 6:13 
8:80 3-52 
Median half-life 4-06 5-31 
* Formulation code; aee Table 1. 


distributed about & straight line on semilogarithrnio paper. 
If absorption is still proceeding when 4; is estimated, the 
estimated t, will be higher than the true vane’. Re- 
evaluation of their data does not suggest an increase in 
half-life following a multiple-doee regimen. 

Assuming & disappeeranoe rate constant estimated from 
data obtamed after the first dose, Wagner and Alway* 
made predictions of serum levels of lincomyem whioh 
agreed reasonably well with serum levels observed after 
multiple intravenous injections. 

Further examination of Tables 2 and 3 shows that 
median half-life is essentially independent of the specific 
formulations involved. The rate constant for dis- 


rd eis (or the biological half-life) of a drug in the 
y would be expected to be ind t of dosage form 
affecta if the data were Po collected and interpreted’. 
After the solution and capsule treatments, the median 
biological half-lives were: Experiment IL, 4-38 and 4-55; 
Experiment III, 4:87 and 4-86; and Experiment IV, 4-80 
and 4-99, respectively. Hence, in two of three experimenta, 
the capsule yielded a very slightly greater median balf-hfe. 

In addition, fitting of the serum level data to a three- 
compartment model (Model I, ref. 5) indicated that Srst- 
order rate constanta for appearance of lincomycin in the 
blood were not tly different after the capsules, 
compared with the solutions. These additional analyses 
gave us confidence that absorption waa, for all practical 
purposes, complete at the times the half-lives were 
estimated. 

We thank C. Q. Chideater, L. K. Sohadewald and R. L. 
Yeager, who aasisted with the miorobiological assays, 
and Dr. I. J. Martens for his supervision of the clinical 
trials. 

Jonn Q. WAGNER 
J. I. NORTHAM 
W. T. Boxorskr 
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Influence of the Substantia Nígra on the 
Concentration of ae ane and 
Dopamine of the Striatum 


Evze sinoe the finding that certain of the basal ganglia 
contain relatively high concentrations of dopamine (3- 
hydroxytyramime)'»* there has been a growing interest in 
the possible role of this amine in the functioning of these 
structures of the extrapyramidal gystem*. Hornykiewicz 
ei al. have damonstrated the virtual absence of this amine 


from the caudate nucleus and putamen of patients dying’ 


from Parkmson’s diseases and, even though the concen- 
trations of noradrenaline‘ and 5-hydroxytryptamine® in 
these regions of the bram are substantially below normal 
values, the decrease in the concentration of dopamine is 
greater and, in contrast, uninfluenced by administration 
of monoamine-oxidase mhibitors’. 

In work concluded some time ago in our laborataries it 
wes possible to show that pn tal lesions in the 
ventromedial tegmental area of the brain-stam of rhesus 

result eventually in the loes of dopamine and 
noradrenalme from the corpus Biriatum**. Only those 
lesions that resulted m a major lose of cells of the sub- 
stantia nigra produced a fall in the concentration of the 
catecholamines. The present work was undertaken to 
determine whether b-hydroxytryptamine (found m the 
striatum of man in concentrations of about 0-5-1-0 ug/g*) 
is also influenced by a nigral lesion. The technique was 
the same as in our previous work: an electrolytic lesion was 
placed along the dorsomedial of the substantia nigra 
of seven monkeys with the aid of a stereotaxio instrument; 
lesions were made on the left side, the right side 
untouched. After 106—126 days during which do cd 
observations were made, the animals were killed under 
deep ‘Nembutal’ anaesthesia, and the brains were removed. 
The caudate nucleus and putamen of each side were 
dissected, weighed and stored in the frozen state until the 
chemical analyses were performed. The remainder of the 
brain-stem was pisced in 10 per cent neutral formalin, in 
[eiae m for histological examination. The parts of the 
rain to be analysed were homogenized in three parts of 
0-1 N hydrochloric ssid. Half this homogenate was then 
treated for determination of 5-hydro tamine by the 
method of Bogdanski, Pletacher, Brodie Udenfriend**, 
pa ner was determined in the other half by the pro- 
ure of Sourkes and Murphy!!, after extraction by the 
method of Shore and Olm!! for noradrenaline. Sections of 
the brain-stam were stained’* and then examined to 
identify the site of the lesion and ita effect, if any, on the 
cellularity of the substantia nigra. In this series, four of 
the seven monkeys showed & t loas of cella from the 
pers compacta on the operated side; the side opposite to 
the lesion had the usual degree of cellularity seen in 
sections taken from unoperated monkeys. This result is 
illustrated in Fig. 1. 

A summary of the amine analyses is given in Table 1. 
It is evident that those animals that showed considerable 
loes of cells from the substantia nigra also lost much of the 
dopamine from the striatum of the same side; indeed, the 
logs amounted to 81-100 per cent of the dopamine, com- 

with the oorrespondi trol structure. This, then, 
18 in confirmation of earlier **. On the other hand, 
in those monkeys whose substantia nigra had a normal 
cellularity there was no difference between the striata of 
SP9 or between the caudate nuclei of SP1. The caudate 
nuclei of monkey SP2 and the putaminal nuclei of SP1 and 
SP2 abowed large differences as between the and 
intact (control) sides, but these were not consistent in the 
direction of the differences. 

In regard to the concentration of 5-hydroxytryptamine, 
the values for the nuclei of the operated side in the three 
animals ming & normal complement of cells 
(S.P1, SP2 and SP?) ranted from 86 to 179 per cent of the 
values found im the parts on the intact side 
of the brain. Ths lower and extremes were found 


wi 
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Ta in the caudate nuolei of SP9 and SP1, respectively. Of 


UD of monkeys that had histological evidence of 
ioæ on the operated side, SP8 had a greater oon- 
centration of 5-h: ine on the side, 
but the others (SP7, SP10 and SP12) had 23-83 per oent 
less than in the corresponding parta of the intact side. 
The concentration of dopamine in the brain has been 
previously shown to be sensitive to experimental lesions of 
the brain. Lesions of the subetantia nigra cause & loss of 
ine from the striatum of the monkey, as determined 
by direct chemical analysis", or of the rat, as detected by 
a histological fluorescence technique‘; lesions in the 
globus idus of the rabbit result in a decrease of dopa- 
mine of the caudate nucleus, beginning between the fourth 
and seventh days following ioni*. These results are 
borne out by the results recorded here obteined with & new 
series of monkeys. It is noteworthy, however, that the 
changes in concentration of 5-hydroxytryptamine in the 
present series bear no obvious relation to those of dopa- 
mine. Of the four animals with nigral loas of cells reeulting 
from the lesion, three showed a decrease in the 5-hydroxy- 
tryptamine ooncentration of the stristum on the 
operated side, but the fourth animal did not. This 
decrease was moderate (23-38 per cant), compared with the 
change in dopamine in the same structures or compared to 
the decrease in the concentration of 5- temine 
ona wa with Parkinson’s disease (50-70 yis 
Thus, the amine changes following the nigral lesion are 
analogous to those observed in Parkinson's disease with 
ine but, on the basis of the four monkeys 


Substantia &-Hydroxytypt- 
nigra No. Structure amine* 
sde nào ude ske 
Hormel Mo. SP1 ocandate re is 0-86 oa 
cela on 0-99 
pea putamen 
SP2 caudate 278 1-58 0 54 035 
putamen 169 2-44 0-45 0-36 
SPO striatum 253 2-87 0-86 043 
Decreased SPT caudate 0-82 2-61 0-62 0-80 
No. of ols putamen 0-40 2-53 0-56 0-77 
on se of 
lesion BP8 ondate C07 * 8-9 0-60 0-29 
putamen 0 3-47 0-48 0-41 
SP10 caudate 0-94 439 0-30 0-58 
putamen 1:35 5-63 034 0-44 
SP12 caudate 0-96 a-ga 0-39 0-54 
putamen 0 20 2-55 0-31 0-41 
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The influence, if any, of nigrostriatal fibres” on the oon- 
centration of this amine in the brain is being studied 
further. ! 

This work was supported by Quebec D E 
(804—5—97 and 604—5—330) and by of the Medical 
Research Council of Canada (MT—782, MT-1509 and 
MT-1849). One of us (T.L.S.) holds & senior fellowship 
award of the Parkinson's Disease Foundation, New York. 
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Antkarrhythmic Action of Bretylium 

Tu anti-arrhythmie action of guansthidine which was 
found to prevent a type of clinical paroxysmal ventricular 
tachycardia! and prevented imental atrial flbrilla- 
tion! suggested that other agents which interfere with the 
release of catecholamines might exhibit similar effective- 
ness. 

The ure used to test this possibility was derived 
from a method which I developed earlier. In this, after 
control observations which eliminate animals that oc- 
casionally exhibit susceptibility to acetylaholme-induced 
atrial fibrillation, insulin and glucose are administered. 


provoke atrial fibrillation almost routinely (98 per cent) 
and the fibrillatory dose is usually 0:1 mg/kg or lees’. 
tered immediately after the teat subject had exhibited 
episodes of acetylcholine-induced atrial fibrillation at 
least twice at 0-3 mg/kg or leas. After, administration 
of the test drug, e latent period of 10 min or more was 
permitted. Then the preparation was challenged as before 
with incremental doses of acetyleholine to the maximum 
dose of 0-5 mg/kg. seca iege oia ui 
periods (up to 18 h) were before challenge. The 
challenge period, 30-120 min after mesulin-glucose ad- 
ministration, was rigidly maintained wx p of the 
time of administration of the test drug. 

Atrial fibrillation at any dose was deemed ‘lack of 
protection’, but ‘protecticn’ means- that the test drug 
protected at the highest dose (0-5 mg/kg) and all lower 
doses. The highest dose was administered three or more 
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Table 1. Hryicacy oF BRETILIUE TO FROTHOT AGAINST XIPERDEENTALLY INDUOND ATRIAL FIHEILLATION 
(Some groups have been combed when the data obtained tndtoated close agreement of the parameter under observation) 

1 i 2 - 3 m 4 s S OR | 6 7 8 

Hxperimental 0. Dose Boute Delay before Protected Bangs of 

serios experimenis bretyhum administration challerigo halago total 
I eer OM e jon 
a 6 5 Lv. 0-5-3 3/25 0-100 12 
e 4 5 LV. 1-3 7 0-106 A7 
I 10 8, 1O2)t LY. 05-3 19 0-100 49 
a* 7 B, 9) 10 Ives 0. 5 10/27 0-100 70 
Be 9 &Dft, A(2}t, 10 LV.(3)1 and 8.0 18-19 0/23 0 0 
b 2 2-5 8C. 13-8 0/6 0 0 
e 2 25 8.0. 45 8/6 0-75 50 
i TEE H "ME $ ; 
X 5 0-100 
f 4 5, DT 80. 12-18 s 
a* 7 8(2)1,1 LV.(2) f and 8.C. 4-6 i 0-100 70 
r 4 10 8.0. 6-7 615 0-100 40 
b” p &KI)f &2)5*,10(601t IV. (2)t and B.C. 18-19 orz3 0 Q 
t n 20 8.0. 4-6 28/43 0—100 06 
t 4 20 8.0 8-0 16 31 
s $ $0 8.0. a6 11/16 18-100 69 
a A 6 LU 80. 18-19 7/17 0-100 41 
4 L 80 8.0. 18-19 8/8 u 100 100 i 

* Bee both sertesa. 

t (1)+, (2) f, oto., indieato number of dogs af different dose or route than the series bui that the end results were simular. 

1 bres Frust, dimareni challenge Cond of sostyloholtne to rmdicate protection. 

á ACh dose 0-4. 

times and a percentage was calculated from the protected were 


challenges divided by the total number of . 
These are the figures shown in columns 6 and 7 of Table 1. 

In addition to the specifo testa to determine anti- 
fibrillatory activity of bretylium, four other related 
determinations were made: (1) An attempt was made to 
determine the latent period before activity of the drug 
after mtravenous and subcutaneous administration. (2) 
The period of maximum effectiveness of the drug was 
sought. (8) The duration of the drug action was asoerteined 
for various dose levels. (4) An attampt was made to 
determine a dose-effect relationship at the previously 
found time of maximum effectiveness. To do this, dogs 
which were not protected at low doses were allowed reet 
periods of a weak, then they were admimustercd a higher 
dose of bretylium and retested. The dosage range for this 
series was 2-5—30-0 mg/kg. 

In all, 108 experiments were performed, involving 20 
dogs. The partanent experiments are presented in Table 1. 
Ail the dogs used exhibited susceptibility to atrial fibrille- 
tion in separate control experiments before and after 

imental runs with bretylium. 

retylium exhibited an anti-fibrillatory effect in a 
reasonably consistent fashion which was dose-dependent 
when the drag was administered subcutaneously. Intra- 
venous administration of bretylium led to inconsistent 
results unless the drug was infused over 10-15 min. 
Rapid renal excretion is assumed to be the.factor oon- 
cerned with this decrease in efficacy. Both rapid and 
prolonged injections are presented together in Table 1. 

An examination of the resulta obtained yields the 
following conclusions: (1) Doves of 2:5 mg/kg or leas were 
almost ineffective. (2) Same dogs were protected at all 
doses above 2-5 mg/kg. (8) A period of about 4 h was 
neceasary for maximum effectiveness. (4) The effect of the 
drug was greatly diminished at B h. (5) Nearly all the 
dogs were protected at 30-0 mg/kg or less (18 of 20). (6) 
At the time of maximum effectiveness (4—5 h), with the 
highest dose (80:0 mg/kg), only two dogs were not fully 

rotected (series v). (7) No anti-arrhythmic effect was 
found at 18 h except with the highest dose (30-0 mg/kg) 
(series z). 

It became evident during this work that the results 
followed an approximate linear log dose- relation- 
ship, for with each increase of the dose of bretylium, more 
of the dogs were protected. The number of observations 
for each point is inadequate to deflne the curve specifically, 
but the hypothesis that the maximum dose (30-0 mg/kg) 
would be completely protective was tested. With experi- 
mente at the highest dose (30-0 mg/kg), three dogs which 


EY Maris &b lower doees were retested. With this 
dose of bretylium, one dog was totally protected and two 
others were partially protected —that is, protested against 
0-4 but not against 0-5 acetylcholine. 
The value of continuing with greater dosage of bretylium 
‘was dubious. 

Previous reporte whioh relate this anti-arrhythmio 
activity have pot been found. Boura and Green‘ have 
reported local anaesthetic action which may be operant 
here. However, it is ising that & 4-h delay 15 necessary 
before activity is demonstrated and intravenous injections 
have very low immediate efficacy, since one would expect 
local anaesthetic action to have less latency. 

The dmmushed action after 12 h may suggest that the 
action herein reported may not be related to prevention of 
catecholamine release since such a mechanism has been 
shown to be maximum at about 20 h*. The similarity 
of pharmacological action for bretyltum and previously 
epore for guanethidine imple & related EE REA 

thank Burroughs Wellcome and Co. for a supply of 
bretylium. This work was supported by the Central Ohio 
Heart Association. 
Panare E. Levaqua 
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Blood Preservatives for the Glutathione 
Stability Test 

Wax red celle deficient in glucose-6-phosphaie (G-6- 
PD) are incubated with acetylphenylhydraxine under 
standardized conditions, there is a marked drop in con- 
centration of reduced glutathione (GSH). Under the same 
conditions, the GSH of normal cells is relatively unaffected!. 
This procedure, the glutethione stability test, has been. 
widely used in the diagnosis of G-0-PD deficiency*. 

Recently, Davies and Gower’ reported that ACD (acid- 
oitr&te-dextroee), used as a blood preservative for carrying 
out the GSH stability test, was unsatisfactory unless its 
pH was adjusted to 7-6. This findmg was quite surprising 
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Table 1 
pH 5-0 system pH 7-6 system 
Day Initial aftr 2h Tnttlal After £ h 
mL with APH ¢ 00 mL with rs 
storage — (mg/100 mg 

(mg/100 mL (mg/100 mg. 

dA RBO) 

0 57-0 56-21 61-2 30-5 

6 on 44-70 55-10 48-06 

18 40-45 47-0 S871 52-76 

20 5324 41-08 51:55 30-03 

£7 49-29 41-94 5437 16-82 

25 45:33 36-00 45 39 14.82 


to us, since both Szeinberg ¢ al.‘ and McGovern ei al.’ had 
reported that the glutathione stability test gave eatis- 
factory results for up to 4 weeks when blood was stored in 

i AOD solution, and their resulte were recently 
confirmed by Palek and Volek*. Many other mvestigators 
bave used ACD as a preservative solution for the purpose 
of this test. We have, therefore, compared the 
stability of normal blood preserved in ACD, National 
Institutes of Health formula B, at the usual pH 5-0, and 
as recommended by Davies and Gower’ at pH 7-6. The 
GSH stability test was carried out as origmally reported!, 
except that tbe DTNB method" was used for the determ- 
imation of glutathione. 

Several samples of blood were examined. The resulta of a 
typical experiment are summarized in Table 1. When 
blood was preserved in ordinary AOD solution glutathione 
stability was essentially unaltered for approximately 4 
weeks. When blood was stored in ACD solution the pH of 
which had been adjusted to 7-6, GSH was abnormally 
unstable initially, and markedly so after 8 weeks. 

Careful examination of the studies of Davies and Gower 
clarifies the ‘reason for the discrepancy between their 
findmgs and those of others. It is t that Davies 
and Gower have carried out the Auiathions stability test 
in & manner very unlike that originally reported’ and used 
by other in ra. They have pre-incubated their 
blood samples at 37? O for 24 h prior to carrying out the 
glutathione stability test. Studies carried out in this 
laboratory have recently shown that AOD solution, with 
pH values of 5-0 are very poor preservatives of red oell 
ATP (adenosine triphosphate) at 37° O, when compared 
with solutions of pH 7-6 (ref. 8). Adenosine triphosphate 
is required for the utilization of glucose by red cella. It 
might, therefore, not be that some red ocells 
would manifest better Gan sten lity after prolonged 
incubation at 37? C in such & solution than in 
the ordinary ACD solution. It must be emphasized, how- 
ever, that the glutathione stability test is not carried out 
by pre-incubating blood at 87° O for 24 h. Only a 2-h 
incubation is involved. As shown in Table 1, when the 
teat is carried out in the oonventional manner, ACD 
solution pH 5:0 is clearly superior to ACD solution pH 7-6. 
The latter solution cannot, therefore, be recommended as 
a preservative for the glutathione stability teat. 
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‘Yellow Fat’ in the Wild Rabbit 

Duara investigations into the population dynamics of 
the European wild rabbit (Oryctolagus ownioulus L.) on 
the island of Skokholm, Pambrokeshire, an abnormal 
condition of adipose tiasue was observed. The condition 
is apparently unknown in rabbite elsewhere, except on 
the adjacent isl&nd of Skomer, and is hitherto un- 
desorbed. 


During the severe winter of 1962-63 about half the 
Skokbolm population of approximately 6,000 rabbits 
became emaciated and died. Healthy, deed and dying 
rabbita were collected and examined in February and 
March 1963. Necropsy showed that about half of theee had 
no fat deposita, but most of the remainder had abundant 
fat of a yellow-brown colour around the kidneys. It 
extended slong the para-vertebral areas into the pelvis 
to enclose the bladder ventrally. Normal fat was obeerved 
in very few animals. In animals where the change was 
slight, dark brown or yellow pin-point spots could be 
seon; in late winter and spring, both yellow and brown 
patches were commonly seen in the same animal. The 
‘yellow fat’ is characteristically marbled or mottled in 
appearance, varies in colour from orange-yellow to dark 
brown, and unlike normal fat is hard and firm in the live 
animel; the surface of severely mottled fat is usually 
smooth, but it may occasionally be rough and uneven. 
The incidence of moderate and severe mottling is greatest 
during periods of reduced food quality, and, in female 
during pregnancy and lactation. The condition has been 
seen in avimals as young as six weeks. 

Histological examination of the fat showed adipose 
tissue cella of variable size, some small ones bordered by 
giant cells and amall clusters of histiocytes. The fat was 
divided into small lobules by strands of fibrous tissue, 
which contained occasional clusters of granules of a brown 
pigment. Staining by Nile-blue sulphate, sudan dyes, per- 
chloric acid naphthoquinone! and the O.T.A.N. methods: 
demonstrated the presence of abundant neutral fat, 
together with free fatty acids and some phoepholipid in 
the region of the t lie Cbolesterol was not demon- 
strated, thougb birefringence was seen where fatty acids 
oecurred. Much of the fatty material present was not 
soluble in lipid solvents; extraction of carbowax sections 
with cbloroform—methanol (2:1) failed to remove any 

iable quantity of sudanophilic material, and sections 
of tissue embedded in wax also showed abundant 
material stainable with the sudan dyes. 

The brown pigment was not acid-fast, but was positive 
to Schmorl’s reaction. lb was not &utofluoreeoent. Pro- 
longed oxidation of unsaturated fate can produce suoh a 
pigment. The condition is similar to lipogranulomatous 
conditions such as selerems neonatorum, which occurs m 
man; similar conditions haye been described in mink?, 
cat‘, pig’ and rat’. In these cases, a high intake of 
polynnsaturated fat (for example, ood liver oil) in the 

of a relative deficiency of vitamin E haa been 
licated. It is likely that the rabbits we describe, 
living on & small wland inhabited by numerous sea-birds 
and with a sparse growth of grass, are ingesting some such 
fish oils. In the absence of vitamin E, unsaturated fats ` 
can give rise to unsteble peroxides, and thus to the brown 
oxidation products which are described here. These can 
stimulate an inflammatory reaction in the tissues where 
they occur. 

Saito e£ al.’ stated that ‘yellow fat’ in pigs was more 
fluid than normal fat. We have not found this to be so 
in the rabbit, probably because the fat is interspersed 
with fibrous tissue and resinous oxidation products. The 
‘yellow fat’ does not seem able to act as a reserve food 
store, as does normal fat. The rabbite, dying of starvation, 
still possess appreciable perirenal adipose tissue, though 
of this altered nature. 
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High Antihaemophilic Factor in 
Multiple Myeloma 

Awn investigation of antihgemophilie activity in 18 
patients with multiple myeloma showed a high antihaemo- 
philio factor (AHF) in 10 cases. Tho elevated AHF values 
were not related to hyperglobulinaemia or any other 
factor which could be determined. 

AHF assay was performed by the method of Bergna!. 
Assays on 52 normal plasmas ranged from 80 to 200 per 
oent of the group mean. Assays were performed on 18 
patients with multiple myeloma in various stages of the 
disease. The blood was drawn at 10.00 am. and at bed 
rest exoept for one ambulant patient. Symptoms of fever 
&nd pain &nd medications were noted. No patiente were 
studied directly after transportation to the hospital, and 
none had acute fractures. 

The AHF assays of the 18 patients were examined in 
relation to the age and sex the patient; total serum 
protein and albumin and globulin ions; serum and 
urine electrophoresis with quantitation of serum protems 
by electrophoresis using the Beckman/Spinco ‘Analytrol’; 
immuno-electrophoresis' using anti- 2 and anti- 
pathos, 4 eert Content of piace colle ih p icle smears 
of aspirated marrow; therapies employed in treatment; 
and the clinical state of the patient. 

Twelve patients had elevated AHF values. Nine were 
over 800 par cant of the normal group mean, the highest 
value recorded being 680 per cent. Eleven of these 12 
cases with elevated AHF had hyperglobulinaemia, and 
one had & normal serum globulin level with gamma 
globulin in the urine. The patient with the highest AHF 
assay was untreated and had normal total protein and a 
normal serum globulin fraction by chemical determination, 
but had an elevated bete fraction by el oresis, and 
gamma, 4 by immuno-electrophoresis. Of the remaining 
six cases, five had normal levela and marked hyper- 
Eo One patient, iss ip e tg 74, was 
lowest in AHF (80 and 60 per cent) and & very high 
gamma of 77-2 per cent with & total protein of 10-1 g 
per cent. 

The plasma and serum of one patient, whose plasma con- 
tained 390 per cent AHF, were studied in the thrombo- 
plastin generation test’. His plasma, diluted with 7 parts 
of haemophilio plasma, produced a normal TGT, while 
normal plasma diluted with 3 of the same baemo- 
philic plasma give an abnormal TGT. The patient's serum 
showed no thromboplastic effect. Cohn ‘Fraction I’ pre- 
pared from this patient assayed at 85 per cent of the 
original plasme AHF. Later, 160 ml. of the same 
petient's plasma containing 2-92 units of AHF in 1 mL 
(1 unit = 1 ml. of normal plasma assaying 100 per cent 
AHF activity) was fractionated by the method of Cohn‘. 
‘Fraction I’, dissolved in 15-5 ml, bad an assay of 22-7 
unita per mL, representing 75 per cent of the original 
activity. 
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Pitney and Elliott! demonstrated that Australan 
Aborigines, who have hyperglobulingemis, have a higher 
plasma AHF than white Australians. They also found. 
elevations of AHF in white Australians who had hyper- ' 
globulinaeamia, assousted with hoearoomsa, auto- 
immune disease, hepatic cirrhosis, nep ia and multiple 
myelomatosia. They thought the rise in AHF might be 
related to the increased globulin production. Pitney et 
al.* studied AHF in normal families and concluded that 
there was no relation to sex, but there was an increase with 
age. They found no relation between cancentrations of 
AHF and plasma proteins, particularly gamma globulin, 
in their normal individuals. Amundsen e£ al.” reported 
elevated AHF levels in patients with carcinoma. Ingram’ 
found an increase in AHF following mfusion of adrenaline, 
and Jatrides* demonstrated elevated AHF after exercise. 
Increase in AHF after trauma and childbirth has been 
shown by Davidson and Tomlinson!*. Increase in AHF in 
pregnancy has been reported by Strauss and Diamond”. 

In the present study there was no consistent correlation 
of the AHF activity with age, sex, therapy, hyperglobulin- 
asmia, type of abnormal globulin (gamma 2 or gamma, 4), 
degree of plasma, cell hyperplasis in the bone marrow, or 
clinical state of the patient. No patients had any recognized P 
thrombotic complications. 

The site of origin of AHF is not known. One wonders if 
the abnormal protein production by the plasma cella m 
multiple myeloma could include AHF or AHF activator! 
in some cases. 

The high AHF values in patients with multiple myeloma 
Tk eae ee prc S cian AD ues 
The highly concentrated AHF fram such plasma is being 
used in an attempt to produce anti-AHF antibody in the 
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Gel-filtration of Isotopically labelled Ferritin 
from HeLa Is 


HeLa human cancer cella have been shown to produce 
ferritin when grown in the presence of iron’. Hela 
ferritin is electrophoretically heterogeneous; its pro ies 
have been compared with those of ferritin isola from 
other oella * vitro and from human and animal 
tiasueg*. On DEAE chromatography of ho tes of 
HeLa cells grown in the presence of FeSO, (**Fe), the 
distribution of the radioactivity was practically the same 
as the distribution of ultra-violet-abeorbing components in . 
the case of purified horse ferritin; the assignment of the 
activity to ferritm has been confirmed by paper electro- 
phoresis?, The use of radio-iron in such experiments 
resulta in great sensitivity and specificity. We now report 
the behaviour of HeLa ferritin on gel- 
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HeLa cella were grown in bottles, and the well-developed 
monolayers incubated for 24 h with 10 ug FeSO, and 
0-3-0-5 po. **Fe per ml, as described previously’. The 


cells were collected and homogenised, and the microsomal 


and the 105,000g supernatant fractions were obtained as 
before*. The microsomal pellet and the supernatent were 
diluted with buffer to give solutions with an absorbancy of 
30-50 at 210 mp, and 0-3-0-5 ml. of these solutions was 
placed on the column. Usually columns 55 x 1 cm were 
used; they were loaded to a height of 50 cm with ‘Sephadex 
G-200' Uppeala) pretreated with 0-15 M 
NaCl 40-03 M phosphate buffer. However, satisfactory 
separations were also obtained with shorter columns 
(35 x 1, and even 20 x lom). Care has to be taken not 
to use too concentrated a solution of whole homogenate or 
af the microsomal fraction, or the flow may be too alow. 
Elutions were carried out with 0-15 M NaCl + 0-02 M 
phosphate buffer (pH 7-3~7-4) at a flow rate of 10 min per 
1-5-rol. fraction. The absorbancy st 210 and 260 my was 
measured i a blank of the eluting solution after 
suitable dilution of the fractions‘. The activity was 
determined with a well-type scintillation gamma-spectro- 
meter. 

Typical ‘filtrograms’ of the HeLa whole cell hom te 
ma ioy tiree peeks (ig. 1). The pattern da gerere] fot óel) 

homogenates; similar fil have been obtamed with 
human fibroblasts and hver cells (unpublished results). 
With the microsomal fraction one symmetrical sharp peak 
is found (Fig. 2). This fraction is almost free from com- 
ponents of molecular weight below 200,000. The great 
absorbency at 260 mp indicates a high content of nucleic 
acids, and the variation in the ratio of the abearptions at 
210 and ab 260 mu between different parte of tho peak 


Fig. Gel-ffltreiion of whole cell homogenate. 1 ml pex arsi 
per uh d was Placed on the column (35 x 1 om) toa 
af 30 am. flow rate was 1 fraction (1 mL)/5 mim. Absorbanoy 
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Wig. 3 Gel-filtration of the 106,000g supernatant. Column and signs 
asin Fig. 2 


suggests the presence of molecular species with unequal 
nucleic acid contenta. : 

A different pattern is obtained with the 105,000g 
supernatant (Fig. 3). Small amounts of material passing 
the column without entry into the gel are noted. Most 
of the material of the 105,000g supernatant emerges 
in the second peak. This is asymmetrical; presumably 
1t could be resolved further at slower flow ratea. Tho 
third peak oonsists of low-molecular components with 
high absorption at 260 mu; it is missing from cell homo- 
genates dialysed before gel-filtration. To judge from 
the 210/260 ratio, the first and second peaks, although 
macromolecular, are chemically different from the 
microsomal peak. Values of the ratio between 12 and 
25 were obtained for the 105,000g supernatant fractions, 
and only between 2-6 and 3-1 for the corresponding 

microsomal fractions. 

The distribution of the radio-iron in the microsomes as 
well as in the 105,000g supernatant is interesting. In 
both filtrograms a fairly sharp peak appears that is distinct 
from the microsomal peak (Fig. 2) and also from the 
pins peak of the 105,000g supernatant (Fig. 3). The 

of the radi ity in the range of the 
ari exoluded from the is oonsistent with the 
known values of the moleoular weight of ferritin. 
ferritin has a molecular weight of 465,000 (ref. 5) and b 
of ferritin itself is up to 747,000, depending on the iron 
pipi The displacement of the radioactivity peaks 
as oompered with the absorption peaks ouggosta the 
poesibility of differentiation of macromolec with 
weights greater than 200,000, the approximate exclusion 


limit from ‘Sephadex G-200’. The discrimination by 


‘Sephadex’ columns of molecules heavier than 200,000 is 
also reflected by the differences of the 210/260 ratio 
between different perta of both the microsomal peek and 
the first peak of the 105,000g su tant. 

Purifled horse spleen ferritin? ved on gel-filtration 
on ‘Sephadex G-200' like the radioactive component of 
homogenates of HeLa and of fibroblasts grown in vitro*. 
When. "'Fe-labelled homogenate of fibroblasts was mixed 
with horse ferritin and run through the column, the 
position of the radioactivity peak was almost the same as 
that of the abeorbancy peak. It thus appears that the 
molecular size of ferritin of the cells grown $n vitro is 
similar to that of ferritin in animal tissues. 

The results obtamed demonstrate the suitability of gel- 
filtration for the analysis of cell homogenates. Macro- 
molecular components can rapidly be separated from low- 
molecular substances. The method is also well suited to 
the separation of the microsomal fraction from smaller 
macromolecules and for the differentiation of components 
of the 105,000g t. The effectivensas of the 
separation is well by the sharpnees of the 
ferritin peak in the filtrogram, as measured radiochemic- 
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. IMMUNOLOGY 


special Increased Graft-versus-Host 
Reactivity of Thymus Cells from Immunized Mice 


It has recently been shown that thymus cells from 
immunized mice are capable of transferring immune 
reactivity. Bub-lethally irradiated recipient mice exhibit 
recall tetanus antatoxin production after they have been 
injected with thymus cells from mice immunized with 
tetanus toxoid’. Similarly, thymus cella from mice 
immunized with bovine serum albumin are capable of 
transferring antibody formation capacity when injected 
into non-irradiated recipients’. The work recorded here 
was undertaken to determine whether thymus cella from 
mioe immunized to F, hybrid histoocompatibility antigens 
would exhibit specifically increased graft-versus-host 
immunological reactivity after injection into F, hybnd 
mice of ‘the i izing strain. Wo will show that 
immunization does specifically increase the graft-versus- 
host reactivity of thymus cells, and that the rolative 
increase in reactivity is similar to that observed with 
injection of spleen cell populations from similarly immun- 


A-strain mice 45 days of age were divided into three 
groups. One group of mice received an immunixin g 
injection of 50 million (A x O8H)P, hybrid spleen cells 
intraperitoneally. Another group received an immunizing 
injection of 50 million (4 x OS57BL/1)F, hybrid spleen 
calls intraperitoneally, and a third group was not immun- 
ized. Foreign pure strain cella were not used for immuniza- 
tion for two reasons. First, injected lymphoid cells have 
been shown to enter the thymus’, and therefore pure 
strain cells might persist there long enough to be able to 
give a graft-versus-host reaction of their own in our assay 
system. Secondly, injected pure strain cella might exert a 
graft-versus-host reaction against the injected A-strain 
mioe, thus interfering with the mmmunological a paratus of 
the injected mioce'. tween 10 and 21 days immun- 
ization, mice were killed under ether anaesthesia, 
their thymuses removed, and thymus cell suspensions 
prepared in lactate-Ringer’s solution, using a loose-fitti 
Potter-Elvehjem glass homogenizer. The immunologi 
capacity of these thymus cell suspensions was evaluated 
by the graft-versus-host assay of Simonsen e al.*. This 
assay measures the degree of spleen enlargement induced 
in young F, hybrid recipients of lymphoid cell suspensions 
from one of the tal strains. Litters of 6-8-day-old 
(A x O8H) and (A x O57BL/1)F, hybrid mice were 
used for all assays. Each suspension of thymus cella was 
assayed by injecting 60 million thymus cells intraperi- 
toneally into (4 x O8H)F, hybrid recipients, and 10 mil- 
lion thymus cells intraperitoneally into (4 x OS57BL/1)F, 
hybrid recipients. Negative controls consisted of non- 
injected littermates of the injected F, hybrid recipienta. 
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Hight days after oell suspension administration the 
hybrids were killed, their body and spleen weighta 
determined, and the relative spleen weight (mg spleen/ 
10 g body-wt.) calculated. Finally, in each litter the 
‘spleen index’ was determined by dividing the mean 

tive spleen weight of the mice receiving thymus cell 
suspensions by the mean relative spleen weight of tho 
non-injected control mioe. In an attempt to quantitate 
the increase of reactivity of thymus and spleen cella 
resulting from immuniration, we have also compared. the 
immunological reactivity of splean and thymus cells from 
undis. donors with the reactivity of spleen and 
thymus ocells from non-immunized donors. The graft- 
versus-host assays of spleen and thymus cells from normal 
donors were performed and evaluated exactly as already 
described here, and the data obtained represent a portion 
of another study which is as yet unpublished. 

It is apparent that thymus cells derived from A-strain 
mice immunized with (A x C8H)PF, hybrid colla show 
increased graft-versus-host reactivity in (A x O8H)F, 
hybrid recipients (Table 1). Similarly, thymus cells from 
A-strain mice immunized with (4 x O67BL/1)F, hybrid 
cells show increased ivi in (A x O87BL/1)P, 
hybrid recipiente. The ifleity of this increased 


reactivity is shown by the ure of thymus ocells from. ^. 


immunized donors to exhibit increesed reactivity in the 
test strain to which they were not immunized. The com- 
parison between cell suspensions from immune and non- 
immune donors is shown in Table 2. It can be seen that 
the reactivity of 10 million thymus cella from immunized 
mice does not differ significantly from the reactivity of 
20 million thymus cells from non-immune donors, and 
similarly the reactivity of 1 million spleen cella from 
immunized mice is approximately equivalent to the 
reactivity of 2 million spleen cells from non-immune 
donors. 

It can be concluded that the thymus participates in the 
process of immunization against histocompatibility anti- 
gens at least to the extent of containing cells which 
exhibit increased specific immune reactivity. Our resulta 
are similar to those of Fiore-Donati ei al.', who also 
showed increased graft-versus-host reactivity after im- 
munization. However, these authors did not show the 
specificity of the reaction, whereas our experiments 
demonstrate conclusively that the increased Immunological 
reactivity is specific for the immunizing antigen. There are 
Table 1. BrBOIFIUPTY OF IXOKRA£ED IMMUNOLOGICAL REACTIVITY EXHIBETED + 

BY THYMOOYTES FROM IMMUNIZED A-WTRAIN MICE 


No. Sirain of reatplent me ala ^ vies eat 
Donor donors animal injected 
amayod (x10) +55 
Normal A " 7 (4 x CREDF, eo 1-19 + 0-08 
A Ax cunr, 8 (A x OBH)F, 60 1:58 40-07 
Noma 40^ 1 — AR, 9 — sunm 
= COE EAL), 12 (A x OB7BL/1)F, 10 1512x008 
(Ax ORF, 7 (4 x OB7BL)F, 10 26 + 0-07 


x enio E dee a d by dividing the relative spleen weighs 
0 g body-wt.) of the expernnental group the spleen 
Welter the tage Col ee gr erate) 


Table 2. IxxuXOLOGIQAL REACTIVITY OF THYMUS AND BPLEHK CELIS 
FROM NORMAL AND IMMUNE A-STRAIX MICE 


No. Moan spleen 
No. Type of cells Indar* in 
Donor donors cells injected | (Ax C57B. F, 
ass&yed — injected (x10*) hybrids + 
Normal A 9 een 1 1:88+0-11 
7 Spleen 1 1:29 0-14 
= hs 9 1 1911013 
al A UM 11 Tma a 1-65 £0 12 
7 Thymus 10 1:20 — 0-08 
A immune to 
(A x OS7TBL/1)F, 12 Thymus 10 1-5140-08 
* dtvidimg the relative weight 
ed spleen 
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at least two hypotheses which can &ooount for the presence 
of sensitized cella in the thymus of the immunized animals. 
On one hand, the cells exhibiting increased reactivity may 


»-h&ve migrated to the thymus after being sensitized in the 


peripheral lymphoid organs. Alternatively, the immuniz- 
ing cells or antigens may have entered the thymus and 
sensitized the thymus cella directly. Both hypotheses 
are consistent with the findings from parabioeis! and spleen 
cell injoction* experiments showing that lymphoid cells 
can enter the thymus. These expenrmente have also 
shown that the relative increase of immunological 
reactivity after immunization is approximately as great 
for thymus cells aa for spleen oells. This finding 

that the immunologically responsive cells of the thymus 
participate in the development of immunity as represented 
by the graft-versus-host reaction to Bpproxunstely the 
same extent as do the responsive cells of the spleen. 

This work was supported by ta fram the U.8. Public 
Health Service (HÀ. 02086, RON, AE Q0T08), the U.8. National 
Foundation, the American Canoer Society, and the 
Minnesota Heart Association. 
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Distribution of Agglutinating Antibodies to 
Listeria monocytogenes among Vertebrates 


Investiaarions of the host—parasite relationship of 
Listeria monooytogenes to man and to several species of 
domestic ungulates have revealed that serum antibodies 
reactive with the bacterium may be found in & high per- 
centage of apparently normal individuals'. The proper 
interpretation of theee immunological reactions has bean 
& persisting question in sarology, particularly since the 
poan concerned are subject to clinical listeriosis. Do 

antubodies demonstrate a high level of inapparent 
infection by a ubiquitous organiam wherein few of tho 
attacked individuals experience the clinical disease, or do 
they anse from antigenic stimuli other than L. monocyto- 
genes and manifest cross-reactivity because heterogenetio 
antigen systems are involved ? 

Indirect evidence in answer to the question was sought 
by teeting the sere of a number of vertebrates for agglutin- 
ating antibodies. The study involved reptiles and fish as 
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well ae birds and mammals. Most of the serum samples 
were collected at the Ban Diego Zoo, California; others 
were obtained from animals in their natural habitat. The 
sera were tested in a somatic aggiutinating system starting 
at the 1:25 dilution’. Antigen was prepared from 4 
strain of L. monocytogenes belonging to serotype 45. Three 
or more thermostable antigenio determinants oocur on 
the organiam, thus reactivity of antibodies from different 
sera are not necessarily directed against the same determ- 
inant group. Reactions were recorded by visual ostima- 
tion aw follows: 4+ = 100 per cent of cells agglutinated, 
8+ = 75 per cant of cells agglutinated, 2+ = 50 per cent 
of cells agglutinated, 1+ = 25 per cent of cells agglutin- 
ated, and 0 = no ocelle agglutinated. 

As shown in Table 1, only 15 of 110 mammalian sera 
tested failed to demonstrate some agghutinating activity. 


generally high titres. Likewise, amang the birds it was 
found that & high percentage had antibodies. Eighty-four 
per oent of the birds reacted, altho the titrea tended 
to be somewhat lower than those obtained from mammals. 
Bera from 11 flah caught in the Pacific Ocean were tested 
and 7 contained demonstrable antibodies. The reactions 
were all obtained from bonita (Sarda imeolaia), although 
the group included 1 barracuda and 1 kelip bass. Titres 
were low, but the presence of antibodies to L. monocyto- 
genes in this environment waa of ial interest. Of the 
$1 reptiles tested, 2 were lizards the rest were various 
species of snakes. As a group of vertebrates, these were 
the least reactive, Binoe antibody was detected in only 
35 per oent. "Titres were low except in a few notable 
examples such as a copperhead sake (Anoistrodon oontortriz 
lahoinctus), œ blotched water snake (Natriz erythrogaster 
iransversa), and & monitor lizard ( Varanus exanthematicus 
albigularis) which had titres of 1:200. Antibody was 
detected in 9 of the 17 species of reptiles tested. 

The resulta that sera can be expected to contain 
antibodies reactive with L. even though 
they sre not stimulated by that organiam. So far as is 
known, the ocean may be considered a Listeria-free en- 
vironment, and yet antibodies were detected in both fish 
and mammals collected from the ocean. Seven of the 9 
bonita and 2 of 3 sea-lions reacted in this saries. Sug- 
gestions that L. monooytogenss shares 1 or more hetero- 
genetic antigens with other micro-organisms seems logical, 
and m the instances cited here it is likely that some marine 
forms of microbial life have antigenic patterns related to 
those of Listeria. The concept of heterogenetic antigens 
is likewise strengthened by the presence of antibodies in 
terrestrial It is concervable that these species 
could enoounter the bacterium by means such as ingestion 
of infected rodents, but the organism is not known to 
infect cold-blooded vertebrates, and it is not likely that 
the presence of antibodies in such hosta can be explained 
as Listeria infections. 

The possibility must be considered that certain species 
might have antibodies which were not stimulated by 
antigens encountered in the environment. These could 
be called ‘normal antibodies’ which might relate to blood 
group systems or other cellular constituents of the nds 
and have a genetic basis. This oan be 
situations where a high percentage of individuals of one 
species react while those of a related species, in a similar 
environment, do not. This may apply among the reptiles, 


Table L AGGLUTIMATING AWTIBODY TIRES FOR Listeria momocpfopenes AMONG VERTRHEUTBS 
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for example, all the activity being recorded among 9 
species, while 8 others, representing 45 per cent of the 
specimens, ahowed no reactions. 

The prevalence of Listeria antibodies among ruminant 


moat frequently associated with elinieal listeriosis. It is 
therefore tempting to assume that much of the antibody 
activity encountered here was due to contact with L. 
monocytogenes. However, the authorities at the San Diego 
Zoo were not aware of any disease problem caused by 
this organiam. The possibility that soil may serve ae a 
habitat for the bacterium has been considered by some 
investigators’, Accordingly, soil samplea were collected 
in nine enclosures at the Zoo where enimals had high 
Listeria titres, but no isolations of the organiam were 
made. It is likely that the ruminant animals in the Zoo 
were in an environment free of L. monooytogenss and that 
the high titres of antibody activity in their sera arose 
from other causes. Certain organiams peculiar to the 
Ponians devo each might ael Aave EAEE i 
Born sid wa. duds muy Be rochoti RIS oe 
these confusing serological results. Netert has reported 
that D. contains the so-called ‘Ranta anti- 
gen’, which has been described as a substance common to 
several Gram-positive bacteria’. This may well be a 
facet of the problem, but it would appear to be only & 
part of the explanation, since sera absorbed with various 
organisms containing ‘Rants antigen’ are still reactive 
with Listeria cells. 

' This note is not to suggest that immune antibodias to 
L. monocytogenes do not oocur. Rather, a definition of 
the problem of serodiagnoeis in listeriosis requires that 
means be found to achieve recognition of those anti- 
bodies which arise from contact with à of L. 
monooytogenss against & frequent backgro of oroee- 
reacting antigen-antibody systema. 

This investigation was supported in part by research 
grant AI-1080 from the Netional Institutes of Health, 
U.B. Public Health Service, and by a grant-in-aid from 
the Zoological Society of Ban Diego. 
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Opsonic ir abana for Bacterial 
hagocytosis 
Tmar specific antibody is required for the upteke of 
most, if not all, bacteria by phagocytic cells has been 
since the early work on opeonins by Ahmroth 
Wright and Douglas. In recent years evidence has aocumu- 
lated that complement may also be involved since partial 
removal of complement in & variety of phagocytic systems 
reduces the rate and amount of uptake". Tho fragmenta 
of 7S y-globulin which can be obtained by enzymatic 
digestion of antibody are reported to be unable to fix 
complement in their combination with antigen’, &nd re- 
cently Miescher s: œ. have found that such fragments 
pe oon ee 
sing & highly sensitive intraperitoneal tesb in mice we 
have confirmed that papam or pepein-digeet fragments 9r 
rabbit 79 antibody are only capable of opeoniximg S 
adelaide when used at a concentration one thousand times 
greater than the minimum effective dose of the origi 
ES al ne bus Quantitatively similar results with 
bave recently been obtained by Shands and Suter’. 
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Fragments labelled with iodine-181 were found to combine 
with the bacterial surface in a menner quantitatively 
similar to the 78 y-globulin. This suggesta to us that 
complement-binding on the bacterial surface may be man- - 


ee ee eee 
As a result of this conclusion we have attempted to con- 
struct a model whereby complament could be fixed at the 


bacterial surface in the absence of specific antibody, 
in order to aeo if this is the prime requirement for o 

tion. The idea was to take normal human vob, A 
previously absorbed with S. adelaide to remove all specific 
antibody against the o i This could then be aggre- 
gated by heating to 68° O for 15 min and purified aocordmg 
to the method of Christian‘, to yield a fairly homogeneous 
and highly anti-complementary with a molecular 
size of approximately 1 million. materisl has been 
rida sick a tpa er laren a 
of red oalls, and there seemed a good possibility that it 
would attach similarly to bacterial cells and fix comple- 
ment close to the hacterial surface in an analogous way to 
specific antibody. The question then arses whether these 
costed bacteria could be phagocytosed. 

We ee ee ee eee une one ee 
and labelling with iodme-131 the uptake of this 
aggregate by 10! S. adelaide was followed over a range of 
concentrations of 10 ug-2 mg/ml. At all levels approxi- 
mately 5 per cent of the proffered aggregate was adsorbed 
o a Aoa ee y ee 

with saline. Incorporation of the 

Tn MEN ee msc CES DU 
anti-sheep ocell haemolysin complement titration uei 
6 O'H5O unite of guinea-pig complement, showed that 
xui ds (uentis malicia iltud 

guinee-pig oe teeta were then 
oarried out as follows : 107 S. were incubated for 
10 mm with amounts of y-globulin ranging 
from 10 ug to 10 mg/ml. washed once in saline by 
centrifuging. The washed ion was then diluted 
1 : 50 in saline, and 0-1 ml. of this, containing 
mately 104 organisms, was injected intraperi 
each of ten normal mioe. At timed intervals 
the mice were killed, the surviving organisms recovered 
by washing out the peritoneum and viable counta made on: 
agar’. Ine control experiment I pg of 7S y- 
globuli from S. adelaide rabbit antiserum was added to 
tbe 10’ organisms before washing and diluting. 

with y-globulin waa completely . 

maiot sa and ab the end of 90 niin most Of the ir jected 
organisms were recovered from the peritoneum, in aharp 
contrast to the control with speoifio antibody where only 
0-1 per cent of the organisms were recoverable after this 


into - 


time. 
It seamed possible that the aggregated y-globulin might 
be inactive due to elution 9n vivo. We have that this 


is not so by following the effect of injecting aggregato- 


. treated bacteria into mice previously immunired against 


the human y-globulin. In this case there was rapid phago- 
oytosis and presumably dus to specific combination 
between the aggregated globulin on the bacterial surface 
and specific antibody in the presence of mouse comple- 
ment in vico (Fig. 1). - 

: We deduce from these findings that, if the opeanio 
function of antibody requires the participation of oomple- 
ment, this function cannot be imitated merely by attaah- 
ing complement near to the bacterial surface. Any satis- 
factory explanation of the mechaniam of opsonization must 
then encompass two points. First, the specific attachment of 
earo eriet nae laa Reng eh complexes, and secondly, 
the fact that very few molecules of antibody may suffice 
to opsonize each bacterium. Approximately ten molecules 
of 103 antibody per bacterium will successfully opeonize 
B. adelaide’. sie ie arte or 
more than 0-1 pou oe ee * : 
original conception of Almroth Wright of e layer o 
opsonizing protein around the becteria which ho likened 
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to "buttering a bitter pill" is obviously inadequate. A 

le tion which must now be considered is 
one which Involves production of a ohemotaotio or acti- 
vating mediator released by the i com- 
bination with complement. Evidence for the existence of 
such a factor has been provided by Boyden’ and by 
Shands and Suter’. 
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time in Switzerland. This work was supported by the 
Swim National Foundation. 
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RADIOBIOLOGY 


G ical Variation In the Total 
Bu of Caeslum-137 in Japanese People 
as assessed by Blood is 


Iw view of the complexity in the collection of muscle 
tissues from autopeies hout the country to assess the 
total body burden of caesium-137 in Japanese le, an 
duni as mado $0 amos! 1b by ibo enslyela af whale 
bloodi. This method presents the problem of the relation 
between the concentration of caesium-187 in blood and the 
total body burden; when an equilibrium condition is not 
attained between the total body and diet or blood. 

Since the transition rate of ceesium-187 from food to 
blood is considered to be much more rapid than that from 
blood to the total body, & change in the diet level will be 
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followed quickly by a change in blood. Therefore, when 
the level of caeaturn-137 in the diet is increasing, the factor 


relating the total body burden to blood concentration will 
be than when it is decreasing. 
This difficulty can be overcome by making el 


blood 


pao an latinate method and 
ow-beckground B-oounting in 4n-geometry, the chemical 
yield being a little leas than 90 per cent on average, the 
counting efficiency 69 per cant and the background count- 
ing rate leas than 1 o.p.m.*. 
less than one hour of the sample activity within a standard 
error of 10 cent. The concentration of caesimm-137 
thus obtained in whole blood was corrected for the content 
The result shown in Table 1 was 


Salo et al. measured the levels of caesium-197 in Finnish 
Lappe in May 1962, and tried to obtain the correlation 
between the body burden and the concentration in blood‘. 
However, the correlation should be shown between the 
body burden per unit body-weight and the concentration. 
in blood, because the body burden is function of the body- 
weight while the concentration in blood is not. The mean 
body-weight of the laboratory shown in Table 2 
is 56 kg, and this by chance coincides with the average 
body-weight of Japanese men. Therefore, in this particu- 
lar case, correction for the body weight was neglected in 
the assessment of body burden in Japanese. The factor 
relating the body burden (no.) to blood concentration 
(po./kg blood) was calculated to be 0-44, and this was 
multiplied by the local mean value of blood concentration 
shown in the last column of Table 1 to obtain the body 
burden (Fig. 1). 

The figure shows a significant variation between local- 
ities, higher body burdens in districts in the north and neer 


Table 1 GEOGRAPHICAL VARIATION IX THR LEVELS OF CAMSIUM-187 IK 


JAPAN 


Polizhed Human 

Drstrict No. in Wk! tice blood 

Pg 1 (pe-/1.) (po-/kg) (po/kg) 
1 152 220 48:843. 09 
Toboku Pacific side 2 208 18% 6 79 
Hokuriku 3 149 168 660 138 
Senin 4 82 101 380 93 
Northern Kanto 5 158 113 41:7 23 
Southern 6 106* 120 302 54 
Kinki 7 106 30 26 33 
Beto-uchi 8 TT 38 $51 34 
Northern Kyushu 9 182 24 349 05 

+ Av. for Baitama and Kanagawa. 


Bubject Age ICs in Total body 
(male) t blood burden (ne.) 
(po-/kg 

Ar 23 490 60-6 18-7 
Ob 22 542 19-7 89 
Ku 2 58-3 328 141 
Iw 23 59:8 352 194 
Su 24 55-6 299 17:2 
Ya 44 55-5 191 18:8 
Bo 28 520 29 5 10-7 
Ba 290 64 0 440 164 
AY. 560 23-9 14-9 
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Fig 1. Geograph!oal of 187 in 


variation in total body burden of oaestum- 
Japanese people as amemed by blood analya, July £1, 1064. Amounts 
no. 


the Japan Bea, lower in districts in the south and near the 
Pacific. This pattern is very smilar to that known for the 
fall-out deposition rate, and radioactivities in some crops. 
In Table 1 are shown the levels of caesium-137 in polished 
Tice (crop m autumn 1963) and liquid milk* (average for 
the period spring 1963-sprmg 1964). Rice was taken 
because it is one of the main contributors of cassium-137 
in Japanese diet, while milk was taken because it may 
represent locally consumed foodstuffs such as fresh | 
vegetables. The range of geographical variation in blood 
level is, however, smaller than those in foodstuffs. This 
may reflect an effect of distribution and consumption of 
foodstuffs throughout the country as well as the oom- 
plexity of diet composition. 

Measurements have conveniently been made of the total 
body burden of caesium-137 by using whole body counters. 
However, when the whole body counter is not available or 
quite limited in use for the asseasment of population mean 
levela of o&esium-137, blood analysis seems to be a 
promising subetitution. The collection of human muscle 
tissues cannot always be carried out easily and the speci- 
men from eutopsies of hospitalized people is subjected to 
eritioism because a bias may be introduced in the assess- 
ment for healthy live people. The analysis of muscle 
tissues obtained from a hospital in Tokyo indicated total 
body burdens of 10-3, 9-5, 10-3 and 8-4 no. in April, May, 
June and July 1964, respectively". The average body 
burdens of the laboratory personnel in this Institute were 
measured by a whole body counter as 12-3, 13-0, 14-5 and 
14-9, respectively m the same month, given above. The 
result may indicate a negative bias of 30 per cent on the 
average when the assessment is based on the analysis of 
muscles of hospital origin. 

NoBORU YAMAGATA 


Department of Radiological Health 
Institute of Publio Heelth, Tokyo. 


Lo nans eens Rasioscties Burdens xn Mon (SAI-59/8, 

LA Symposium, berg, May 11-16, 1964). 

2 BAM ima Report 1.4.8. A. Research Contract No. 140/R2/RB 

* Yamagata, N. Bull. Inst. Publ Health, 13 (3), 153 (1064). 

* Balo, A. Atha, A., and Miettinen, J. K. Natwre, 800, 1119 (1068). 

3J Chanis Research Institute communication, 
Lee try (personal 


* Yamagata, N., Nature, 196, 284 (1003) 
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Reversal of some Effects of Gamma-irradiation 
by the Ethyl Ester of Gibberellic Acid 


THESE experiments concern the effect of gamma 


irradiation in retarding the sprouting of potato tubers - 


and the ripening of tomato fruita. 

Potatoes: Potatoes (variety Up-to-date’) were received 
in the laboratory about 2 weeks after lifting and stored 
at room temperature (23°-85° C; relative humidity, 70—95 
per cent). After being stored for 24 months, potatoes that 
were free from sprouts were packaged individually in 
perforated polyethylene bags. Half of them were irradiated 
with 12-6 krads of cobalt-60 gamma rays at the rate of 
2-1 krads/min. One day after irradiation, half tho 
irradiated and the same number of control tubers were 
dipped in a solution (150 p.p.m.) of ethyl eater of gibber- 
ellic acid (GA) for 25 min. The remaining tubers, irradiated 
and control, were dipped in distilled water for the same 
period. The tubers were afterwards dried, re-pac 
in perforated polyethylene bags and stored at 11°-12° O 
(relative humidity (R.H.) 85-90 per cent). 

The relevant resulta are presented in Tables 1-3 and 
Fig. 1. All the irradiated, gibberellio acid-treated potatoes 
had sprouted after 25 days of storage; thereafter, tho 
sprouts began to wither. No sprouting occurred in ir- 
radiated tubers treated with distilled water. Similar 
resulta were obtained by me in an experiment of a different 
design and conducted at a different temperature. Gibber- 
ellic acid also hastened the sprouting of control tubers 
(Table I). After 25 days of storage, the fresh weight loea 
was as follows: (i) Control, GA-treated—2:5 per cent, 
(u) control, distilled water-dipped—1:9 por cent, (iii) 
irradiated, GA-treated—2-2 per cant, and irradiated, 
distilled water-dipped, 1:4 per cent. Treatment with 
gibberellic acid caused an increase in the number of buds 
growing per tuber as well as the number of buds growing 
on the stem-end half of each tuber in irradiated as well as 
control lota (Table 2). None of the tubers decayed within 
25 days of storage. 





See ven and gibberellic acid treatment on 
phi 
add, (b 


. Hfr 
ts Ciber, js after 45 days of storage. (a) irradiated, 
ted with ian Men i dipped m water 
(e) control, treated with gb abe (d) , dipped in distilled 
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Table 1. No. POTATONe SPROUTED OUT OF 40 IN EYERY TREATMENT 


Control d Yrradiated 
GA Disilled GA 
days) water water 
5 27 13 12 nil 
10 30 24 20 wl 
15 34 27 x7 nil 
20 36 20 33 ml 
25 37 31 40 nil 
Table 2. SPROUTING AFTER 25 DAYS OF BTORAGE 
Control Irradiated 
GA Distilled GA Distilled 
water water 
(1) No. of buds 
per 
5-0 3-7 48 No sprouting 
(2) No. of buds 
growing on 
stemend 
half per 
tuber* e7 04 0-6 No sprouting 


* Means of 40 measurements. 


Table 3. Paes Wwert Loss AND SPROUTING AFTER 45 DAYS oF STORAGE 
IK SITES 


CONTROL 
GA Distilled 
water 
(1) Percentage cumulative fresh weight loss 
potatoes" &1 3-8 
(8) Lenin (om) of rel sprout tn a tuber t 2:8 149 
8) Length (cm) of tnternode m all 
the ina 146 0-0 


32 48 


* Determmations were made on samples of 5 tubers. 
+ Means of 40 reesurementa. 


(4) No. of nodes tn the longest sprout In a 
tuber t 


In control potatoes, treatment with gibberellic acid 
resulted in an increase in loss of fresh weight, an increase 
im the length of the sprout, an increase in the mternodal 
length of the sprout and a decrease in the number of nodes 
in the sprout, after 45 days of storage (Table 3). Fig. 1 
shows 4 potatoes, belonging to the 4 treatments, as 
photographed after 45 days of storage. 

Tomatoes : Tomatoes (variety ‘Marglobe’) were picked in 
the green stage and stored at room tem ture (24°-88° O, 
R.H. 70-80 per cent). After 5 days of storage, fruita that 
were still green were selected and packaged individually in 

ted polyethylene bags. Half of tham were irradiated 
with 12:6 krads of 1&y8 at the rate of 2-1 krads/min. 
Three and & half hours after irradiation, half the ir- 
radiated and the same number of control fruits were dipped 
in a solution (150 p.p.m.) of ethyl ester of gibberellic acid 
for 25 min. Simultaneously, the remaining fruits from 
each of the irradiated and the control lota were dipped in 
distilled water for the same period. All fruits were after- 
wards dried, re-packaged in perforated polyethylene 
bags and stored at 11°-12° C (R.H. 85-90 per cent). 

The results obtained are recorded in Tables 4 and 5. 
Treatment with gibberellic acid hastened the rate of 

both in irradiated and control tomatoes (Table 4). 
25 days of storage, the fresh weight loes was as 
follows: (i) control, GA-treated—2-0 per cant; (ii) control, 
distilled water-dipped—1:5 per cent; (iii) irradiated, GA- 
treated—2-3 per oent; (iv) irradiated, distilled water- 
dipped—1:8 per cent. 


Table 4 Humoans OY GEKE TOXIN. (OVF OF 40:13 AL 
UP 


8 Control Irradiated 
GA Disülled GA Distilled 
(days) water water 
5 30 36 ?8 40 
10 pal 27 n 34 
15 11 14 8 21 
20 8 10 6 13 
25 nil nil nil nil 


Control Irradiated 
GA Distilled GA Distilled 
days) water water 
25 5 3 6 nil 
30 T 4 9 nil 
35 10 5 12 nl 
0 13 7 14 8 
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The rate of decay waa higher in gibberellio acid-treated, 
in irradiated as well as in control fruits (Table 5). The 
decay was mainly due to fungus diseases. 

P. B. MaATHUR* 
Biology Division, 
Atomic Energy Establishment, Trombay, 
Byoulle, 
Bombay 8. 


* Present address: Unit of Radiobiology, Fruit and Vegetable Technology 
, Central Food Technological Research Instituto, Mysore-3, Indla. 


1 Mathur, P. B., Nature, 190, 547 (1061). 


BIOLOGY 


Divisions In Isolated Cells of Palisade Parenchyma 
of Arachis hypogaea 


Tum exclusive use, up to now, of isolated cells of 
angiosperms from Manantially separated callus of 
multicellular origin’-* carries the inherent shortcoming 
that such cells and tissues are patently of artifical origin, 
environment, and physiology. From every botanical 
viewpoint, 1t behoves the mvestigator of cell morpho- 
genesis to start his experiments with a normal cell. 
Theoretically, one of the very best starting materials is the 
mesophyll cell of the bacis dead leaf, the use of which 
was attempted, unsu: y, by Haberlandt’ more than 
65 yeers ago. Though Haberlandt reported consistent 
failure in this early attempt, it is difficult to know the 
reasons for it, beyond the undeniable fact that axenic 
conditions were not attained, and indeed, were not 
considered essential by him. Bobilioff-Preiseer* attempted 
to repeat Haberlandt’s trials, with modifications, but had 
the same failures. Schmucker’ reported that the very 
easily separated mesophyll cells of Macleaya oordata 
divided, yielding groupe of & dozen cells in filter-sterilized 
grated sap of the same leaf. He published no further 
observations on it. His resulta, however, were confirmed 
by Fiedler!" (p. 382), who presented no photographs. 
Kandler!! doubted the foregoing reports and tried the same 
and other leaves without any success. ^ Onoe again, 
Kohlenbach? reported the growth of these isolated 
meeophyll cells in White's medium with coconut water 
and 2,4-D. His photomicrograph shows & packet of 6-8 
cella which he thought were produced by divimons from & 

i palisade cell. It appears to us that final proof of 
divisions in the single isolated mesophyll oell is possible 
only through a photographic record by time-lapee. This 
has been provided in the present communication. 

We agree with the early authors that it is difficult to find 
leaves suitable for excision of intact, isolated meeophyll 
cells. We have, actually, tried the leaves of most of the 
planta growing on the grounds and in the greenhouses of 
this laboratory and have found that only a few are 
guitable. Nevertheless, a number of them not only give 
good excisions, but also show growth and division in some 
of their isolated cells. Our first success was presaged by the 
formation of varioualy-sized spheres of parenchyma in 
liquid shake cultures of excised mesophyll cells of the 
peanut, Arachis hypogasa. Excisions were then observed 
in liquid medium* by time-lapse photomicrography 

an inverted phase-contrast microscope at 100 x 
and 200 x . Mature leaflets were surface-sterilized in 2-5 per 
cent sodium hypochlorite, and rinsed in sterile distilled 
water. They were then drained of most adhering liquid. 
and torn across to expose the mesophyll. Scrapings were 


* Minerale Usted as macrocloments by Hellero (p. 140); thosa ea tere” 
0 000086; Eady, 0 186; CoC 0 00008, ee OO OR. TO 


eth Ginithilotetraacetio rien 
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made through the mesophyll by pomts of microgcalpela 
(Ball) and placed directly into liquid medium in the 
observation chamber (Balli). The top cover glass was 
sealed into place and the preparation was placed upon the 
stage of the microscope. Intervals between motion picture 
frames were either 2 or 3 min. As in earlier work on 
Sequoia the cella and cell groups soon adhered to the 
upper surface of the lower cover glass and could then be 
photographed from below under optimal] optical conditions. 
For 8-5 days after inoculation, the pali e cell (Fig. 1) 
showed ing of cytoplaam whi merely moved the 
large chloroplastids back and forth. Then a localized or 
overall enlargement occurred. The former often yielded a 
spherical structure with a filamentous end, the Attar an 
egg-shaped or almost spherical body. Either type of 
A cades E loss of the morphological polarity of the 
oe of ite identity as pali i 
this time the ahloroplastids increased ic uM 
much of their green colour. Mitosis was always preceded 
by systrophy (af. Senn’): this involved a symmetrical 
gathering of plastids around the nucleus (Fig. 2). Later, the 
cell plate developed outwardly from the oentrally-located 
division flgure and made contact with the original wall. 
The new wall had no consistent orientation with the 
original axis of the dividing oell and was often curved 
(Fig. 8). Divisions of the derivative cells were also without 
such orientation (Fig. 4) and the cell-mass produced 
showed no resemblance to an embryology. The maximum 


BOS Be 


Pay bers dil 
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1. View of paltsads cell after inooulataon into observation 
ne chamber ( x c. 400) 


2. Samo oal 71-4 h later, showing the enlargement on both aides 
EA (rats Chee enlargement on botti sides 


Fig. 3. udi 00B H aftar ieee 
running diagonally m an 8-form 
the lower 
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growth of an isolated cell within the observation chamber 
yielded 20-30 cells during a period of 14 days. No deriva- 
tive oell had any resemblance to the pali e parenchyma 
cell from which it was derived. ividi cells were 
exclusively palisade; spongy mesophyll cells showed little 
change save plasmolysis. The i is undoubtedly 
stimulus plasmolysis, as pointed out by Kandler™, 
Bobilioff-Preissor* (p. 251) stressed the use of the mature 
leaf in preventing plasmolysis of excised mesophyll cells. 

Our results conclusively demonstratethe potential ability 
to divide in the palisade oell of at least one i : 
Similar results by time-la have also been achieved 
from leaves of Aster Bp., and in shake cultures from leaves 
of Erigeron sp., Gaillardia sp., and Oenothera sp. Probably 
the most important prerequisite of successful culture is 
the facility of ramoving intact. mesophyll cells from the 
torn-open leaf. 

This research programme was supported by the National 
Institutes of Health. 

Ernst BALL 


Pooran C. Josur 
Department of Botany, 
Agricultural Experiment Station, 
North Carolina State University, 
Raleigh. 
! Benbadis, A , Res. Oytol. Biol. Veg., 87, 225 (1064). 
* Bergmann, L., J. Gen. Phywrol., 43, 841 (1060). 
* Blakely, I. W, Amer J. Bot., 51, 702 (1904). 
1 Jones, L. H , Hildebrandt, A. O , Biker, A. J., and Wu, J EL, Amer. J. Bev, 
47, 468 (19060) 
* Torrey, J. O., Proe. U.S. Nat. Acad, Sei , 43, 887 (1957). 
* Vasil, L K., Hildebrandi, A. O., and Riker, A. J., Solence, 148, 76 (1064) 
' Heberlendt, G., is, Akad. Wiss. Wisa A. 1., 111, 60 (1902). 
* Bobflioff-Preisser, W., Beth. Bot, Oeatral , 33, 248 (1917). 
* Bohmuoker, Th., Planta, 9, 880 (1030). 
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Resistance of Tobacco to Stem Infection 
by Peronospora tabacina Adam. 


SrEx infection with blue mould (Peronospora tabaoina 
Adam.) is a serious problem of Australian tobacco oropa. 
Many stem-infected planta are stunted in growth and/or 
fracture at the base and fall over before the leaves are 
harvested. Paddick and Hill (unpubhshed resulta) con- 
oluded from surveys of disease in Victoria that stem 
infection was & major cause of field loes. 

Breeding lines, previously selected on the basis of 
seedlng resistance to leaf infection, were grown at 
Myrtleford, Victoria, in the 1961-62 season. Many of 
these lines became stem-infected by blue mould. Thus, 
in breeding tobacco for resistance to blue mould, con- 
sideration ahould be given to resistance to stem infection. 
as well as to resistance to leaf infection. Fourteen lines 
which differed in fleld incidence of stem infection were 
tested for stem resistance to mould under glass-house 
conditions. The objective was to assess whether artificial 
stem infection, as described by Mandryk!, could be used 
in soreening breeding linee ior to more extensive 
fleld testing. Ten of the lines were normal day- 
neutral types. The other four were ‘mammoth’ DRE 
with & short-day requirement for flowering. Seven lines, 
i ing one ‘mammoth’, had derived ir resistance 
from Nicotiana debneyi Domin., and six, including three 
mammoth lines, from XN. goodepsedit Wheeler by the 
back-crossmg method of plant breeding. The remaining 
line owed ite resistance to the radiation-induced mutation. 
A highly resistant ies (N. debneyt) and & completely 
ible tobscon. quit ras (‘Virginia Gold’) were also 


inclu in. the test. 


w 
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Sood was germinated on vermiculite, and the seedlings 
were grown and supplied with nutrients, as described by 
Hill and Mandryk’. Ei weeks after sowing, six plantae 
of each line were stem-inoculated. at the base by injecting 
& j of conidiospores of P. tabacina. As controls, 


soopioally visible necrosis, from the 
point of injection, in the cortex, vascular bundles and pith- 
Exoopt in the highly resistant linea N. debmeyi and 
CA299, all the planta injected with spores exhibited 
stem necrosis. 

A comparison of fleld and glass-house stem infection is 
shown in Table 1 for the lines with day-neutral flowermg 
requirements. 


kay infected 6 planis path (om) te res 
in the field Pith Vascular bundle Cortex. 

NK. carcer 
. Gold’ 100 14-0 27-0 22-0 
N. dobuoyi 0 0 0 0 
0.4695 100 38 26:8 08 
Mx 100 70 17-0 20-0 
OAI 80 2-0 40 2-0 
BAST? 78 07 88 0 
OAT82 62 08 43 0 
CA681 55 06-0 177 0 
OATH 54 2-0 180 02 
OATER 80 10 62 0 
QA001 27 0-7 45 0 
OA 0 0 0 0 


pith and vascular bundle only; line 04229, which was 
not stem-infeoted 


centage of plante infected in the fleld and the 1 o 
necrosis of the vascular bundle in the -h 

B that the stem-injection test could be used as sn 
indication of the susceptibility of breeding lines. 
was loss agreement between the fleld infection and the 
extent of necrosis in either the pith or cortex. 

_ The four ‘mammoth’ lines showed a higher field in- 
cidence of stem infection than would be predicted from 
their performance in the glass-house test (Table 2). 
Because of their short-dey requirement for flowering they 
remained in a susceptible condition in the fleld for & 
period of six months. 


Table 2 XIXLD AND GLASS-HOUEB Brat INFECTION OF MAMMOTH’ BREEDING 


of 100 planta Mean length (om) of necrosis 
Oode No Pona Tebot tn in 6 planis in the 
ot the field 
Vascular 
Pith bundle Cortex 
A11 100 1:8 17 Tr* 
CASH 100 0 3-7 0 
D4687 100 0 6-0 0 
44353 87 Tr* 0 0 
* Tr, trace. 


Resistance to both the stem and leaf phases of the 
diseago should be considered in breeding tobaooo for blue 
mould resistance.  Exoept in the case of lines which 
remain vegetative for a long period, the extent of necrosis 
of the vascular bundle following stem injection under the 
conditions defined could be used for screening of breeding 
lines prior to more extensive field testing. One breeding 
hne, 0.4229, with resistance to blue mould introduced 
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from N. goodspeedii, was shown to be highly resistant to 
stem infection. 
D. C. Wank 
M. MANDERYK 


O.8.I.R.O. 
Divimon of Plant Industry, 
Canberra, Australia. 
1 Mandryk, WM, Austral. J. Agri. Bes.,11, 11 (1060). 
* Hil FING and Mandryk, M., Austral, J. Bap. Agrio. Asin. Husb., 2, 12 


(1962) 


Role of Growth Regulators in the U e 
and Metabolism of s-Triazine Herbicide by 
Tea Leaves 


Iw many cases the effectiveness of herbicides has been 
increased by the addition of surface active agents to the 
spray '-*, but little information is available about the effects 
of growth regulators on the uptake and metabolism of 
herbicides by foliage. The object of this work was to 
investigate the role of berellio acid (GA,) and oh bad 
acetic acid (LAA) on absorption, diffusion, 
tion, and metaboliam of 2-chloro-4,6-bis(isopropylamino)- 
s-tziaxine (propagine) by the upper and lower surfaces of 


tea leaves, Camellia sinensis. 
The methods used to study the abso: tion of !*C-pro- 
palin Dy detached toa leaves wete slightly modified 


those described by Biswas}, and Biswas and Rogers’, to 
study the absorption of s-triarine herbicides and gibberellic 


acid respectively. One variety of tee, ‘Nyasaland’, was 
wn at 65°-75° F in the use until the plante 
developed 20-25 leaves. At this stage the third from 


the top was taken for this study. Four hundred ml. of & 
0-5 per cent water-agar solution was added to 100 ml. of & 
solution of 100 p.p.m., of which 10 ml. was 
14()-Jabelled. e agar solutions and the herbicide were 
mixed thoroughly and then poured into petri dishes. The 
specific activity of water-agar solution containing propa- 
zine was 0-085 uo.[ml. The total concentration of propa- 
rine in the water-agar solution was 20 p.p.m. 

One tea leaf per plate was floated on the agar while it 
was still fluid. High-vacuum grease was applied at the 
detached end of each leaf to prevent absorption d 
the cut end. Either the upper or lower surface of the 
leaves was placed in contact with the agar and permitted 
to absorb for 24 h under a light intensity of 150 .-oandlee 
at 28° C. The amount of herbicide absorbed by the leaves 
in the water-agar solution was determined by the ‘Gas 


Flow 2pi’ internal ional counter. 
The les were cut into small pieces and homo- 
i in a ‘Virtis’ homogenizer for 10 min in 10 ml. 


absolute ethyl alcohol. The homogenate was filtered and 
one ml. of the filtrate was used for counting. Mixtures of 
labelled and non-labelled solutions of propezine were 
and diluted to known concentrations for standard 
reference solution. The unknowns were calculated with 
reference to known concentrations of standard solution. 
The method used to study the effects of GA, and IAA 
was the same as described above & that one ml. of 
growth regulator (100 pp) was to the water-agar 
solution together with 50 ml. of a solution of 14C-propezine, 
100 p.p.m. 
The diffusion of !*C-propazme by the upper and lower 
surfaces of tea leaves with and without growth regulators 
was obtained by a ample method. The leaves were cut 
into small pieces and soaked for 24h in a solution of 16 g 
ammonium oxalate, 4g oxalic acid, and 980 ml. distilled 
water. After 24 h the leaf pieces were boiled over & low 
flame until the cuticle began to loosen, when the cuticle 
was removed with forceps. The tes cuticle comes off very 


easily and uniformly by this ure. The 
cuticles were then stored in a i tor for 24 h and were 
examined for ruptures under a light mi before use. 


The separated cuticle was placed between two rubber 
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Fig. 1. Difftmon cell apparatus 


gaskets under water in a beaker and then placed between 


two diffusion cells (Fig. 1). In filling the two cella, the 
outlets were first closed with - One cell waa filled 
with distilled water and the other oell with an equal 
amount of a 20 p.p.m. solution of MC. ropazine. To 
study the effects of growth regulators (GA, and IAA) 
the propazme solution was spiked with growth regulators 
by the method as described with regard to absorption. 
The concentrations of propazme which diffused through the 


experiment. In this case the leaves attached to the plants 
were floated in the water-agar solution oontaini 100 
p.p.m. of !4C-propasine (specific activity 2-53 uo.[ml.) for 
40 h in the greenhouse. At the end of 48 h the leaves 
floated in agar were cut off from the rest of tho lant. 
‘The plants were placed between blotting papers for d dass 
for drying, &nd then "Opec in *Cellophane' paper and 
exposed to X-ray film for 6 weeks. 

To study the metaboliam of MC-propazine, the tee 
plants were grown in a water culture solution containing 
labelled propazine for 7 days. At the ond of 7 days the 
plante were harvested, out into small pieoes and homo- 
genized with absolute ethyl alcohol. The homogenate was 
‘then filtered and the filtrate was concentrated in a flash 
‘svaporator. The concentrated extract was then chromato- 
graphed with the original “Q-propazine as a reference in a 
solvent consisting of butanol : acetic acid : water 
(120 : 30 : 50) using Whatman No. lpaper. Thechromato- 
gram was then cut into half-inch sections and the activity 
of the paper strip was determined by the ‘Gas Flow 2pi’ 
in proportional counter. 

The differential abeorption of HMC-propaxine by the 
upper and lower surfaces of tea leaves showed a marked 

ifference in absorption (Table 1). The upper surface 
abeorbed only 3-5 p.p.m. of propazme, whereas the lower 
surface absorbed 15-0 p.p.m. With the addition of 
gibberellic acid, inüsessed. absorption was obtained in the 
"upper surface, whereas only a alight decrease in absorption 
in the lower surface was noticed. But with the addition 


"Table 1. ' ABSORPTION OF O-PROPAXINE HERBICIDI BY THE UPPER AND 
LOWER SURFACES OF TRA LEAVES, WITH AND WITHOUT GROWTH REGULATORS 


Without With ie 
ppbberellio Indolyl-$-aoetio acid 
Upper Lower ppa Lower Upper Lower 


"Propaxine: 85 

"Table 2 DIFFUSION OF !*O-PROPAIUNR BY THE UPPER AXD LOWER BURFACRS 

‘OF TRA LEAVES, WITH AND WITHOUT GROWTH REGULATORS DURIKG ONE 
HOUR 


150 95 


Without growth With 
regula berelho acid  indolyl-$-aoetio anid 
Upper Lower pre Lower Upper Lower 
ZPropazine: 0 £8 145 000 0-27 0 06 0-06 
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of IAA, both upper and lower surfaces &beorbed more as 
compared to the treatment without growth regulators. As 
shown in Table 1, both these growth regulators reacted 
more or leas in the same pattern in their effectivencas in 
absorption. 


although absorbed in large 
not translocated basipetally. 
This observation is in agreament with the previous work! 
on peanut plants. Therefore, the toxic affects of proparine 
seemed to be vie root absorption, since this herbicide ig 


absorbed freely UL UM &nd translocated to the 
different of the p. ; 

In ing the absorption òf propazine by the roots and 
its subsequent metabolism by tea plant, it was noted 
that propazine is d ed to form two compounds with 
Rr of 0- :28 and 0-46—0-50 respectively e Ry value 


We thank Dr. C. D. Eroegovich, of Geigy Chemical 
Corporation, for experimental samples of herbicides. 

This work was sup in part by & research grant 
from the National Institutes of Health (E F—00763—01). 


P. K. Brewas 
Department of Horticulture, 
Tuskegee Institute, Tuskegee, Alabama. 


D. D. HEkwrnuiuL 
Department of Horticulture, 
University of Missouri, Columbia, Missouri. 
! Biswas, P. L., Weeds, 18, 31 (1961). 
* Biswas, P. K , and Rogers, M. N., Twatepes Veterixarian, 6, 61 (1002). 
* Biswas, P. K., and Rogers, M. N., Inhan J. Plant Pkynol . 6, 
rrit Goodman, R. X , and Hemphill, D. D, Proe. N.O WCO, 


New Method of Recording Germination Data 


GERWIN ATION data are normally published in the form of 
‘percentage germination’. These are usually, but not 
always, accompanied by some information on the time 
taken for the stated percentage to be reached, a typical 
example bemg ‘91 per cent germination in 18 days’!. This 
method is unsatisfactory for two main reasons: (a) It does 
not facilitate the comparison of germination data published 
by two suthors. Thus, while it is satisfactory within a 
single investigation, percentage germination in œ days is of 
little use in comparing different observations except in the 
unusual case where x is the same in both. (b) It does not 
indicate the rapidity of germination but only ita final 
extent. Information which may be important from an 
ecological or horticultural point of view may thus be lost. 

The method proposed is an attempt to record germina- 
tion data so that a direct comparison between papers will 
be facilitated and to give in a single figure some indication 
of the speed of germination as well as ita final extent. 

The germination is recorded every 24h. At 
the end of some suitable time, which must depend to some 
extent on the species being studied, the results are summed. 
It has been found with weed species that 10 days is suffi- 
cient in that seeds which have not germinated after this 
time are normally dormant or dead. This gives a figure, 
recorded as & 10, which can vary between 0 (no germina- 
tion) and 1,000 (100 per cent germination after 94 h). 
Usually the result is between the two extremes exoept 
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QUICKFIT 
t1 SCREWCAPS 





; Quickfit have developed these unique additions to their product 


range for the purpose of simplifying the assembly of laboratory 
glassware. 

Quickfit plastics screwcaps allow a variety of assemblies to be 
carned out quickly and efficiently, and serve as an economic 
alternatrve to ground glass joints. Their design enables inserts, 
such as air or steam inlet tubes, stirrers, thermometers stc., to be 
completely adjustable and yet retain the qualities of a perfect joint. 
Interchangeable screwcaps with a wide range of thread sizes and 
insert holes are available Complete protection from heat and 
corrosion is provided by PTFE washers. 


Write for details of the Screwcap range of Joints, Adapters, Stirrer 
Glands and Muttiple Connectors to Dept.No. N4 


REGISTERED TRADE MARKS QUICKFIT & QUARTZ LTD, STONE, STAFFS. TEL. STONE 3131. TELEX 36226 
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We have been producing industrial chemicals long enough 
to know that many of them have a diversity of uses One 
industry may use a compound for an entirety different 
Purpose from another The manufacturer knows his own 
business best! But the fact remains that Bush chemicals 
are used in a host of industries in every part of the world 
Apart from our established compounds which every good 
chemist knows we make, Bush research is constantly 
engaged in developing new compounds.. new chemicals 
—and one industry or another 18 usually glad of rt. What- 
ever you require, our technical ‘know-how’ and bet. 
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with completely dormant seed or with seed with excep 
tionally rapid germination, such as crees. With some 
a longer or shorter period may be more suitable which can 
recorded as X 20 or È 5, eto. 
The resulta obtained can be statistically analysed by the 
` usual methods, such as chi-squared techniques. If several 
species are tested using È 10, then & direct comparison not 
only of their germmation ability but also of their speed of 
establishment is obtamed. This may be equally important 
in a study of species growing together since seedling 
establishment is often one of the most critical stages in the 
life of the plant. X 10 will, therefore, often be & function 
of the competitive ability of the species at this stage. It 
should also be of use when the effeota of dormancy 
breakers or inhibitors are being studied, since it will give 
an indication of the overall effect of a germination regu- 
lator. 

"While it is true that if authors recorded germination 
date on a wide variety of X systems comparison of papers 
would not be facilitated, it seems probable that & 10 
would be a suitable way of recording most data and if 
this became the convention it would be most useful. 
Furthermore, if an author found it necessary to record as 
E 20 then it would be quite easy to determine E 10 from 

Shis original records if this were later dosired. In any 
event, if X 10 became the normal method of recording 
germination date but E 20 was found to be of uso 
in 4 i case, ib would occupy but little extra 
space to publish £ 10 also. 

J. Toxson 


ent of Ohemistry and Biology, 
Hatfleld College of Technology, 
Hertfordshire. 
1 Taylor’ C. À., Plant Physiol., $4, 08 (1049). 


Further Observations on the Caribbean 
Sponge Cryptotethya crypta (de Laubenfels) 
Ruaouwrry, there has been some interest in the Caribbean 

EDS Urn e Denies af A Ruso: 
extracts of this ani of a number of unique nucleo- 
sides!:* : spongothymidine (3-8-p-arabofuranosylthymine)’, 
spongouridine (8-8-D-arebofuranosyluracil), and spongo- 
sine (9-8-D-ribofuranosyl-2-methoryadenine)*:*. During 
an investigation’? to ascertain whether the sponge pos- 
peased an arabinose nucleic acid, it was shown that the 
“atio of the amounts of ribonucleic acid to deoxyribo- 
nucleic acid was the reverse of that found in other animal 
~ tiwu. This result has been confirmed histochemically*, 
and evidence was presented to indicate the possible 
of an unusual nucleic acid. However, no definite 
evidence has come forth, as yet, for the existence of an 
arabinose nucleic acid in this sponge. 

Interest in these arabinosides has recently been stumu- 
lated by speculations® concerning their role in cellular 
ageing and cancer chemotherapy. An integral part of 
these speculations is the presumption that an anaerobic 
mode of existence causes cells to produce arabinosides, 
which are then incorporated into various cellular com- 

nents causing irreversible changes in metabolism. 

large amounts of arabinosides had been found in 
this sponge and, more particularly, because the sponge hed 
been reported to grow more or leas covered with sand, it 
was suggested that at least some anaerobic metabolism 
may take place m this animal. Our recent findings con- 
cerning the habitat of this sponge indicate that its 
requiring anaerobic metabolism is at least open to 
question, and some of the other speculations also may have 

& to be re-evalusted. 
d Oryptotethya orypta was first described! from the waters 
around Bimini Inland, British West Indies, where it was 
collected by dredging at a depth of about 5 metres. 
Search of the bottom using & diving helmet, at that time, 
showed no indication of its presence. It was concluded 
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from this, and the fact that the pores and oscules were 
minute, that the sponge grew under the surface of the sand. 


a larger piece or a surface to which the sponge 
attached. No ee have been seen which gave the 
appearance of having grown unattached, as would be 
expected for a sponge growing loosely under the coral sand. 
Specimens without & covering of algal growth are also very 
rare 


In March 1964, further samples of the sponge were 
collected at Bimini. ‘SCUBA’ gear was used, and the area 
in which the sponge was known to be found by i 
was studied. The bottom is composed of coral 
which are covered by & thick animal and plant growth. 
The ledges are interspersed with fairly wide areas of coral 
sand, the whole presenting & fairly level bottom. On close 
examination of the coral ledges, was found 
growing among the algae, firmly attached to the rook, 
and covered with growth. The sponges, because they 
blend so extremely well with the surroundings, are very 
difficult to distingmsh. 
On a bottom such as that described, the 
grab traverses both the sandy areas and the ledges. It 
usually comes up filled with & mixture of sand, algae, and 
spo . It is probable that on crossing over the ooral 
ledges, both the sponges and algae are scraped off. When 
theese are then mixed with sand from the other areas, it 
would not be difficult to conclude that the sponges came 
from the sandy areas. ‘Later, e fow small specimens 
were found growing in the lagoon east of the island. 
These sponges, which were growing in relatively shallow 
water, were found growing in e manner similar to those 
in the open ocean. 
We acknowledge the financial assistance of the John ^. 
Hartford Foundation, and the help of the Lerner Marine 
Laboratory, Bimini, B.W-I. 
M. F. Sremerren, JUN. 
R. F. NrGEXLLI 
G. PunrTZzHER 

Osborn Laboratories of Marine Sciences, 


1 Bergmann, W. and Feeney, B. J. Org. Ohom., 18, 961 (1051) 
* Bergmann, W., and Burke, D O. J. Ore Ohem., 80, 1501 (1055) 
1 Bergmann, W., and Burke, D. O., J. Org Chom , 81, 210 (1050). 
* Bergmann, W., and Stempien, M F Chem. , 28, 1575 (1967) 


967). 
' Btemplen, M F, jun, Ann, N.Y Acad Sa , 80, 910 (1960). 
ui ee ee id Histochem. Oytocksm., 11, 805 
963). 
* Cohen, 8. 8., Perepectvsss in Biochem and Led., 6, 315 (1063). 
1* de Lanbenfel, M. W., Amer Aus. Novitetes, No. 1431 (1940). 


` 


E FORESTRY 


Ultra-thin Sections of Softwood Trachelds 
and Paper 


Durme work on the structure of paper a need arose 
to examine it in cross-section at high resolution. The 
sectioning of plant cell walls in their natural state, for 
example in wood, does not appear to present insuperable 
difficulties, and techniques based on the early work of 
Ribi! are routinely used. However, no work appears to 
have been done on the sectioning of pulped fibres, as used 
in paper, in their dry unswollen state without any pre- 
treatment. In the skilful work of Asunmaa’ the fibres 
were pre-treated by swelling and reaction with thallium 
ethylate, and after drying from water were dried from 
benzene, to "open the structure". 
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We have found that sectionmg of untreated paper, 
using standard techniques of methacrylate embedding, 18 
highly dependent on the pulping process that the consti- 
tuent fibres have undergone. In the oase of paper prepared 
fram pulps that have undergone only the grinding proceas 
of fibre separation, sections can be produced quite readily. 
In the case of paper made from pulpa in which the fibre 
separation is provided chamically by partial extraction 
of the lignin and hemioelluloeee, leas satisfactory sections 
are produced, the least acceptable sections oocurring with 
the most severely degraded pulps. Thus groundwood, 
consisting typically of 28 per cent lignin and 12 per cent 
hemicellaloses, produces good sections; & very high yield 

te pulp produces satisfactory sections and lower- 

ield sulphate pulps give rather less satisfactory resulte. 

A bleached sulphite pulp containing approxmmately 85 per 
cent &lphaoellulose was virtually impossible to section. 

The major difficulty in satisfactory sectioning appears 
to be fragmentation, which appeara to occur during the 
sectioning prooees. The micrograph of Fig. 1 shows 4 
low-yield sulphite fibre, ted and revealing ita 
microfibrillar structure. A possible explanation of this 
phenomenon lies in the mechanics of the sectianing process. 
During cutting, the section is constrained to deviate 
through a large angle and this causes both compression 
and shear in the section. Under this deformation & 
plastio material will cut with ease, whereas a brittle 
material will fragment. It is suggested that s fibre with 
& high lignin and hemicellulose content will be plastic 
during cutting, while fibres with a high alp ulose 
content, consisting substantially of parallel orystalline 
microfibrillar rods hydrogen-bonded to each other, will 
be brittle and give rise to fragmentation. This explanation 








Fig. 2. Pibre-to-fibre contact region in paper. ‘Aquon’ embedding 
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accords with the recent work of Goring* on the thermal 
softening of lignin, hemicellulose and cellulose. 

In an attempt to overcome this problem of fragmenta- 
tion, a number of other embedding media have been tried. y, 
It was found that, using 'Aquon'*, fragmentation did not 
occur and satisfactory sections were produced from quite 
severely degraded pulps (Fig. 2). It was found, however, 
that by using ‘Aquon’ for embedding, it was not necessary 
to cut thin sections. Sections as thick as lp could be 
shadowed and inserted into the electron microscope with 
satisfactory results. It would appear that the heating 
effect of the electron beam clears the specimen in this 
case, leaving the shadowing which is effectively a rephca 
of the surface of the section. This clearing, which does 
not ocour with cellulose embedded in methacrylate or 
any other media that we have tested, indicates that 
during embedding with ‘Aquon’ & chemical reaction 
occurs. The dodeoenyl succinic and hexahydro phthalic 
anhydrides that are used to cross-link ‘Aquon’ in the 
embedding process apparently produce & mild esterifica- 
tion of the cellulose, giving & structure that is perhaps 
thermoplastic and thus does not fragment during sec- 
tioning, and one that is more volatile in the electron beam. 
Embedding with 'Aquon', while of value, cannot therefore 
be regarded as a method that is free from the oriticiam’ 
that pre-treatment is involved. 

D. H. PAan 
J. W. BAnGENT 


British Paper and Board Industry 
Reeoarch Association, 
St. Winifred’s Laboratories, 
Kenley, Surrey. 
1 Rihi, E, Kap. Oll Res., b, 161 (1058) 
4 Asunmas, 8., Svensk Paperatidn., 69, 627 (1958). 
* Goring, D. A, L, Pulp Paper Mag. of Cenad., 54, T517 (1983). 
* Gibbons, I. R., Nature, 184, 375 (1950). 


ENTOMOLOGY 


Chemostimulation of Oviposition by the 
Cabbage Root Fly Eriolschla brassicae 
(Bouché) 

Bricischia brassicae i8 an important pest of cultivated 
brassicas, ovipositing in the soil close to host plants. 
Since all previously known host planta have been confined . 
to the family Cruciferae’ in which mustard-oil glucoeided* 
are characteristically present, it is of importance to know 
if theese chemicals play a part in stimulating the flies to . 
ovipoait in the vicinity of the host. It has been shown that 
among pesta of Cruciferae, Plutella maculipennis (Ourt.) 
was stimulated to oviposit by a mustard oil, and Pieris 
brassicae L. by an aqueous solution of & mustard-oil 
glucoside‘; with both pests, however, the rate of ovipos- 

tion was much lower than that on host-plant material. 

Field and laboratory experimenta were therefore 
carried out to discover whether E. trassicas would oviposit 
only near plante containing mustard-oil glucosides. Hight 
species of Cruciferae, eight ies of other families also 
containing musterd-oil glucosides*’, and six species lacking 
these substances were tested as possible hoste. W. brasstoas 
oviposited near all the Cruciferae in the following list, of 
which only the first two species had previously been 
recorded as hosta: Sisymbrium offiotnale (L.) Boop., 
Sinapis arvensis L., Sinapis alba L., Rorippa nasturiium- 
aquatioun (L.) Hayek, Lepidium sativum L., Oheiranthus 
cheiri L., Cardam4ne hirsuta L., Armoracia rusticana 
Gaertn., Mey and Scherb. Flies also laid eggs near Reseda 
odorata L., R. luteola L., Tropaeolum majus L., T. peregri-, 
num var canariense, Capparis spinosa L., and C. inermis L., 
but no eggs were laid neer two species reported as oon- 
taining mustard-oil glucosides: Limnanthes douglasii R. Br. 
and Plantago major L. No eggs ware found around the 
following species lacking mustard-oil glucosides: AHium 
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cepa L., A. porrum L., Beta vulgaris L., Vioia faba L. and 
Daucus carota L. Thus F. brassicae oviposited not only 
corded as hoste, but also near ies of the families 
Resedaceae, Tropaeclaceae and oraren that, in 
common with Cruciferae, contain mustard-oil glucosides. 
Experiments were therefore made to determine whether 6 
mustard-oil glucoside, and breakdown products associated 
ith mustard oils in plante, stimulated oviposition in the 
absence of the plant. 

The glucoside tested was sinigrin; the breakdown 
products allyl mustard-oil and B-phenylethylamine*. Each 
"was presented in aqueous solution between two concentric 

tubes, thus exposing a meniscus 1 cm in diameter. 

e tubes were embedded in a jar of damp send to provide 
a physical medium for oviposition and to complete the 
test-unit. One set of test-units containing a range of 
concentrations of solution were randomly sited, and 

daily, in cages containing 25 newly emerged flies 
of each sex. The substances were tested at the following 
concentrations (p.p.m.): 


uri on Qo. soot. 400 
Lr 0; 10, 1001, 1,000 


* Xo. N. braseione eggs lald significantly different from Wo. laid on distilled 
water test-unris at P< 0-06. 

+ No. B. brassicae eggs laid significantly different from No. laid on distilled 
water test-units at P < 0-02, 


preferences of E. brasetcas are 


Association for its supporting scholarship, and Mr. D. W. 
Wright and Mr. T. H. 
Dr. L. H. Finlayson and Dr. R. W. Murray of the Univer- 
sity of Birmingham, for their advice. 

R. M. M. TRAYNINR 


National Vegetable Research Station, 

Wellesbourne, 

Warwick. 

1 &mith, K. M., Aan. App. Mial., 14, 312 (1927). 
? Kjarr, A., Forsokr. Chem. org. Nasturstoffe, 18, 122% (1060). 
? Gupta, P. D., and Thorstelneon, A. J., Entomol. Esp. and App., 3, 305 (1060). 
4 David, W L., and Gardiner, B. O. O., Bull. Entomol. Res., E3, 01 (1001). 
5 Paech, K. M Yee Modern Methods df Piani Anata tea 


Nitrogen Status of Su 
the Fecundity of a Hemipterous Pest 


Ix Jamaica, cane-fly (Saccharosydne sacoharwora 
(Westw.) Hom. : Delphacidae) has long been known a8 & 
pest of sugar-cane, with records of occasional outbreaks 
dating back to the nineteenth century. In recent years, 
- however, it has become so prevalent in certain areas that 
outbreaks oan be prevented only by resort to aerial 
spraying of insecticides on a large scale. Work on the 
epidemi of cane-fty has shown that the initial build- 
up in tion oocurs most often in plant cane, despite 
the fact that in such cane the biological pressure of natural 


e Leaves and 
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Fecundity (No of eggs laid per day) 





10 15 20 2-5 
Nitrogen (per oent dry matter) 
ms. 1. Broken hnes show 5 per cent fiduolal mits 


enemies is as great as elsewhere. The tentative conclu- 
gion was, therefore, that the rate of reproduction is an 
important variant. Tt is well known that an adequate 
supply of organic nitrogen is easential for the reproduction 
of most insects’, and that the level of nitrogen in leaf 
lamina material with, Mer alia, fertilizer treat- 
ments, the age of the leaf and the age of the plant‘. 
Accordingly, an experiment was designed to determine 
whether the fecundity of cane-fly was related to the nitro- 
gen content of the leaf. 

The experiment was conducted in a house, where 
sugarcane was grown in drums which had received 
different amounts of sulphate of ammonia. Records of 
the fecundity of a total of 168 cane-fly and the total 
i in the leaf were kept for seven months. Newly 
matured females were caged individually on the third 
leaf (counting the spindle leaf as No. 1), and the number 
of eggs laid over & period of about 15 days was noted; 
fecundity was expressed as the number of eggs laid per 
day. Two males were caged with each female, and were 
replaced whenever necessary. Total nitrogen in the third 
leaf was estimated by the standard micro-Kjeldahl 


method, and expressed as percentage dry matter. 

The results (Fig. 1) show that there is a very 8i i t 
relatio: ip between the nitrogen status of the and 
the fe of cane-fly. (The scatter of pointe could 


probably be reduced by refinements in technique.) An 
increase from 1:5 to 2:6 nitrogen per cent dry matter, 
which is the range that is normally encountered under 
field conditions, resulta in an imarease in fecundity of 
more than 100 per cent. The increasing importance of 
cane-fly, therefore, can be attributed at least in part to the 
improving standard of sugar-cane agriculture and the 
resulting higher nutritional status of the host plant. 
The relationship also explains many features of outbreeks, 
in ioular the initial -up in plant cane, the heavy 
infestations in young cane, and the population decline as 
the cane ages. Future work is planned to determine 
whether it is the amino-acid rather than total nitrogen 
content of the leaf which is critical, and the relevance 
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of this to observed, differences in varietal susceptability of 
sugar-cane to cane-fly. 
J. R. METOALFE 


Research 
Sugar Meath Association (of Jamaica) Ltd., 
Mandeville, Jamaica, 
West Indies. 


* Barr, G., & al., Ann. Rev, Plant Phynol., 8, 275 (1957). 


MICROBIOLOGY 


Serotypes of Candida albicans 
THE classification of Candida albicans into two serologi- 
cal groups on the basis of agglutination teste was first 
reported by Hasenclever and Mitchell!, and both in the 
original and subsequent papers these authors and their 
colleagues referred to group .4 and group B strains. The 
findings were confirmed by me'* using a double-diffusion 


one species of & particular genus, but also the serological 
division within & species. 

There is reason, therefore, for hoping that in any 
future contributions to this subject the word ‘type’ or 
‘serotype’ will replace the word ‘group’. 

F. O. BTALLYBRABS 


Department of Bacteriology, 
Bt. Thomas's Hospital Medical School, 
London. 
! Hasenclever, H. F., and Mitobell, W. O., Antiganto Studies of Candids, I, 


J. Bact., 88, 570 (1061). 
* Hasenolever, H. F., Mitobell, W. O and Loewe, J., Andgenie Studies of 


, 8, 574 (1961). 

ip EL ded Mitchel, W. O., Antigonts Studies of Cemdida. 
T. and Mitchell, W. O., Antigento Studies of Candide, IV, 

: Preolpitina, J. Path, Bact., 87, 89 (1964). 
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ah iari sp of Dipicolinic Acid on the 

Anae c Oxidation of Glucose by the 

Cell-free Extract from Vegetative Celis of 
B. subtills 


Ir has been reported that the dipioolinio acid content of 
several species of bacterial spores from 6 to 10 per 
cent of the dry weight of spores, The biological actions 
of dipioolinio acid in spores have been discussed in a few 
reporte. Harrell* suggested that the release of dipicolinio 
acid from spores has somo relation to the ability of the 
organism to oxidize glucose. Harrell, Doi and Halvorson‘ 
have further shown that dipioolinio acid has a stimulatory 
effect on gluooee oxidation of the oell-free extract of 
B. cereus spores. The relationships of dipioolinio acid 
content to the heat stability! and to the stainability* of 
spores have also been studied. 

We wish to report that dipioolinio acid has an inhibitory 
effect on the anserobio oxidation of glucose by the cell- 
free extract from the vegetative cells of B. subtilis. 

B. subtilis (POI 210) was cultivated on meat extract 
agar at 37? O for 20 h. iion is known to begin 
immediately after the 2 h of cultivation under the 
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conditions employed. The celle were gathered in M/50 
phosphate buffer (pH 7-2), washed several times with 
sterilized phosphate buffer, and finally suspended in 
M/10 phosphate buffer. The bacterial ion Was % 
then oscillated in a 10-ko/s sonic oecillatar (Kubota 
"KM8-100' for 80 min at 2°-8° C. After rupture the 
vegetative cell brei was centrifuged at 6,000 r.p.m. for 
20 min. The supernatant cell-free extract was stored at 

— 20° O before use in enzymatic studies. 

The anaerobio oxidation of D-glucose was assayed by 
measuring the dehydrogenase activity using the 
technique. The side-arm cap contained 0-5 ml. of the 
cell-free extract containing 2-4 mg protein/ml., 0-1 ml. 
of 1M Phósplinte buffer (pH 7:2), 0-2 ml. of a neutralized 
solution of dipicolinio acid in varying concentrations, and 
0-2 ml. water to make a total volume of 1-0 ml. The 
concentrations of dipicolinic acid used were 0-5 M, 0-05 M 
and 0:005 M. The side-arm caps were incubated for 60, 
120 or 180 min at 87° O in order to ensure enough contact 
of dipicolinic acid with the enzyme preparation before the 
reaction of the latter with the substrate. The main tubes 
contained 1:2 ml. 0-026 M glucose, 1-0 ml. 0-01 per cent 
methylene blue in 1/10 M phosphate buffer (pH 7-2), 
0-5 ml. 1 . NAD and 0:8 ml. 1 M phosphate , 
buffer (pH. 7-2). At the end of the pre-incubatian period *, 
the tube waa y evacuated, the oontente were 
mixed, and the tube was again incubated at 87° O. The 
time for complete decolorization of methylene blue was 
then recorded. In each experiment two different types of 
control runs were made: (1) dipicolinio acid was omitted, 
and (2) dipioolinio acid was added to the main tube instead 
of to the side-arm. The latter type of control experiment 
was designed to determine the effect of a simultaneous 
contact of the cell-free extract with both dipicolinio acid 
and the substrate. The resulta obtained are summarized 
in Table 1. 

From the results shown in Table 1, it is apparent that 
dipioolinio acid has an inhibitory effect on the anaerobic 
oxidation of glucose catalysed by the cell-free extract of 
B. subtilis in the presence of NAD and methylene blue. 
Two pen features of the inhibition noted are: (a) 
the inhibitory effect is dependent on the concentration of 

ipioolinio acid (Expte. 1-8), & pronounced inhibition 
eum observed st a oonoentration of dipioolinio acid as 
high as 0-1 M in the pre-incubation mixture; (b) the 
degree of inhibition is markedly increased by a longer 
contact of dipicolinio acid with the enzyme preparation -È : 
before incubation with the su (Expte. 3—5). 

We have further examined whether the inhibitory 
effect could be found only with dipicolinio acid or witha "* 
variety of pyridine mono- and di-carboxylic acids. The 
compounds tested were quinolinic acid (pyridine-$,8- 
dicarboxylic acid), lutidinio acid, isocinchomeronic acid 
(pyridine-2,5-dicarboxylic acid), phthalic acid, nicotinic 
acid, and isoniootinlo acid. The experimental conditions 
were the same as those described here except that 0-2 ml. 


Table 1. INHIBITORY 
OXIDATION OF GLUCOSE BY THE CELI-FRER 
Oms OF B. subtilis 


HYFBOT OF DIFIOOLDUO ACID ON THE ÁMNAXEOBIO 
HITRAOT FROM VEGNETATIYD 


The cell-free extract was added to the side-arm cap, ucose, methylene 
blue and MAD were added to the main tabs 
Side-arm Dtpseoltnio Complete 
E Pre- Dipiooftnie ~ addin decolorizatian of 
Xo. incubation acid mam tube blue 

(min) (anoles) (moles) min) 
1 60 10 0 80 
60 0 0 28 
60 0 10 48 
2 60 10 0 87 
60 0 0 34 
60 0 10 47 

3 60 100 0 -150* 
60 0 0 37 
60 0 100 110 

i 120 100 0 »150* 
120 0 0 12 

5 180 100 0 > 150* 
180 0 0 22 
180 0 100 65 


* Only partial deoolorization was noted after 150 mm. 
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Table 2. IxurmPrORY EFFEOTÉ oF OHNMIQAL ANALOGUES OF DIFIOOLINIO 
AGID OX TIE AXAEROHIO OXIDATION OF GLUCOSE BY TES ORLL-TEER 
MITRAOT FROM VEGETATIYA ONLLS OF B. subtihs 


Pre- Diploolinto Analogues of 
Ko tneubaton acid dipieoltnio of methylene bine 
(min) (mmoles) add* (min) 

6 60 — — 25 
60 20 — 65 

60 — Isocinchomeronie acid 4T 

7 60 — — £3 
60 20 67 

60 — Lu&dtnio acid 45 

8 60 — — 25 
60 20 — 07 

60 — Qulnolmie acid 44 

9 60 — — 122 
60 ?0 — 50 

60 — Phthalie acid 28 

10 60 — — 21 
60 ?0 50 

60 — Nieotinio acid 29 

11 60 — — 20 
60 20 — 57 

60 — Isonjeotinio acid 33 


* Twenty amoles of each analogue wore added. 


Table 3. EFFBOT OF DIPIOOLIKIO ACID OX THE ÀXANAOBIO OXIDATION OF 
L-ALANINA BY THE OELI-FENE HITRACT OF VEGETATIVE CELIS OT B. swòbtihis 


05 mL of collfree extract containing approximately 4 mg protein/ml. or 
0-4 mg protein/ml. was used In Hrp. No. 18 or o. 13, reapectively 


Hxpen- Bide-armn 
& ment A Substrate dene acts 
No. (min) (amole) (mtn) 
12 o 25 D-giuoose u 
13 60 E Laine n 
60 20 T-alanine 10 


0-1 M neutralized solution of the compound to be tested 
was added to the side-arm cap. The results obtained are 
shown in Table 2. From the results ahown in Table 2, it 
is apparent that the most potent inhibitor among the 
compounds tested is dipicolinic acid, while the other three 
different kinds of pyridine dicarboxylic ecids have con- 
siderable inhibitory effect (Expte. 6-8). Pyridine mono- 
carboxylic acids and benzene dicarboxylic acid showed 
little or no inhibition (Expta. 9-11). 

We also wished to determine whether the inhibitory 
effect of dipioolinio acid is specific only for the glucose 
oxidation. A preliminary experiment of the inhibitory 
effect on the anaerobic oxidation of r-alanine by the same 
sade i nlc was also carried out as an example. 
The ta are shown in Table 8. The date shown in the 
table indicate that the oxidation of L-alanine is not in- 
hibited by dipioolinio acid. 

x.  Theresulta of the present experiment seem to indicate an 
induced inactivation of the glucose dehydrogenase system 
by iy peers acid of & high concentration in vitro, and 

^ areo great interest in view of the fact found $n vivo that 
during the course of sporulation the accumulation of a 
tremendous amount of dipioolinie acid proceeds with the 
concomitant loses of the glucoee-oridiring activity of 

7 


Further investigation will be needed as to the mechanism 
of inhibition of the glucose oxidation by pyridine dioer- 
boxylic acids, particularly by dipicolinic acid. 

This work was supported in part by a grant from the 
Ministry of Education, Japan. 

Yorrsu HACHIBUXA 
Kunio ToonHrKugo 
Department of Microbiology, 
TAxASHI MURAGHI 
Department of Biochemistry, 
Nagoya City University Medical School, 
Nagoya, Japan. 
1 Powell, J. F., Blookem. J., (4, 210 (1053) 
2 Tine, E., Arn. Insi. Pasteur, 88, 964 (1055). 
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' Hee , " , Halvorson, H. O , J. App. Bad., 89, x! 


* Ohureh, B. D., and Halvorson, H. O., Natwre, 183, 124 (1059). 
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VETERINARY SCIENCE 


Seasonal Variation in the Breeding Activity 

of Rams 

Most investigations into the breeding season of sheep 
in Britain have been concerned with the behaviour of 
females. Little attention has been paid to the desire or 
ability of males to mate at different times of the year, 
for it is generally considered that under temperate con- 
ditions there is no discernible non-breeding season in rams 
of the British breeds. 

Present investigations on the natural breeding be- 
haviour of the Clan ewes in the College Farm flock show 
that the female breeding season commences about the 

ing of August and terminates during the second 
half of March, although there are considerable variations 
between individuals and between seasons. 

On the other hand, a number of ewes have been served 
during their reputed anoestrous period from the end of 
March to the beginning of August. Depending largely on 
time of lambing and earliness of weaning, & proportion of 
these services have proved fertile, and in earlier observa- 
tions? it was entirely on the basis of autumn lambing that 
such ‘out-of-season’ matings were recorded, for the rams 
then in use were not raddled outside the normal tupping 
period. 

The rams included two Hampehires and one Kerry, and 
although all three had an equal opportunity to mate with 
the ewes concerned, every one of 43 late-summer and 
autumn-born lambs produced over four seasons up to 
1962 by 30 ewes was clearly a Kerry croes-lamb. 

Both the Hampehiree and the Kerry had been effeotive 
during the normal tupping seasons, so that this suggested 
a real difference in the seasonal breeding behaviour of the 
rams, and possibly the breeds, concerned, but due to the 
lack of adequate data at the time of service, it was not 
clear whether the Hampshire rams failed to serve any 
ewes, or whether they did so but the matings were 
infertile. 

However, since April 1962, when sufficient new rams 
were introduced to make up two replicates each of a 
Hampshire, a Suffolk and a Kerry, rams of the respective 
breeds have worn individual distinctive coloured crayons 
while accompanying ewes continuously throughout the 
year. Observations have been made, generally twice a 
day, of any ewes marked at service, and every 14 days 
such ewes have been washed clean. In this way separate 
and continuous service records have been kept for each 
individual ram. 

During the ‘anoestrous periods’ of 1962-64 an aggre- 
gate scatter of 20 ewes were marked, but on every 
occasion except one the only crayon colour showing has 
been that worn by a Kerry ram. 

This also suggests that while the ewes are ‘anoestrous’ 
there is a difference in libido between the Kerry rams 
and the others. It is possible that the Kerry rams tried 
to mount ewes whether they were in season or not, but 
this idea is not supported by the lambing evidence already 
mentioned. 

Specific examples have been recorded among these caseg 
of the Hampshire and Suffolk rams (even when close 
penned) showing no interest in & ewe which stood to be 
properly served by a Kerry ram. Nor did the removal 
of the , to preclude any possible dominance effect, 
arouse any interest in either ram of the other two breeds. 
Nor is the ewe preference factor considered important at 
this stage. The only ewe preferences recorded have, in 
fact, been a very few cases in favour of Suffolk rams 
during the normal tupping season. 

During the &utumns of 1962 and 1963 no lambings 
resulted from the recorded 'anoestrous' matings, but this 
may possibly be partly explained by the fact that during 
this period no early weaning took place, that is, this 
could be a ewe factor rather than & ram factor’. 
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Not only have the Kerry rams appeared to be the only 
active rams during the ‘out-of-season’ iod but they 
have also appeared to be quicker off mark at the 
onset of the normal ing season. For example, in 
1963, by the day on which all three rams had begun to 
work, a Kerry ram had already served seven ewes over a 
10-day period and a Hampshire only one; while in 1964 
a Kerry had already served eight ewes over a 14-day 
period and a Suffolk only two. 

ape thus appears in these particular rams to be a 
real difference, during the ‘anocetrous iod’ of the ewes, 
between the sexual behaviour of the Kerry rama on tho 
one hand, and of the Hampahires and Suffolks on the 
other. Either the Hampshires and the Suffolks have been 
almost totally lacking in libido at this time or the ewes 
concerned have not exhibited a degree of heat detectable 
by them though it has apparently been patent enough 
for the Kerrys. 

It ia not known whether these differences between the 
Tams are associated with differences in samen quality, 
but semen samples have been collected by eleotro- 
ejaculation from two other replicates of similar groups of 
rams at fortnightly intervals from November 1968 to 
November 1964 and the results of this work are now being 
examined. J. L. Laas 
Department of Agriculture (Animal Husbandry), 

University College of Wales, 
Aberystwyth. 
* Lees, J. L , Feature, $08, 1069 (1064). 


PSYCHOLOGY 


Substitution of Intracranial Electrical 
Stimulation for Photic Stimulation during 
Extinction Procedure 


Ir has been demonstrated that a conditioned nso 
to & peripheral physiological stimulus (OS) can later be 
evoked when electrical stimulation of the oortical or 
subcortical centres is substituted for the original condi- 
tioning stimulus'~, The present experiment was designed 
to examine the degree to which electrical stimulation of 
the occipital cortex, during the extinction stage of an 
avoidance conditioning procedure, would elicit conditioned 
responses (ORs) in an animal previously trained to respond 
to light (C8). 

Ten male albino rate, 150—180 days old, with bipolar 
electrodes chronically implanted in the occipital cortex, 
were used. The electrodes, insulated with ‘Teflon’ 
except at the very tip, were approximately 150. in 
diameter. Histological examination showed that tho 
electrodes were in the visual cortex about 0-5-1 mm deep 
from the surface. 

Initially, all animals were trained, in a Skinner box, to 
prees a lever to avoid a mild shook to the feet when 
a light (CS) was presented. The floor of the box had 

ids through which the foot shock (US) was delivered. 

light emitted by two 25-W bulbs mounted in the box 
was used as the OB. This light waa sufficient to illuminate 
the interior of the box fairly uniformly. Each trial was 
initiated by the onset of the OS for 5 seo, after which the 
US was delivered. Both the OS and the US continued 
until the animal preesed the lever. If the animal failed to 
respond within 50 seo after the onset of the UB, the OH 
and US were terminated automatically and it was counted 
as a trial. 

The OR was a lever press within the initial 5 seo of the 
OS presentation. Forty trials were administered per day 
with intertrial intervals of 20-40 sec. Animals were 
trained to make 80 per cent ORs per day for two con- 
secutive days. The day after the last conditioning day, 
the animals were tested for generalization to electrical 
stimulation of the oocipitel cortex. On the test day, 
the C8S—US paired trial was administered for the first 
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Table 1 


Mo.eondi&ontng No. extinction trials Ko. exüncton 
tals to the test samulos trials to the C3 
160 8 — 
240 20 — 
400 0 =. 
880 12 =, 
440 0 pass 
240 15 72 
160 13 49 
480 0 288 
160 25 57 
160 40 80 


20 trials. Immediately after the 20th trial, the extmotion 
procedure (without a foot-shock) was started. In this 
procedure, electrical sumulation of the ooeipitel cortex 
(test stimulus) was substituted for the original C8 (light). 
The test stimulus consisted of a train of biphasic waves of 
3 msec duration and a frequency of 35 o/s. The intensity 
varied among animals between 10 and 120 uamp. The 
test stimuli were below the threshold for any visible 
behavioural signs such as a cessation of movements or 
the appearance of tremors. For each extinction trial, the 
test stimulus was presented for a maximum of 5 seo. A 
lever preas within this time was scored as a OR. The 
extinction procedure was terminated when animals failed 
to make ORs for six consecutive trials. Immediately 
after extinction to the test stimulus, five animals 
subjected to additional extinction trials to the ori 
C8 (light). The criterion for the extinction was again. 
six consecutive trials without a CR. 

Table 1 shows the number of conditioning trials (column 
1), extinction trials to the teet stimulus (column 8). and 
extinction trials to the original C8 (column 3). Seven out 
of ten animals trained to the light stimulus showed goneral- 
ization to the test stimulus. The degree of generalization 
varied considerably among the subjecta (from 8 CRs to 
40 CRe). For the group as a whole, there waa no oorrela- 
tion between the intensity of the strmulating current and 
the number of the ORs elicited (P, —0-31). The three 
subjects which failed to show generalization to the teat 
stimulus failed also to show any other detectable effecta 
of the stimulation even when-the intensity was raised to 
120 pamp. This may indicate that the failure of three 
animals to generalize was due to a lack of an adequate 
stimulation of the neural tissues. The five animals that 
were subjected to additional extinction trials using the 
original OS (light) elicited a large number of CRs. For 
these animals, there was no significant correlation between 
tbe number of extinction trials to the test stimulus and . 
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the number of extinction trials to the original OS (P, — 0-1). ~” 


These findings agree with previous findings that the 
intracranial stimulation can be substituted as O8 to evoke 
conditioned responses previously trained to a peripheral 
physiological stimulus. Studies on stimulus generaliza- 
tion have demonstrated that generalization (a) is a de- 
creasing function of the differences between the original 
and the test stimulus, and (b) varies directly with the 
degree of original learning. The present results, however, 
indicate that the generalization to the intracranial 
stimulation used as the test stimulus is not related to the 
number of acquisition trials or to the intensity of the 
stimulating current. This may be due to the fact that the 
neural excitation produced by the direct intracranial 
electrical stimulation is quantitatively as well as qualite- 
tively different from that produced by the peripheral 
physiological stimulation. 

I thank Drs. F. Morin and D. Asdourian for their advioe. 

This work was supported by U.S. Public Health 
Service grant MH—-05799 and by the National Council to 
Combat Blindness, Ino., SF 241. 

B. T. Krrai 


Department of Anatomy, 
Wayne State University School of Medicine, 
Detroit, Michigan. 
1 Nelsen, H. 0., Knight, J. M , and Portor, P. B., J. Comp. Physiol. Payohel., 
6%, 168 (1002). 
* Neider, P. O., and Neff, W. D., Sovence, 133, 1010 (1961). 
* Doty, R. W., and Rutledge, jun., L, T., J. Neurophyeiol ,82, 428 (1059). 
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PUBLIC AND PRIVATE ENTERPRISE IN DEVELOPING COUNTRIES 


HE debate on the Cammonwealth in the House of 
Lords on May 5, opened by Lord Cassy, was notable 
for the warm tributes to the work of the Commonwealth 
Development Corporation by Lord Casey himself, Lord 
Wade, Lord Fraser of Lonsdale, and Lord Howick of 
Glendale, who took up the suggestion that the Corporation 
should attempt to bring together modern scientific ideas 
on tropical agriculture on æ large scale with a social 
system of amall holders, and ssid that this had been done 
in Malaya, Swaziland and Kenya, and that the Corporation 
hoped to do it in Nigeria. For the Government the Lord 
Chancellor and Lord Taylor particularly emphasized the 
extent of the work of the British Council m the Common- 
wealth, while the Lord Chancellor referred to the initis- 
tives for a Commonwealth Secretariat, a Commonwealth 
Foundation and a Commonwealth Medical Conference 
which had come from the Prime Minister's Oonference in 
1964. In that year Britain's total bilateral aid, moluding 
technical assistance, was £174 million, of which £108 
million was to the independent territories of the Common- 
wealth, inctuding 72 per cent of our technical assistance 
programme. Under the present Government about £20 
million of Britein's capital aid had been pledged to develop- 
ing Commonwealth countries. Apart from this reference to 
financial aid the Lord Chanoellor's main emphasis was 
on the encouragement of personal contacts, and this 
theme was taken further by Lord Taylor in relation to 
the interchange of students. He also mentioned family 
planning and said that, under the auspices of the United 
Nations, a five-man team led by Bir Colville Deverell 
had been sent to India in February 1965, at the invitation 
of the Indian Government, to advise on the course of 
, 86tion to make amall families more acceptable, to encour- 
age the practice of family planning and to reduce the 
national birth-rate. The team's [report was now being 
prepared. Lord Taylor added that the Consultative 
Committee of the Colombo Plan had chosen for their 
topio for their next winter meeting the relation between 
population and economic development. 4 
The debate on overseas Investment on the followmg day 
waa intended to call attention to the importance of British 
private investment, and im opening the debate Lord 
adverse affects on overseas Investment, and in consequence 
on Britain’s future exporta, of the clauses in the Finance 
Bill relatmg to corporation tex on overseas investment. 
Lord Aldington discussed fairly enough the advantages 
which accrue from overseas investments and also the 
disadvantages, and his concern was shared by other 
speakers. For the Government, Lord Shepherd weloomed 
the debate but maintained the Government’s view that, 
for a relatively short period, Britain should curb her invest- 
memta overseas, both on account of the balance of pay- 
mente situation and to ensure sufficient mvestment for her 
own industries to strengthen her economy. None the less, 
his speech did not satisfactorily cover the points raised sub- 
sequently by Lord Ohandos, Lord Kilmuir and Lord 


Amory, nor were they fully met by the Earl of Longford 
in replying on the debate for the Government. 

This debate, notably objective and free from party 
politics, gives the greater interest to & recent publication 
of the Overseas Development Institute, Inestment and 
Development, in which the role of private investment in 
developing countries is discussed *. Following an introduc- 
tion by Sir Leslie Rowan, Mr. W. Clark oonsiders the 
limitetions attached to Government effort, Sir Jock 
Campbell discusses the role of big business in the new 
nations, Mr. J. H. Loudon the place of international enter- 
prise in the development decade, and Mr. A. Gaitakell 
writes on how to make the beet of capital risk in the 
developing countries. The uncertainty about the future 
of official aid, which appears to be levelling off partly 
because of balance of payments problems and partly 
because of disillusionment as to the effectivenees with 
which the aid has been used, encourages & re-appraisal of 
private investment which at one time was considerably 
circumscribed by political uncertainties. Sir Leslie makee 
the sound point that if private investors in Britain are 
to accept such a responsibility they must be provided 
with the wide knowledge on which the deep study leading 
to a conscientious and informed discussion can be based. 
There must also be frank public discussion of every aspect 
of the situation, including both profit and the use of trained 
manpower, and it is a8 a contribution to such discussion 
and the subsequent framing of continuous policy that 
the booklet is published. 

Mr. Clark begins by noting that while aid in the form 
of public investment in the underdeveloped countries 
has been steadily increasing, private investment has been 
fallmg off. This is dangerous primarily because it may 
retard the whole process of development so that it fadls 
below the morease of population or only just keeps pace 
with it. It is unlikely, moreover, that the Government will 
increase aid from publio funds to fill any such gap, nor is 
it certain that Government aid alone would be adequate. 
Private investment retains certain advantages which 
public aid cannot easily match, and the Clay Committee 
in 1968 affirmed its conviction that it is the private sector, 
operating with the co-operation of & vital and democratic 
labour movement and enlightened management, on the 
basis of essential government services and sensible 
policies, which will make the greatest contribution to 
rapid economic growth and overall development. 

Much the same pomt is made by Mr. Loudon, who 
comments that the ultimate solution to the world’s 
economic problems is & huge increase in trade, and that 
State aid is limited by what taxpayers will accept. He 
pinpointe the significance of this whole discussion of 
overseas aid in the light of the proposals of the Finance 
Bill now before Parliament. He pointe out, moreover, 


* Investment and : The Role of Privats Investment in Develep- 
tag Countries. Bir Leallo J. H. , Sr Joek Campbell, Arthur 
Clark. . 60 (London: Overseas i 


Gaitakell, and William 
Institute, 1965.) 7s. 04. 
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that industrial investment tends to promote the local 
creation and sharing of expertise, divorced from political 
motives or ideology, though he recognizes that the 
attitude of some Governments to the whole private sector 
is sometimes & serious difficulty. A Government's role, 
Mr. Loudon believes, is to direct and liberate the energies 
of the people. Governments of developing countries 
must reconcile economic growth with reasonable financial 
stability, and they must also promote structural changes 
far more sweeping than are needed in the industrialized 
countries. 

Mr. Loudon refers in pasaing to fears of the power of 
big business which he regards aa ill-founded, but this 
question is discuseed more fully by Sir Jock Campbell, 
who reminds us that modern big busmees is an economic 
grouping of men and women existing to produce and 
manufacture goods, to provide services and to distribute 
goods. To do this successfully ita managers must reoog- 
nize and fulfil responsibilities to shareholders, to employees 
and to customers, as well aa to the community within 
which the business operates and in which it 18 rooted. 
Profits, and with them efflorenoy and productivity, are 
not ends in themselves but oriteria—incisive instrumental 
means towards intelligible ends. 

From this Sir Jook develops his view that there are 
projects necessary for tho development of s country which, 
while not losing money and inappropriate for publio 
subsidy, do not offer a commercial return on investment. 
They are appropriate either for State enterprise through 
publie corporations, or for partnership between State and 
private enterprise on special terms, though he sees no 
reason why the State should not participate actively also 
in undertakings which promise to be profitable. It has 
to be remembered, moreover, that in establishing a great 
industry in an underdeveloped country a new way of 
life and a new series of motives, activities and disciplines 
are imposed on the people. Private property, punctuality, 
financial honesty, financial incentive, produotivity, 
efficiency, teohnical invention and discipline, regularity, 
regimentetion; all these may be new and strange as well 
48 necessary. In practice & synthesis is required between 
the inevitable demands of industrialization, the inherent 
values and standards and culture of the new nations, and 
the aspirations and associations of nationalist lead- 
ers. Probably the critical factor, though Sir Jock does 
not mention this, is how long we can allow for this 
synthesis. 

This aitustion is examined m greater length by Mr. 
Gaitskell in the final paper in the booklet, considering 
more especially the objectives of the African countries 
and the role of the West in achieving them. He emphas- 
izes the needed for a joint capital structure and suggests 
that there are four main requirements if we are to build & 
superstructure which can turn the inert base or infra- 
structure, which overseas aid has already done so much to 
provide, into higher standards of living, a superstructure 
which Africans can call their own. These requiremente 
are: modernization of agriculture; education of personnel, 
particularly middle-group technical personnel, to execute 
such & programme; capital investment in agriculture and 
industry; and market openings for the produote. The 
scope for private investment lies in both agriculture and 
industry. The market openings depend on a real drive 
to encourage world trade. 

Mr. Gaitakell suggesta that national policy might well 
evolve as a result of several convergent stope. First, more 
emphasis that the ultimate purpose of Western world 
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policy is to enable developing countries to stand on their 
own feet, and lees on persuasion that we have the best 
&nswer to civilization. A second and new approach to 
the problem of mutual co-operation in investment is 
called for, with a general objective of promoting local 
control of the economy but on & broad basis, avoiding 
alliance between foreign private enterprise and local 
industrial ohgarchies. It would include such remedies as 
joint capital structure and it would seek to harness private 
capital as an ally in development. Third, with this 
approach stronger pressure could be brought to bear on 
developing countries to accept and set up national Plans 
of development which could integrate and control com- 
peting and conflicting external offers of aid. Fourth, 
clear co-operation between those who assist and plan 
expenditure on the infrastructure, whether internal or 
national agencies, and those who supply the pubho or 
private enterprise which must follow. Fifth, national 
discouragement of balkanization and encouragement of 
inter-Afrioan co-operation are particularly important; 
end sixth, mutual endeavour to avoid lop-sided develop- 
ment which appears to be one of the greatest preeent prob- 
lems in the developing world. Seventh, Mr. Gaitakell puta 
active measures to increase the ability of developing 
countries to sell their products remuneratively in the 
developed world. Enghth, the terms of aid need overhaul 
to remove any impresmon that the developed countriee' 
interests are dominant. Ninth, dispassionate enquiry 
into the necessity and feasibility of birth control; tenth, 
a forum for frank discussion of all these problems with 
African leaders instead of the separate conferences of 
developed and developing countries; and last, much more 
publicrty in the Western world aa to the complexity and 
importance of a new look at ita relations with the develop- 
ing world. 

It is apparent from the two debates in the House of 
Lords that to some extent action is already being taken 
on some of theese lines. The debates themselves, like the 
booklet, should assist the process of education and pub- 
lity. It is no less clear, however, that changes in Britain’s 
own. national policy require careful consideration from the 
pomt of view of their effects on world trade and on the 
developing world and not solely on our domestic situation. 
That makes it the more desirable for such discussion to be 
as free as possible from the heat of party politics. Tho 
debate in the House of Lords on May 6 demonstrated that 
this is practicable, given goodwill. 

The programme “Second Thoughts on Aid" which was 
broadcast on the B.B.C. Third Programme in April and 
May is an important contribution to public discussion of 
the whole subject and covered many of the points raised 
in the papers m the Overseas Development Institute 
booklet and in the House of Lords. The role of private 
investanent was the subject of the fourth discussion, for 
example, and the special problem of agriculture was 
considered in the sixth programme in the series. Technical 
asmstance and priorities of education formed the subjecta 
of the next two, and in the fifth the economic role of 
international institutes was discussed. The political 
aspects were considered in the opening two discussions 
which dealt with the politics and philosophy of donor 
countries and with some political realities of recipient 
countries, respectively. The whole series 1s well designed 
to stimulate interest and to promote the informal disous- 
Bion and public understanding which are essential if the 
necessary support is to be forthoommg for the effort 
which Britain must make in this field. 
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GENETICS AND THE BIOLOGICAL 
FRONT 


Advances In Genetics 
Vol. 12. Edited by E. W. Caspar and J. M. Thoday. Pp. 
viii-+388. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1964.) 100s. 
OLUME 12 of Advances in Genetics exhibits very 
well both the strengths and also the weaknesses of 
this type of annual publication. In a total of nearly 400 
pagea it contains only four articles, of which the two 
longer concern general problems and the two shorter 
quite specialized and restricted special fields. The cover- 
ago is very wide, from the stringently intellectual mole- 
cular biology to the most ‘biological’ plant systematics 
and genetics. There is probably no biologist alive who 
will be equally interested in all four articles. Ib is worth 
considering what various types of readers can get out 
of them. 

The first is by Frank Lanni on ‘The Biological Coding 
Problem". It is not more than about four years ago 
that the discovery by Nirenberg and Matthaei of cell-free 
protein synthesis in response to synthetao ribonucleotide 
polymers opened up any hopeful-looking avenues towards 
ita solution. Now, Lanni’s bibliography runs to about 
400 titles, of which approximately 85 per cent are dated 
1960 or later. This is in fact ono of the big break-through 
saliente on the biological front. The question that arses 
18: can any biologist not y in this 
particular foray find the time to follow, blow for blow, 
the course of the engagement ? Moreover, will those who 
are engaged in it find here anything they did not know 
already? The immediate tactical mtuation is altering 80 
rapidly that there are certainly some things which they 
will not find. For example, anyone who attended the 
recent Royal Society Mendel Centenary Celebrations in 
London will have heard Brenner argue that there must 
be a DNA codon for chain termination. I spent about 
half an hour looking for @ reference to this in Lenni’s 
article and failed to find it. 

The next article is by D. H. Davidson on differentiation 
in monolayer tissue culture cells. This is again a fashion- 
able field but of a rather different kind. There has been 
no major theoretical break-through. It has been known 
for a very long time that cells in tissue culture tend ''to 
lose their differentiation". Davidson’s review contains 
at least 500 references, but of the 100 which I sampled, 
at least 60 were published before 1960 and as 
as 50 before 1950, quite & number of them going 
before 1930. His article, in fact, gives a convincingly 
molusive review of the present state of a complex and 
slowly advancmg fleld. 

The other two articles are of & quite different kind, 
both being devoted to authoritative summaries of special- 
ized investigations in circumscribed flelds. Verne Grant 
gives an account of the studies that have been made of 
& group of sibling species in the genus Gilia—small herb- 
&oeous planta common in western North America and 
South America. This is & valuable addition to the general 
body of knowledge about plant evolution. Oelkers sum- 
marizes the resulta of jeg crosses in the plant genus 
Streptocaparus, in which there have been many tantal- 
izing indications of the importance of cytoplaamio factors. 
Our understanding of at least some types of cytoplasmic 
inheritance is being so rapidly advanced by studies on 
more genetically amenable forms, such as those of Sager 
on , that we are now faced with the 
challenge of passing well beyond the mere recognition 
of the existence of cytoplasmic factors; but this seems 
to be all that we can expect from the study of the more 
recalcitrant higher plants. 

In sum, the new volume of Advances tn Genetics well 
earns ita place on the shelf of any well-stocked library. 
The first article will be extremely useful to a few people 
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for a short time before it becomes out of date. The last 
three will be valuable to perhaps fewer people st any one 
time, but for a longer period. C. H. WADDINGTON 


TETRAPYRROLE BIOSYNTHETICS 


Tetrapyrrole Biosynthesis and Its Regulation 

By Dr. June Lascelles. (Microbial and Molecular Biology 
Series. Pp. xii--182. (New York and Amsterdam : 
W. A. Benjamin, Inc., 1964.) 7.70 dollars. 


DE JUNE LASCELLES has made important con- 
tributions over the past ten years to our knowledge 
of the synthesis of porphyrins and bacteriochlorophyll in 
photosynthetic micro-organisms and, in particular, of the 
factors concerned with the regulation of this process. 

The most important part of T'etrapyrrole Biosynthesis 
and Its ion is & critical and informative discussion 
of the control of this chain of reactions. However, this 
discussion, which forms chapter five of the book, is 
preceded by an account of the main structural features 
of tetrapyrroles, their physical properties and the methods 
used for the isolation and identification of both porphyrins 
and chlorophylls. A second chapter deals in a somewhat 
bref but concise manner with the distribution of haemo- 
globins in animal tissues. Dr. Lascelles considers, in more 
detail, the presence of the haamoglobins and especially of 
cytochromes in micro-organisms and in strictly anaerobic 
bacteria. She describes in & helpful manner the work 
which has been done, chiefly in the past few years, on 
the occurrence and probable function of the various 
cytochromes present in photosynthetic organelles and 


organisms. 

Another section deals with the accumulation of por- 
phyrins in micro-o jams, both of the photosynthetic 
and non-photoeynthetio type; here it is of special interest 
that in most of these organiams it is ooproporphyrin III 
which is present in relatively large amounts. A third 
chapter deals with the biosynthesis of tetrapyrroles, but 
this subject has been covered recently in a number of 
reviews. However, special emphasis is given here to work 
in micro isms, and the relationship between the bio- 
synthesis of porphyrins and the more general metabolic 
reactions in the oell is oe eer ste 

Dr. Lascelles then with the chain of reactions 
leading from protoporphyrin to chlorophyll or bacterio- 
chlorophyll. Many steps in this reaction sequence have 
been established, but there are many more for which no 
detailed information is available and for which enzymes 
have so far only been postulated. The structure of the 
chloroplast and that of the ohromatophore is discussed. 
in detail, and the important finding, which was mainly 
established by Dr. Lascelles and her colleagues, that the 
synthesis of bacteriochlorophyll and of protein is closely 
related, is rightly emphasized. However, as haa already 
been stated, the most important part of the book is 
undoubtedly the chapter dealing with the control mech- 
anisms, and this topic can be more easily investigated in 
micro- i than in animals. 

The of light and oxygen tenmon has been known 
for some time, mainly due to the work of van Niel. Dr. 
‘Lascelles has herself contributed much to our understand- 
ing of the role of iron and she has also shown the repreesion 
of ALA synthetase by small amounts of haemin. Amino- 
laevulie acid itself appears to reprees ALA synthetase, but 
it is hkely that other reactions may also play & part in 
the overall regulation. Thus we still know very little about 
the availability of glycine or of succinyl oo-enzyme A or 
the importance of the methylation in the overall 
regulation of the biosynthesis of chlorophylls by the cell. 

There is obviously much more work to be done in this 
fleld, but the book by Dr. Laacelles not only reviews the 
present position fully but is also likely to stimulate many 
readers to do further investigations in this important 
field. A. NEUBERGER 
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BIOLOGICAL ORGANIZATION 


Homeostasis and Feedback Mechanisms 
Edited by G. M. Hughes. (Symposia of the Society for 
Experimental Biology, No. 18.) Pp. viii+ 460. (Gam- 
bridge: At the University Preas, 1064. Published for the 
Company of Biologists on behalf of the Society for 
Experimental Biology.) 70s. net. 
Doy bao severed 4 vide nate af tories tinh 
Biology have covered a wide range o jog which 
fall within, between or across the accepted of 
the science of life, and it has been clearly established 
that no aspect of biology is beyond the Society’s terms 
of reference. This symposium on Homeostasts 
and Feedback Mechanisms is concerned with every aspect 
of biological organization from subcellular to ecological 
levels, and beyond, and we are soon reminded that 
organismal homoeoetaais is sh A paar within quite small 
limits of change in the physical environment. Both the 
aqueous and gaseous environments in which life is found 
are themselves maintained in remarkably stable states of 
dynamic equilibrium which, though still little understood, 
are easential for life ag we know it. 

To encompass & theme of such wide biological applica- 
tion, it was necessary to choose between attempting a 
comprehensive but somewhat superficial coverage, or to 
seek & more profound understanding at a number of repre- 
sentative pointe. By tradition, and haps also by 
judgment, the latter course was foll , but ab the risk 
that only the few or the very few would grasp fully tho 
meaning of every contribution. the 
editor has succeeded, and thia whole series of wide- 
papers is both pertinent and comprehensible. 

There are twenty papers in the volume. After a brief 
discussion of homoeostasis and the environment (Pantin), 
there are treatises on behavioural and physiological 
adaptation to both desert (Bartholomew) and arctic (Hart) 

itions; on the control of temperature in man (Ben- 
zinger), A in fishes (Hughes), salt balance in 
crustacea (Shaw) and growth in insects (Wigglesworth), 
while others consider the special adaptations in diving 
vertebrates (Andersen), the control of mammalian meta- 
bolism (Randle), the homoeostetic ce of the 
hypothalamus (Cross) and of the cortex (Chester- 
Jones and Bellamy). Papers on genetic aspects of homoeo- 
stasis (Robertson) and of circadian rhythms (Harker) 
a sales the ee of biological systems in which 
oe control have been investigated. 

ig not, because there cannot be, any sharp 
division between the presentation of experimental and 
theoretical aspecta of biological control proceases, but the 
latter part of the volume becomes in ingly concerned 
with the application of physical concepts to study of 
these processes. Some biologiste may feel somewhat 
humbled by the paper on the use of statistical mechanics 
in & theoretical approach to cellular organization (Good- 
win), but subsequent contributors help to restore self- 
confidence. The discussion on the concept of feedback 
mechanisms in mental processes (Frank) is followed bya 
fascinating analysis of the wing control of insecta (Weis- 
Fogh), of orientation control in flies, birds and man 
(Mittelstaedt) and of position sense and effort sense in 
man (Merton). In the paper on the techniques of system- 
analysis applied to feedback pathways in the control of 
eye movement (Fender), we are reminded of the need of 
the biologist to oonsider this whole subject of the appli- 
cation of control theory at some th if he is to begin 
to understand the processes of p logical control: 

le devices of linear feedback. are not sufficient ; 
we ‘need whole armamentarium of non-linear analysis, 
adaptive controls and sampled-data theory if we are to 
make any appreciable headway with the problem—it may 
be that new forms of mathematics must be developed 
especially to deal with the complexities of biological 
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problems”. In the final paper (Machin) the whole complex 
subject of feedback theory is drawn together in about as 
near as one can hope to get to plain worda. 

A brief historical introduction to the theme of the 
symposium might have been included. Neither Virchow, 
who showed an early appreciation of the importance of 
the organizational levels of biological material, nor Olaude 
Bernard, who gave birth to the concept of internal regula- 
tory mechaniams of living material, is mentioned. But 
omissions were inevitable. When ‘homocostasis’ is in 
danger of being taken for granted, and ‘feedback’ has 
become & piece of popular jargon, this volume deserves 
high commendation as a brave effort to provide biologi 
with & faithful and readable guide to the level at whioh 
their thoughts must be projected when they seek to oon- 
sider or express the processes of life in the language of 
the engineer, or to analyse them with the aid of his 
mathematical tools. It is aleo a reminder of the limitations 
of such expressions. The most complex machines yet 
devised are but simple things compared with the inte- 
grated functions of even a single cell. The engineer's 
concepts and formulae may be adequate for the con- 
struction of simple ies, but may not serve to 
describe the proceases of living organisms for many aeons. 

This pleasantly laid-out and well-produced volume is 
not a handbook, and not every student of biology will 
read it with relish or absorb ita contents with ease, but 
it is a Ponant provoking introduction to a subject of 


increasing interest and importance and deserves wide 
attention. J. BLIGH 


DEADLY PRAIRIE PLANTS 


Poisonous Plants of the United States and Canada 
By Prof. John M. Kingsbury. (Prentice-Hall Biological 
Science Series.) Pp. xii+ 626. (Englewood Oliffs, N.J., 
and London: Prentice-Hall, Inc., 1004.) 785. 
Dd on specific poisonous plante is com- 

Run eel cum tc s d : 

Frequently, however, such information is difficult to 
extract from the literature and even then may not be 
first-hand. A service in of both these deficiencies 
is provided in Poisonous P of the Untied States and 
Canada, & oo ive but not exhaustive survey of 
the relevant literature marked by a successful attempt to 
"identify original sources of information for the reader". 
A well-chosen and extensive bibliography allows acoees to 
more detailed material. 

As & prologue there is & compact and useful synopeis of 
the literature on poisonous plants up to 1900, accompanied 
by its own set of references. The next section deals with 
poisonous principles. This is necessary in order to treat 
certain groups such as alkaloids, various types of glyoo- 
sides and some inorganic salte in a manner so that 
the monographs are not repeatedly mterrupted to describe 
properties common to all the members of each group. In 
our present state of knowledge, this must have been the 
most difficult chapter to write. Bystematization is difficult 
as a chemical classification tends to overlap and, where the 
chemistry is still uncertain, terms in common use are often 
descriptive rather than scientific. In the circumstances 
the account is straightforward and comprehensible. There 
are some useful charte—of basic configurations of alkaloids 
and poisonous plants which contain them, of planta with 

io potential, of plants in which toxic concentra- 
tions of ‘nitrates’ have been found and of plants which 
may accumulate selenium. Other sub-sections deal with 
Goitrogenic substances of botanical origin and plants 
causing photosensitisation. There is a short but lucid 
account of the cardiac giyoosides. 

The main body of the book is arranged on & botanical 
classification and consists of a series of monographs 
interspersed with subsidiary information on related genera 
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and Each monograph is essentially divided into 
botanical data (description, distribution and habitat) for 
identification of the plant source and toxicological date 
(poisonous principles, toxicity, symptoms and lesions, and 
conditions of poisoning) for recognition of the effecta 
produced. This design makes it most useful to the 
veterinarian, end SS for the detection of plant 
poisoning. The au is aware that the bias is voterinary 
rather than human but, quite rightly, argues that this 
is “a true reflection of emphasis in the literature". The 
physician will nevertheless find much thst is of interest, 
as also will the botanist, logist and pharmacologist. 
The monographs are presented, vide accurate 
information and are suitably anno References to 
plant poisoning i outside North America are 
introduced, where relevant, with . The illustrations 
are clear and well placed in relation to the text; the few 
make one wish that they were not 80 
costly and could be used more extensively. The treatment 
isoning is not the concern of this book, though 


This is an excellent book. The author throughout strikes 
& good balance between easential facte and trivial, albeit 
interesting, information. His style is easy to read and his 
preise aL A Tian ee ae Ge 

ia well produced and typographical errors are 
minimal. Here are a few trifling criticisms. The formula of 
hypericin (page 173) is as it has already been 
given on page 54. Coniine (page 381) and lobeline 
392) are piperidine rather than pyridine derivatives. It 
is not clearly stated that atropine (pages 277, 280 and 282) 
is racemic hyoscyamine, does not oocur naturally and is 
produced by racemization during the processes of drug 
extraction. The titles of two form are incorrect, 
5-viny1-2-thiooxazolidone (page i 
882) which should end 7 oiphe semi propion acid”. 
None of this detracta from the enjoyment of reading this 
most valuable and interesting work. H. F. GBUNDY 


NUCLEAR PROPULSION AND 
i POWER IN SPACE 


Nuclear Energy In Space 

By Erik 8. (Prentice—Hall Technology 
Series.) Pp. xi+ 516. (Englewood Cliffs, N.J.,and London: 
Prentioe— 1904.) 1605. 


s HIS book attempts to mould the various topios (of 


nuclear energy in space) together and, at the same à 


time, cover each of them in great detail with theories, 
equations, pictures, tables and practical examples.” So 
says Dr. E. 8. Pedersen in his introduction to Nuclear 
Energy in Space. This, in itself, is a prodigious task, but 
also to include & wide range of peripheral subject-matter 
makes it all the more formidable. 

The book opens with a brief account of the history of 
nuclear energy and a survey of nuclear aerospace - 
grammes in the United States. Thé second chapter layi 
down some of the more basio satellite theory, deriving 
basic equations for propulsion nozzle design, the relation 
between mass ratio and burnout velocity for a rocket, 
the dynamics of injection into orbit and orbital theory. 
Finally, possible trajecteries for Moon and Mars landings 
are considered, with some reference to rocket staging and 
the use of nuclear rookets. The foundation of the basic 
theory continues in Chapter 8, with a treatment of heat 
transfer and fluid flow, with particular reference to reactor 
cooling. Equations for heat transfer by conduction and 
forced convection are derived and empirical resulte pre- 
sented. The theory is used to derive expressions for the 
transfer of heat into a fluid flowing in a pipe with axial 
symmetry and to show how the heat transfer charac- 
_ teristios play an important part in determining reactor 
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size and operating preasures. Ohapter 4 discusses the 
inci of fiasion with particular reference to U, 

i the basic parameters, such as cross-section, and 
outlining the way the fission processes may be controlled 
in reactors. Methods of reactor analysis are mentioned. 
The foundations of the basic knowledge required for 
nuclear rocket design are completed in Chapter 5 with a 
catalogue of a considerable number of structural, heat- 
resistant, moderator, shielding and other materials, giving 
their mechanical and a few chemical properties and 
including their resistance to radiation. 

Chapter 6 is devoted to the design of a nuclear rocket 
engine ; nozrle design is reconsidered, giving more atten- 
tion to detail, and some theory is given for optimizing 
nozzle mass. Some of the problems of engine start-up and 
shut-down are described and tho system dynamics are 
worked out for the design of a nuclear rocket giving 
expressions for the time constants of the reactor and 
turbo machinery: a block diagram for a possible control 
system is given. Finally, the chapter deals with a specific 
reactor design and some of the resulta are given of the 
calculations to determine power and temperature distribu- 
tions for a 60-MW reactor. 

Consideration is given in Chapter 7 to ‘advanced pro- 
pulsion methods’. These seem to be systems which are 

i in the research stage and include liquid fuel 
reactors for use with venturi nozzles, thermo-nuclear and 
photon propulsion, electric propulsion and a form of 
nuclear propulsion where it is proposed to explode amall 
nuclear bombs (~0-01 kton) about 1,000 ft. behind a 
[sien propellent emanates from the bomb and 
i tea . . . to the vehicle where it hite a pusher plate 


that propels the vehicle", 

Consi ble attention is devoted, in Chapter 8, to 
direct conversion of energy into electricity. Thermo- 
electric and thermionic conversion are di with 


theory and sketches, and fuel cells, chemical batteries and 
solar cells are alluded to more briefly. Details are given of 
the SNAP series of power supplies, with both reactor and 
isotopic energy generation. The STAR systems are also 
mentioned. 


Chapter 9 discusses the effecta of the explosion of 
nuclear devices both in and above the atmosphere. It 
describes the effects of the release of vast quantities of 
energy, the blast, the thermal and nuclear radiations, and 
gives the energy yield of fission and fusion reactions. The 
discussion is accompanied by graphs and calculations. 


subject as nuclear engineering is not easy, to say the least. 
It is scarcely eel PR therefore, that one which also 
i itional jœ seems to be a series of 
almost unrelated papers ra than a lete entity. 
While this does not detract from the value of the book as a 
wealth of information, it does make the information more 
difficult to extract. 

With regard to notation, efforts have clearly been made 
to conform with accepted practice but sometimes this has 
led to confusion; for example, the symbol ‘n’ appears in 
the nomenclature for Chapter 8 as a number of fragmenta/ 
sec, while in that same chapter it is also used for number 
of thermoelectric couples module, and in the same 
calculation as total number of thermoelectric les. In 
this pertioular oase the latter two 'n'a' differ by a factor of 
10, thus misleading an unwary reader. The use of several 

of unita in the book causes little difficulty because 
of the admirable set of conversion factors the author has 
included. Even a viscosity expressed in one chapter in 
Ib. m/ft. hr. can readily be converted into the more humble 


poise. 


230 


This book represents a considerable achievement. It 
has knitted together every conceivable applieation of 
nuclear energy m space and will be of enormous help, 
particularly to those who are just embarking in this fleld, 
but also to the student and established space engmeer. 
Priced at 160s., ıt will probably not adorn many private 
shelves, but, considering that it contains enough material 
to fill several more modest books, the price would not 
seem unreasonable. B. P. Day 


CULT AND CULTURE 


The Temple and the House 
By Lord Pp. xi4-218. (London: Routledge and 

Kegan Paul, 1964.) 380s. net. 
Te recent death of Lord Raglan robbed ethnology of 
one of ita most penetratmg and independent mmds. 
His work, however, has still, one feels, to be given the 
attention and esteem it merits. This comparative neglect 
he shares with A. M. Hocart, surely one of the most 
brilliant of British cultural anthropologists, whose friend 
he was, whose literary executor he became and with whose 
general int in social studies he agreed. The central 
theory underlying their work is that ritual, a term under 
which they subsumed all the phenomena variously olaem- 
fled elsewhere as magical or religious, forms the seed 
und of civilization; that, in tracing back to their origins 
eatures of contemporary cultures, even those which now 
and for some time have had purely secular and common- 
place roles, we arrive at a matrix which is a fusion of cult 
and culture. This thesis is enormously powerful and fruit- 
ful, but obviously finds reaistance in minds attuned by the 
ruling influences of our existmg intellectual climate to 
thinking about human activities as pre-eminently repre- 
senting an adaptation to needs, biologically or peycho- 
logically defined, and, consequently, finding plausible 
explanations of human oultural o istios couched in 
functional, naturalistic or economic terms and dominated 
by the widely accepted concept of ‘adjustment’. Hocart' 
work was concentrated mainly in the fleld of social 
organization. He produced in Kingship and Kings and 
Councillors a great weight of evidence in support of the 
idea that in a neolithic and pre-neolithio mtual matrix are 
found theocratic forms of society and government which, 
by diffusion from a few centres, have been greatly in- 
fluential in shaping the social forms of peoples over large 
parts of the world. Raglan’s work was supplementary to 

this and dovetails with it. 

In The Temple and the House, hia last work, Raglan 
argues that the house, far from being as with us & purely 
secular building, a close approximation in these days to 
“a machine to live in", has in a great many cultures a 
whole series of characteristics which attest to ita sacred- 
ness; that, even in the modern West, there still remain 
associated with the house a number of practices which are 
explicable only as survivals of this same sanctity. The 
housé is, or has been, the locus of the cult of domestic 
gods and deified ancestors. Indications that its site haa 
been divinely chosen are sought before proceeding with & 
ritual demarcation which will establish it as a sacred 
island in a secular world. Sacrifice forms part of the 
foundation of house walls or pillars, and further sacrifices 
are required after completion of the structure and before 
occupation. The as leading to a divine abode 
and as itself the abode of a number of protecting deities, 
remains especially sacred: precautions have to be taken 
in crossing it, especially by a bride newly consecrated by 
a marriage ceremony that has made her a house mistress 
with s number of distinctly priestly attributes. The 
sanctity of the dwelling, rth pre-eminently in her 
charge, is even more clearly seen in a whole series of 

i ions for its preservation, for keeping it free from 
ritual pollution. It is impossible on utilitarian grounds to 
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&ooount for these—for the taboos on cooking in the house, 
on childbirth, on raising children, on death in the house. 
They derive rather from & religious complex, the central 
noton of which was that the cosmos had originally 
emerged from & preceding undifferentiated potentiality — 
the ‘Chaos’ of Genesis—through the operation of a con- 
structive dualistic principle that resulted in a world of 
paired entities and attributes, complementary but in 
tension, & world of sky and earth, land and water, right 
and left, good and evil, light and dark, life and death. 
This belief was taken so seriously that it gave rise to a 
prolonged series of endeavours to build the world of man’s 
own making—his culture—on the same foundational 
principle, and this work was marked by & most extra- 
ordinary scope and consistency. The central rite aeso- 
ciated with this doctrine was the marriage of sky and earth 
represented first by selected individuals who later de- 
veloped into the divine king and queen. The generative, 
or regenerative, efficacy of this ritual union required its 
location in a building which symbolized the commos and 
which formed the proto of palace, tomb and temple. 
These, in consequence, in their and design 
the domi cosmographic ideas; at round or 
spherical, they later became square, their corners oere- 
fully orientated with the “Earth’s imagin'd corners". The 
history of the house shows, apart from emulation, the 
control of the same notions, for it too was sacred because 
it was the dwelling of a man and wife consecrated by a 
sacramental union derived from the sacred marriage, a 
derivation made plain by the widespread treatment of 
bride and groom as queen and king and by the coamic 
associations of ther marriage bed. 

The book presents its thesis and its supporting evidence 
with 8 customary economy of exposition and an 
engagingly succinct but sufficient rebuttal, en routs, of 
various alternative explanations. It opens the gate on & 
very rich fleld. Questions of cultural origins are patently 
difficult, but a continuing enquiry into them, guided by 
the evidence, not by our preconceptions, is neceasary. We 
would thus safeguard ourselves against the ‘ennui’ and 
trivialization that frequently attend social studies out off 
by a too functionalist approach from history and from 
that discovery of meanmg which is & discovery of 
beginnings. BavNMOR THOMAS 


PROGRESS IN PETROLEUM CHEMISTRY 
AND REFINING 


Advances in Petroleum Chemistry and Refining 

Vol. 9. Edited by John J. MoKette, jun. Pp. xv-+439. 
(New York and London: Interscience Publishers, a 
Division of Jobn Wiley and Sons, Ino., 1964.) 150s. 


N 1958 a literary project was inaugurated with the 
ambitious objective of presenting in book form, at 
annual intervals, progress reporta by leading authorities 
in the fast-growing disciplines of petroleum chemistry and 
refining. te oes initially argued, with some justification, 
that: ‘“The i is so diversified thatemen in one 
phase have little knowledge of the progress made in other 
segments. The research scientist does not know what the 
engineer is accomplishing, nor does the engineer know 
what may come from the basic research of the scientist’. 
To the extent that this dictum is sound, the appearance 
of the ninth consecutive volume of the rather iis nab 
Advances in Petroleum Ohemistry and Refining would seem 
ample justification. The only doubt in my mind is to 
what extent can the ‘pure’ petroleum chemist and the 
chemical engineer concerned with oil refining speak a 
common language, and thus understand the intricacies of 
the complex researches on which each is engaged ? When 
one considers that oil refining, as igi understood, 


origmally 
no longer consists of proceesmg crude oil for fuels and 


* 
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lubricante and end-products, but now embraces complex 
chemical processes in the industrial fields of fertilizers, 
petrochemicals, plastics, rubber, to name only & few 
branches, then this question would appear to have some 
substance in fact. 

The problem is by no means resolved by appeal to the 
titles of the eight contributions contained in the present 
volume. These are: “Advances in Large-scale Oxygen 
Production", by R. L. Shaner and L. C. Matach ; *"Hydro- 
dealkylation”, by G. F. Aseelin; “Formulation and 
Structure of Lubricating Greases”, by B. W. Hotten; 


“Thermal Cracking and Pure Saturated Hydrocarbons", 


widest ramifications, are by no means behind members of 
other faculties in their recognition of the importance of 
revitalizing their work, but time and circumstances do 
not always permit such seminars. This series of volumes 
does, within obvious lrmitetions, at least provide & useful 
means of leisure-study in the specialized subjects so far 
treated; to this extent it undoubtedly fills a gap in oon- 
temporary technical literature of scientific progress of 
petroleum technology which future volumes may well 
gradually narrow. H. B. MINER 


ADYANCES IN CHEMICAL 


ENGINEERING 


Advances In Chemica! Engineering 

Vol. 5. Edited by Thomas B. Drew, John W. Hoopes, jun., 
Theodore Vermeulen and Giles R. Cokelet. Pp. x+317. 
(New York: Academic Press, Inc.; London: Academic 
Prees, Inc. (London), Ltd., 1964.) 100s. 


FE} five topics in Volume 5 of the Academic Press 

series, Advances in Chemical Engineering, are all pro- 
cesses involving reaction kinetios or transport processes. 
Each representa a valuable contribution to the literature 
in the field concerned. Three of the authors are American, 
one is Britigh and the fifth is Dutch. 

The first article, on flame processes, by J. F. Wehner, 
is an excellent review of the fields of combustion and 
detonation. The &uthor has approached the subject 
by soquainting the reader with the general theories of 
flame processes and shows how some useful approxi- 
mations can be made to the equations for mass and heat 
balances within & flame. Experimental techni for 
measuring temperature and concentration profiles are 
discussed and the importance of æ prior knowledge of 
the magnitude of the reaction rates is emphasized. 
This is illustrated by investigating the probable chemical 
dad eee ee niis Mn al 

ifüculties of estimating the concentration profiles of all 
the molecular species present. The hydrodynamio stab- 
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ibty of stationary sod pro tion flames is approached 
with special reference to ignition and quenching. The 
tranaition from the laminar combustion wave to the 
shock wave is discussed im terms of the hydrodynamic 
conditions preceding the detonation. The burning of 
solid pro ta is shown to be a particularly difficult 
problam because of the intermediate mixing problems 
involved. The article concludes with the possible g ra 
cations of flame processes ın chemical engineering. 

flame is regarded as & form of chemical reactor from 
which normally short-lived molecular species might be 
isolated by quenching. An interesting ibility is the 
condensation of finely divided solid particles from flames. 

The use of bifunctional catalyste which are discussed 
in the second article, by J. H. Sinfelt, ta an 
important application of heterogeneous catalysis within 
the chemical industry. These materials have been devel- 
oped during the past ten years, particularly in petroleum 
refining, and there are now many opportunities for their 
more extended use. In the article, the general principles 
of functioning of such catalysts and the nature of the 
reactions ocournng have been described. Hydrogenation 
and isomerization are taken as illustrative examples. 
Some of the outetending problems to be solved before 
the catalysts can be widely used have not been presented, 
however. Thus, heat and mass transfer receive & rather 

treatment even though they may be determ- 
ining factors. Methods of preparation of bifunctional 
catalysts could well have been discussed in this article, 
particularly whether it is advantageous to include two 
components in the same catalyst pellet. 
eat conduction or diffusion with change of phase is 
the subject of the article by 8. G. Bankoff. A number of 
diffusional processes, with both constant and variable 
diffusion coefficients, are discussed, and it is concluded 
that the subject 1s well developed in cases where the 
boundary conditions are simple. There are, however, 
many problems involving, for example, the melting of 
solids or the condensation of material on nuclei where the 
phase boundary is continually moving. Analytical 
solutions are given to a number of problems and numerical 
methods are aleo developed. On the whole the article 
would have been improved by a clearer statement of the 
physical problems presented and by 4 less piecemeal 
approach. 

The article on flow of liquids in thin films by G. D. 
Fulford 1s & useful review of the hydrodynamice of such 

. Tues duce nütépoeer totiare bon Pen 
review of this important fleld, but the long list of refer- 
ences shows the amount of work carried out in recent 
years. The author is to be commended on providing & 
list, at the end of his review, giving & brief résumé of 
each of the major contributions in the fleld. The only 
criticiam is that the treatment of the mechanical energy 
equations for unsteady systems is inadequate. 

The volume concludes with an article by K. Rietema 
on segregation in liquid-hquid dispersions and its effect 
on chemical reactions. He reviews the conoepta of flow 
patterns in reactors suggested initially by Danckwerts 
and then goes on to examine the effect of segregation 
on conversion rate for reactions of various orders. The 
effects of limitation due to mass transfer are considered 
with reactions proceeding both in the contmuous and 
disperse phases. In many cases the behaviour of & 

is difficult to interpret because of a laok of basic 
knowledge of the kinetics of the reaction in question. 
In starred vessels, the affect of dead corners at baffles 
and the effect of increase in mean drop size with dis- 
tance from the stirrer are examined. This article is 
particularly useful, as the field is one attracting an in- 
creasing number of investigations at present. 

The volume is attractively produced, in the same 
style as ita It ia, overall, a work of & high 
standard, but is expensive for ite length. 

J. F. RIOHARDBEON 
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The International Zoo Yearbook 
Vol. 5. Edited by Caroline Jarvis. Pp. ix+480+72 plates. 
(London: The Zoological Society of London, 1965.) 
108s. net. ; 
TE International Zoo Yearbook has already shown 
itself to be indispensable, and the publication is 
clearly going from strength to strength. The 1965 volume, 
edited as before by Caroline Jarvis, with the help of a 
strong advisory cammittee, exceeds that of 1964 by nearly 
100 pages and includes more than 60 photographio plates 
and & large number of text illustrations. The reference 
section follows the accustomed lines and provides ready 
information about the technical developments and various 
lines of progress at the zoog and aquaria of the world 
during the past twelve months. This section alone makes 
it indispensable to directors of zoos and their staffs. 
' addition to this purely factual data, Section 2, comprising 
150 pagos, deals with new developmenta in the zoo world. 
The headings of this section include ''Breeding" (17 
separate articles, contributed by 19 suthors); “Stock” 
(25 articles by 80 authors); together with smaller groups 
of papers on "Aquarium Management"; ‘Veterinary 
Work"; “ i Research”; “Educational Activ- 
ities”; and “Architecture and Construction”. The 
veterinary Papers range from accounts of new surgical 
operations and new hypnotic and anaesthetic ts for 
birda and fish, to tooth trimming in vicious lions and 
“false teeth for an old donkey”. 

In each iasue of the Yearbook, it has also become cus- 
tomary to include one or two special features. Last year 
we had a symposium on aquatic mammals m captivity 
and & survey of animal milk analyses and hand-rearing 
techniques. This year the special emphasis is on '"Ungu- 
lates in Oaptivity’—the whole of Section 1 (90 pages) 
bemg devoted to this subject. Conservation is again an 
important ee the form of the report of the sym- 
pa on “ and Conservation’, held in 1964 at the 

m Zoo. A valuable section, arranged more or less 
after the manner of the soological record, entitled 
“Veterinary Work and Zoological Research Undertaken 
at Zoos and Aquaria in 1983”, is an important innovation 
in this volume. - 

Finally, there is a cloeely-printed 10-page section 
describing new buildings in zoos and aquaria during 
1963—64. It is a sobering thought that this includes 30 
2008 which are either entirely new or so extensively recon- 
structed or extended as to be virtually new. With this 
extraordinary development in the increase of interest in 
animals, and the desire to see them in captivity through- 
out the world, we must emphasize again the imperative 
need for world-wide and effective control of capture, 
transport, export and import, of the rarer wild animale. 
If this is not done, and done thoroughly, the demands of 
the world zoos could easily outetrip supply (indeed, they 
are already doing so), leading to many cases of exterm- 
ination among those species which cannot as yet be 
readily bred in captivity. W. H. TuEonen 


The Action of Neuroleptic Drugs 
A Psychiatric, Neurologic and Pharmacological Investi- 
gation. By Prof. Hans-J. Haase and Paul A. J. Janssen. 
Pp. viii+174. (Amsterdam: North Holland Publishing 
Company, 1965.) 40s. 

HE drugs which are used in the treatment of paychi- 

atric disorders produce a wide variety of effecta. The 
Action of Neuroleptic Drugs is an attampt to define the 
psychic and somatio actions of the major tranquillizing 
or neuroleptic drugs. Part 1 of the monograph, by Prof. 
Hans-J. Haase, describes the neuroleptic effect and shows 
how this came to be regarded by him as a reduction of 
extrapyramidal conation. This interpretation is illus- 
trated by the author's clinical observations. Several 
neuroleptic drugs are compared with chlorpromazine with 
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regard to dosage and equivalence of therepeutio effect 
and some subjective observations on the effect of neuro- 
leptic drugs are given. Prof. Haase has found that fine 
neuroleptic effect and can be used as an indicator of 
this effect. He describes how handwriting testa can be 
used to observe the degree of fine motor hypokinesia 
which occurs and gives several illustrations. It is thought 
that most of the coarse motor extrapyramidal disturb- 
anoes, which can oocur when these drugs are used, are 
not related directly to the neuroleptic effect. Chapter 3 
gives details of clinical schemes for the investigation of 
the neuroleptic action of drugs. This is followed by a 
review of the ically undesirable affecta of neuro- 
leptic drugs, contributed by J. Wagensommer. 

The final part of the book, by P. A. J. Janssen, is 
a short pharmacology of neuroleptic drugs. These can 
be divided into three main groups: the drugs which are 
structurally related to reserpine; the derivatives of 
phenothiazine and their isosterio compounds; and the 
drugs derived from butyrophenone. The neuroleptic, 
anti-emetio and adrenolytio activities of thirty-six drugs, 
as determined in tests on laboratory animals, are oom- 
pared. The book contains much mformation about 
Unis Group of drugs, bat te Geo an source of reforonoe 
is limi by the absence of an index. It is, however, 
relatively cheap, and worth reading, and will no doubt 
stimulate further investigations into the action of neuro- 
leptic drugs. D. F. SHAEMAN 


Survey of the Limba People of Northern Slerra Leone 
By R. H. Finnegan. epartment of Technical Co- 
operation. Overseas Research Publication, No. 8.) Pp. 
151. (London: H.M.8.O., 1965.) 268. net. 


DE to the research of Mise Ruth Finnegan (now 
Mrs. Ruth Murray, of the University of Ibadan) the 
Limba people of the northern province of Sierra Leone 
had never been the object of anthropological investigation. 
This modest and useful book seeks primarily to provide 
basic information &bout political structure, social institu- 
tions, eoonomy, religion and migratory labour. One of 
ita virtues is the way the author has attended to what 
the Limba say about their own society and to ita dis- 
tinotive features, instead of trying to present the material 
in the categories found useful in one of the more celebrated 
investigations of some other African people. 

A Limba chief is expected to be continually &ooeemible 
to his le, from whom he is not separated by intermedi- 
ary ials. Traditionally, his fundamental task has been 
to reconcile litigants and ‘‘oool their hearts”. The setting 
up of the ‘Native Authority’ system of administration— 
useful as a check on unprogressive and autocratic chiefs— 
has, among the Limba, robbed chiefahip of its traditional 
justification by establishing independent courts. At the 
same time, the chief, being & salaried official, no longer 
needs to cultivate the oo ce of his people. Literate 
chiefs find the office ‘boring’ and now tend to look 
towards a career outside the chiefdom. Economic de- 
velopment is affecting many institutions—a man is no 
longer dependent on his kinsfolk to raise bride-price for 
his wife, and & woman who dislikes her husband may 
earn enough to repay this sum herself—but traditional 
ideas of shame, witchcraft, ownership, eto., remain 
important to any understanding of the contemporary 
position. The book concludes with a obapter showing 
that in spite of the new sense of economic individualam, 
many of the incentives to labour migration are still 
founded in the traditional Limba order. The farming 
year is still, for the Limba, an absorbing and God-given 
cycle; their work, disputes, ceremonies and entertain- 
ments are enjoyed with pride and skill. The peasant 
workers may sometimes be tired or hungry, but they, at 
least, are never bored. MIHAEL BANTON 
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TIME’S ARROW AND ENTROPY 


By Sm KARL POPPER 
University of London 


EVERAL years ago! I suggested that we should 
distinguish between two easentially different ways in 
which energy can be degraded or dissipated: “Dissipation 
in the form of in ing disorder (entropy increase) is 
one of them, and dissipation by expansion without 
increase of disorder is the other. For an increase of 
disorder, walls of some kind are essential: a sufficiently 
thin gas ing in a ‘vessel without walls’ (that is, 
the universe) does not increase ite disorder." Reasons for 
this view were given in the plaoe cited. 

In order to lain this a little more precisely, I shall 
here introduce, following Prigogine’, the term ‘system’ 
to denote the (energy and material) ‘‘oontenta of a well- 
defined geometrical volume of macroscopic dimensions” 
(so that, for example, an organism enclosed by ita skin, 
or our solar system aa enclosed by a sphere round the 
Sun with a radius of 105 light seconds, would be a ‘system’) ; 
and I shall speak of the ‘exterior’ of & system X a8 & 
region of space (leaving it open whether or not this is 
in ita turn a geometrically well-defined ‘system’) of which 
X forms a part. 

Following Prigogine, I shall between. 
(materially or at least energetically) ‘open’ and ‘closed’ 
systems. (An energetically closed system is called 
Ssolated’.) Moreover, I shall call a system X ‘essentially 
open’ if it is part of a system Y such that all geometrically 
convex systems of which Y is & part are (at least energotic- 
ally) open. , (This definition makes it possible even for 
an isolated to be essentially open.) 

I further call X ‘essentially open towards & cooler 
exterior’ if X is enclosed by some convex system Y such 
that: (a) all elements of any sequence Z; of convex systems 
of which Y is a part are essentially open and of a lower 
average ture than Y, and that (b) for every such 
system Z; thero is a system Zj; which encloses Z; and 
, which is not of a higher average temperature than Zs. 

The terminology here introduced makes it possible to 
clarify a number of pointe in connexion with the second 
law of thermodynamics which seem in urgent need of 
clarification. 
` Again following Prigogine’, we can split the change of 
entropy dSr in any system X into two : dSr, or 
the flow of entropy due to interaction with the exterior 
of X, and d9x;, the contribution to the change of entropy 
due to changes inside the system X. We have, of course: 


dSr = dSr,-- dSri (1) 
and we can expreas the second law by: 
dSr; > 0 (2) 


For an EPE unas closed (or 'isolated') system X, 
for which by definition d Sr, = 0, expression (2) formulates 
the classical statement that entropy never decreases. 
But if X is open towards a cooler exterior : 


dSr, < 0 (3) 


holds, and the question whether its total entropy increases 
or decreases depends, of course, on both ita entropy 
production dSr; and its entropy lose dSr,. 

The fact that entropy can decrease in an open system X 
does not, of course, conflict with the second law as given 
by ipo ours (2). But the second law is often formulated 
in a di t way; for example, it is said that “if we... 
expand our system to include all the energy exchange, it 
would be found that in the larger system the entropy had 
increased. For example, to measure the entropy change 


taking place in living organisms as a whole, it would be 
necessary to include in our system the Sun and some 
additional portion of the universe, as well as the Earth 
itself’’*, us it is suggested that for sufficiently large 
systems X of our universe, dSx > 0, go that the entropy 
always increases. 

Yet, so far as our knowledge of the Universe goes, the 
precise opposite appears to be the case. With very few 
and short-lived exceptions, the entropy in almost all 
known regions (of sufficient size) of our universe either 
remains constant or decreases, although energy is dissi- 
pated (by escaping from the system in question). This is 
80, at any rate, if we assume that the law of conservation 
of energy is valid; and it is also so if we assume the ‘steady 
state’ theory of the ing universe. (It is not s0 on 
the aasumption of & finite and non-expanding universe 
with non-zero energy density.) 

In order to see this, all that is needed ia to be clear 
about the empirical fact that in our universe we know 
only essentially open systems, and only systems X which, 
so far as they produce entropy at all, are essentially open 
towards a cooler exterior. (This is true even of all so-called 
‘closed’ or ‘isolated’ systems.) But for all such systems, 
one of the following casea must hold: (a) they are (practio- 
ally) stationary, like the solar system and moat stars 
known to us, in which case their entropy production 
(practically) equals their entropy loea, at least temporarily ; 
or (b) they are losing temperature, and thereby entropy; 
or (o) they are producing more entropy than they lose, in 
which case they are in process of getting hotter, a process 
which, whether energy conservation ia assumed or the 
steady state theory, can be only a comparatively rare 
and short-lived temporary process. (Even if the system 
in ion should be one that collecta matter from ita 
environment until ita gravitational fleld becomes so strong 
as to encapsulate and separate off the system from the 
rest of the universe, it would thereby presumably become 
stationary.) All we know about the universe points to 
(a) and (b) as being by far the most frequent and important 
cases: in almost all sufficiently large systems known to 
us, entropy production seems to be equalled, or even 
exceeded, by entropy loss through heat radiation. 

This may be explained by the conjecture that every 
entropy-producing region is open towards some large 
(perhaps infinite) sinks of enorgy—regions the energy 
capacity or heat capacity of which, at least for heat in the 
form of radiation, is infinite (or approximately so for all 
practical purposes). The existence of such sinks seems 
to be strongly indicated by the darkness of the night sky. 
(We might represent this conjecture by the model of an 
infmite universe with xero energy density; or by that of 
an energy-conserving expanding—and therefore cooling 
and entropy i i which tends towards 
xero energy density; or by that of an expanding steady- 
state universe with constant temperature, and entropy 
production equalled by entropy escape.) 

Bo thero do not sean to be theoretical or empirical 
reasons to attribute to rejon (2) any cosmic signifi- 
cance or to connect ‘time's arrow? with that expression; 
especially since the equality aign in expression (2) may 
hold for almost all coemical regions (and especially for 
regions empty of matter). Moreover, wo have good reason 
to interpret expreemion (2) as a statistical law; while the 
‘arrow’ of time, or the ‘flow’ of time, does not seam to be 
of a stochastic character: nothing suggests that it is sub- 
ject to statistical fluctuation, or connected with a law of 
large numbers. 
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As for the evolution of life, this seams to be connected, 
if at all, with a cooling rather than a heating process on 
Earth (or perhaps with periodic ture fluctuations) ; 
that is, with increasing order and decreasing entropy. 
Yet it does not seam that ‘feeding on neg-entropy’ has 
much to do with the preservation of life, as has been - 
suggested, for example, Dy Sohn Schroedinger’. For during the 
incubation of birds’ eggs entropy rather than neg-entropy 
is supplied to them, though they are in a period of inoreas- 
ing organization; and while in an organism dying of heat 
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or of fever entropy may increase, if it dies of cold—say, 
by deep-freexing—ite entropy certainly decreases. 
Nature, 178 381 (1950); 177 538 (1968); 179, 1296 (1957); 
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L, Introduction to Thermodynamics of Irreversible Processes, 3 


3 | L, Introduction to Thermodynamics of Irreversible Processes, 16 
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THE OFFICE FOR SCIENTIFIC AND TECHNICAL INFORMATION 


By Dr. H. T. HOOKWAY 
Government Department of Education and Science, Curzon Street, London 


BETER scientists and technologists are becoming 
increasingly aware of the rapid growth in the amount 
of ecientiflo and technical information which is becoming 
available for dissemination and retrieval. The impact 
of this 80-called ‘information explosion’ varies from subject 
to subject, and there are ing differences in the 
attitudes of individual scientists to it. But common to 
all is the realization that the problem of handling informa- 
tion will become steadily worse as the years go by and 
that it must be tackled effectively before it gets out of 
hand. 

A new Office for Scientific and Technical Information 
(OSTI) has been set up within the Department of Educa- 
tion and Science to promote more activity on information 
problems and to co-ordinate the work of the various 
interested bodies. It is being built round a nucleus 
of staff transferred from the Department of Scientific and 
Industrial Research (DSIR), which was giving increasing 
attention to information problems during ite last years. 
The functions of OBTI have been made very wide so that 
within the resources at its command it may stimulate or, 
if necessary, undertake almost any activity that can 
contribute to a better handling or utilization of informa- 
tion in both the natural and social sciences and their 
related technologies. . 


Research 


It has become clear in recent years that the problem of 
handling information by machine methods is much more 
difficult than was once thought. The application of com- 
puters to information problems has raised tantehrzing 
possibilitiee—of mechanical translation, of storing whole 
texts on magnetic tape and of retrieving information 
selectively in packages of convenient size—but experi- 
ence has shown that these goals cannot be reached by 
computer technology alone. It is n to conduct 
more fundamental research into the nature of the language 
in which scientific information is expreased, in order that 
satisfactory means can be found of manipulating data and 
ideas by machine with the minimum of human inter- 
vention. Thus, for example, machine translation cannot 
progress far beyond ite present crude achievements until 
much more is understood about the grammar and seman- 
tica of language. Mechanical analysis of stored abstracts 
or texta for retrieval purposes can only be of limited value 
until more is understood about the linguistic and paycho- 
logical relationships between indexing terms. 

This is complex, long-term, multi-disciplinary research 
of & kind which does not easily attract research workers 
in ita early days. Until recently the bulk of thia work 
has been carried out in the United States, but teams now 
exist in the U.8.8.R. and several West European countries. 
In Great Britain the National Physical Laboratory has 
three such research projects within the programme of 
its Autonomics Division, and OSTI has taken over from 


the DSIR support of five projects in the field of structural 
linguistics, each involving collaboration between linguists, 
computer specialists and mathematicians, and five more 
projecta which in one way or another are aimed directly 
at better retrieval of information. One project in this 
second group, in the University of Sheffield, forms part of 
a planned British contribution to the vast programme of 
research and development at Chemical Abstracts Service. 


Development of New Techniques and Systems 


It is impossible, of course, to foresee if and when 
research of this kind will lead to a radical solution of the 
information problem and, if so, how widely applicable 
the solution will be. Therefore, since much of research is 
long-term in character, a proportion of total resources 
must be devoted to the development and application of 
ideas that already exist, because some of them show 
promise of being better than, and as acceptable as, existing 
methods which they would supplement or replace. The 
bulk of these ideas fall into the category of reference 
retrieval systems; that is to say, they store titles and 
bibliographical citations on magnetic tape which can then 
be used for: (1) general publication ; (2) selective dissemina- 
tion to individuals or groupe; (3) retrieval; or (4) a combina- 
tion of these applications. The other approaches concern 
not bibliographical information but selected quantitative 
data, which can be more easily handled by machine than 
information expressed in words. 

In the United States much thought is being given to 
the possibility of establishing a mechanized information 
service for each scientific discipline and for each major 
area of application—space, atomic energy, medicine, 
agriculture and engineering. In the American 
institutions concerned recognize ther problem as an inter- 
national problem and are prepared—in many instances 
keen—to co-operate with institutions outside the United 
States that have something positive to offer. From the 
outset, then, OSTT has eer te the need for co-operation 
with the United States indeed with other countries, 
and to help international organisations to promote oo- 
operation, where possible, on an even wider besis. 

Medicins. The character and state of development 
work vary from one subject to another, and the nature of 
British participation must vary accordingly. At one 
extreme, in medicine, a mechanized search service known 
as 'MEDLARS' (Medical Literature Analysis and Retrieval 
Service) has existed in the United States since July 1904. 
Run by the National Library of Medicine, it enables the 
announcement journal Index Medicus to be printed by 
computer-controlled type-setting and provides & facility 
for machine searching of the indexed material that has 
already been put into the system. The National Library 
of Medicine is prepared to supply copies of the MEDLARS 
tapes to organizations in other countries which will provide 
national searching services for medical literature on the 


No. 4994 July 17, 1965 


lines of thoee already provided in the United States, and 
OSTI has launched a project for the establishment of a 
MEDLARS ‘station’ in Britain. It has placed a three- 
year contract with the Computing Laboratory of the 
University of Newcastle upon Tyne for the preparation of 
the necessary search programmes and the experimental 
operation of the service; and the National Lending 
Library for Stience and Technology (for which OSTI is 
now responsible) has acquired the necessary expertise in 
search stra and will beck up the search service with 
the supply of hterature. 

I must emphasize that any new service such as this will 
be tal at first. Inherent in the project is 6 
programme of testa designed to indicate the potential 
value of the service to the medical profession and the 
pharmaceutical and related industries and to evaluate the 
indexing procedures used. The result of these testa will 
determine whether the service is worth establishing on & 
permanent basis and should be of use in the design of 
similar systems for other subject areas. 

7 ing. In engineering the situation is rather 
different. The Engineers Joint Council, a body which 
brings together the main engineering institutions in the 
United States and has close ties with the abstracts publice- 
tion Engineering Index, has produced an elaborate 
thesaurus of major engineering terms, which it h 
will become the basis of a mechanized bibhographical 
service. It has also been promoting experiments in the 
selective publication of abstracts taken from Engineering 
Index, the first two subject areas being plastics engineer- 
ing and electrical/electronics engineering. In Greet 
Britein the Institution of Electrical i has been 
experimenting with new journals of & different kind—a 
list of current titles, which has already established itself, 
and a letters journal; while the new National Electronics 
Research Council, with support from OSTI, has embarked 
on a preliminary design study for & project concerned. 
with the evaluation of & mechanized system for selectivo 
dissemination of information to electronics 
workers. This Council is already discussing o0-operation 
with the Engineers Joint Council (EJC) on the develop- 
mont of the EJO thesaurus as part of the design study, 
and this, it is hoped, will be only the first stage in & period 
of fruitful co-operation. 
which could be used as the basis of a chemical information 
service, interest in this fleld centres on the massive research 
and development programme of Chemical Abstracts 
Service (CAS), which is now supported by several Ameri- 
can Government agencies. The aim of this programme is 
to develop & mechanized information service based on the 
structures of known compounds, and it is hoped that 
eventually the system will be able to handle information 
on physical and chemical properties and applications 
associated with particular structures. As I have said 
earlier, a contribution is already being made from Britain. 
on the research side, and the Chemical Society, in oon- 
sultation with OSTI, is working out plans for & British 
contribution to the CAS p e mvolving both long- 
term research and the testing of new services as they 
are developed, in order to relate these services as closely 
as poasible to the needs of chemists. 

Physics. This subject is of particular interest in Britain 
because responsibility for the major English-language 
abstracting system lies here. Recent discussions have 
brought the two British organisations concerned—the 
Institution of Electrical Engineers and the Institute of 
Physios and the Physical Society—into close relationahip 
with the American Institute of Physics, and together they 
are working out & e of research and development 
affecting both Physics Abstracts and Hlecirioal Engineering 
Abstracts. lb wil be one of OBTIs functions to ensure 
that this work is fully co-ordinated with related work 
elsewhere, including work that OSTI is already supporting 
at the National Electronica Research Council. 
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Critical Data 
There is a quickly growing recognition that tbe taak of 
data compilation, for too long left to enthusiastic indi- 
viduals or groups, now needs proper stimulation and oo- 
ordination. The U.S. National Bureau of Standards has 
launched & large National Standard Reference Data 
designed to identify and fill gaps and to ensure & 
The Internstional 


tackled on an international basis, and it is 


being done in their own subjects and what further work 
might be stimulated. 

Tt is clear that Britain must mobilize her own contribu- 
tion to the total effort and must oonsiMer, with other 
interested countries, how the growing quantity of data 
should be organized for ease of use. An ad hoc committee, 
with representatives of the Royal Society of London and 
DSIR (before ita dissolution) as well as independent 
scientiate, has compiled a short list of subject areas in 
which a clear British interest already existe and the total 
British effort could be stimulated; and OSTI is now 
supporting, or about to support, three ‘urgent’ items on 
this list. Ib is also consid what experiments should 
be made in Britain with inlized date centres, combin- 
ing & measurement service for scientists, and ‘haps 
research on methods of measurement, with the oo ection, 
evaluation, extrapolation, dissemination and retrieval of 
date. A feature of such centres would be the develop- 
ment and use of mechanized handling methods. 


Other Activities 


'The promotion of research, development and data 
compilation will be the frontier-pushing activities of 
Oo . There are, however, two other Li p. tasks 
which will demand increasing attention—help to sane 
information organizations to improve their services an: 
stimulation of educational activities. 

Exising services. It is not possible to say much about 
the future development of existing services at this early 
stage in the history of OSTI. However, the past decade 
has been one of considerable growth and experiment, 
with the establishment of the National Lending Library 
for Science and Technology, the preparatory work on 4 
National Reference Library for Science and Invention, 
the expansion of Aalib's activities with the help of & large 
grant from DSIR (now from OSTI), the extension of 
specialized services in research associations and elsewhere, 
and the strengthening of personal liaison services both in 
the research associations and through the network of indus- 
trial liaison officers based on technical coll network 
finanoed by the Ministry of Technology and the education 
departments. 

At the same time the place of each type of organization 
in the total information system is the subject of much 
interest and investigation. For example, the University 
Granta Committee is examining the arrangements for 
meeti the needs of university libraries, while the 
Department of Education and Science is settmg up two 
Library Advisory Councils (for England and Wales) under 
the Publio Libraries and Museums Act, 1964. The 
Library Association has been examining the problems of 
library services in and has recently publiahed 

for a national bibliographical service. The 
Ministry of Technology is givmg t attention to 
developments in industrial information services that 
may secure more rapid application of science in mdustry. 
Aalib has been re-examining its research e with 
a view to accumulating useful knowledge on modern 
information systems and techniques and offering an 
efficient technical service to members on information 
problems. It will be OSTI's task to bring 
various growing points and see how far the ideas that are 
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emerging oan best be fused into a national policy for the 
development of scientific library and information services. 
It will also promote new services wherever they are proved 
to be necessary. But it will not seek to rum such services 
itself unless no other suitable organisation exists inside 
or outside the Government. 

Education - Bo far as educational work is concerned, 
systematic training for information work and systematic 
education of scientists and engineers in the use of literature 
and information services. 
. The increasing volume of scientific and technical 
information is leading to tho establishment of more 

ormation departments and ial libraries. Conse- 
quently more staff are pase 
im t that employers should be able to recruit & 


except in library schools, which cover 
part of the Lowers al oo had tosh ie 
learning ‘on the job’ with the valuable help of short 
i courses run by the Association of Special 
Libraries and Information Bureaux and other bodies. 
The first attempt to provide systematic training was a 
part-time course in information science which was started 
at the Northampton College of Advanced Technology, 
in 1962, mainly for scientists already engaged on informa- 
tion work. This proved , and was supplemented 
in the following year by a -time postgraduate course. 
In October 1964 & full-time course for graduates in science 
and technology was started in the Postgraduate School of 
full-time albe a d 
- courses have accepted by the Science 
Research Council for the tenure of its studentahipe. 


things, the distribution of officers in different kinda 
of work and the likely demand for trained officers in years 
ia qus peers should help to detesmme the poale 

character of training provision that are i In 
addition OSTI is anxious to encourage training 
in order to relieve the present acute ahortages of both 
teachers for the training programme and research workers 
for the kind of research projects which I have described 


Systematio education in the use of scientific literature 
and information services ia so important to the success 
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of research, development and application that it seams 
incredible that so few scientista and engineers have re- 
ceived farmal training in the use of information and that 
80 many remain unable to make effective use of it through- 
out their working life. However, the National Lendmg 
Library, which as I said earlier is administered by OSTI, 
has in recent years been experimenting with short courses 
for postgraduate research studenta, university and 
academic staffs and library school tutors with the 
object of arousing interest in providing this sort of 
instruction as part of the normal university and college 
traming. The response to these courses has bean very 
encouraging snd some universities and colleges are 
now providing such instruction themselves. But much 
more needs to be done, and OSTI, through the National 
Lending Library, intends to give it all possible encourage- 
ment. 


Conclusion 


This description of OSTI's field of interest should be 
sufficient bo that the new organization has a difficult 
and complex task to In addition to promoting 
& wide range of activities, it must endeavour to co-ordinate 
the efforts of all kinds of orga&nixations—Government 
and independent—and to link these efforts with what is 
happening in other countries and in international organiza- 
tions. Indeed, co-ordination should be regarded as 
perhaps the most important part of OSTI's total 
function. 


The creation of OSTI has been widely recognized as 
timely, and it starte life with & large number of well- 
wishers. How successful it will be must depend to a large 
extent on its resources—human and financial. For the 
present fmancial year it has been allocated the sum of 
£180,000 for grants and contracts—considerably more 
than was available to DSIR for this work in former 
years. But I must emphasize the fact that it would be 
ee ee 
which are already under discussion. We have, 
therefore, to exercise great care in the selection of priori- 
ties. Staffing is likely to t more serious problems, 
because relatively few scientists and technologists have 
both interest in the subject and the admmistrative 
capacity which is necessary for promotional and oo- 
ordinating work of this kind. The period of recruitment, 
which starte this summer, will thus be crucial to the long- 
term success of OSTI. 


BRITAIN 


NEW FUNDAMENTAL RESEARCH UNIT AT HORSHAM 


IBA's new Horsham fundamental research unit was 

opened on May 12 by His Excellency M. Béat de 
Fischer, the Swiss Ambassador, and an inaugural address 
was given. by Lord Snow, Parliamentary Secretary of the 
Ministry of Technology. The new £250,000 unit oon- 
solidates the Company’s pharmaceutical research plans 
which fiest took shape in Great Britain in 1939. During 
the Second World War, CIBA Laboratories, Ltd., supplied 
drugs to the armed Services, hospitals and medical prac- 
titioners, despite shortage of staff and materials. The 
subsequent growth of the Oompeny's business haa been 
such that to-day sales are twenty times as great as they 
were in 1946. 

In 1962, CIBA decided to establish the fundamental 
research division at Horsham, adjoining the existing 
laboratories, for long-term research study of drug action 
with emphasis on biochemical pharmacology—how drugs 
achieve their effect in the body. This was a concrete 
expression of the Company’s appreciation that in recent 


years the whole fleld of biochemistry has opened up at 
an accelerating . As the total knowledge derrved 
Son reeurdh all Ge the world has increased, even 
greater precision haa to be applied in the testing of medica- 
ments. With techniques for gauging the action and 
reaction of chemicals m the body becoming more and 
more accurate, the pharmacologist to-day aims towards 
more precise, and therefore safer, drug effecta. 

Work on drugs in human medicine will be paralleled 
in the veterinary field, in which CIBA. has already con- 
tributed several therapeutic advances. 

CIBA has an experimental farm at Monks Gate (four 
miles south of Horsham), and, as ite work develops, 
collaboration with the new research unit on biochemical 
problems is envi 

Present techniques help research scientists to find the 
answers to such questions as how drugs are distributed 
through the body, drug metabolism (changes which may 
occur in a drug through the body's enzyme action) and 
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A multi-volume work... 


THE FUNGI An Advanced Treatise edited by G. C. Ainsworth and A. S. Sussman 
This treatise is designed to provide a critical and modem s of a group of fungal organisms that are important to 
basic and applied biology. The first complete review of the iology of the fungi to be written in this century, the 
editors have synthesized the writing of noted international scientists who are currently working in this field. 
Directions for future research are highlighted, along with discussion of the present status of knowledge of the 
fungi. Information on tbe fungi from the fields of biochemistry, genetics, physiology, cytology, ecology and evolution 
is critically evaluated and incorporated witbin the framework of this treatise. 


Volume |: The Fungal Cell 
(A930) July 1965, 748 pp., 192s. ; Subscription price 156s.* 
* Subscription price valld on orders for the entire work recalved by the Publisher before publication of fast volume. 


BIOMEDICAL TELEMETRY edited by C. A. Caceres 


This volume is intended ipee an integrated account of the state-of-art in telemetry as it affects medical and 
biological applications in both research and routine practice. The book will prove useful to engines, biologists, and 
physicians who are concerned with planning systems for research or for investigative studies of physiologic signals, and 
who face problems of monitoring patients and subjects. $ 


(C050) September 1965, 382 pp., 120s. 


LIGNIN BIOCHEMISTRY by Walter J. Schubert 
This monograph is concerned with two fundamental aspects of the lignin problem: the enzymic mechanism of its 
biogenesis in living, lignifying plants, and the mechanisms which nature has provided for the gradual removal of the 
synthesized lignin of non-living plant material, such as by the enzymic activities of microorganisms. These biochemical 


considerations are made more by projection against an outline of pertinent fundamental aspects of the 
chemistry of lignin. A brief review of earlier work on aromatic biosynthesis in microorganisms 1s also included. 
Sections include: 


e Introduction: The Chemistry of Lignin 

e Aromatization in Microo 

ə Biogenesis of Lignin in Higher Plants 

e The Microbiological Degradation of Lignin 
(S140) August 1965, 131 pp., 64s. 


THE KJELDAHL METHOD FOR ORGANIC NITROGEN by R. B. Bradstreet 


This monograph is a comprehensive survey of the Kjeldahl method for organic mtr and its modifications as applied 
to natural products and organic matenals. Included 1s a bibliography of pub papers covering the entire period 
from the inception of the method. . 
CONTENTS: INTRODUCTION TO THE KJELDAHL METHOD: Text References THE KJELDAHL DIGES- 
TION: Acid pow nig ua Decomposition of Organic Material. Salt Addition. Miscellaneous Salts. Oxidizing 
ts. The Bo Period after Digestion. Reducing Agents. Catalysis. References. DIGESTION PROCE- 
D : Natural Products. ic Materials. Submicro Methods. D TION AND DETERMINATION 
OF NITROGEN: Text. erences. BIBLIOGRAPHY OF THE KJELDAHL METHOD FOR ORGANIC 
NITROGEN. Author Index. 


(B692) Fall 1965, about 250 pp., 76s. 


In two volumes... 


HANDBOOK OF PREPARATIVE INORGANIC CHEMISTRY, Second Editlon edited by Georg Brauer 


Translated by Scripta Technica, Inc 

Translation edited by Paul G. Stecher 

S experimental methods, techniques, and apparatus are presented togetber with detailed methods for preparation 
of inorganic compounds. For all substances described, controllable and reproducible preparative conditions are given 
—all have been verified by laboratory Important individual methods found throughout the book are 
linked to the main techniques given in the section. 

B714) Volume 1, 1963, 1002 pps 257s. 6d. 

16) Volume 2, August 1965, 860 pp 
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go on. Knowledge of the action of a drug on cellular 
motebolo pathways may also holp research Boientiste to 
envisage possible undesirable long-term side-effects. 

These, and many other investigations, are the subjects 
of resoarch in the new unit, which is equip with some 
of the most modern and comprehensive facilities in Great 
Bntain. The main working laboratories are housed on 
the first floor of the new building and comprise three 
biochemical, one isotope, two pharmacological and two 
analytical laboratories. The latter constitute the analytical 
department, which assesses the purity of all products 
which are produced at Horsham and also provides con- 
sultative and collaborative facilities for the research 
workers. Here, too, are the chromatography room, the 
optical instrument room and a balance room. 

The ground floor houses such general-purpose sections 
as special acoommodation for the animala used in research, 
a meohanio's workshop, & centrifuge room, glass-washing 
and cold rooms, large-scale laboratory and a flame and 
flood-proof room for hazardous experiments. There are 
photographic facilities and a library which contains more 
than ninety scientific journals and several hundred refer- 
ence works. 

The equipment rofleots the complexity and oost of 
biological research to-day. There are radiometer auto- 
titrators and gas chromatography equipment for analysis, 
an Associated Electrical Industries EM6B electron 
microscope specially designed for biological work such as 
examining changes in cellular structure under the influence 
of druga with a magnification of 250,000, a scintillation 
counter for isotope measurement, a preparative ultra- 
centrifuge with a rotor speed of 50,000 r.p.m., & polygraph 
recorder for pharmaceutical work, self-recording spectro- 
photometers and a spectrophotofluorimeter. 

Work of the kind carried out at Horsham is slow and 

i i Although modern research is & team en- 
deavour, progress is still made by the individual research 
scientist, who must bo backed up by skilled assistante and 
resources. The Horsham research team of ten graduate 
Boientiste— who work under the overall direction of Dr. 
D. F. Elliott, head of the research unit—have such support 
in the persons of thirty technicians and ancillary steff, 
for the most part locally recruited. 

Close laison is also maintained with the Clinical 
Research Division and the CIBA research laboratories 
in Switzerland and the United States, from where selected 
compounds are sent to be investigated at Horsham. 
Constant exchanges of ideas, too, are made with academic 
2 clinical institutions and similar bodies in Great 

ritein. 





Fig 1. 
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OIBA (Chemical Industry in Basle) was formed in 
Basle, Switzerland, ın 1884. To-day, it comprises 58 
associated companies throughout the world, employing 
more than 26,000 people. Great Britain iteelf there 
are seven associated companies, of which CIBA Laborator- 
ies at Horsham manufacture and sell ethical pharmaceuti- 
cals and agrochemical products ; CIBA Chemicals, Ltd., at 
Grimsby, which manufactures bulk pharmaceuticals and 


in Manchester, which sells dyestuffs, pigments, and 
textile application producta (fnusbing agents 
textiles, plastics and many other industmes); and CIBA 
(A.R.L., Ltd. and Bonded Structures, Ltd., both at 
Duxford, which manufacture and sell synthetic resins 
and adhesives and deal with their application in oon- 
struction materials. The holding company in London 18 
CIBA United Kingdom, Ltd. 

Through CIBA’s international research programmes, 
the Company is able to make available to the National 
Health Service drugs which have been mgnificant advances 
in many fields of medicine. After earlier contributions 
in the fields of anaesthetics, stimulante and sedatives 
have come major new developments in treating cardio- 
vascular disease, especially hypertension. The broad 
flelda of dermatology and allergy have benefited from 
several CIBA drugs, as have much more specialized 
problems such as 1ron-poisoning and the diagnosis of rare 
conditions. 

CIBA also believes that pharmaceutical research should 
be international. Research ia at present being carried 
out not only at the Company's head rs in Basle, 
but also at CIBA Corporation, Summit’s establishment in 
New Jersey, United States, and also at the CIBA of India, 
Ltd., Goregaon Research Centre. 


Agrochemical and Veterinary Developments 


Veterrnary. Although tho veterinary surgeon has been 
using CIBA medical products for many years, it was not 
until 1950 that the first CIBA preperation was fully 
teated in veterinary medicine. Since then, a large staff of 
veterinary has been built up at the three chief 
centres of CIBA’s veterinary activity, that is, Switzerland, 
the United States and Great Britain. 

Tho e research with many types of drugs 
enabled CIBA to market several new compounds for the 
veterinary surgeon. The Company's work over many 

in the fleld of corticosteroids allowed it to intro- 
duce ‘Vecortenol’ (prednisolone trimethylacetate), the 
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longest-acting corticosteroid available in veterinary 
medicine. Other corticosteroids such as hydrocortisone 
were marketed in dermatological preparations. 

CIBA was one of the first companies to manufacture 
sulphonamide preparations, and many new sulphonamides 
have come from the OIBA research laboratories. Three 
such compounds not previously seen in Great Britain 
have all been marketed exclusively for veterinary 
medicine. 

The Company's experience of diuretics .has enabled 
Horsham to introduce the first non-toxic injectable 
diuretio for vetermary medicine, and it has given the 
veterinary surgeon the first antihistamine with a stimu- 
lant action. CIBA 1s rapidly building up an interesting 
range of veterinary specialities. 

Agricultural. In the course of research conducted by 
CIBA, the problem of chlorine utilization provided tho 
impetus for research in pesticides. Tho substantial 
amount of chlorine produced as a .by-product at the 
organization's Monthey plant was turned to use 
in the manufacture of copper oxychloride, then replao- 
ing the traditional Bordeaux mixture as a protectant 
fungicide. 

The development of pesticides and their formulations, 
and of detergents, also had an important prerequisite 
in the scientific experience gained in textile application 
products and plastics. Similarly, experience gained in 
the pharmaceutical fleld gave & knowledge of bactericidal 
agents. 

It was with this background that CIBA started ita 
agricultural activities. When, in 19638, Horsham entered 
the fleld, it was with a dairy detergent/sterilizer that 
sales activities were first started. This was quickly 
followed by the introduction of a new selective herbicide, 
mainly used to kill weeds on strawberry beds. Since then 
other products have been developed for such diverse 
uses as the control of insects in glasshouses, and for the 
prevention and control of scour in calves and pigs. 

Of prime importance in the development of both 
agricultural and veterinary products is the work of the 
CIBA Farm near Horsham, which waa in fact purchased 
and in operation on research projecta by 1960. This 
farm works in close co-operation with other OBA research 
stations all over the world in developing and investigating 
both new and existing chemicals for use in connexion 
with agriculture and veterinary medicine. 


NATURE 


July 17, 1965 VoL 207 





Fig. 2. Baslo works of CIBA, headquarters of the organiration 


Alms and Objectives of CIBA 


During his speech at the opening of the New CIBA 
fundamental research unit at Horsham, Dr. Robert 
Kappeli, chairman of the board of directors, stressed 
that it was an international company. That docs not 
merely mean that it manufactures and sella ita products 
in many different parte of the world. CIBA as a living 
organization has taken root in the soil of many countries, 
and flourishing offshoots have grown up round the parent 
tree. Each of these affiliates is native to the country 
where it operates, and shares ite fortunes. The British 

y is an example. After small beginnings in a 
London office, it moved—still amall—to Horsham shortly 
before the outbreak of war in 1989. During the war 


. years some of its members served in the Armed Foroes, 


and the others maintained the output of essential drugs 
under very difficult conditions. 

When the post-war expansion came, CIBA, Horsham, 
also grew—in the volume of busineas, the size of its 
establishment, and in the number of ite personnel. 

From the very beginning down to the present day the 
Company has always had British personnel—from the 
senior management down to the youngest recruit. At 
the same time COIBA, Horsham, is part of a world-wide 
organization. This means that it shares in the wealth of 
scientific experience and industrial knowledge accumulated 
over a period of many. decades, and in many parte of the 
globe. : . 

However, the main centre of CIBA research 1s in Baale, 
Switzerland (Fig. 2), where a new pharmacological building 
equipped with the most modern facilities is being erected 
at a oost of about six and-a.half million pounds. This 
figure may serve to indicate the importance which is 
attached to research—and also the burden which it imposes 
on the industry. ë 

The Horsham research unit is, of course, much smaller 
in gize than that in Basle. However, with ita strong accent 
on biochemistry, it will make a very important contribu- 
tion to CIBA’s research effort. One looks forward to a 
lively exchange of ideas and experience between the 
Horaham Research Division and ita counterparts in 
Switzerland, the United States and India (in the last- 
mentioned a modern research centre at Goregaon, near 
Bombay, has recently been established). 

A great deal more might be said about the importance 
of international co-operation in industrial pharmaceutical 
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research as it is practised in an organization like CIBA, 
and also about the fruitful interchange which goes on 
daily between academic and industrial research labora- 
tories. - 

Tt is an established fact that many, if not the majority, 
of the most effective therapeutic agents available to-day 
for the treatment of bacterial infections, hype eae 
diabetes and many other formerly intractable diseases 
could not have been developed and made available at 
reasonable cost and in abundant quantity without the 
pharmaceutical industry. Yet, Dr. K&ppeli claims, this 
industry is at the present time and in many countries the 
object of the most violent attacks and accusations of 
profiteering and reckless exploitation. The ory for 
increased supervision, Government control, and even for 
nationalization is constantly being raised. In view of the 
indisputably substantial contributions of the pharmaoeuti- 
cal industry to the health and well-being of the individual 
and the community at large, this attitude seems highly 
illogical. How is it to be explained ? 

The Journal of the Society of Aris of October 
1968 and Nature (200, 441; 1968) printed the text of the 
Truman Wood Lecture, delivered Prof. Ernst Chain, 
entitled “Academic and Industrial Contributions to Drug 
Research". In his lecture Prof. Chain, a Nobel Laureate 


trial research, and gives & 
drawn from many flelds of clinical medicine, which demon- 
strate the important part played by tho research-minded 
industry in the development of new It would be 
i to overstate the importance of this Lecture as 
an i i appraisal of & situation which is in danger 
of being completely clouded by sentiment and ignorance 
of the facta. Nobody unfamiliar with the development of 
drug research during the past half-century should attempt 
to pas an opinion on the merits or shortcomings of the 
pharmaceutical industry without having read Prof. 
Chain’s lecture very carefully. 

Tt is not necessary here to list the many examples given 
by Prof. Chain to demonstrate the value of co-operation 
between academic and industrial research. Yet attention 
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should be directed to some of Prof. Chain’s remarks on 
the place which the pharmaceutical industry holds in the 
world to-day and on the effect which any tampering with 
would be likely to, Have. He says: 
“The layman must understand that the pharmaceutical 
industry is life-saving and as such fulfils a public function 
of great importance. Let it be clearly understood 
that refer here, of course, only to those industrial 
organizations which are actively concerned in drug 
research and production. This type of industry is essen- 
tially productive, and not parasitic in nature, and is one 
of the most positive aseota to our form of society". 

Prof. Chain thus makes a clear distinction betwoen 
firms which engage in research and those which merely 
thrive on the labours of others. This is a distinction 
which is highly important. All the leading companies. 
of the industry maintain large research laboratories at 
great cost in money and manpower, because it 18 certain 
that without them progreas would be impossible. Then 
come the oopyista, who are domiciled in countries where 
the law allows them to operate with impunity. They 
seize on substances developed by others at great cost 
and often after years of laborious research, manufacture 
them at little expense beyond the bare production costs, 
and offer them for sale at cut-throat prices, sometimes 
even with the active support of Government authorities. 
Immediately, the Company which developed the ce prs 
product is branded as a profiteer and an exploiter o the 
public, and soon the ory for control or nationalization of 
the drug industry is raised. 

Tt is a commonplace which scarcely bears repeating 
that virtually all the progreas in the development of 
new drugs during recent years has been in those countries 
where the principle of free en: ise still operates. The 
reason for this is not far to seek: development of a new 
drug, to say nothing of breaking ground in an entirely 


now direction of research, is a highly speculative venture 
requiring very sums of money and a willingness to 
take the calculated risk that all the effort and expenditure 


may yield no tangible result. Exoept possibly in war-time, 
these pre-requisites to success are not usually found in 
State-owned organizations. 


GARDENS, KEW 


NEW JODRELL LABORATORY 


By Dr C. R. 


METCALFE 


Keeper 


OQ May 7, Lord Florey, president of the Royal Society 
of London, opened the new Jodrell Laboratory at 
Kew. The ceremony was attended by the Minister of 
Agriculture and other distinguished guests. 

This bald statement of fact covers an event of very 
great signifloanoe in the history of the Royal Botanic 
Gardens, Kew, as a centre for botanical research. The new 
building (Fig. 1) stands on the same site as the modest 
laboratory, some 40 ft. long by 20 ft. wide, which was 
presented to Kew by Mr. T. J. Phillips Jodrell and opened 
- in 1876. It is well known to botanists that, despite ite 
small size and unsasuming appearance, the old laboratory 
was the scene of many classical investigations such as 
Dukinfield Henry Soott’s work on coal measure planta, 
and the work by Horace T. Brown and F. Escombe on the 
diffusion of gasea through minute, closely crowded holes 
in plates of celluloid so fashioned as to resemble stomata 
in the surfaces of leaves. Then, again, there was the work 
on: pan dijete Dy Goap Teall beac on 
to opening of à small plant pathological laboratory on 
Kew Green, where the work in due course expanded into 
the present-day activities of the Commonwealth Myoo- 


logical Institute and the Ministry of Agriculture's 
Laboratory of Plant Pathology at Harpenden. We can 
thus see that these two important d ta are, 
historically speaking, ‘descendants’ from the old Jodrell 
Laboratory. In the old building we can also picture 
Arthur W. Hill (who later became director of Kew) and 
Walter Gardiner studying the continuity of protoplasm, 
F. O. Bower working at Pteridophytes, W. C. Worsdell 
studying plant anatomy and teratology, all of which 
investigations were, in their day, of first-class importance. 
Later on we think of L. A. Boodle and F. E. Fritech 
translating Solereder’s Systematic Anatomy of the Dtoo- 
tyledons into English, and of Boodle with his well-known 
care and caution establishing the botanical identity of a 
great number of archaeological specimens from Ancient 
Egypt, notably those from the now world-famous tomb 
of Tutankhamen. 

These eventa, important as they are in the history of 
British botany, belong to the past and we may well ask 
ourselves why Kew now requiree a new laboratory, what 
sort of accommodation and equipment it contains and for 
what purposes it wil be used. In considering these 
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matters it must firat be remembered that although many 
kinds of work are undertaken at Kew the foremost 
i of the institution is as a centre for the study 
of plant classification. Furthermore, there are more 
species of living plants in oultavation at Kew than else- 
where and these have been assembled from many different 
parts of the world. Bearing these facts in mind, we must 
go on to recall that plant classification, while stall based 
primarily on the external characters of plants, which are 
the special concern of herbarium workers, has now 
reached a stage where very little further progress in 
taxonomy oan be achieved without the aid of ancillary 
investigations relating to the histology and cytology of the 
plants concerned. Indeed, we are now also approaching 
an era in which a knowledge of the chemistry of plante 
(chemotaxonomy) seems destined to assume & more 
important taxonomic role. 
or some years the anatomiste at Kew have been 
engaged in producing a series of reference books on 
systematic anatomy, volumes which are now widely used 
throughout the botanical world. It must clearly be a first 
duty to continue this work. But this fundamental work 
on systematic anatomy must be supplemented by further, 
more detailed, histological work and by parallel studies 
concerning the cytology of plants in relation to their 
classification. Karyological investigations not only pro- 
duce additional taxonomic characters, but also deepen 
our knowledge of breeding mechanisms and so help us to 
understand the interrelationships of closely related species 
and to lay bare the probable course of their immediate 
past evolution. Besides all this, the successful cultivation 
of 60 many living species from so many diverse localities 
within the 300 acres of Kew poses many physiological 
problems that are scarcely likely to come to the notice of 
phymologiste at other centres in Britain. Seeds are some- 
times hard to germinate, cuttings are difficult to strike, 
other species can be kept alive successfully but will not 
flower, and there are the still more difficult problems 
presented by species which cannot at present be main- 
tained in cultivation at all. With the paseage of time the 
old Jodrell Laboratory became inadequate to enable us to 
deal with all these subjects, and the accommodation and 
equipment were insufficient. 
With this background in mind, it was a great day for 
Kew when the members of the visiting group under the 
chairmanship of Sir Eric Ashby recommended that one of 
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our most pressing needs was an up-to-date laboratory 
to enable us to face the challenge of modern develop- 
mente. 

The research work in the new Jodrell Laboratory will 
be conducted in three departments concerned with (i) 
morphology and anatomy, (ii) cytology, and (iii) physio- 
logy, respectively. This division of subjects 18, however, 
somewhat artificial and has been adopted only as & matter 
of administrative convenience. It is clearly evident that 
many of our problems will call for collaboration between 

ists in each of the departments. The really im- 
portant point 18 that specialists in all these subjects will 
be working together in the same building where they can 
help each other. 

these days of extreme specialization it is becoming 
increasingly important to maintain an adequate sense of 
perspective and to review the aims and objecta that we 
have in mind when we undertake our investigations. 
There ıs always a danger that & specialized branch of 
research may become fashionable and be continued for 
that very reason rather than because of ite intrinsic 
merits. In viewing the research prospects of the new 
Jodrell Laboratory we must remember that it has come 
into being in an age of almost unparalleled changes 
throughout the world. These changes are bound to have 
an impact on our botanical work. In particular, air travel 
is opening up possibilitios that were not previously avail- 
able to us. As we travel over deserts, oceans, mountain 
ranges and the dense foresta of the tropics, we are re- 
minded, for example, that only a small proportion of the 
world’s species have been examined under the microscope; 
that soil erosion is active in many regions, and unless we 
prees on with our task of microscopical examination there 
is a danger that many species will have become extinct 
before we have even taken a really close look at them. 
Meanwhile, 1n our universities the interesta of botanical 
students are largely determined by the relative mark- 
earning values of different disciplines. Among these a 
knowledge of the world’s vegetation and of the sheer 
diversity of form exhibited by the plants of which it iB 
composed does not appear to rank very high. There is, 
therefore, a danger that modern studente will not be taught 
to view the exoitemente of ultra-structure against the 
broad background of the tropical forest. This lack of sense 
of perspective can lead to a wrong sense of values and we 
may even forget what botany is all about. It is, therefore, 





Fig. 1. The new Jodrell Laboratory at the Royal Botanic Gardens, Kew ^ 
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particularly appropriate that there is a widespread 
hope that the opening of the new Jodrell Laboratory 
mark the beginning of an era of closer co-operation 
between Kew and the universities, a form of symbiosis 
which could, in favourable circumstances, be of great 
mutual advantage to all concerned. The incorporation in 
the new laboratory of & fine, modern lecture theatre, with 
accommodation for audiences of up to 200, should also 
facilitate collaboration between Kew and the universities, 
since it will provide an appropriate setting for meetings of 
learned societies as well as for groupe of students. It will 
also enable our many visiting research workers, who come 
from all over the world, to make the nature of their 
investigations more widely known. The lecture theatre 
will also provide more adequate opportunities to make the 
scientific work of Kew more widely known among the 
general public. 
It would be wrong to conclude this article without 
referring to the fact that the new building contains two 
much-needed teaching laboratories, intended primarily for 


NATURE 


241 


giving instruction to our student gardeners. To meet the 
occasion, the training scheme for these young people 18 
being revised and modernized. If all goes well they ahould 
indeed be fortunate, for there can be few students who 
have both horticulturists and botanista of high standing 
as their mentors and are at the same time privileged to 
work in the midst of the wealth of living planta that are 
in cultivation at Kew. 

In conclusion, it may be said that the new Jodrell 
Laboratory is a well-balanced unit that will serve alike as a 
research centre and for teaching and discussion, and which 
will also provide a means of communication between Kew 
and other botanical institutions as well as with the general 
public. The staff inherit a strong tradition for hard work 
and tenacity of p . They have better facilities and 
equipment than their predecessors and, if these are rightly 
used, there is every expectation that our knowledge of 
plant life will be both widened and deepened. The new 
Jodrell Laboratory provides both a challenge and a 
wonderful opportunity. 


NEWS and VIEWS 


Universities Federation for Animal Welfare: 
Major C. W. Hume, O.B.E. 


Tru retirement of Major Hume from the of 
secretary-general of the Universities Federation for 
Animal Welfare ends nearly forty years service on behalf 
of the welfare of animals, especially tbose used in labor- 
atay experiments. He graduated in physics at Birkbeck 
College, and then joined the Patente Office, becoming 
senior examiner. He was editor to the Physical Society 
during 1919-40, and as honorary secretary of the British 
Science Guild organized ane Conese? which resulted in 
the Patents Act, 1932. He in the Royal Engineers 
(Signal Service) during the First World War and after- 
wards in the 47th Divisional Signals (Territorial Army). 
During the Second World War he also served in the head- 
quarters staff for Army Operational Research, and took 
part in various work in connexion with Signals Develop- 
ment. Hume will be remembered especially, however, for 
his life-long devotion to the welfare of animals. He was 
the founder in 1926 of the University of London Animal 
Welfare Society (ULAWS), followed in 1939 by the 
Universities Federation for Animal Welfare (UFAW). 
In addition to the administration of these organizations, 
first aa honorary secretary and later as secretary-general, 
he has taken a very active part in the promotion of many 
Bills concerning the welfare of animals. His publications 
include The Status of Animals in the Christian Religion 
(1926), Man and Beast (1962), and numerous articles on 
animal welfare, statistical analysis, the strategy and 
tactics of experimentation, patent law, rabbit control, 
and other topics. 


Metallurgy In the University College of Swansea: 
Prof. H. O'Neill 


Ix September 1964, when he retired, Prof. H. O'Neill con- 
cluded a period of seventeen years ab the University 
College of Swansea as head of the Department of Metal- 
lurgy. Thus he concluded a professional career which, 
commencing in 1920, has embraced all aspects of metal- 
lurgy. Hugh O'Neill was born at Sheffield in 1899 and, 
after two years National Service in the First World War, 
graduated with honours in the University of Sheffield. 
The next fourteen yeara were spent in teaching metal- 
lurgy, and during this period he published his -known 
book, The Hardness of Metals and tis Measurement. In 
1929 he was awarded a D.Sc. degree by the University 
of Manchester. In 1935 he resigned his post as senior 


lecturer in the University of Manchester and joined tho 
Research Department of the London, Midland and 
Scottish Railway at Derby, where he served as chief 
metallurgist until 1947. During this period he was much 
concerned with welding and helped to initiate the Abing- 
ton Research Station. His publications from 
bearing metals to the welding of steels and the study 
of rails, and the paper on this last subject to the Institu- 
tion of Civil Engineers was awarded the Trevithick 
Premium. After his appointment as professor of metal- 
lurgy at Swansea, he continued research on the deforma- 
tion and hardnees of metals, including transformation 
effects in electrodeposited alloys and deformed austenite 
and, in 1950, a Nuffleld travelling fellowship enabled him 
to visit metallurgical plants in Canada and the United 
States. Prof. O'Neill has been a member of council of the 
British Iron and Steel Research Association, a visitor for 
the Department of Scientific and Industrial Research and 
an honorary member of council of the Iron and Steel In- 
stitute. A founder member of the Institution of Metal- 
lurgists, he was elected president in 1952. In 1961 he 
was elected president of the Institute of Metals. Other 
activities have included presidency of the Newman 
Association and chairmanship of the Newman Inter- 
national Foundation, besides work for World Student 
Relief and World University Service. As a prison visitor 
for many years, he still takes a part in the Discharged 
Prisoners’ Aid Society. He played an important part in 
the inauguration of the Industrial Museum of South 
Wales, which he serves as secretary, and has been president 
of the Royal Institution of South Wales. He remains 
very active in metallurgy, and at present is engaged in 
writing a farther book. 


Mechanical Engineering In the Battersea College of 
Technology : Prof. J. M. Zarek 


De. J. M. Zanux, whose appointment to the chair of 
Mechanical Engineering and the headship of the Mechani- 
cal Engineering Department st Battersea College of 
Technology has recently been announced, was born in 
1912 and received his engineering training at the Technical 
University of Warsaw. When Germany invaded Poland 
in 1939 he succeeded in making his way to Britain by & 
circuitous route and joined the Free Polish Army in 
Britain. Thereafter he studied at the University of Bt. 
Andrews, the Imperial College of Science and Technology 
and King’s College, London. After three years as 4 


lecturer at the University of 8t. Andrews he joined the 
staff of King's College, London, in 1950, and, since then, 
has occupied posta as lecturer, senior lecturer (1956), 
and reader in ineering ‘science (1961). Dr. Zarek’s 
researches fall mainly into-bwo-flelds. First, he was one 
of the first workers in Britain in the field of biomechanics, 
the application of the principles of engineering to problems 
in surgery and medicine. work in this area of research 
has done much to establish and advance the science. 
Secondly, he has sustained an interest in the metering 
of pulsating flow and has served as the chairman of the 
International Standards Organisation Working Group 
for Pulsating Flow Measurement. 


Voluntary Service Overseas 


IN & written answer in the House of Commons on 
June 28, Mr. A. E. Oram, the Parliamentary Secretary to 
the Ministry of Overseas Development, stated that after 
consultations with the voluntary bodies and discussion in 
the Lockwood Committee, it had been agreed that the 
target for the graduate and qualified volunteer programme 
for 1966—67 should be 1,500. Voluntary Service Overseas 
intended to send oub about 500 cadet volunteers (school- 
leavers and young volunteers from industry), and the 
Government would meet 75 per cant of the British costa 
of 400 of these cadeta and of the 1,800 graduates. The 
programme of the graduate volunteers was only 100 more 
than this year's programme, which was proving diffloult 
to oomplete. The voluntary bodies and the Government 
were agreed that quality should not be sacrificed for 
quantity and that m 1966 Britain should. concentrate on 
strengthening the selection of projects. For this 
the voluntary societies intended to arrange more t 
visits to the developing countries by members of their 
staff to discuss, at first hand, the selection of projects and 
to evaluate the work their volunteers were doing. Extra 
staff would be recruited where necessary and there would 
be fresh publicity to stimulate recruitment, including & 
film about volunteers produced by the Central Office of 
Information. 


European Organization for Nuclear Research 


Ix reply to a question m the House of Commons on 
July 1, the Secretary of State for Education and Science, 
Mr. A. Crosland, stated that the Government had agreed 
in principle to participate in the project for adding inter- 
secting storage rings to the 28-GeV proton synchroton of 
the European Organisation for Nuclear Research at æ 
cost of about £28 million, of which the United Kingdom's 
share would be rather leas than £7 million over about 5-5 
years. The formal decision might be taken by the par- 
ticipating States at a meeting of the Council in December. 
The intersecting storage rings would provide European 
high-energy physicists with a unique facility for main- 
taming & programme of advanced research. 


The United Steel Companies 


&rumr is very much in the news at the present time and 
it is therefore not without pertinent interest to read the 
Review of Progress 1964 recently published by the United 
Steel Companies, Ltd. (Pp. 52. Sheffleld: The United 
Steel ies, Ltd., 1965.) This report covers the 
period October 1, 1903, to September 30, 1964, and is 
specifically dedicated to all employees of the organization 
and their families; it thus makes available in easily under- 
stood language, accompanied by generous illustrations 
in black-and-white and colour, much inside information, 
technical and economic, which would otherwise perhaps 
be excluded from & more formal statement of affairs. 1964 
was & record year for steel production in the United 
Kingdom, as indeed it was for the United Steel group. 
The total output of steel in Britain as & whole waa 26-2 
million ingot tons in 1964, nearly 2 million tons more 
than was produced in 1960, the best previous year. A 
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mesage from the chairman, Mr. A. J. Peech, in this rt 
states : “The expectations of a prosperous outoome of the 
past year have been fulfilled and our works will continue 
to be fully occupied for, at any rate, the first part of 1965. 
It is, however, particularly diffioult to forecast the effect 
on the longer-term outlook of the present balance of 
payments problem and the steps which are being taken to 
deal with 1$". The impreasions to be gained from perusal 
of this report are those of a thriving and efficiently 
Industry, an appreciation of the economic 
difficulties of the times, ability to live with and ultimately 
to surmount them, and a welcome basis of mutual under- 
standmg between executive and personnel from which 
alone future progress in this organization can be assured, 
whatever the ultimate political ciroumstances of the steel 
industry ın Britain as a whole. 


Museums Journal 


Tum March issue of the Museums Journal (64, No. 4; 
1965), in accordance with recent policy, is devoted to one 
subject. In this case, the work of the International 
Council of Museums is dealt with from several angles, in 
papers read at a-one-day conference in London of the 
British members of the International Council. Present at 
the meeting was the president of the International 
Council, Sir Philip Hendy, who in his contribution to the 
conference did not minimize the difficulties facing those 
who want to make the International Council work well. 
The president of the British National Committee, Sir 
Frank Francis, spoke of the needs yet unmet by the 
International Council of Museums. Other gave 
details of schemes of museum development that they had 
carried out in the United States, Poland, Russia, Tangan- 
yika and Ghana, under the segis of the International 
Council. E 


_Chemical-Blological Activities 


A Naw journal, Chem4cal-Biological Actwities, issued 
by the American Chemical Society, reports on the activity 
of organic compounds on biological systema exclusive of 
botanical. The digests indicate the host (if known), 
system (organ, eto.), function or characteristic of the 
system being modified, the condition created, the sig- 
nifloant concomitant diseases or other conditions of the 
host or system, and the comparative drug activity and 
route of administration. Each bi-weekly issue contains 
three indexes, which will be combined and issued semi- 
annually. Further information can be obtained from 
Ohemical Abstracts Service, the Ohio State University, 
Columbus, Ohio 48210. 


New Icelandic Islands: Surtsey and Surtling 


Tas new Ioelandio island of Surtsey, born on Novem- 
ber 15, 1968, about 82 km off the south coast of Iceland 
and 19 km south of the Vestmann Islands, has grown 


`- steadily since it first appeared above the waves, and by 


the spring of this year it had reached a height of 170 m 
and an aree of 2-8 sq. km. Initially the volcano erupted 
naboa and’ sicci and the Dand seanoa Bey 40 Doro 
rapidly from marine erosion, as has been the fate of 
several new islands which have been recorded from time 
to time in the sea off south-west and north-east Iceland; 
but in April 1964, as soon aa & sufficiently strong reef of 
tufs was crested to exclude sea-water from the vent, 
lavas began to be erupted, so ensurmg & greater degree 
of permanence. In view of the widespread mterest which 
the event aroused, the University of Reykjavik, the 
Museum of Natural History, and other Icelandio institu- 
tions set up a Burtaey Research Committee to co-ordinate 
and strengthen geophysical, geochemical, and biological 
studies of the i and a first mimeographed report of 
the work of the Committee appeared in February 1965. 
Shortly after this another new volcano, now named 
Surtling, appeared about 0-5 km to the esst of Burteey. 
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Remarkable photographs of this eruption published in 
The Times on July 8, 1965, show that Surtling is already 
250 m long and 20 m high. Prior to these outbursts the 
last volcanic island to be created off Iceland was that 
named Nyd south-west of Reykjanes, on which the Danish 
flag was oeremoniously raised in 1788, the year of the 
disastrous fissure eruption of Laki; but Nyd was soon 
eroded to below sea-level. Burteey is apparently made of 
sterner stuff and already there have been many seroplane 
landings on its tuffaceous foreshore. 


The Wyeth Institute of Medical Research 


Tra Wyeth Institute of Medical Research at Taplow, 
near Maidenhead (Fig. 1), officially opened on June 22 by 
Lord Todd, is a 40,000 sq. ft., two-storeyed steel and 
concrete structure representing a £500,000 investment in 
research and development facilities for the future. It 
adjoins the Company’s existing administrative head- 

now two years old, while all production remains 
centred at the eight-year-old manufacturing plant at 
Havant, Hante. On the ground floor of the new 
“block are housed the two main Chemistry Departments, 
Medicinal Chemistry and Natural Products Chemistry. 
Here, too, are the physical chemistry, chemistry 
and paca ae laboratories. Centrally placed on this 
floor are the ratories, sterile suites and constant tem- 
perature rooms of the future Microbiological Department, 
at present based at Havant, but due to move into these 
premises in the near future. 

Pharmacology, together with toxiool and the small- 
animal colony, occupy most of the floor of the 
Institute. The animal colony, serviced from a central 
corridor running the length of the-buildmg, has been 
carefully designed to minimize contact between clean 
and soiled materiala and to prevent the development of 
animal odours. Located in this unit also are an animal 
behaviour observation: room and a fully-equipped oper- 
ating theatre. The pharmacy laboratories of the Product 
Development t are on the ground floor. The 
final sections of Wyeth research, chemical development, 
chemical manufacturing and accommodation for large 
animals, remain in Havant. The Taplow research building, 
with five separate air-treatment systems, hot and cold 
water supplies, high- and low-pressure steam, compressed. 
air, distilled water, vacuum and gas services and an 
emergency electric generator in addition to the mains 
supply, contains in excess of £100,000 worth of equipment. 
Total research personnel including administra- 
tion and maintenance staff in Taplow, is 106. 
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Ashmolean Museum, Oxford 


Tz report of the Ashmolean Museum for 1964 records 
that the t of the valuable Cypriote Collection 
is virtaally complete and has enabled the pattern of 
cultures and settlement in the island to be illustrated with 
a clarity and interest not poezible in ita previously crowded. 
condition (Report of the Visitora, 1964. Supplement 
No. 6 to the Uniwersity Gazette, March 1965. Pp. 87. 
Oxford: The University, 1965. 2s. 6d.). New features 
include a display of material from the late Bronze Age 
sanctuary at Pigadhes-Myrtou, excavated by a joint 
expedition to Cyprus of the Universities of Oxford and 
Sydney in 1950-51. A major t and re- 
shelving of the Randolph basement has made it possible to 
move the Arundel Marbles in reserve, and also the Latin 
and Greek inscribed stones, to more acceasible positions. 


Transvaal Museum, Pretorla 


Iw the report of the Transvaal Museum for the year 
ended March 81, 1964, it is recorded that the Namib 
Desert Research Station is now firmly established, and 


buildings of the Station 
laboratory in particular is especially equipped with 
modern and valuable reesarch instruments which, for the 
ter part, were given by the South African Council 
or Scientific and Industrial Research, and other research 
Sdence Museum, London 
Tum new Agricultural Implements and Machinery 
Gallery at the Science Museum, London, conveys in a 
simply understood way the technological complexity of 
modern farming methods. History has been used to 
emphasize the differences that have Bo greatly improved 
the agricultural workers’ way of life. So far as possible, the 
exhibits themselves are so grouped that their message is 
more or less independent of the lanatory labels, but 
even these are set up in easily readable positions. The 
arable egret) section is historically much &s before in 
content. Modern arable farming is shown chiefly by a 
series of fifty new tractor and implement models set in 
new backgrounds and representing the four seasons of the 
year. The dairy farming section is entirely new. 





——————— eee 





Fig. 1. The new Wyeth Institute of Medical Research at Taplow 
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New Sports Stadium at Rotorua, New Zealand 


TH construction of & new indoor sporte centre at 
Rotorua in New Zealand, built at a cost of £90,000 and 
recently opened, embodies some rather unusual features 
worthy of bnef record. The total floor ares is 41,000 sq. ft. 
and consista of three main sections: stadium, gymnasium 
and foyer. The stadium has & centre court playing area of 
16,500 sq. ft. and provides tiered seating along two sides 
for 1,000 spectators. One of the important features of the 
deaign was the use of 120-f. laminated timber arches to 
support the roof. The timber was local Radiata pine and 
an ‘Aerolite’ mel&mine-modifled uree-formaldehyde glue 
was used for all laminating. Illustrated details of this 
construction are given in CIBA Technical Notes 204 
(December, 1964. Pp. 7. Duxford: Ciba (A.R.L.), Ltd., 
1964). Rotorua is situated in an area of thermal springs 
and geysers in North Island, and, because of the hazard 
in such an ares of infiltration of hydrogen sulphide through 
the foundations, special treatment of the site was necessary 
and a 3-ft. raft of suitable filing material was made to 
provide & firm base. The laminated timber work alone 
consumed 50,000 super feet; the total quantity of timber 
used was 250,000 super feet, all Radiata pine except 
50,000 ft. of heart mata: used for the flooring. ‘“To combat 
corrosion from sulphurous gases, galvanized nails were 
used in the floor, bronze rather than chromium-plated 
fittinga installed and extensive use made of aluminium 
piping. Nearly two tons of galvanized nails were used and 
almost five miles of electrical wiring installed.” In view of 
tho insidious and far-reaching effects of hydrogen sulphide 
emanations in situations such aa this ‘sportedrome’ it is to 
be hoped that the filing material used (1t 18 not named) to 
seal the site and ensure & firm base for the foundations 
proves adequate and. permanent. 


University News: EdInburgh 


Pror. F. F. BowBALL, at present professor of pure 
mathematics in the University of Newcastle upon Tyne, 
has been appointed to the MoLaurin chair of mathematics 
as from October 1. 

Cambridge 


Taa following elections to oe at Churohill 
College have been made: Title A, Dr. J. D. Eshelby, on 
appomtment aa College lecturer in physics. Title F (Over- 
seas Fellowships), Prof. M. Gell-Mann, professor of theor- 
etical physics at the California Institute of Technology 
(April-July 1966); Prof. J. A. Barnes, profeseor of an- 
thropology at the Research School of Pacifle Studiee, 
Australian National University, Canberra (October 1965— 
February 1966). 

London 


Pror. G. W. A. Diox, at present professor of micro- 
biology at the Queen’s University of Belfast, has been 
appointed to the Bland-Sutton chair of pathology tenable 
at Middlesex Hospital Medical School. The following 
readers have also been appointed: Dr. H. Stern (virology, 
tenable at St. George’s Hospital Medical School); Dr. 
C. J. M. Stirling (organic chemistry, tenable at King’s 
College); Dr. Spiro (physical chemistry, tenable at 
the Imperial College of Science and Technology). The 
following titles have been conferred: Professor, Dr. 
H. C. K. Henderson (geography, in respect of hia post at 
Birkbeck College); Dr. D. Lacey (zoology, in respect of 
his post at 8t. Bartholomew’s Hospital Medical School) ; 
Reader, Dr. A. G. J. MacFarlane (electrical engineering, 
in respect of his post at Queen Mary College); Mise A. M. 
Coleman (geography, in respect of her post at King's 
College); Dr. P. J. Lindop (radiobiology, 1n respect of her 
post at St. Beaton Hospital Medical College). 


Proposed U.S. University Research Association, Inc, 


THIRTY-FOUR universities m the United States have 
been invited to participate in Universities Research 
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Association, Inc., a new corporation formed as a result of 
& meetng of university presidents at the National 
Academy of Sciences on June 20, 1965. The corporation 
will offer ite services to the Federal Government as 
manager of & proposed high-energy proton accelerator, 
should Congress approve ita construction. Articles of 
incorporation, filed in the District of Columbia on June 21, 
list the following university presidenta as temporary 
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' trustees: Detlev W. Bronk, Rockefeller University; 


Robert F. Goheen, Princeton University; Fred H. 
Harrington, University of Wisconsin; Grayson Kirk, 
Columbia University ; Joseph R. Smiley, Univermty of 
Colorado; Elvis J. Stahr, jun., Indiana Univermty; H. 
Guyford Stever, Carnegie Institute of Technology; and 
John C. Warner, former preedent of Carnegie, who has 
headed the organizing oommittee. 

Other institutions invited to participate in the cor- 
poration are: California Institute of Technology; Um- 
versity of California (Berkeley); University of California 
at Los Angeles; University of Chicago; Cornell Univer- 
sity; Duke University; Harvard Univermty; University 
of Illinois; University of Iowa (Iowa City); Johns 
Hopkins University; Univermty of Maryland; Massa- 
chusetts Institute of Technology; University of Michigan ; 
University of Mmnesota; University of North Carolina; 
Northwestern University; University of Notre Dame; 
University of Pennsylvania; Purdue University; Rice 
University; University of Rochester; Stanford Univer- 
sity; University of Texas; Tulane Univermty; Washing- 
ton University (St. Louis); University of Washington; 
and Yale Univermty. The list is subject to later extension 
by the member institutions. The corporation will function 
under the authority of & council of presidente, in which 
each member institution will be represented by ite chief 
executive. Ita operations will be managed by a board of 
trustees, oo. of six trustees-at-large to represent 
a broad section of publio interest, and fifteen distinguished 
scientists and senior university administrators elected by 
the member institutions. The universities will form 


fifteen regional groups for the purpose of malang these 


nominations. 
Announcements 


Por. S. PyrrHRSSEN, professor of meteorology in the 
University of Chicago from 1952 until 1963, has been 
awarded the International Meteorological Prize. The 
Prize is awarded for outetanding work in meteorology and 
international collaboration. It was established in 1955 
by the World Meteorological Organization in honour of 
the former non-Governmentel Organization which had 
initiated international collaboration in 1878 and which 
was replaced in 1951 by the World Meteorological 
Organization. 

Tue eighth European Congress on Molecular Spectro- 
scopy will be held in Copenhagen during August 14-20. 
Further information can be obtained from the Highth 
European Congress on Molecular Spectroscopy, Univer- 
sitetsparken 5, Copenhagen Ø, Denmark. 


A NATO advanced study institute on “The Bio- 
chemistry of Chloroplasts” will be held in the University 
College of Wales, Aberystwyth, durmg August 19-28. 
Further information can be obtained from Prof. T. W. 
Goodwin, Department of Biochemistry, Penglais, Aberyst- 
wyth, Cardiganshire. 

Tas 1966 congreas of the European Organization for 
Research on Fluorine and Dental Caries Prevention will 
be held in Perugia during June 6-8, 1080. The main 
theme of the congrees will be ‘Carbohydrates in Relation 
to Nutrition, Economic Standards and Dental Caries’’. 
Further information can be obtained from Prof. A. 
Seppulli, Istituto d'Igiene della Università, Casella Postale 
No. 150, Perugia. 
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METHODS IN 


March $1 the Systematics Association held & one- 
day demonstration meeting at the British Museum 
(Natural History). This meeting attracted forty-five 
exhibita concerned with botanical, zoological and palae- 
ontological taxonomy. The exhibitors were drawn from 
the British Museum (Natural History), University of 
Cambridge, the Imperial College of Beienoe and Teoh- 
nology, the National Institute of Oceanography, the 
Nature Conservancy, New York State College o Agricul- 
ture, University of Oxford, Rothamsted ental 
Station, the Royal Botanic Gardens, Kew, the University 
of Leeds and the University of Manchester. 

After a weloome had been extended by the Director of 
the Museum, the proceedings were opened by Prof. P. C. 
Sylvester-Bradley, president of the Association. Prof. 

i a contribution to “‘the 


that had sprung up a few years ago between cell biologists 
(who streesed the unity of life) and systemstists (who 
investigated the diversity of life) had now entered a oon- 
structive phase. In most universities and most schools 
of biology a debate was in progress which promised to 
initiate research in the fruitful fleld that lioe in the region 
of overlap between cell biology and comparative biology. 
In investigating the diversity of life, taxonomy answers 
‘the what’ of comparative biology, and systematios ‘the 
how’. New methods in taxonomy supply an eesontial 
vitality to this biological dialogue. 

The exhibits at tho meeting were organized under five 
headings (‘“‘Colecting”, ' ion and Meantenanoe", 
"Examination and ion of Information", ''Analysis 
and Synthesis of Information”, and ‘Presentation and Dis- 
semination of Results”) and were laid out so that visitors 
were guided around the exhibition in this sequence. As 
the catalogue of exhibits suggested, this sequential classi- 
fication—while representing an ideal picture of orderly 

through a programme of taxonomic 
cannot be assumed to represent the usual pattern of 
taxonomic work; nor are the five stages necessarily clearly 
recognizable. 

Collecting is the process of sorting organisms from their 
environment, and, in so doing, concentrating them. The 
eight exhibits in the section on collecting illustrated the 
variety of ways ın which this can be achieved. In most 
groups mechanical devices can increase the efficiency of 
collecting. These devices either exploit the behaviour of 
the organism or else overcome behaviour and the speed 
of movemznt. To the first group of aids belong equipment 
for the extraction of microarthropods from soil and the 
attraction of insecta to light; to the second group belong 
the great variety of stationary and moving traps and nete. 

In many instances neither tho organisms nor the nets 
or traps are visible to the collector, and in these cases 
control of sampling is difficult to achieve; but it is inter- 
esting to note that only where collecting takes place in 
large water-masees, such as lakes or the sea, is it feasible 
to monitor the equipment and thus know exactly how it is 
behaving. Monitoring spparatus such as that used at 
aea for tracking the behaviour of nets are soaroely worth 
devismg for collecting in other environments such as 
streams or dense herbage. A particular advantage of 
collecting devices lies in the fact that if the behaviour 
of the equipment is known accurately it becomes easy to 
sample quantitatively. For the most sophisticated 
taxonomy, giving the moet highly predictive results, 
quantitative sampling is essential. 
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Sorting organisms from their environment does not 
iteelf produce useful collections, and without careful 
labelling and annotation even the finest collections are of 
limited use to the taxonomist. Great care and effort 
have gone into the preparation of labels which can carry, 
in standardized forms, information essential to the 
taxonomist. Even the lay-out and type-face of printed 
labels are important, having significance for the rapid 
sorting and selection of specimens. Probably m 
no branch of biol has this been more clearly 
than in botany. But, however clearly and neatly labels 
may be designed and printed, it is still necessary to ensure 
that the collector letes them intelligibly and perman- 
ently in the field. Co ion labels are best accompanied 
by sete of hard-and-fast rules for their use. 

While even quantitative sampling of the larger plante 
elaborate ap botanists face far 
the preservation of their maternal 
in the field than do moet zoologiste and palaeontologists. 


drying, mounting and pressing of fragile plante—all 


if specimens are to be of value : 
preservation of fosaila—while sometimes eesential—is not 
always necessary. More often the palaeontologist is 
faced in the laboratory with the greatest difficulty in 
separating the fossila from their environment. Because 
of this the chemical development and mechanical separe- 
tion of fossils are fields of highly developed technology. 
The second section of the exhibition, concerned with the 
preparation and maintenance of organisms, was necessarily 
mostly concerned with methods which come within the 
domain of museum curation. Of particular interest were 
the exhibits which demonstrated the advantages to 
biology of the recent rapid advances in the fields of plastica 
and polymer resin technology, which allow impregnation. 
and imbedding of such diverse structures as fossil and 
recent bones, planta and invertebrates. These newly 
available compounds and their properties have brought 
almost to the level of mass-production standards of 
mounting, dissecting, sectioning and display which were 
hitherto reserved for special exhibite, and which could be 
achieved only with the greatest labour. While some of 
these plastica and resins are useful both as preservative 
and p: media, other new compounds have been 
developed for the bulk preservation and storage of 
organisms. Perhaps the most important of these is 
phenoxetol, which, with 1t8 good ee a8 & preserve- 
tive, ita low price, absence of smell, and avoidance of 


fire risks, promises to be & useful substitute for alcohol 
and formalin in large collections. Another sgniflcant 
innovation, i i used in museums, is the practice 


of freeze-drying whole specimens, when oolour, shape, 
texture and posture of even quite large vertebrates can 
be most amazingly retained. 

A me for several decades by any tech- 
nique is of li e use if the labels that acoompany it have 
deteriorated. In recent years much research has been 
done to determine the qualities of paper and ink which 
will remain intact and unfaded for many yeers in both 
herbarium and spirit store, despite wide fluctuations in 
temperature, humidity, and other features of the environ- 
ment. Furthermore, not only must labels not deteriorate, 
but in demgn and layout they must be aa clear in the store 
aa they are to the collector in the field. 
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Surprisingly, perhaps, few exhibits ın this section deal 
in detail with the administration of large collections. 
All the more interesting therefore were the exhibits of 


specimens, named series, and the most effective 
physical arrangements of animals of widely varymg shapes 
and sizea. The proper curation of large collections requires 
speedy and scourate storage and retrieval, not only of 
objects but also of information about the objects. This 
presents & problem that is further complicated by the 
difficulty of deciding how much information the objeote 
themselves display and how much should be documented. 
As exhibits in the sections of the demonstration on 
analysis and synthesis and presentation and dissemination 
revealed, this complication is becoming increasingly 
troublesome. Small collections made for special research 
Purposes appear to pe readily: anitablo for documentation 
with p cards, special maps and other recent 


The exhibita displayed in the section dealing with 
examination and extraction of information were all 
concerned with methods of obtainmg information not 
immediately detectable without the help of instrumente- 
tion, and this section, perhaps more than any other in 
the demonstration, showed how very many developments 
in the physical sciences are rapidly turned to their advan- 
tage by taxonomists. Two exhibits of striking electran- 
microgra complemented nicely a demonstration of the 
range of light microscope techniques. X-ray illustrations 
of skeletal structures, moulds of leaf surfaces, and elec- 
tronic recordings of insect sounds were the themes of 
other exhibits showing exploitation of techniques which 
might be thought to belong solely within the flelds of the 
physical sciences. : 

Demonstrations of the uses to taxonomists of paper 
chromatography, eleotrophoretio separation of proteins, 
and & variety of serological tecbniques indicated the 
i i igni to taxonomy—especially of y- 
taxonomy—of advances in biochemistry. 

Many techniques and instruments can provide the 
taxonomist with assessable information, and a point 
which the exhibite in this section underlined is that 
no one technique, whether simple or the ultimate in 
sophistication, can be held to be the most useful. It 
was perhaps unfortunate that there was no exhibit 
which demonstrated the usefulness in taxonomy of the 
unaided human senses and such simple instruments as 


Just as the significance to taxonomy of the human 
senses is not easy to display, so the vital importance of 
human mental processes of induction and deduction did 
not lend themselves readily to demonstration in the 
section on analysis and synthesis. The ever-increasing 
use of mathematical and geometrical methods of analysis 
and synthesis in taxonomy was demonstrated by the use 
of geometrical transformations of structure and a wide 
array of methods of multivariate analysis. The develop- 
ment of these last techniques, which is closely linked with 
advances in computer technology, allows taxonomists to 
take on research problems which, in the past, would have 
required many years for completion—if indeed they could 


NATURE 


July 17, 1965 VoL 207 


have been contemplated—but which oan nowadays be 
completed in & few weeks or months. Numerical treat- 
ment of taxonomic data is still a subject of much con- 
troversy ; but there can be no doubt that ite use en 


Numerical methods of analysis and synthesis may allow 
taxonomists to handle rapidly large amounts of data; 
but, as the section concerned with presentation and 
dissemination of resulta showed all too clearly, biological 
data aro not the only items which are accumulating faster 
than they can be handled by traditional methods. Collec- 
tions of organisms are growmg rapidly all the time, and 
will contmue to grow at æ high rate for many years to 
come. Every specimen is & source of useful information, 
and so, ideally, every specimen should be easily retrieved 
from the collection, while the information which accam- 
panies it should be readily available. Unfortunately, 
because of the oontinued growth of oollections, and 
because the theories and practice of information storage 
and retrieval are still in en carly stage of development, 
probably all institutions which mamtam large collections 
are faced with Spend insuperable problems of 
management. ile collections the items of which can 
be counted in hundreds can be adequately controlled 
and used by means of written guides and indices, these 
time-honoured methods cannot be efficient where oolleo- 
tions must be numbered in tens or hundreds of thousands. 
Considerable thought is now going into the design of 
machinery and procedures which can deal efficiently and 
ma pend with the documentation and control of large 
collections. If these efforts are successful the exchange 
of information and material between taxonomists could 
be greatly improved. 

Not only are collections of organisms expanding at a 
tremendous rate but the volume of published work which 
each, taxonomist must review grows every year. .Colleo- 
ton management and the control of published results 
have many problems in common, and many of the same 
principles are employed to devise information storage 
and retrieval aids in both flelds. However, some problems 
of bibliography control can be solved more easily than can 
their counterparts in collection management. Uniform 
high standards of illustration, typography and layout 
can be demanded, as can condensation of text, but organ- 
isms to be stored will always be highly heterogeneous in 
the amount of information which they reveal on casual 
inspection and in their storage requirements. It was 
clear from several exhibits in this section that much 
taxonomic publication could be standardized to allow 
efficient storage end easy perusal. Ideas differ as to the 
best ways of achieving these aims, and it is to be hoped 
that some measure of agreement will be reached soon. 
Otherwise the t&xonomist will find himself foroed to road 
yet more journals with different and conflicting methods 
of presentation. Worm G. Fry 


. TELEVISION AND RADIO IN BRITAIN 


N opening a debate on ing in the House of 

Commons on May 18, Sir Peter Rawlinson pressed for 
information as to the Government’s plans for television 
and advocated that the new fourth channel should be 
devoted to commercial television. As regards sound 
eee een ee eee een 
time to enoourage local broadcastmg and right 


solution was to be found in low-range local brogdoasting 
stations. In replying for the Government, the Postmaster- 
General, Mr. Wedgwood Benn, said that it was essential 
before taking a decision on the allocation of the fourth 
channel that we should be clear as to what purposes the 
fourth channel should -be required to meet, Educational 
brosadcastmg was very closely tied to the question of the 
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fourth channel and this was being urgently considered, as 
well as the alternative possibilities, including the utilixa- 
tion of unused hours; decision would only be reached 
after most careful consideration of the alternatives. 

On colour television, he said that the failure of the 
Vienna Conference to reach agreement on an soceptable 
uniform colour system in Europe had set back our hopes 
of Euro standardization. For Great Britain, the 
choice, if one had to be made, lay between American and 
European and would be & particularly difficult 
one, which would be even harder if there were two different 
systems on the Continent of Europe and not just one. 
We would also have to consider the question of payment 
for colour television, and it might not be right to ask the 
mam body of hoenoe holders to pay for & colour service 
which they may never wish or be able to afford to receive 
themselves. 

Pirate ships had no whatever in the future develop- 
ment of broadoasting in Britain or in Europe. They were 
interfering with reception in other countries, and the 
development of & really serious pattern of local sound 
stations in Britain depended on the use of very high 
frequency which made & great number of channels 
available. 

Mr. Benn restated the traditional doctrine which had 
been aooepted by all governments and was designed as & 
safeguard against politacal interference. There was & great 
danger in going beyond this limit with regard to minis- 
terial interference. Mr. Benn insisted that the increase of 
the licence fee was fully justified and would only hold the 
present position and keep the British Broadcasting Cor- 
poration within ite present borrowing limits. We had 
reached & point where the Corporation could no longer 
rely in anything like the vious extent on increased 
revenue arising from new licence holders. The Govern- 
ment was satisfied that all reasonable economy was 
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exercised within the Corporation, and the review ın which 
the Corporation was oo-operatig was instituted in view 
of the changed position for increased revenue. 

The problem of evasion was also being examined. In 
reaching ita decisions, Mr. Benn said the Government 
would be guided by ite profound belief m the growing 
importance of radio and television to the community and 
to the world, by its desire to see television and redio 
expand as rapidly as national resources permitted, to 
meet important national needs and to develop still 
further their potential for education, information and 
entertamment. It also recognized that technological 
changes had opened up new possibilities which had 
hitherto been entirely excluded. Ib waa detarninod to 
uphold and entrench the principle of publio service in all 
further development in television and radio, and it also 
wished to allow the greatest possible freedam and scope 
for creatave talenta to express themselves through radio 
end television. It was prepared to consider fully the 
various methods by which broadcasting could be fmanced, 
including & combination of broadcastang licences, grants- 
in-aid, local government grants and advertimng revenue 
under proper supervision. 

Mr. W. Shepherd, who followed, agreed that a decision 
on the fourth channel should not be rushed, but he did 
not wish to see existing contractors given any more scope, 
or contractors obtained who had made fortunes else- 
where. He and subsequent ers were somewhat 
critical of standards intei by the Britiah Broad- 
casting Corporation, and in the debete there was strong 
support for the development of local broadcasting. Mr. 
H. Bowden, replying for the Government, added httle to 
what Mr. Benn had said, but reiterated the need for 
increased educational facilities and the dependence of a 
decision on the fourth channel on a careful review of the 
whole situation. 


EXPERIMENTAL EVIDENCE OF A TWINKLING LAYER IN THE EARTH'S 
ATMOSPHERE 


By CRAIG C. HUDSON 
Sandia Corporation, Sandia Base, Albuquerque, New Mexico 


HE scintillation of stars is that part of astronomical 

seeing which deals with intensity fluctuations of the 
image, more commonly called twinkling. A large part of 
twinkling occurs at frequencies too high to be observable 
to the human eye, that is, greater than 15 o/s. For many 
years the cause has been thought to reside in the atmo- 
sphere, in the form of fluctuations in the index of refraction 
caused by air turbulence. 

Other optical effecta, such as blurring and dancing of 
the image, often acoompany twinkling, but can be dis- 
ingui from it both by the method of observation 
and by layer of origin in the atmosphere. 

Reviews of the various experimenta and theories of 
astronomical seeing (especially twinkling) are included in 
Tatarski’s well-known monograph!, in the report by 
Keller e£ al.5, and in the report by Wimbush*. The present 
discussion will be limited to twinkling. 

The obeervational properties of star twinkling have been 
reported by many*-. It is least ın the zenith direction 
and has the broadest frequency spectrum there. For 
low angles of observation, the amplitude increases but the 
high frequency end of the spectrum fades away. The 
spectrum neer zenith is approximately flat below 100 
c/a but falls off rapidly at higher frequencies. Twinkling 
1s enhanced by the use of a small aperture, and tends 
to a minimum for apertures greater than 20 in. diameter. 
For small apertures, the modulation (fluctuation rolative 
to mean light level) can exceed 100 per cant even at the 


zenith, while for large apertures 10-20 per cent is more 
typical. Twinkling also depends on the source size; the 
larger planete, for example, showing very little effe-t. 
Finally, twinkling depends on meteorological conditions; 
in particular, there is correlation between the intensity 
of the effect and the speed of winds above 20,000 ft. 

Contemporary theories of twinkling, according to 
Keller’, can be classified into three groups: (a) those 
governed by the refraction of light by turbulent elements 
of large size not too far from the observer (aleo contribut- 
ing to blurring and dancing); (b) thoee governed by tho 
diffraction of light with the xeroth order predominating 
(thin layer); and (c) those governed by the diffraction of 
light with the higher orders predominating (thick layer). 
Using & theory of type (a), Chandrasekhart deduced that 
twinkling could be explained on the basis of a hypothetical 
layer 100 m thick, of homogeneous, isotropic turbulence 
at 4 km altitude. Keller suggests a thinner layer at a 
higher altitude. Wimbush argues against a discrete 
layer, citing evidence of several other workers in favour 
of & continuous distribution of turbulence. 

Keller’, using Protheroe’s autocorrelation data’, made 
a parameter study on the basis of the theory of scintilla- 
tion?®-1 which is of interest in what follows. The scale of 
turbulence is Dm; As is the layer thickness; and 3*n is the, 
mean square fluctuation of the index of refraction. By 
assuming no pressure fluctuations, Sin may be transformed 
into the mean square temperature fluctuation 3*7’. Estim- 
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ates of La range over factors of two while Az and 31T are 
uncertain by orders of magnitude. The primary variables 
in the theory of scintillation, therefore, are the thickness 
of the turbulent layer and the intensity of ita turbulence. 
Keller’s parameter study is partially reproduced in 
Table 1. In each case, the experimental data are satisfled 
by a different set of parameters ( isotropic 
turbulence with a Gaussian distribution of element sizes). 


Table 1 
Parameters Maroh 1, 1054 March 16, 1054 
Altautude s (km) 61 9-2 158 9&2 15-3 
La (am) 67 5-0 63 67 6-7 
Thickness ds (km), 
(PLY A%m01° 0 0-961 0-043 014 0-021 0-087 
Thickness 4s am) 
(PTY? -001* 61 4:3 14 21 37 


Keller rejected the second set of thicknesses on the 
grounds that adiabatic mixing through such a thick layer 
would produce r.m.s. temperature fluctuations greatly in 
excess of 0-01? C. 

Light beacons suspended from balloons which drifted 

with the wind have been used to study scintillation by 
Gardiner e£ al.1* and Mikesell*. The twinkling due to the 
lighta was compered with that due to nearby stars. Tho 
amplitude twinkling in the range 1-10 c/s of the beacons 
was 50-75 per cent leas than that of stars, and ın the range 
147-153 o/s was more than a factor of two leas than that 
of the stars. 

They also studied scintillation as a function of the corre- 
lation of hght pulses due to double stars. In the frequency 
range 1-10 o/s, the twinkling appeared to arise from altı- 
tudes of 100,000 ft. or higher. For higher frequencies, 
about 150 o/s, the twinkling appeared to be caused near 
30,000 ft. To account for the high-altitude low-fre- 
quy variations, they suggest that there exist large 

ensity variations in the atmosphere at these levels, 
essentially at reet relative to the Earth, which are swept 
through the line of mght to the star by the Earth's rotation. 

Some new i ts are now being made which may 
shed additional light on the structure of the atmosphere 
and the causes of stellar twinkling. The first of these is 
reported here. 

Tho idea of the experiment was to allow & point source 
light beacon to fall through the twinkling region, observing 
it continuously with a telescope fitted with a recording 
photometer. The beacon was carried to 65,000 ft. as the 

y-load of a 6-in Apache rocket motor. To restrain the 
ae fall somewhat, to keep the light on the bottom of the 
body, and to allow the beacon to sink more nearly vertic- 
ally, a small ute was deployed which caused the 
sink rate to be about 300 ft./sec at 30,000 ft. altıtude. A 
16-n. tracking telescope fitted with an ROA ‘7266’ 
photomultipher cooled with carbon dioxide was used to 
observe scintillations. No filters were used, so white light 
was observed. 

The experiments were performed at the U.S. Atomic 
Energy Commission’s rocket range at Tonopah, Nevada, 
at an elevation of 5,800 ft. A strong cold wind was 
blowing on the night of December 11, 1963, the air was 
dry, and visibility was nearly unlimited although a small 
amount of fine powder snow was being blown around at 
low levels. On March 10, 1964, the air was in clear, 
cold and dry, but the wind was calm, a front having passed 
the night before. Meteorological data were taken by 
radiosonde as often as practicable (every 2-3 h). Position 
of the beacon was obtamed both by radar and by an 
optical tri tion Altitude accuracy is 

ut + 200 Altitude accuracy of the radiosonde is 
bakeved tobe ho quiso than + 300 ft. 

The scintillations were recorded on magnetic tape after 
being telemetered from the remote telescope site. The 
telemetry used & 70-kc/s channel on & 220-mo carrier. 
The frequency response of the system was limited by 
the telemetry to the range DC to 10 kc. The tapes were 
then played back to give (a) a measure of the twinkling 
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amplitude as a furotion of time and (b) a measure of the 
frequency spectrum. 

In addition to observations of the falling beacon, 
scintillation measurements were also made on ground lighte 
at various distances, on & number of stars and planets, 
and on the satellite Echo I. The purpose of these measure- 
menta was mainly to check and calibrate an untried 
system, but also to make available a more complete set of 
twinkle measurements. 

The data from the beacons are shown in Fig. 1 in the 
form of percentage modulation of the mean light intensity. 
The values are weighted in favour of frequencies between 
10 and 100 o/s. A sample of the frequency spectrum of the 


100 








-— 


OFF TARGET 
1:45 PM 


DEC 111965 


10 


w 


m 
o 


Belntillation per cent modulation 
o 


- 


10 





20 25 30 35 40 45 50 55 
Altitude (thousand fi) 


Fig.1. diyidenos DE frink ma layer Scatter In the data 1s partially due 
to reduction 


100 


BEACON ABOVE 
LAYER 


m 
o 


m 


Scintillation por cant modula'20n 





01 E 
10 100 
Frequenoy (o/s) 





1,000 


signals. System oepability and. 
ebd were good to 10000 ch, but reduction tecbnique 
not rehable above 1,000 o/s 


per 


p^ 


No 4994 July 17, 1965 


twinkling of the beacon above the layer and below the 
layer is ahown in Fig. 2. 

The meteorological data are shown in Fig. 8. Data 
pointe are about 400 ft. apart. A tentative assignment of 
the tropopause has been made. The horizontal bars indi- 
cate approximately the twinkling layers. 

Referring to Table 1, the set of parameters which beat 
o0 to the present measurements comprises those 
of the altitude 9-2 km which imply r.m.s. temperature 
fluctuations of the order of 0-01? O, appreciably smaller 
than the estimates typically seen. Of course, if the 
observed layer actually consists of several thin layers, the 
temperature fluctuations need not be so small. 

From Fig. 3 one gets the impression that the twinkling 
layer is not associated either with the wind speed structure 
or with the tropopause; but since it seams typically to 
ocour in that neighbourhood, a re-oheok of the wind 
vectors was made to see if strong shears or wind gradients 
could be found in the layer; but the shears in those 
regions were no greater than in nearby regions where & 
change in twinkling was not observed. The U.B. Weather 
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Bureau maps for the days in question showed no jet 
stream in the near vicinity. 

The peak intensity of scintillation on December 11 was 
probably not more than 80 per cent modulation, and on 
March 10 scarcely more than 15 per cant modulation. 
Unfortunately, no measurementa were made on stars at 
the zenith, but for Capella (30° from the zenith on Decem- 
ber 11) and Pollux (10° on March 10) the approximate 
intensity oan be found by making 4 sec*» correction. 
The values obtained in this way were 38 per cent (Decem- 
ber 11) and 18 per cent (March 10). These data dicate 
that only & small fraction of the total scintillation above 
10 o/s occurs above the measured twinkle zone. 

By the experiments already performed, the existence 
of & twinkle layer, long suspected, has been confirmed. 
The height of the layer corresponds roughly to the tropo- 
pause, although no unique relationship seams to exist 
between the layer and either the tropopause or wind 
structures. In terms of Keller’s theory of twinkling, the 
layer thickness to temperature fluctuations 
of the order of 0-01? O, somewhat smaller than has been 
conjectured. In the higher frequency portion of the 
spectrum (above 10 o/s), it seems that about 80 per cent 
of the total twinkling occurs in this layer, about 10 per 
cent below it, and 10 per cent above. 

A second experiment now in will attempt to 
measure tem: fluctuations directly and to relate 
them to the observed twinkle layer. The mean square 
temperature fluctuation S*T' will be determined at the 
frequency that seems to be most prominent, and this 
frequency (corrected for the rocket’s motion) will also 
establish the scale of turbulence. As & precaution, micro- 
phones will also be used to determine the level of preasure 
fluctuations, and the instruments are so mounted that 
correlations between pressure and temperature fluctuations 
can be made. 

This work was supported by the United States Atomic 
Energy Commission. 
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VEMA SEAMOUNT 


By Pror. E. S. W. SIMPSON and A. E. F. HEYDORN 
Department of Oceanography, University of Cape Town and Division of Sea Hsheries, Cape Town 


HE Vema Seamount is situated in latitude 31° 38' 8., 
longitude 8? 20’ E., near the centre of the Cape Basin, 
South Atlantic Ocean, approximately midway between 
the Walvis Ridge and the South African mainland. It 
was discovered-in 1959 during cruise 16 of the Lamont 
Geological Observatory research vessel Vema. The 
seamount base is approximately 35 miles in diameter at 
ocean floor-level (2,500 fathoms) and the overall slope 
inclination is 1 in 4, or 15°, terminated upwards by 4 
lateau of some 5 miles diameter and 40 fathoms depth 
m which tho highest peak rises to within 14 fathoms of 
sea-level. 


With the co-operation and generous assistance of the 
Marine Diamond Corporation a fairly detailed investiga- 
tion of the seamount summit zone was carried out in 
November 1964, using scuba divers and the special air- 
lift dredging equipment in the diamond prospecting vessel 
Emerson K which enabled bottom samples up to 4 in. 
in diameter to be recovered in great quantity to depths of 
45 fathoms. 

Using radar fixes from a centrally positioned reflector 
buoy, bathymetric survey traverses totalling approxim- 
ately 170 miles were run along radial lines at 30° intervals 
and along & number of tangential lines to fill in detail. 
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The plotted data were used to compile the accompanying 
provisional bathymetric chart and profile of the summit 
zone (Fig. 1). At the 250-fathom isobath the seamount is 
roughly circular in plan with a diameter of some 7 miles. 
Slope gradients are generally low above the 70-fathom 
isobath, but below this level the flanks are steep (+ 15°) 
and broken in places by occasional subsidiary ‘pee 

The seamount is capped by & well-defined shelf (Emerson 
K Plateau) of mean depth 40 fathoms from which rise 
several eminences, particularly near the margins, of which 
the highest is the steep and rugged Oollins Peak. The 
Emerson K Plateau occupies an area of approximately 
5 square miles. The consistent depth of the Plateau and 
the frequent recovery from it of rounded boulders and 
pebbles suggest strongly that it is a wave-cut platform 
which probably co nds to a eustatically lowered 
sea-level during the Pleistocene. Another persistent 
bevel, probably also wave-cut, was noted on most traverses 
at & mean depth of 60 fathoms (see Fig. 1, profile). 

A & ton of bottom samples waa recovered 
by air-lift dredge at six different localities and several 
specimens of bedrock in situ were collected by scuba 
divers. 

The rugged submarine outcrops on Collins Peak are 
E of a dense green phonolite which comprises 

nepheline phenocrysta set in an aphanitic ground- 
mass of nepheline, aegirine—augite, a little alkali felspar 
and iron ore, with much clear isotropic glass. A **K/*Ar 
determination made on & sample of the phonolite by Dr. 
Ian MoDougall in the Department of Geophysics, Aus- 
trahan National University, has yielded an age of 11-0 + 
0-3 million years. Owing to the possibility of loss of argon, 
this value must be regarded as & minimum age. 

All rock samples taken on the Emerson K Plateau 
consisted of medium to dark brown tuffaceous agglomerate 
or voleanie ash of basaltic composition, many of them 
rounded. A few rounded boulders of black amygdaloidal 
olivine basalt were recovered only at one station, south 
of Collins Peak. 

Geomagnetic measurements were made over approxi- 
mately 60 traverse miles with an Eleeo proton precession 
magnetometer by Mr. K. Biesheuvel of the Anglo- 
American Corporation. Preliminary results indicate a 
regional magnetio fleld intensity of 29,700 + 100 y at 
some distance from the seamount. An area of low mag- 
netic values (20,000 y) is centred on Collins Peak, with 
values of 29,400 and 20,850 y, respectively, to the north 
and over the south-eastern edge of the Emerson K 
Plateau. Several local anomalies on the plateau show 
‘ows’ to the north accompanied by ‘highs’ to the south, 
which suggests that the causative bodies are reversely 

etired. 

As an isolated peak in the ooean, reaching within the 
zone of sunlight tration but separated from the 
neighbouring alsa and islands by barriers of depth 
Vema Seamount harbours an 
and abundant biological com- 
loitation. 

At all dredging stations on the Emerson Plateau 

great quantities of rounded calcareous accretions up to 
8 in. di were recovered. Many of these have a 
botryoidal outer surface with a thin pink algal coating, 
beneath which are concentric calcareous layers which 
in many examples surround a small rounded pebble of 
volcanic ash. After a cursory examination, Prof. J. H. 
Day reporta that the encrusting material consists mainly 
of ooralline or lithothamnian but includes also 
non-calcarecus algae, Foraminifera of at least two 
species, sponges, serpulid and other worm tubes, and 
Bryozoa. 
Steep-sided rock gullies on the bottom contain accumu- 
lations of finely comminuted calcareous debris which 
include srenaceous and calcareous Foraminifera, several 
species of gastropod, pelecypod and bryozoan fragments, 
some echinoderms and worms. 
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Collections of sessile benthic fauna and flora were made 
from depths ranging from 14 to 40 fathoms by scuba 
divers and the air-hft dredge. The rocky bottom is 
covered by a prolific and varied growth of sponges, 
hydroids, sacidians, a large species of holothurian, and 
seaweeds with abundant kelp (Hoklonia sp.) The fresh 
remains of three amall oysters were recovered at one 
locality. It is of interest to note that the composition 
of the benthic fauna is not typically South African and 
appears rather to show xoogeographio affinities with 
Tristan da Cunha. 

Rock lobsters (Jasus tristani) were observed in great 
numbers by scuba divers and 111 were recovered for 
examination. The sample comprised 88 males and 28 
females, with very fow juveniles. The most abundant 
size (cophalothoracic length) of the males waa 55—59 in. 
and that of the females 3-9—4-3 in. Of particular interest 
is the similarity to the rock lobsters of Tristan da Cunha. 
Intensive commercial exploitation of this community is 
now in progress, and examination of a large sample of the 
initial catches has confirmed the size frequency distribu- 
tions aa observed during the expedition. Further catches 
will be examined at regular intervals, as the intensive 
exploitation of the restricted and geographically isolated 
population on this seamount should afford a unique 
opportunity of observing the effect of fishing on & virgin 
resource. 

An abundance of fish was observed by scuba divers 
and confirmed by band-line fishing with the following 
results: 


Species No. caught Size range (1n.) 
Seriola lalandi 58 27-48 
Acantholatris monodactylus 42 15-25 
Potyprion 3 30-40 
Deogpterus longimanus 4 10-12 
Unidentified species 3 +10 


The similarity to fish from Tristan da Cunha is again 
striking. No sharks or other elasmobranchs were observed 
(sea surface temperatures varied between 18-3° C and 
18-8" C) although many have appeered,on the scene 
since the onset of commercial fishing operations. 

Over the seamount random currents of variable direc- 
tion, strength and duration were very evident during the 
course of the survey, which lasted four days. As the 
Emerson K was not equipped with hydrographic winches 
or davita, observations with regard to hydrology and 
planktology were necessarily restricted and will have 
to be augmented by further observations during a pro- 
posed visit by an oceanographic research vessel to the 
seamount in the near future. According to Mr. M. J. 
Orren and Dr. A. de Decker of the Division of Bee Fisheries, 
who analysed the hydrological and planktological samples 
respectively, the temperature and salinity values on and 
around the seamount are characteristic of Central South 
Atlantic Ocean waters and, further, suggest local sub- 
surface upwelling of cold, nutrient-rich Antarctic Inter- 
mediate water, which has a strong northerly component 
of flow in thia region. This view is strengthened by the 
presence, in a single vertical plankton haul which was 
taken above the plateau, of the copepods Calanoides 
corinatus and Calanus tonsus (typical of Sub- Antarctic 
water) among a greet majority of Bouth Atlantic warm- 
water forms. The sample as a whole revealed a rich 
plankton community with a high volume for an oceanio 
station. More than 40 adult euphausiids (Puphausia 
recurva and Thysanoessa gregaria) indicate a high organic 
production. 

All the data and material collected from the seamount 
are being processed by specialists who will in due course 
publish the resulte in greater detail. Only the uppermost 
one-tenth of the seamount was examined during the 1964 
visit and much material remains to be collected in the 
course of future cruises. 
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STRONTIUM ISOTOPE COMPOSITION AND POTASSIUM-RUBIDIUM RATIOS 
IN SOME ROCKS FROM REUNION AND RODRIGUEZ, INDIAN OCEAN 


By Dr. IAN McDOUGALL and Dr. W. COMPSTON 
Department of Geophysics and Geochemistry, Australian National University, Canberra 


HE isotopic composition of strontium and the 

potassium idium (K/Rb) ratio are useful geo- 
chemical parameters in the understanding of the genems 
of history of rocks!*, Because most volcanic rocks in 
oceanio regions must be derived from the upper mantle 
with the minimum possibility of contamination from 
crustal materials, the examination of such rocks is of 
value in placing restrictions on the composition and 
chemical evolution of the upper mantle. 

In this article we present results obtained on a series 
of rocks covermg a wide range of composition from 
the volcanic island of Réunion, Indian Ocean. Two 
samples also were analysed from Rodriguez, an island 
which lies about 800 km east of Réunion. The aims of 
the work recorded here were first, to contribute to the 
question of the geographic homogeneity of the isotopic 
composition of strontium and the K/Rb ratio in rocks 
derived from the upper mantle, to which end much current 
work has been directed!,'-U Secondly, we wished to 
use these two parameters to examine the relationship 
between tho various rock types, and to see whether a 
correlation existe between the values found and the bulk 
chemical composition of the rocks. 

Réunion lies near the south-west limit of the Mauritius— 
Seychelles Ridge, some 700 km east of Madagascar. 
The island 18 elliptical in outline with major diameter of 
75 km and minor diameter of 55 km; it is built of two 
volcanoes. Piton dee Neiges, an extinct volcano, occupies 
the north-western two-thirds of Réunion, and rises to an 
altitude of 8,069 m. Much of the original form of the 
volcano is preserved, although the central parta aro 
deeply eroded into spectacular ‘cirques’, in which volcanic 
breccias are of common occurrence. Rivals!* and Upton 
and Wadsworth" showed that Piton des Neiges is built 
of basaltic lavas covered by an extensive veneer of later 
lavas consisting mainty of alkali andesites. Piton de la 
Fournaise, which forms the south-eastern part of Réunion, 
is an active volcano rising to an altitude of 2,031 m. It 
is constructed entirely of basaltio lavas. Most of the rocks 
that have been analysed from Piton de la Fournaise are 
normatively slightly undersaturated with respect to 
silica, but rarely show nepheline in the norm. Tilley" 
noted that these basalts are tholeiitio, and the few analyses 
available from Piton des Neiges suggest that this volcano 
also may be built of tholeiites. Petrographic examination 
of a number of samples lends support to this conclusion. 
The voleanoes of Réunion appear to be very similar as 
ee a en ee the Hawaiian 
Islands, although the potassium content in Réunion 
tholeiites is considerably higher than in tholeiites from 
Hawaii. Most voleanoes exposed in oceanic basing 
appear to be composed of alkali lavas; however, based 
on the evidence from Hawaiian volcanoes, Tilley" sug- 
gested that the primary magma in oceanic regions may be 
tholetitic basalt, from which the alkali lavas are derived 
by fractionation. This conclusion is strongly supported 
by recent investigations of samples dredged from the 
ocean floors!'. In 1964 samples were collected from 
Réunion by the senior author for K-Ar dating, palaeo- 
magnetic and geochemical, including isotopio, investiga- 
tions. Preliminary dating on these rocks we that the 
older basalte of Piton dea Neiges are about 1 my. old, 
with some later basalt flows as young as 0-5 m.y., and 
that the veneer of alkali andesites is younger than 0-5 my. 
Piton do la Fournaise has been active over at least 0-19 m.y. 


The rocks chosen for analysis in the work recorded here 
cover & wide range of composition. From Piton des 
Neges three basalts, three alkali andemtes and a syenite 
were analysed. From petrographic examination the 
basalta appear to be tholeiites, and the alkali andeeites 
(1257, 1264) resemble hawazites, whereas 1260 is similar 
to mugeerite. The syenite sample (1266) ıs from an 
irregular transgressive sheet more than 100 m thick 
intrusive into agglomeratic material in Cirque de Cilaos. 
This rock, deecribed and analysed by Lacroix, is a 
peralkaline syenite consisting mainly of perthitio feldspar 
with aegerine and soda amphibole. Of the two samples 
analysed from Piton de la Fournaise 1263 1s an olivine 
basalt (tholeiitic ?) from a series of thick lava flows, 
possibly filling an old caldera in the older parta of the 
voleano. Sample 1267 is a tholeiitio picrite basalt 
(ooeanite) from the 1961 lava flow. 

Rodriguez is an extinct volcano, the exposed lavaa 
of which are alkali basalte!'. Two basalts, dated at 1-3— 
1:5 m.y. old, were analysed in this investigation. 

For the determination of *’8r/*8r, strontium from 
representative aliquots of 50-g whole rock samples waa 
concentrated by cation exchange, and isotopically analysed 
as the choloride on a 12-in. radius of curvature 60° sector 
maas spectrometer using a triple filament ion source 
and a single plate collector. Isotope ratios were measured 
by itchi the accelerating voltage; details of this 
technique be given elsewhere. Measurements were 
made with the oollected “Sr beam equal to 2:5 x 10-4 
amperes or greater and the digitized output system de- 
scribed eazlier!* was used to obtain sensitivity and linearity 
at the 0-05 per oent level. Corrections to the measured 
Sr/*8r were not more than 0-5 per cent for “Rb and 
0-05 per cent for the ''Sr tail, and averaged a few tenths 
of 1 per cent for normalization to a standard **8r/*Sr 
value of 0-1194. 

The observed variance in normalized "Sr/**8r under 
these conditions is about 0:5 x 10 from eight oompari- 
sons with magnetically switched ratios rapeseed n 
identical samples with a 6-in. 90? sector mass spectro- 
meter. This indicates that a single *'Br/**B8r measurement 
on an unknown sample will fall within + 0-0006 of the 
true value at the 95 per cent confidence level. Voltage- 
switched measurements on the Eimer and Amend standard 
SrOO;, which averages 0.7082 for *’8r/“*8r, give a oom- 
perable estimate of variance based on a amall number of 
independent analyses; additional measurements are now 
in progress. Because the rocks analysed are so young 
no age correction has to be made to the measured *'Sr/ttSr 
values. 

Rubidium was determined by isotope dilution and 
potassium was measured by flame photometry after the 
method of Cooper!*. The precision of both rubidium and 
potassium meesurementa is better than +1 per cent at 
the 95 per cent confidence level, and the accuracy is 
regarded as better than 2 per cent. Data are given in 
Table 1, and localities of the samples are given in the 
Appendix. 

The measured f'Sr/**Br values for the samples from 
Réunion fall within the extremely narrow range 0:7040- 
0:7046, and average 0:7044. These values are experi- 
mentally indistinguishable from one another; there is 
no difference between the *8r/*8r for rocks from Piton 
des Neiges compared with Piton de la Fournaise. This 
remarkably low range in ‘’8r/**8r indicetes that the 
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Table 1. POTASIOA AXD BUBIDIUX CONCENTRATIONS AND THE ISOTOPIO CONPOEFTION OF STRONTIUM IN ROCKS FROM RÉUNION AD RODRIGUM 








Bample No. (GA) |  "Br/"Br 
0 TO44 
1356 0 roi] 402 
1256 0 7048 us 
1901 0 7044 891 
1157 0-7042 850 
1260 0 7044 $15 
1264 Q-7044 320 
1266 0-7048 370 
1263 0-7040 - 384 
1167 0-7040 343 
1253 0 7039 us 
1254 0-7040 208 








Rock type and locality 





Oltvine basalt (tholefite) Grande Montagne 











source region of all these rocks was very homogeneous 
in ita "Sr abundance. It implies a close genetio relation- 
ship between the basalts and alkali andesites, and it is 
consistent with the view that the later alkali lavas were 
produced by fractionation of tholeiitio magma. 

The samples analysed show a wide range in bulk 
chemical composition; for example, silica is lees than 
50 per cent and probably about 47 per oent for the basalts, 
and even lower for the picrite basalt, whereas the syenite 
has 64 cent silica. Thus, at least for the range 
of samples analysed, there is no evidence in Réunion for 
a change in the *'Br/**Br with bulk composition as found by 
Leeamg and Catanzaro’ and Hamilton’ in Hawaii and by 
Gast e al.” for voloanio rocks from Gough and Ascension 
Islands. 

The two alkali basalts from Rodriguez have "Sr/*8r 
values of 0.7039 and 0:7040, and have measured silica 
contents of about 47 per cent. 

The *8r/*8r values for the Réunion and Rodriguez 
rooks he in the middle of the obeerved range of 0-702— 
0-706 for this parameter for essentially all oceanic voloanio 
rocks that have been That there are real local 
and regional variations in ''Br/*f&r within this narrow 
range of values, and rarely beyond, has been demon- 
atrated*, and this provides evidence for inhomogeneity in 
the strontium isotope oo tion of the oceanic up 
mantle. In the context of the restricted area sampled 
for the present study there is no evidence for local varia- 
tions in the strontium isotope ition. Gast et al.* 
showed that the isotopic composition of lead is a much 
more senaitave indicator of variation in the source regions, 
and it 18 planned to undertake such measurements on 
the rocks used in this investigation in the near future. 

Because of the similarity in ionio charge and eleotro- 
negativity of potasium and rubidium these elements 
form a coherent geochemical pair. Some enrichment in 
rubidium relative to potassium may occur with magmatic 
differentiation owing to the larger size of the rubidium 
jon3}. 

In the Réunion samples there is a tendency for the 
K/Rb ratio to decrease with increasing potassium. content. 
The two older basalts fram Piton des Neiges have ratios of 
450, and the younger basalt (1261), of comperable potas- 
mum content, gives a somewhat lower value of 890. The 
basalt and piorite basalt from Piton de la Fournaise, which 

i have higher and lower potassium contents 
than the Piton des Neiges basalta, yield K/Rb values of 
about $40. Hence, there appears to be an indication of 
a real difference between the lavas from the two voloanoes. 
The three alkali andeaites from Piton des Neiges show 
K/Rb ratios of between 350 and 820, which are consider- 
ably lower than those found for the beselts fram this 
volcano. The two alkali basalts from Rodriguez have 
K/Rb values of 800-340. 

Except for the two older basalte from Piton des Neiges 
the measured K/Rb ratios on samples from Réunion are 
all lower than those reported! for rather similar lavas from 
Hawaii, where an average of about 510 was found for 
rooks with a potassium content of less than 2 per cent. 
However, the values of between 800 and 350 are similar 
to the K/Rb ratios reported for average crustal and 
oceanic basaltic rocks!:1*, 





The K/Rb ratio of 870 for the syenite from Piton des 
Neiges is high with the alkali andesites from 
this volcano, even though the potassium content ia 
over a factor of two greater. This indicates impoverish- 
ment of rubidium relative to potassium; such behaviour 
seams to be characteristic of gyenites and may be related 
to restricted entry of rubidium into the sodium-rich 
alkali fel of these rocks™:*. 

We Dr. B. G. J. Upton and Dr. W. J. Wadsworth 
for their advice and R. Fanucci and E. Hugot for asist- 
ance while one of us was in Réunion. M. J. Vernon 
carried out the rubidium and strontium chemistry and 
J. A. Cooper made the potassium measurements. We 
also thank Dr. K. S. Heier for his advice. 


APPENDIX 
Rodrigues 
GA 1253: Alkali ovine basalt, south side of Bale Lascar 10° 44° 10° B, 
63° 19 50* B. 
GA 1254: Alkal! ollvine basalt, Pointe Monnier. 10° 40° 45", 65° 24’ 45". 
Rimmon 


GA 1255: Oltvine basalt (tholetitic), la road at Ravine Lafleur. 
Giana Montagne mamit, Pion dee Reto Bi’ 62° 8, 55° 91^ 11° E; 
fade m. 


GA 1256: Oltvine basali (tboleittic), la Montagne road 0 5 km south of le 
Dix-Huttleme. Grande Montagne masmf, Piton des Netges. 20° 54’ 40", 
55° 25' 52°; altitude 620 m. 


GA 1257: Alkali andesite (hawatite 1), western fanka of Piton Soe go 
Road OD 4, 1 km south of le de NK at Ravine Tete Dure. 20° 59 38”, 
55° 19 42"; altitude 460 m. 

GA 1250: Alkali andesite ( te 1), western flanks of Piton des Neiges. 
Road OD 18 at Ravine de la F 21° 8 55”, 55* 10’ 50^; altitude 440 m. 

GA 1261: Olivine basalt (kholeli tic), le Brak road (OD 4$) 3 km south of Bt. 
Denis; Piton des Neiges. 20* 53' 43", 56° 37' 2°; al m. 

GA 1283: Olivine basalt on track from Piton dane Bout Into the gorge of 
Riviere des Remparts, Piton de la Fournaise. $1* 11' 13”, 65° 38’ 15"; 
altitude 1,720 m. 


GA 1204. Alka andesite (hawalite ?) on track from Hell 
de Belouve, Cirque de Balaxie, Piton des Neigea. 21° 2 47°, 
altitudo 1,430 m. 

GA 1266: Byentte at la Cha on Bras Rouge, Cirque de Cilacs, Piton des 
Nage. 21° 7’ 177, 55° 27 87°; altitude 820 m. 

GA 1267: Piorite basalt (oceanıto), 1051 lava flow from Ptton de la Four- 
naue. Grand Brfilé on N 32,2 south of Rempart de Bou Blanc, 21° 
13 32", 55° 48' £0"; altitude about 100 m. 


to Plateau 
* 31' 52'; 
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STRENGTH OF ALUMINIUM NITRIDE WHISKERS 


By D T. J. DAVIES and Dr P. E. BPVANS 
Department of Metallurgy, Manchester College of Science and Technology 


Ae of the strength of materials, from an 

atomistic point of view, predicts that the ratio, a, of 
fracture stress (c) to initial strain (s) in atomic bonds will 
be of the order of 10 per cent H (E = Young's modulus). 
A value of « of this magnitude should be obtainable for 
perfect crystals. Whereas in practice yielding occurs in 
high-strength structural materials when a is about 1 per 
cent E, it has been known for a long time that whiskers or 
fibres of almost all materials, with diameters of ~ 10+ om, 
and large diameter ratios show values of a near to 
the ideal value. Non-metallic whiskers having mixed 
ionio/oovalent bonding with low specific denmties and 
high melting-points have been examined as ening 
media for flbre-reinforoed materials?. Analysis of fibre- 
reinforced systems have recently been made by Cottrell’ 
and Kelly’. 

Aluminium nitride is a refractory material which may 
be considered suitable as a fibre-reinforomg material. 
Whiskers of this material were prepared by heating 
alummium nitride powder (contamed in an alumina 
crucible), at temperatures up to 1,820? O in an alumina 
tube in & flowing atmosphere of high-purity nitrogen 
diluted with high-purity argon. Chemical and X-ray 
analysis of the whisker product confirmed that the 
whiskers were aluminium nitride. The whiskers formed 
on cooler sections of the container. It is suggested that 
the whiskers grow by process of dissociation of alaminium 
nitride powder at the operating temperature with sub- 
sequent growth of whiskers, from a vapour phase, at a 
cooler substrate. Straight whiskers, about 18-20 mm long, 
were formed after 15 h at temperature, giving an average 
growth rate of about 1-5 mm/h. Some of the whiakera with 
good morphological symmetry had ‘kinks’ and ‘branches’ 
(Fig. 1) and it was also observed that a whisker changed its 
axial growth direction by about 2° (minimum) to 20? 
(maximum) over ita length. Platelets formed at slightly 
higher temperatures showed surface striations (Fig. 2); 
under oblique illumination these striations appeared to be 


Table 1. BEND STRENGTH oF a NITRIDE WHISKERS (S = 50x 10° 
Jm, 


No. Er c 
(nx 109 nection (m) (o 77^, Dm) g% 

1 T$ 25x« 4-0 60 1 04x 10° 2-08 

2 42 25x 3-0 58 1-08 x 10* 2-16 

3 50 28x3-5 72 0 97 x 10° 1:93 

4 Tb 71 1,820 99 x10* 0-02 

5 52 6 5 (bex 1,720 95 x10* 0-18 

6 5-0 55 (hex 1,900 7°25 x 10* 0-03 

7 82 80x80 76 10 x10* 200 

8 8&3 8-0 x 101 x 10* 1-25 x 10* — 

25x10 
(platelet) 

9 47 35x 2-5 78 08 x10* 160 
10 43 87x28 8? 0 88 x 10* 176 
11 50 40x22 2,500 22 «10 — 
12 52 80x25 10* 67 x10* — 
All t No. 6 were immersed in all d 


an 
e of the MA UNE ere Dog bent abadi MIS REO otosi: 
axs Specomens 4, 5 and 6 were produced Image furnace! ; 
these specimens with a hexagonal tbe mean diameter 
Table 2. TEWSILE MEASCREMENTR (Gaves LENGTH 1-0 cm) 
Whisker Load at stress (c) 
No. (Qu) fracture (g) (per Ib./fn.)) 
1 10x 88 271 1:02 x 10* 
2 17x 22 188 0 72 x 10* 
3 9x 42 260 0 98 x 10* 
4 11 x 87 268 0-94 x 10° 
5 10x89 272 0-99 x 10* 
6 x 45 268 1-06 x 10* 
7 26 3 mean diam. 62 0-14 x 10* 
8 28-6 mean diam. 53 0-18 x 10* 


growth steps and not slip planes perpendicular to the 
major growth axis. The resulta of bend and tensile 
strength determinations on whiakers ere given in Tables 1 
and 2. 

Bond-strength tests. The whiskers were subjected to 
bending on a Reichart microscope stage. Fig. 3 shows a 
typical bend in a whisker before fracture. All these tests 
were conducted with the whisker lying in a film of oil. 

For perfectly elastic bending, the tensile stress in tho 
outer surface of & fibre can be expressed as: 

Er 


gz— 


where c = tensile streas in outer flbre; E = Young's 
modulus; r — radius of flbre; p — radius of curvature. 
It was obearved that fracture occurred most frequently 
in whiskers contai common types of structural im- 
perfections, that is, low-angle kinks, whiskers with twists 
of about 10° along their length and whiskers with surface 
growth steps. 

The majority of whiskers were extremely flexible and 
it was sometimes difficult to obtain a sufücently small 





va ia 
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radius of curvature to induce fracture. Whére fricture did 
not occur the bent whiskers reverted to the initial shape 
when the constraint was removed. The resulta of bend 
testa on whiskers of different cross-section are given in 
Table 1. ; 

From direct observations of the whiskers during- bending 
and from the results of Table 1 it was concluded that: 

(a) The maximum sbrength and flexibility were adso- 
ciated with whiskers of small oroes-section &nd' large 
length : diameter ratios. These whiskers also possesaed 
amooth and apparently defect-free surfaces. 

(b) Whiskers with an hexagonal croas-section had poor 
strength. 

(c) When the bending moment was applied on the 
shortest side of a whisker section the whisker showed low 


(d) The presence of an oil film appeared to improve the 
strength of the whiskers, possibly by reducing the chance 
of surface damage. 

(e) All whiskers fractured within the elastic limit. 

Tensile testing. The tensile strength of whiskers was 
measured with an ‘Instron’ tensile testing machine with a 
load cell giving full-scale deflexion for 400 g. The whiskers 
were mounted on & reinforced cardboard holder with an 
accurately punched gauge length of 1 cm. Some of the 
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whiskers tested had a taper of about 2° over the gauge- 
length; for these the cross-sectional area was taken as the 
average of the minimum and maximum measured. 
Although more than 50 specimens were mounted and 
tested, only 8 of these fractured within the gauge-length; 


.& large percentage of fractures occurred at the baso of the 


mounting resin. The resulta are given in Table 2. 

All fractures occurred without plastic deformation 
taking place. The fracture surfaces showed that all the 
fractures were conchoidal. The lower strength of the 
whiskers of onal cross-section is not completely 
understood and, although these may contain axial voide, 
examination of the fracture surfaces did not reveal this 
phenomenon. Excluding specimen number 2, the mean 
value of the experimental tensile fracture streas of the 
first six specimens is 1-0 x 10° Ib./im.*, that 18, about 
2 per cent E. Transmission electron microscope examin&- 
tion of a large number of thin whiskers and platelete has 
not, so far, provided conclusive evidence of the presence 
of dislocation. 


eas W: H, and Chame, J., Met. Eng. Quart. Amer. Soc. Ma., 3, 44 
3 Cottrell, A. H., Proc. Roy. Soc., A, 882, 1 (1004). 

* Kelly, å., Proc Roy. Soc., A, 898, 63 (1064). 

i Hvans, P. E , and Davies, T. J , Nature, 187, 507 (1063). 


OPENING ELECTRICAL CONTACT: BOILING METAL OR HIGH- 
DENSITY PLASMA? 


By Pror. F. LLEWELLYN JONES, C.B.E.*, and M. J. PRICE 
Department of Physics, University College of Swansea, University of Wales 


"T processes occurring at the opening of a low-voltage 
(~4 V) eleotrical contact have considerable funda- 
mental physical interest as well as having practical 
importance in the fleld of electronic and communication 
engineering. It is well known! that, starting with the 
electrodes closely preesed together in the fully closed 
position, the opening process leads to a constriction of the 
current stream lines, which can produce intense local 
heating and melting of the penultimate microscopic 
region of contact. The maximum temperature in the 
contact is related to the potential difference by the wy, 0 


theorem: 
Om 
i 3a] 
$2|2|.d0 (1) 
0 

where j = & generalized potential equal to the electrical 
potential in the &beenoe of thermo-electric effects, 0 = 
piss ecto = thermal conductivity and x = electrical 
conductivity. Thus, on gradual separation of the oleo- 
trodes the constriction resistance increases and the 
temperature rises up to and the melting-point of the 
metal. On continuing the withdrawal the molten volume 
thus increases and geta drawn out into a microscopic 
bridge of molten metal joining the solid electrodes; the 
contacts finally separate and the circuit opens only when 
this bridge is broken. The rupture process, however, 
can be very icated and lead to transfer of metal 
from one el e to the other, & prooees which, when 
continually repeated, can lead to the ‘pip’ and ‘crater’ 
formation which renders the contacts useless after some 
time. There is evidence! to show that the matter trans- 
ferred per operation (— 10-3! om? in & 5-amp circuit) is 
related to the size of the molten metal bridge (width 
—10- am/amp), so that the stability, growth end 
final rupture of the bridge are & matter of importance, 


* Present address: Scientific Research Council, Radio and Space Research 
Station, Datchet, Buckinghamshire. 


not only from practical considerations, but also from the 
point of view of the physical properties of metals in the 
molten state and at temperatures. 

Tn the first place, an important condition of equilibrium, 
at least in the earlier stages, is that which depends on the 
application of surface tension forces. The shapes of the 
bridges would then be surfaces of revolution satisfying 


the equation: 
ap = TG +R) () 
p I R 


and these are unduloids, catenoids or nodoids according as 
Ap is positive, rero or negative regpectively*. Photographs 
of static microscopic bridges have indeed confirmed that 
these stable shapes can be attained!. In the later stages 
of opening Ap will be negative, and experiment has 
established that the final stable shape is usually the nodoid. 
The $, 0 theorem shows that the hottest region of the 
mioroscopio molten metal bridge between like electrodes 
will probably be the narrow neck and, at first sight, it 
might appear that this is the region at which the bndge 
is most likely to break. However, detailed inveetigation 
of this final process raises some important problems in 
the physics of metals at high temperatures, and, in 
particular, near their boiling points. 


Mechanisms of Break 


It can be seen at once from the Q, 0 theorem that the 
mechanism of rupture of the molten metal bridge involves 
the physical properties of the metal, not at any one temper- 
ature, but over a wide of temperatures up to boiling- 
point, and a number of different processes of rupture are 
possible. 

In the first , continued separation of the electrodes 
and the drawing out of the bridge increases the contact 
reaistance Re; consequently, the contact voltage V, 
(= R.I.) for a given circuit current I. continually rises. 
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Inspeotion of the p, 0 theorem shows that the maximum 
temperature Ôm oo increases; in fact, it is 
readily seen by using the iedermann-Franr law that, 
when V, exoeeds about 1:5 V, the corresponding value of 
0. from (1) exceeds the boiling-point of any known 
metal. Thus, this process of rise of maximum tempera- 
ture may well continue until 0a reaches the int 
0» 80 breaking the molten metal bridge. Tho voltage V» at 
which this occurs is called the boiling voltage, and is 
related to 0» by equation (1). Further analysis‘ of the 

, 9 theorem shows that, since the relationahip between 

and 0 depends on the variation of A/x with 0, thermal 
instability oan oocur for certain functional relationshipe 
of A/x with 0, in Which case a sudden rise of Ôm up to the 
boiling point can, in certain circumstances, take place. 
Measurements of the contact current, potential difference 
and maximum temperature, and ite location, enable a 
determination to be made of the transport properties of 
metals such as their thermal and electrical conductivities 
and Thomson ooefficients and their dependence on 
temperature to be determined for the molten state at high 
temperatures'. 

These thermal effects, however, are not the only pro- 
cesses which may sever the bridge. For example, the 
electromagnetic pimch effect might well, with large 
currents, so constrict the bridge at the narrowest, hottest 
and therefore weakest point as to rupture it there. 
Again, the known varistion of surface tension with tem- 
perature is an i t factor influencing the stability 
of the bridge, the oonsequenoes of this can only be 
neutralized by the influence of surface impurities or 
compensating internal viscous motions in the bridge. 
Restriction due to the size and geometry of the actual 
electrodes in & given practical contact might well prevent 
the continued formation of the stable nodoid form, and 
instability could result. 

The shape and volume of the final bridge and 1ta mechan- 
ism of rupture are very important from the practical 
- point of view on account of their relation to the rate of 
matter transfer on rupture. For example, suppose that 
a thermo-electric effect displaced the hottest section of 
the molten metal bridge towards one electrode, then it 
follows that the rupture at that particular section could 
have the effect of producing net transfer from one electrode 
to the other. The amount transferred may then only be 
that of the hottest region in the neck. On the other hand, 
if, in a different process of rupture, the molten metal 
bridge disintegrated as a whole and was transferred to 
one or other electrode (say, by mechanical splashing of 
minute droplets), then in this case the matter transfer 
could be relatively high and this, of course, could have 
serious practical effects. 

Thus, the precise processes of the actual opening of the 
circuit are & matter of considerable practical and theoreti- 
cal importance, and these phenomena have been under 
investigation at Swansea for some time. The relationships 
of the size of the molten metal bri to the current and 
to the matter transferred per operation and the local self- 
inductance have been investigated!:*-19, 

Aoocurate measurement of the amount of metal of a given 
electrode (^ 10-13 g) actually transferred on the rupture 
of the molten metal bridge was found possible using the 
radioactive tracer technique, and & very rapid variation 
with local inductance, particularly in the range 10-* to 
10> H, was found for a number of metals and, partiou- 
larly so, for platinum';*-*. Further, optical examination 
of the crater formed on bridge rupture indicated that in 
some metals the whole volume of the molten metal bridge 
took part in the transfer. The-ahape and volume of the 
mioroeoopie bridge were determined from the geometry 
of the melting isothermals in each electrode after rupture. 

Facts such &s these are difficult to reconcile with the 
picture of matter transfer ing as the result of a 
mechanical splashing of small dropleta formed from the 
disintegrating molten metal bridge. On the contrary, 
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they are more consistent with the view that the transfer 
may well be ionic, the motions of the ions being determined 
by the oscillatory electric fleld between the electrodes 
after the bridge has broken. For reasons such as these an 
alternative view was put forward based on the production 
of a micro-plasma, possibly initially formed at the broken 
neck of the molten metal bridge". Consequently, in 
recent years effort has been directed to finding direct 
evidence for the existence of such a plasma. It will be 
appreciated that, owing to the speed of events in the final 
stages of the development of the molten metal bridgo, 
extensive expansion of the plasma to & size which can 
readily be seen may not take place. In fact, particularly 
in the presence of & high-preasure ambient atmosphere, a 
plasma of metal vapour might well be severely restricted 
in size throughout its short life. 


Photography of the Microscopic Molten Metal Bridge 

Early attempts to photograph the development of the 
exploding bridge were to cases in which it would 
be expected that surface tension would be the dominant 
controlling force and large stable bridges obtainable. 
Such photographs have been previously obtained for large 
iron bridges in air’, In appropriate circumstances the 
oxide film on the surface would ensble s constant surface 
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tension to be set up over the whole surface, and thus 
produce stability in socordance with (2). 

A number of standard ciné films (25 f.p.s.) were taken 
of the formation, development and final rupture of the 
bridge, and many thousands of frames were examined in 
the hope of finding an illustration of the actual rupture. 
One or two frames were found which showed that the 
actual rupture might not be a simple parting of 
the nodoid, and this indicated that it was necessary to 
use high photography if rupture was to be examined 
in more il. There were considerable difficulties in 
the high-speed photography of the molten bridge mainty 
on account of the small area to be photographed (< 10+ 
amt), the low luminosity for metals other than platinum 
and and the diffculty sasociated with the 

ization of the oeznere and the phenomenon to be 
photographed. A oertain degree of elusiveness of the 
bridge at all stages of ite life also made photography 
difficult. However, an optical system incorporating a 
high-speed camera was designed and constructed to 
examine the development of & molten metal bridge for 
time-intervals down to about 10 psec. In this way a large 
number of metala were investigated under varying condi- 
tions of ambient atmosphere and pressure. Some pre- 
liminary photographs thus obtained were shown st 
conferences at Oklahoma’, at Grez’ and at Berlin’. 
Beta of later photographs giving & succession of frames 
extending over a total time of s few milliseconds covering 
in some detail various phases of the rupture of the micro- 
scopic molten metal bridge are given here. The results 
for iron are of particular interest in that they illustrate 
the three different aspects of the rupture process discussed 
here, and these are given in Figs. 1, 2 and 3. 

Fig. 1 shows a series of photographs at & rate of 10* 
frames per seo and deals with iron in air. Doubtless on 
account of consequent oxidation affecting the surface 
tension, well-ahaped stable bridges were formed after 6 
number of operations, and these are in accordance with the 
theoretical prediction of the stable nodoid. Stability 
could be controlled by surface tension forces, and the fact 
that the bridge ruptured when the hottest section boiled is 
clearly indicated by the photographs, which show the two 
white-hot separate parte of the bridge after rupture. 

Fig. 2 illustrates & leas stable oondition in which the 
degree of oxidation was such that the surface tension could 
not be maintained constant over the surface. In such 
cases stability can only be produced by internal viscous 
motion, and this is consistent with the effect illustrated 
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by the rapid change from frame to frame in the location 
of the hottest region of the bridge surface. 

In order to minimise the effect of surface tension forces 
in establishing stability, the iron surfaces were cleaned. 
bya glow-discharge treatment in hydrogen and the contact 
was also operated in a vacuum in order to avoid further 
oxidation. The development of the bridge in this case 18 
illustrated by the series in Fig. 3. This is dramatically 
different from the two series in Figs. 1 and 2 in that the 
molten metal bridge no longer severs over & very small 
section while the bridge remains in the liquid form. 
On the contrary, in this case an electric micro-discharge 
appears to have been formed from the completely exploded 
bridge, producing & high-density plasma of peat bright- 
nees the duration of which is leas than 100 usec and 
probably lees than 10 psec. On account of the inability 
to expand appreciably in these canditions, the particle 
density in the micro-plaama must be extremely high. 

Similar effecta have been found for other metals, and 
the radio-tracer technique enables the directions of the 
metallic transfer occurring during this short existence of 
the plasma to be measured. 

Wo thank Mr. Ieuan Maddock of the Atomic Weapons 
Research Eatablishment, U.K. Atomic Energy Authority, 
Aldermaston, for the loan of a high-speed camere and for 
advice. One of us (M. J. P.) is also grateful for the award 
of a Department of Scientific and Industrial Research 

uate research studentship. Thanks are also due 
to the Royal Society for a grant for the purchase of precious 
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BASAL PLANE CONTRACTION IN GRAPHITE DUE TO MONO-VACANCIES 


By B. T. KELLY 
United Kingdom Atomic Energy Authorlty, Reactor Materials Laboratory, Culcheth, Warrington, Lancashire 


| [coser tations s earn of years that crystals 
of graphite expand along the oc-axis direction and 
contract along the a-axis direction under fast neutron 
irradiation. The dimensional changes of the o- and a-axis 
lattice parameters have been observed by X-ray diffrao- 
tion?" and it is found that the fractional change Aojo in 
the c-axis lattice parameter is positive and the fractional 


orystal either exceed or are equal to the lattice parameter 


The growth of the crystals in the c-axis direction is 
explained by the presence of interstitial atoms between the 
Eg e, dual prad The inequality between e, and Acjo 
has been explained by Simmons and Reynolds‘ as due to 


the aggregation of these interstitial atoms into small new 
layer planes which contribute to crystal growth but not, 
of course, to lattice parameter changes. The c-axis growth 
of the crystal may be expreased in terms of the interstitial 
atom concentration C, as: 


ze = KO: (1) 


The constant K is of order unity, tending to decrease to 
a limit of unity with increasing aggregation of the inter- 
stitial atoms into areas of new layer plane. 

The contraction in the a-axis lattice and the 
basal plane contraction ts have been the subject of some 
speculation. It has st various times been proposed that 
the decrease in the a-axis lattice parameter may be 
explained aa follows: 

l. Elastic relaxation around the vacant lattice mte; 
however, the extremely tight covalent binding of the layer 
suggests that this would be & small effect. 
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2. A Poiseon's ratio effect accompanying the c-axis 
lattice eter change. This follows from the negative 
expansion ooeffioient along the basal planes 
observed by Nelson and Riley! and attributed to the same 
mechanism. The magnitude of this effect is easily shown 
to be: 


Aa Sis (Ao 

a Ss ( o ) 

It is shown later that this alone is not adequate to explain 
i tal date. 

. A buckling of the lattice by interstitial clusters, this 
bemg observed as an apparent decrease in lattice para- 
meter. 

It is proposed in this note that the major contribution 
to basal plane contraction is due to the modification of the 
interatomio linkages in the layer by the presence of the 
Vacancy. 

The lengths of the basio C—C and C—O bonds are known 
to be 1-542 A and 1-384 A respectively’, whereas the bond 
length in graphite lies between these values (1-416 A). 
This is i by sssuming that a partial bond is 
formed between nearest neighbours by the r-eleotrons in 
graphite, as well aa the bond formed by the c-electrons. 
Coulson’ has shown that & bond order may be defined in 
terms of molecular orbital calculations of the electronio 
structure of molecules which may be used to predict bond 
lengths accurately. In particular, the interatomio distance 
in graphite has been predicted by Bradburn, Coulson and 
Rushbrooke*. Table 1 shows the bond-length change 
relative to graphite as a function of bond order. Coulson’ 
shows that the bond length a as a functaon of bond 
order P is given by: 


(2) 


0-298 
14 ea] ^ 


The moleoular orbitel method haa reoently been applied 
by Coulson and co-workers!* to the oaloulation of the 
change in x-electron energy of graphite layers of various 
size on removal of one atom (incl ite x-electron). If 
the layer contains n atoms, then the change A in the 
r-electron energy of the molecule is given by: 


Ate Lows oml 


where f is the resonance integral‘. 

It is now postulated that the basal plane contraction is 
due to the changes in the bond order of the layer due to 
the formation of a vacancy. The magnitude of this effect 
may be estimated as follows: 

ider & uniformly distributed concentration of 
vacancies C, in an infinite graphite layer, then each 
vacancy has associated with it n atoms where n = 1/Oy. 
If a ‘molecule’ of the type considered by Coulson et al. is 
drawn around each vacancy containing n atoms, then the 
change in r-electron energy of the molecule is: 


PS (3) 


(4) 


ARs (5) 


The bond order is given by Coulson e£ al. for the graphite 
layer aa: 


1 
7 | 5365 — 0-548 zle 


(6) 


Table 1. BORD LENGTH CHAKGES RELATIVE TO GRAFHTTR AB A FUKCTION 
or BOND ORDAR 


Bond Bond Length rela- 
Bond order length ive to graphite % 
Hthane O—O 1 1-542 + 89 
xo i TREE 
Hihylene 2 = 
hese pene OO 3 1 206 —148 
oon 


* Value grven by Pauling’ for use In 
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where B is the number of bonds in the molecule. The 
change in bond order assuming all unbroken bonds to be 
equivalent 15: 


(7) 
where B! = B — 3is the number of unbroken bonds in the 


‘molecule’, W4 is the m-eleotron energy of the molecule. 
Provided C, is not too large we may set B — B! and thua: 





(8) 


The ‘average’ bond-order of the remaining bonds is now 
given by: 


l Or 
P=1-525+AP=1-525+4+ 2 L (0-368 — 0:548 ©) EET] (9) 
(1:525 is the calculated. bond order of the normal C—C 
bond in the layer plane). 

The change in average bond length of the layer may 
now be estimated using equation (3) and equation (9). 
It is found that for & vacancy concentration of up to 5 per 
cent the length change, which we assume equal to the 
observed lattice parameter changes, Aa/a, can be repre- 
sented by: 





Aa 
aa —0:14 0, 


(10) 
The presence of an increase Ao/o in o-spacing gives a 
further contraction due to the Poisson effect, thus: 


Aa Si Ao 
u Cs. S 0-14 Or (11) 


The values of S,, and Sz given by Davidson and Losty!! 
lead, to Sul; = — 0-07. 

The principal characteristics of the mechanisms of basal 
plane contraction discussed here are: (a) The X-ray 
lattice parameter change Aaja should agree with the 
directly measured basal plane contraction, that is te = 
Aaja. The same considerations apply to clusters of a few 
vacancies. (b) The effect of the same total number of 
vacancies on both lattice parameter and te will decrease 
as they aggregate into larger and larger clusters. In the 
extreme case & large disk-like hole in a layer plane produces 
no basal plane contraction and no lattice parameter 
changes. The collapse of this type of cluster gives a c-axis 
contraction of the crystal. 

Equation (11) may be compared with direct measure- 
menta of basal plane contraction if independent estimates 
of C, and Aa/a are available. 

Pluchery!! has irradiated graphite with reactor neutrons 
at — 196° O at which tem both interstitial atoms 
and vacancies are immobile. In these conditions no defect 
aggregation should have occurred at low doses and the 
interstitial and vacancy concentrations should be equal; 
it is thus reasonable to assume that e, = Ac/ce, and 
t, = Aaja. Using equation (11) for this case we can write: 

Aa/a Sis 0-14 
As. Sa K 
0-14 


= —0-07 =r. 





(12) 


where K is the value for single interstitial atoms and is 


expected to be greater than unity. The experimental value 
taken from Pluchery’s dete is 229-4 —0-08, thus 


Aojc 
suggesting that K ~ 10. The c-spacing change due to 
interstitial atoms has been calculated by Agranovich and 
Semenov! using interatomic potential functions of the 
spherically symmetric Lennard—Jones type with the 
constants adjusted to give the interlayer spacing correctly. 
This force function gives good agreement between theory 
and experimental determinations of compressibility and 


ra 
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surface energy. Their results yield Ac/e = 5-8 O, in very 
reasonable agreement considering the approximations in 
the present calculation and the theoretical result. - 

A better comparison with experiment is obtained under 
conditions where K is close to unity—that is, where 
interstitial atoms, but not vacancies, have been allowed to 
cluster. This condition is realized for small doses where the 
vacancies are randomly distributed and essentially single 
at temperatures from about 150° to 350° C. However, 
although ecs = Aaja in these circumstances tos Ao/c. 
The homogeneous nucleation theory" suggests that the 
numbers of interstitial atoms and vacancies are still equal 
and thus equation (11) and equation (1) can be combined 
to give: 

Aaja — Su Aojo — 014 Or 

(a - es Eo £c 


Ac 
= — 0-07 2 — 0:14 since Oy = CO, and t, = Ci 


In neutron irradiations at 200? C these conditions are 
fulfilled in Pile Grade A and pyrolytic graphites™, and 
Ao/c Aaja . i 

"em 0-5, thus E. is expected to be — 0-17, while tbe 
observed value is — 0-17 in very good agreement. In 


irradiation experiments at 850? O for doses below 5x 10" 
neutrons sq. om (ref. 16), t, = Aaja and an initial 


value of an of approximately —0-17 is observed. In 
e. 


this case K ~ 1 and the agreement is good. 

It is clear from these considerations that the presence of 
interstitial atoms and single vacancies cannot if they are 
in equal numbers cause & value of — ts/to in excess of 
about 0-2. The aggregation of vacancies into the 
type of cluster!’ would reduce te, and thus reduce the 
ratio — ta/to since K cannot be less than unity. A change 
of orystal shape, but not volume, corresponds to 
— tejto = 0-5, but for this to oocur vacancies must be able 
to annihilate in some way witbout recombinmg with an 
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interstitial atom. It is interesting to note that this 


enable 
other physical property changes. The accuracy of the 
factor 0-14 in equation (11) is expected to be quite good 
since the theoretical calculations of bond order are used 
with empirical information and the resulte do not rely on 
any uncertain eter such as the resonance energy. 
This is discussed further by Coulson e£ al. in ref. 8. 
I thank Prof. C. A. Coulson for his advice. 
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ABNORMAL HAEMOGLOBINS AND THE GENETIC CODE 


By D. BEALE and Dr. H. LEHMANN 
Medical Research Council Abnormal Haemoglobin Research Unit, Department of Blochemistry, University of Cambridge 


. F. H. C. ORIOK has directed our attention to the 

latest work of Nirenberg e£ al. which has consider- 
ably advanced the definition of the code whereby mes- 
senger RNA determines which amino-acid is incorporated 
into a protein. The code is ‘degenerate’ and more than 
one arrangement of three bases or a codon can spell the 
game amino-acid. The first two bases are, however, some- 
what more specific than the third. For example, for 
glutamic acid (Glu) they are ine adenine (GA), but 
Be tind on be chee A or Ge However, the first two 
bases in the codon spelling aspartic acid (Asp) are also 
GA, but the third may be cytosine or (O or U). 
Thus the coding for Glu is GAA or GAG. Some amino- 
acids are coded by any of the four possible bases in the 
third place of the codon. For example, the coding for 
threonine (Thr) is ACA or G or C or U. For a few amino- 
acids only, alternatives have also been found for the 
first two bases of the codon: leucme (Lea), for example, 
may be coded UUA or G or as CUG or O or U. From the 
considerable evidence for A being an alternativo third 
part of the codon when G is one, one might write the 
second coding for leucine as CUA or G or C or U. Table 1 
gives the codons for amino-acids involved in substitutions 
of human haemoglobin; those surmised because A and G, 
and C and U, ively, are alternatives in the third 
position, aro in italios. Table 2 summarizes the amino-acid 


substitutions which have been reported in human haemo- 
obin. They include the abnormal haemoglobins fully 
ibed and those for which an amino-acid substitution 
is known but has not yet been finally allocated to a definite 
part in one of the polypeptide chains. Furthermore, as the 
8- and 3-polypeptide chains differ in only a very few amino- 
acid residues, likely to be point mutations, differences 
between these two chains have also been listed. 

Fig. 1 illustrates the possible one-step mutations for the 
amino-acids listed in Table 2. This scheme oovers all 
substitutions with one exception. As Dr. Crick has pointed 
out to us, haemoglobin I «18 Lys — Asp cannot have been 
the outcome of & single mutation but requires two muta- 


Table 1.  MméKENGER  RIBONUCLEIC-ACID Copoxs TOR  AXINO-AOIDS 
INYOLYED IN BUBETLITUTIONB IN HUMAN HAXWOGLOBDW 


Lysine AAA or G Proline GOA or Gor Oor U 
Asparagine AA OarU Imi QUA ar Gor Oor U 
Threonine ACA or Gar OarU US EAT 
AGA or G Glutameamd GAA ar G 
Arginine 
= OGA or Gor Oor U Aspartic acid GA Oat 
AG Oar U Alanine Ga4 or Gar OC oz U 
Bertne Uda o GorOorU Qiydno GGA or Gor Cor U 
Methionme AUA or G Valino . GUA œ Goar Oœ U 
Gintamine GAA or G UA CarU 
Histidine CA OarU 


(Burmised bases in Italos ) 
A, Adenine; C, aytomne; G, guanine; U, uracil 
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GipGlu | Sb or $66, K Ibadan! aie Na 
SCA B0 oc Bre G Ooushatte!’; ^43, G Galveston!!; 4220, A,1*.» ak, tue 
Gh—Yal | A689 | st! he uem | 
Ala Val --Met bins of the I and N type must be expected to involve 
E xt a change of Lys — Glu. 
Gul It seems remarkable that of eleven glutamic acid 
residues, nine and possibly ten have been involved in 
Pro == Gin | Noy te mutations, three of them twice, yet of seventeen 
| Gly A acid residues only one**, or possibly two!*, have been 
Leu — Arg | /5«r subject to substitutions. On the other hand, changes to 
Asp and Glu occur with similar frequency, six and five 
| Asp f times respectively. The genetic code would permit Glu 
T sig PEA and Asp to mutate equally well to Val, Ala, or Gly. In 
yr addition, whereas Glu can mutate to Lys and Gln, Asp 
Fig i, Pomible one-stop mutations for amtno-adida involved In substi- can mutate to Asn, His or Tyr. All such mutations would 


ta. aman. hesmopobin: ee Idiot 


tions within one codon. As this is a point of considerable 
theoretical interest we have re-investigated haemoglobin I 
and have found that, in fact, the substitution is «16 
Lys — Glu. Thus, at present, all amino-acid substitutions 
in human haemoglobin can be the outcome of single 
mutations. of the oode must be assumed 
because the last base in the codon for glycine cannot be 
the same for the mutations Glu—QGly4 and Gly—+ 
Asp“; similarly, it cannot be the same for arginine in 
His — Arg** and Gln — Arg. The exclusion of the step 
Lys — Asp or Asp — Lys as a mngle mutation strongly 
supporte the formula involving «110 Glu—- Lys for 
haemoglobin O Indonesia’. The electrophoretio mobility 
suggests a double charge o from an acidic to a basic 
residue. The peptide invol («T'pXII) contains both, 
one Glu («116) and one Asp (4126), but as Glu— Arg, 
Asp — Arg, and — Lys would require a double 
mutation the likely formula is a,/!#diu+Lysg,. By similar 
reasoning one can assume that haemoglobin Kenwood", 
for which two alternative formulae involving 148 
His — Glu and 6148 His — Asp have been proposed, is 
likely to be a,8,!+*HiscrAsp. 

Bo far as human haemoglobin is oon- 
cerned, there are four possible charge 
changes detectable by electrophoresis at 
pH 8:0 (that is, & pH at which charge 
changes do not include the influence of 
histidine) (Fig. 2). A lose of & negative 
charge can arise from the replacement of 
Glu or Asp by a neutral residue, or from } 

lacing a neutral residue by Lys or Arg... 
The variant of haemoglobin A will then 
move in the position of haamoglobms S or 
G. A i charge can be lost by sub- 
stitution of & Lys or Arg by a neutral 
residue or of a neutral residue by Glu 
or Asp. The resultmg variants will then 
have the mobility of haemogiobins J or 
K. <A double charge change involving 

. either the replacement of a negative by & 
positive or of a positive by a negative 
charge can arise by & single mutation only 
when Glu is subetituted by Lys, or Lys by 
Glu. Thus the haemoglobins C, E, O are all 
Glu — Lys mutations, and the haemoglo- 


giobin I, but they are Garza dy 


involve charge changes in the molecule which would be 
detected by electrophoresis. The frequency of mutations 
from Glu to other residues and the rarity of replaoemente 
of Asp could that may be more important for 
the structure and function of the haemoglobin A molecule 
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THB PEPTIDES cTII| AD oTplV FROM Hb-A 


aTp -IV 


c^ TRIII 


Molar 

«Mole rado 
0-008 0 06 
0 006 008 
0-002 0-08 
0-006 0-10 
0-003 0 06 
0 062 1:09 
0-110 1-8 
0-004 0-07 
0 001 0-02 
0-008 0-06 
0-001 0 02 
0-008 006 
t (1$) 
0-057 1-00 
0-006 0-08 
0001 0 02 


of 


Molar 
a Mole rado 
0 004 0-06 


0-002 008 
0 00$ 004 
0222 $09 
0 002 003 
0-208 £60 
0 273 2479 
0-075 1-04 
0 002 003 
0 069 +o 
0-062 ess 
0-002 005 
= (0-0) 
0-006 0-07 
0-058 680 
0072 109 


peptide by the Hhriich reagent. A positive reaction was 
tryptophan. 


analysis of this peptide showed 3Gly, 2Glu, 2Ala, 1Val, 
lHis, lTyr. These results would correspond with & 
peptide, «15-24: Gly—Glu—Val—Gly—Ala—His—Ala 
——Gly—Glu—Tyr which would have been produced by 
the chymotryptic cleavage of the tryptophanyl and tyrosyl 
bonds of the original peptide (Table 4). To prove that the 
second residue of the chymotryptic peptide was the 

glutamyl rather than glutaminyl, the peptide was 
treated with leucine amino peptidase whereby glycine, 
glutamic acid and valine, but no glutamine, were quickly 
released. 

This biochemical finding arising from a suggestion made 
by Dr. F. H. C. Criok is of interest because it is probably 
the first time that the genetio oode has been used as an aid 
in tho analysis of a protein, rather than that the analysis of 
& protein has been used for the unravelling of the genetic 
code. 

We thank Dr. A. J. Munro for advice concerning the 
genetio code. 


4. TUA CHYMOTRYPTIO DIGRSTION OF THE ABNORMAL TRYPTIO PEPTIDE DX HAEMOGLOBIN I 


Mote that peptide 4 jusi 


seperated from 5 under the conditions of this experiment 





Amino- Molar 
add x Mole rato 
Asp 0-005 0-07 
Thr 0-003 0-04 
Ber 0-003 004 
Gia 0 285 407 
Pro 0 002% 008 
ay 0-288 404 
Als 0-401 78 
Val ` 0082 117 
Met 0-001 0-01 
Leu 0078 111 
Tyr 0-068 0-97 
Phe 0-004 0 06 
Try* + (1:0) 

Lys 0-004 0-06 
His 0 066 9-98 
arg 0 070 1:09 
* Detected m 
assumed to be dus to one residue 
Table 
Proposed avTO1I1-IV 
based known ammo- 
aad of aATyIII 
and aàTpIV 





(aBa) This is not necessarily so for the haamoglobins 
A,(a43,) and F(asys) because only two Asp and two Glu 
ively are common to all four polypeptide chains, 


a, B, y and 8. 


Analysis of haemoglobin I. Haemoglobin I** was 
i i y given to us by Mise J. 


isolated from & à 
Atwater, Phi phia. 


‘fingerprinted’ by the usual me 


Tt will be seen that the electrophoretic (horizontal) 
mobility of the new pepti 
TpV yields on hydrolysis three 
Prolonged chromatography is 
i to remove traces of BT'pV and particularly of 

BT pV (oxidized) from the abnormal peptide in haemo- 


and QTpV (oxidized). P 
aspartic acid residues. 


globin I. 


The new peptide was purified by electrophoresis at 
pH 6-4 followed by chromatography 
hol: pyridine: water (80: 30:35) and ita amino-acid 
composition determined on an automatic analyser. 
analysis (Table 3), when compared with a similar analysis 
showed that & lysine residue, 
of the a-chain, had been replaced 


compared with that of haemoglobin A suggested that a 


chymotrypsin and the resulting chymotryptic peptides 
seperated by paper electrophoresis at pH 6-4. By this 


means & chymotryptio 


colour with ninhydrin (indicating N-terminal glycine) an 


histidine was isolated. Acid hydrolysis (by which any 
to Glu) followed by amino-acid 


Gin would be converted 








in isoamyl aloo- 


a12 13 14 15 16 17 18 19 20 £1 £2 23 24 25 28 27 
Als-Ala-Try-Gty-Glu-V. 


Gly Glu Val Gly Ala His Ala Gly Glu Tyr Gly Ala Glu Ala Leu 
Gly Gin Val Gly Als His Aly Gly Glu Tyr 


— 


28 19 30 31 
a1-Gly-Als-His-Aa-Giy-Gin-Tyr, GIy-Ala-Glo-Ala Teu Gia Arg 


Gly Ala Glu Ale Leu 





Giu Arg 


peptide 8 the ammo-scds ware also determined on the amino-acid analyser; molar 
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DECOMPOSITION OF CRYSTALLINE AMMONIUM NITRATE. BY 
ULTRA-VIOLET LIGHT 


By Dr T. W. ZAWIDZKI,* Dr. GIANNA L. PETRICONI and Dr HENRY M. PAPEE 
Natrona] Research Council of Italy, Centre for Aerosol Nucleation, Rome 


NR nitrate is an important industnal 
chemical, widely used in explosives and agricultural 
fertulizers. It decomposes exothermally in moderate heat, 

yielding mainly nitrous oxide and water, and it therefore 
presenta some hazards during storage and transportation}, 

since it may explode aa a result of a local overheating ; 

this partly explains the continued recent interest in the 
mechanism of 1te thermal decompositaon!'-*. At the same 
time, both NO, and NHj, and hence ammonium nitrate, 
account for a substantial part of the atmospheric &eroeol*'*, 
which is probably formed predominantly from atmo- 
spheric nitric acid and ammonia. 

Decomposition of solid, norgamo, nitrates by ultre- 
violet light, with consequent formation of nitrite and 
oxygen, was qualitatively investigated in 1935 by 
Narayanswamy! and, more recently, by Doigan and Davis*. 
Since no analyses of gaseous products resulting from 
photolysis of NH,NO, were carried out st that tame the 
reaction was given further attention in this laboratory, 
and it wes found that exposure of the pure, crystalline, 
salt to the light obtained from & high-pressure meroury 
ultra-violet lamp resulted in ita superficial decomposition 
with the yield of N,O and H40, ae well as of nitrogen and 
oxygen. 

Experimenta were carried out in & tubular, horizontal 
quartz cell, 3:0 om inside diameter and 14:0 cm effective 
length, which was heat-shielded by & quartz jacket cooled 
by an electric fan. The coel was half-fllled with NH,NO, 
and was connected on one side to & high-vacuum and gas- 
volumetric assembly. The connexion was done through 
two traps, one of which was removable; interchangeable 
stoppered glass bulbs could be connected to the volumetric 
system, in order to take samples for mase-spectro- 
graphio analyses of the gaseous produote. The quartz oell 
was provided with a stoppered inlet in order to permit 
experimentation at atmospheric pressure and ın & current 
of nitrogen or air. The nitrogen gas used waa of 99-99 per 
oent purity: both nitrogen and air were made to pass 
through a liquid oxygen trap before being admitted to the 
quartz cell. The flow of gas was constent and of about 
20 lh, a8 monitored by & wet-tesb meter (Precision 
Scientific Co.). A stabilized high-pressure meroury. 
550-W. ‘Hanovia’ ultra-violet lamp, model 673 A, was 
mounted on & rigid support above the cell and illuminated 
the surface of the salt with about 16 x 10!* quanta/om*/h in 
the 2540-4850 A region, as estimated by uranyl-oxalate 
&otinometry! which was carried out in the same cell at the 
beginning and end of the roject. Dry, reagent grade 
ammonium nitrate (Merck, ‘as received’) was used for the 
experimentation: the salt was desiccated in the experi- 
mental assembly for 48 h, in & vacuum obteined by & fast 
diffusion pump, before each photo-decomposition was 
initiated. Experiments were carried out under conditions 
described in Fig. 1; the oxygen and nitrogen evolved were 
volumetrically determined after condensing H,O, N,O, 
eto., in the first trap, which waa cooled with liquid nitro- 
gen. This coolant waa then replaced by & dry-ico and 
acetone bath, and the nitrous-oxide fraction (which con- 
tained some NO-1mpuritiee) was distilled under evacuation 
into the next trap which, st that time, was cooled with 
liquid nitrogen. The gases condensed in the second trap 
were then volumetrically determined and sampled for 
mass-spectrometry; this was followed by gravimetric 
determination of the liquid residue in the first trap and & 
semi-quantitative estimation of ite content. All volu- 
metric measurements were greatly simplified by maintain- 

* Present address ‘Eldorado Mining and Refining, Ottawa, Canada 


ing the room in which the experimental assembly was 
mounted at 20-0°+ 0-5° C. 

Fig. 1 gives the total amounts of N,O evolved with 
time under different conditions, while Fig. 2 gives & plot of 
nitrogen-oxygen mixtures evolved in a closed circuit 
assembly against the amount of nitrous oxide collected. 
Maas spectrographic analyses, carried out on six different 
samples of non-condensable gases evolved during this 
latter series of experiments, indicated a constant ratio of 
nitrogen to oxygen of 5-1 + 0:1; the NO-content of the 


nitrous-oxide fraction was found to be of the order of 4:0 . 


3 


g mol. of N40 x 104 
2 


25 50 75 100 
Time (h) 
Pet De nirous òridaiavatyod, with tima, under tbe experrmental 
speafied, 


and under irradiation of 42 am" of 
miira to partus mid 67> 10 quanin inthe rag ot 2840 “4380 1, pr h. 


$. ooa nnns STARR evacuation; A, flow of air at simospheno prer- 
sam ttom O, apparatus evacuated and , A, flow of bee 
atmospheric pressure 


2 


g mol. of N,0 x 104 
5 


8 


10 20 
g mol. of (0,4- 34) x 104 


Fig. 2. Ratio of nitrous oxide and NO tm 
mixture evolved, with time, eee coi E 


fw 


RI 


No 4994 July 17, 1965 


NATURE 


268 


Table 1. SUMMARY OF RESULTS OBTAINED UNDER DIFTEREXT OOKDITIONS OY PHOTOLYSIS OF BOLID AMMONIUM NITRATE 





Conditions of experiment 





Contmuons evacuation 
evacuated and closed 








content of l 











Flow of N,, atmoaphenos preasure 

Flow of alr, atmospherio pressure 

Ten g of salt when dissolved in water, gava Tl of soluton at ego ultra-violet-trradiation of salt did nota to change aocidities of solutions 
e mal: vaod, i umea alkalbusod with &OH immediately after opened. ihe experiment, was carried 


prepared, resid) 
prepared, aporomabiy, Taqulo rendues wae st E 


+2-0 per oent. Water was estimated gravimetrically as 
total hquid residue; NO; NH; and NO; were determ- 
ined colorimetrically with brucin, Nessler and Griees 
reagents, respectively. Since, under our experimental 
conditions and during 8 deys of continuous evacuation, 
we were unable to transfer, in & blank run, from the 
quartz cell into the trap at températures of liquid nitrogen, 
amounts of NH,NO, which could be colorimetrically 
detected by the Nessler reagent, it was assumed that the 
vapour pressure of this salt was low’, and that the bulk of 
the reaction occurred in the solid phase. 
The differences between the rates obtained under the 
i tal conditions described, are probably due to 
prono of reaction which contaminate the surface photo- 
ysed (compare with ref. 2). 'Oontaminations' of the 
frozen. water fraction are at their lowest in the series of 
Seas whl eae carried out in & closed circuit, 
possibly due to higher retention times of the gaseous 
products in the oell. This may indicate that the 
impurities quoted and found in the water fraction originate 
from reactions occurring beyond the irradiation zone 
between free-radical species, with possible contribution of 
vapours of such compounds as nitramide and nitroeamine, 
which are thought to be FERON of N,O and N, in the 
thermal decomposition of NH,NO, (refs. 3, 11). It may, 
in faot, be of interest that since no h -peroxide 
could be found by the titanium sulphate test in the liquid 
fraction, the introduction of NH,—NO, as one of the main 
products of the reaction, together with N,O, H,O, N, and 
O, is convenient here in order to account for the material 
balance of the process along the lines of the 
results jontained in Table 1; although it is evident that 
some of the ‘impurities’ condensed in the water-fraction 
may originate directly from photolysis of N,O in the near 
ultra-violet (compare with ref. 12). 
Nitrous oxide is known to be present in the Earth's 
&tmoephere!!:14; and it was hitherto thought to originate 


trap was 
ie Gate wien elon reri rey Ji ira 


either from N, and oxygen atoms derived from ozone, as 
shown by Harteck and Dondes!*, or through tbe action of 
short ultra-violet light on nitrogen and oxygen mixtures, 
as discovered by Groth and Scbierholz’*, or else, appa- 
rently, by bacteria of the soil". The present contribution 
strongly indicates that photolysis of atmospheric ammon- 
ium nitrate aerosol may contribute to the formation of 
atmospheric N,O, and that ultra-violet light may partly 
account for the decomposition of the NH,NO,-compo- 
nent of the natural aerosol, and hence reduce ita power as 
‘atmospheric fertilizer’. 

We thank Dr. G. G. Volpi, and his collaborators at the 
University of Rome, for the gas analyses, which were 
carried out on an analytic Ital-Elettronica ‘SP 21 F? mass 

; we thank Prof. V. Caglioti for his advice 
and Mr. C. Luttezxi for his help. 

This work was supported in part by ‘Cassa per il 
Mezzogiorno’. 
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DEMONSTRATION OF AN AVIAN LEUCOSIS GROUP ANTIGEN BY 
IMMUNODIFFUSION 


By LEONARD D. BERMAN* and PADMAN S. SARMA} 


U.S. Public Health Service, National Institutes of Health, National Institute of Allergy and Infectious Diseases, 
Laboratory of infectious Diseases, Bethesda, Maryland 


COMPLEMENT-FIXING antibody response has 
been demonstrated in tumour-bearing mammals in 

the adenovirus}, polyoma’, SV40 (ref. 3) and Rous sar- 
coma’ systems. This response has been shown to be 
directed against viral antigens in some cases, and in other 
cases against antigens t in tumours but not in 
standard viral preparations. In the case of the Rous 
system, the antigen in question was found in various 
tumour and viral preparations of all members of the 
M eq Lie Naübnal Inüinie for Medical Research, MI HII, 
t Present address: Microblologtoa! Associates, Ino., Bethesda, Maryland. 


avian leucosis group, and was specific for that group of 
virusest-!. 

It was our purpose to determine whether the Schmidt- 
Ruppin (8-R) Rous hamster antibody not only fixes 
complement but also givoe precipitation in agar gel. The 
basic technique consisted of testing various preparations 
of avian leucosis antigens against S-R tumour-bearing 
hamster serum with the Ouchterlony double diffusion 
technique. 

The test used was a modiflcation of the micro-method 
described by Crowle’. The agar was 1 per cent 'lonagar' 
with 1 per cent sodium azide. Plates were routinely 


264 
Table 1. SUMMARY OF ANTIGENS TESTED IN GEL DIFFUSION AGADEET 
BOHMIDT-RUPPIN HANEPER BERUX 
OF and gal reactions by type of antigen 
Organ 
extracts 
Tissue (spleen, Ohloken Ham- 
culture Serum musde, tumour ster 
CERF CAM liver and tumour 
Jodnsy) 
Rous virus >O4/+ * 64/+ 
dt-Rupptn- 
virus 8- >+ J+ 32+ 
Purdy strain, Rous 3 
RIF (feld uolate) 64/— 
d strain x 
RPL 12 ) 82/4 Mit 
bles toms 
(strain A) «8/- AOT+ >256/+ 
stram R) >16/- AOl+ 8j- 
Warrenton agen 64/+ 
OT 10 im 
Normal eontrolat 9[— o/- oj- 


a OE aaien uie to S E ec ae cat Ligier Aerei eR , And- 


peeparauons giving —, antigens tested that did not 
Ee panties econ: performed. 


Indjeate no test 
T AC, ant-complementary. 
t Normal chicken musalo, ohoric-allantoio membrane and chick embryo 
fibroblast. 


incubated for 48-72 h in a moist chamber, examined, 
dried, stained with a protein stain’ and examined again. 
Complement-fixation tests were carried out by the 
method previously deecribed*. 

The following leucosis antigens were tested: Rous 
sarcoma (Bryan, Purdy and Schmidt-Ruppin strains), 
resistance-mducing factor (RIF) (a naturally infected 
chicken embryo fibroblast culture), lymphomatosis (organ 
extracts of a field case of visceral lymphomatosis), RPL 12 
strain, myeloblastosis (stram A), erythroblastosis (strain 
R), and Warrenton agent (naturally occurring avian 
sarcoma)!*. Fuginami and CT 10 avian sarcomata were 
also tested. 

Antigen preparations included clanfied extractes of 
chicken and bamster tumours, clarified chicken organ 
suspensions, chorioallantoic membrane preparations, in- 
fected chick fibroblast tissue, culture harveeta* and serum 
of viraemic birds. Most of these have been more fully 
described elsewhere’. Hamster sera consisted of several 
lots of pooled Schmidt-Ruppm tumour-bearing hamster 
sera from animals with large transplanted tumours. Most 
testa were done with pool 11, which was derved from 15 
hamsters and had a complement fixation titre of 1: 160 
against four unita of hamster tumour extract antigen. 

Results are summarized in Table 1. Both the Bryan 
and 8-R strains of Rous sarcoma virus gave positive 
reactions. Both hamster and chicken tumours reacted 
with the latter strain. With the exception of Fugmami, 
OT 10, and RIF antigens, positive gel-diffusion reactions 
were obtained with st least one preparation of all the 
leucosis viruses tested. Although the Fuginam, OT 10 
and RIF preparations gave positive complement-fixation 
reactions, the antigen may have been poorly precipitating. 

A positive reaction usually consisted of a single 
precipitation line between the antigen m question and 
the hamster serum. Rarely this appeared as a double 
line. The occurrence of single or double reactions was not 
consistent ın successive tests, and no defmite pattern 
could be established. In all cases, however, the li of 
the various antigens tested (whether single or double) 
were continuous, showing a reaction of identity. This 
was true regardless of the source of the preperation. No 
spurs or crosses were observed with the hamster serum. 
Fig. 118 a pattern illustrating these findings. The hamster 
serum gives @ contmuous precipitation Ime with Bryan 
wing web tumour extract, myeloblastoms and lymphoma- 
tosis kidney extracts. The 8-R hamster tumour extract 
at the top of the fleld did not react in this test. Two 
control antigens also failed to react. 

Several attempts to use avian sera in the Ouchterlony 
system were unsuccessful. Despite the presence of high 
salt (6 per cent sodium chloride), the Imes have either 
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been very faint or absent. The reeulte of one pattern, 
however, did indicate at least partial identity, with 
spurring between the reactions of the avian hyperummune 
and hamster sera. This indicated & possible one-way aross. 

Immunoelectrophoresis (umng Scheidegger’s technique?) 
was attempted in the hope of distinguishing any separate 
components in the system. Only one precipitation line, 
migrating toward the negative pole at pH 8-2, was found. 
However, the possibility that other componente were lost 
cannot be excluded. 

Attempts were made to determine whether the preorpi- 
tating antigen was identical to the soluble complement- 
fixation antigen previously described’. Gel-diffusion testa 
were performed on soluble and sedmnentable fractions 
(pellet and supernatant of clarified tumour extract spun 
at 105,000g for 2 h) of 8-R and Bryan chicken tumour 
extracts. Soluble and sedimentable fractions of & Bryan 
wing web tumour preparation having titres of 1:64 in 
complement fixation against 8-R hamster serum pool 11 


(refs. 4, 5) both gave positive reactions (Fig. 2). Similar 
results were also obtained with 8-R wing web antigen. 
Precipitates were obtained with both er-tested and 


non-treated material. In general, reactions with the sedi- 
mentable fractions tended to be somewhat more pro- 
nounced than those with the soluble fractions. 

To show the specifloity of the gel diffusion reaction, the 
8-R hamster serum was tested against many control 
antigens, all of which were negative. These included 
normal chick muscle, chorioallantoio membrane, and 
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Fig. 1 


The B—R. hamster serum undergoes a common reaction with the 
myelo , lymphoma 
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Fig. 2. Soluble and sedimentable fractions of Bryan wing-web tumour 
share a common reaction with tbe hamster serum 
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Table 1. OOKPLEMENT-FIIATION Trrams or ROUS LEUOOSIB ANTIGEKB IW 
RELATION TO PXAOTTYETE IX GNI DIFFUSION. AGAINET B-B HANETEK 
UX 


CF titres 


Ouchterlony High Medium Low 
reaction (64+) (16-88) (0-8) Total 
umo fg a3 B 
Tur 25 20 17 60 


chicken embryo tissue culture cells. Other chicken and 
homan viruses which also failed to react included mumps, 
ORLO (ref. 11), vesicular stomatitis, a chicken enteric 
virus and measles. Oncogenic viruses such as adeno- 
virus 12 (virus and tumour extracts), SV40 and Moloney 
mouse leukaemia virus were also negative when tested 
against the S-R hamster serum. In addition, tumour- 
bearing hamster sera of the adenovirus 12 and SV40 
systems and Yabe monkey tumour serum were all negative 
when tested against the S-R antigen (chorioallantoic 
membrane grown virus that reacted m gel with the 8-R 
hamster serum l 11). 

Two other BH. hamest bamster serum pools’ and one in- 
dividual hamster serum (24638) all gave identioal reactions 
to that described- here for hamster serum pool ll, with 
which most of the work was done. 

Efforts were made to show statistical correlation 


1^ between the complement fixation’ and Ouchterlony 


results. These are summarized in Table 2, where all the 
antigens tested were arbitrarily divided into high (M+), 
medium (16-82) and low (0-8) reactors and compared 
with the Ouchterlony results. High complement-fixation 
titre and positive gel reactions correlate well, as evidenced 
by the P of < 0-01 on x" testing. 

These results confirm the findings of Huebner e£ al.', 


‘Barma ef al.* , and Armstrong et al.” regarding the presence 
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of & common group-specific antigen shared by all members 
of the avian leucosis group of viruses and reactive with 
the sera of hamsters bearmg Schmidt-Ruppin tumours. 
The specificity of this gel-diffusion reaction for avian 
leucogis viruses has been confirmed by the negative con- 
trol reactions with normal chicken antigens, unrelated 
&vian viruses and non-avian tumour virus preparations. 
None of the testa provided unambiguous evidence for tbe 
presence of more than one antigen. 

Gusev! has used the gel-diffumion test with hyper- 
immunized rabbit anti-Rous sera to demonstrate a specific 
Rous sarcoms antigen, not present in normal chick tissue 
or chemically induced tumours. It remains to be ascer- 
tained whether this antigen is the same as the one we 
have demonstrated. 

We thank Dr. Wallace P. Rowe for his advice, and Dr. 
Robert J. Huebner and William T. Lane for providing 
tumour-bearing hamster antigens and antisera. 
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PROLIXIN-S AND PROLIXIN-G; TWO ANTICOAGULANTS FROM 
Rhodnius prolixus STÅL 


By D& K. HELLMANN and Dr. ROSEMARY l. HAWKINS 
Chemotherapy oles Imperia! Cancer Research Fund, Lincoln’s Inn Fields, London, W.C.2 


have previously described an anticoagulant! and a 
fibrinolysin?-* in the gut of the blood-sucking hemi- 


have called these two activities prolixin-S and prolixim-G 
to indicate the anticoagulants from the salivary gland and 
Leica piri 

Saline extracts were prepared and tested as described 
earlier. es gd csi Re 
dissected out and p into ice-cold 0-0 per cent selme 
allowing 0-1 ml. for each insect. All extracts were homo- 
genized and centrifuged and the supernatant, which 
contained the anticoagulant activity, was decanted and 
tested on recalcifled horse plasma. 

Neither extract could be diluted to any great extent 
without considerable loas of demonstrable activity. It 
seamed a possibility, however, that if their meahaniams of 
action could be estebliahed and if the crude extracts could 
be purifled, more specific test systems and greeter dilu- 
tions of the active materials might be used. 

The actions of prolixin-G and -S were examined on 
isolated stages of the clotting system. The last stage, the 


‘= conversion of fibrinogen to fibrin by thrombin, was 


examined first. ee REA d ee 
cient to account for the anticoagulant activity, the 
preceding stages of the clotting system were examined by 


means of the one-stage prothrombin time’ and the kaolin- 
oephalin clotting time‘. 

The sotion of thrombin (Leo Laboratories Ltd., 5 units/ 
ml.) on bovine fibrinogen (0-5 per cent Armour Pharma- 
ceutical Co. Ltd.) was inhibited by prolixin-G even at 
dilutions of 1 in 1,000. The antithrombin activity of 
prolixin-S was too weak, however, to account for ite anti- 
coagulant activity and it did not retard the one-stage 
prothrombin time. On the other hand, Pedes rn 
time was greatly prolonged, ET EE cere 
S inhibited any or all of the etam VIIL TX, 
XI and XII. The increase in ie de ei RR olotting 
time was irrespective of whether prolixin 3 was 
added before or after activation of the contact factors 
XI and XII. The implication, therefore, was that 
prolixin-§ must interfere with the activation of factors 
VIII or IX. Reconstitution of factor VIII or LX deficient 
plasmas with their respective factara, which had previously 
been incubated with prolixim-S, showed that the main 
activity of this substance was on factor VIII (the anti- 
haeemophilic factor). 

Purification of prolixin-@ was attempted by running 
extracts of gut in saline through ‘Sephadex G 100’ (1 gin 
saline; column width 1 cm; length $5 om; fraction volume 2 
ml.) and eluting with 0-9 per cent saline. When elution 
with distilled water was tried the activity precipitated out 
on the column. Antithrombin activity began to appear 
when the elution volume had reached 14 ml. and attained 
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ite peak at 18 ml. The molecular weight of prolixin-G thus 
seemed. to be greater than the exclusion limit (100,000 for 
‘Sephadex G 100’). When extracts were run through 
‘Sephadex G 200' (1 g in saline; column width 1 cm; 
length 35 om; fraction vol. 2 ml.) the appearance of anti- 
thrombin activity was retarded and did not appear until 
fractions 42 and 43 (84—86 mL). These results would seem 
to give prolixin-G a molecular weight of between 100,000 

200,000. They also suggest that prolixin-G is & protein 
of high molecular weight and poembly a euglobulin; & 
suggestion supported by its solubility in saline and insolu- 
bility in distitled water. i 

Purifloation of the crude material from gut and salivary 
glands was also attempted by partial precipitation with 
alcohol, ammonium sulphate and acetone. Of these, 
acetone proved to be the most useful. Both prolixin-G 
and -S were precipitated by additian of 8 vol. of acetone to 
1 vol. of extract, and prolixin-G could be extracted from the 
precipitate with 1 vol. of saline, but not with distilled 
water. On the other hand, with prolixin-S the reverse 
was the case. In both instances a large amount of inactive 
material remained in the precipitate. 

Extraction of the acetone precipitate of gut extract with 
distilled water resulted in a clear solution, active in inhibit- 
ing the olotting of recalcified plasma though not the 
thrombin-flbrinogen reaction. This suggests that the 


the resultant activity had both a greater inhibition on the 
clotting of reoaloifled plasma, and an antithrombin 
activity. It is, therefore, reasonable to assume that the 
gut extract conste of the two activities prolixin-G and 
prolixin-S, though im greatly different proportions, and 
that prolixin-S is found in the gut extract because it is 
carried back with the blood meal. 

Acetone precipitation of gut extract and saline extrao- 
tion of the precipitate achieved an approximately ten-fold 
purification of prolixin-G when caloulated on the n 
content of the crude and extracted material (Table 1). 
Table 1. MrrROGXN CONTENT OF HXTRicr BEFORE AWD AFTER PURIFICATION 


mg Nitrogen per mL extract 
Eetimation Crude Punfied 
I 8,100 800 
II 1,080 137 


The inhibition of thrombin by gut extract was found to 
be a ti reaction. When gut extract and 
thrombin (5 eat) were incubated together at 87° O 
and 0-1 ml. aliquots added to fibrinogen every minute, the 
length of the clotting time increased with length of 
incubation. After 10 min a maximum of &pproximately 
three times the original inhibition was reached and on 
further incubation the clotting time decreased again. 
When, however, partially P Rum prolixin-G waa incub- 
ated with thrombin, the clotting time increased over & 
period of 1 h, at which time it was five times that of the 
initial value. It is probable, therefore, that in the crude 
extracts, gut enzymes destroy prolixin-G. Furthermore, it 
appears that the reaction between prolixin-G and throm- 
bin is not stoichiometric. 

It seamed possible that prolixm-G might be derived 
from prolixin-S by digestion in the gut of the insect. In 
order to test this possibility, gut extracts were incubated 
with prolixin-S. If the hypothesis was correct, then an 
increase of prolixin-G might be ted to develop in the 
incubation mixture, but no such increase occurred. It is 
unhkely, therefore, that although both substances are 
found 1n the gut any conversion of prolixin-S to prolixin-G 
occurs. 

Tests using the thrombin-fibrinogen reaction confirmed 
earler findings reported on plasma! that lose of activity 
was slight when gut extracte were heated to 80° C for 
5 min, but considerable after 5 min at 100° C. The 
clotting inhibitaon of prolixin-S and prolixin-G remained 
largely unaffected at 4° C, but prolixm-@ although with- 
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stending and immediate thawing could not be 
stored at — 20° C without loes of activity during the first 
24 h, after which period no further loss occurred. ` This is 
somewhat difficult to explain, though the effect of freeze- 
drying the gut extract which always resulted in a moderate 
loas of activity is more readily understandable. In con- 
trast to this, prolixin-S could be stored at — 20° C, and 
freeze-dried, without loss of anticoagulant action. 

Attempts to stabilize prolixin-G by adjusting the pH 
showed. that alkalinization did not prevent the loes of 
activity which occurs on standing for 24 h or longer at 
room while acidification to pH 3 did so in 
3 out of 5 experiments. 

Better resulta were obtamed when the crude extract 
prepared in the usual way was dried at room temperature 
in & desiccator under reduced and over calcium 
chloride. It would then store at 4° O without appreciable 
logs of anticoagulant activity. 

Dialysis of salivary gland extract at 4? C against saline 
caused no appreciable loss of activity of prolixm-S, but 
gut extracts lost about half their prolixin-G activity. 

Gut extract incubated for 10 and 30 min with a concen- 
tration of trypsin which failed to affect the test reactions 
(final concentration of 10-* mg/ml.) resulted in a shght 
reduction of anticoagulant activity on recalafled plasma, 
but did not affect the increase of clotting time of the 
thrombin-fibrinogen reaction. On the other hand, with 
salivary gland extracts, a considerable loss of activity 
occurred after incubation for 10 min. 

It is clear from the foregoing experiments that the 
plasma test system is not sufficiently critical to distinguish 
between the anticoagulants prolixin-9 and prohxin-G in 
gut extracta, and that only with a more specific test system, 
such as tbe thrombm-fibrmogen reaction, can these 
activities be separated. A summary demonstrating this 
point 18 given in Table 2. 

A quantitative assay of the antithrombin activity of 
partially purified gut extract was made using the throm- 
bin-fibrmogen reaction. 1 mg of this extract had an 
antithrombin activity of 100 antithrombin unite (atv), 
where 1 AU is equivalent to that amount of heparin which 
blocked one National Institutes of Health Unit of throm- 
bin. Heparin under the same experimental conditions has 
an activity of 500 aru/mg and 1 mg of hirudin is reported 
to neutralize 8,500 unita of thrombin". 

Because of the relative stability of the prolixin-G to 
acidification it seamed unlikely, however, that it was 
either a heparinoid substance or heparin itself". This 
assumption was ened by lack of inhibition of 
prolixm-G by protamine sulphate and lack of mete- 
chromatic reaction with toluidine blue?. 
suggest that prolixin-G is not a highly sulphated oom- 
pound. Prolixin-G and heparin do, however, give similar 
dilution curves when tested on plasma (Figs. 1 and 2). 

The differences in molecular weight (hirudin mol. wt. 
equals 16,000 (ref. 5); prolixin-G mol. wt. equals 100,000— 
200,000) rule out the possibility that the gut antithrombin 
activity of Rhodnius prolizus is duo to hirudin. 

No anticoagulant activity could be demonstrated in 
gut extracts prepared immediately after a blood meal 
(although this developed 4 h later (Fig. 3)). However, the 


Table 2 
Bahvary 
gland extract Gut extract 
Treatment pro- 
(Proiixin-5) on plasma on thrombm 
Heating 80* O (5 min + + 
100° 0 min) +++ +++ +++ 
Cooling — 20° Go pn) - - - 
h) - ++ ++ 
N/10 Ha + + - 
N10 NaOH - - 
Freeze-drying ES ++ ++ 
Dialyms =. ++ ++ 
Centrfugation (100,000) - - xi 
nem mm o : 
-Toimdme blue Mot done - z - 
Loss of actavity. nil, — ; alight, + , moderate, + +; conmderable, + ++. 


It would also . 
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Fig. 2. Dilution courre of gut extract on plasma 
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salivary gland activity did not disappear after feeding and, 
therefore, gut extracts might have been expected to show 
some prolixin-S activity. 

Ib seemed possible that anticoagulant action in these 
extracts was masked by inhibitors, an assumption which 
was the more likely when soetone prempitation or 
E PU C for 3 min revealed anticoagulant activity 
( e 3). 
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Tablo 3. AWTICOAGULAST ACTIVITY PRESENT IN GUT EXTRACT IMMEDIATELY 
AFTER BLOOD MEAL 


Acttyity (mm) on 
Hriract recaldfied horse plasma 
Crude o 
Mxiraci of acetone prearpitate 12' 
60° O for 3 min 19’ 


Markwardt and Schulz’ have obtained an anticoagu- 
lant, reduviin, by puncturing the abdomen of Rhodnius 
proliaus fed on . This anticoagulant, which was 
claimed to be largely purified, was found to react stol- 
chiometrically with thrombin, with an activity of 10 aru/ 
insect. This comperes with 50 ATU/inseot found with our 
partially purified materiel which does not appear to 
enter into a stoichiometric reaction with thrombin. 
Artificial diets such as saline are known to alter drastically 
enzyme activities in the insect gut’, and it is dificult 
to know whether in this particular instance searetions are 
stimulated when the inseot is fed this artificial diet. 
Bogas Mi pot saticoaguleat o tho roD e 
is a mixture of prolixin-S and prolixin-G, it is also difficult 
to compare these two anticoagulants with that described 
by these authors. It is furthermore conceivable that 
other members of the reduviid family may possess anti- 
coagulsnta with different characteristics from those of 
Rhodnius prolizus*. For all these reasons and whatever 
may be the character of the anticoagulant described by 
Markwardt and Schulz, we regard the name reduviin as 
inappropriate. 

contrast to the be ui a present in oertain 
species of mosquitoes, prolixin-S and prolixin-G are found 
in both sexes of the adult insect and in the pre-adult 
nymph stages. Furthermore, no evidence has been 
obtained of the presence of any ‘ooagulin’ or agglutinin 
such as have been reported for some mosquitoes’ and 
blood-sucking musoidao!*. 

Naturally occurring antithrombins are known in blood- 
suckers, but the presence of an antifactor VIII bas not 
previously been reported, and the presence of two anti- 
ooegulante with different mechanisms of action in one 
such insect also appears not to have been previously 
recarded. 


We thank Prof. R. G. Macfarlane and Dr. Rosemary 
Biggs for their advice and Mr. B. J. Ash (Medical Research 
Council Blood Coagulation Unit, Oxford) and Mr. D. Duke 
and staff for their assistance and Mr. G. R. N. Jones 


(Royal College of Surgeons) for the nitrogen determina- 
tions. 
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EFFECT OF OXYGEN PRESSURE ON RADIOSENSITIVITY OF EHRLICH 
ASCITES TUMOURS AT VARIOUS INTERVALS AFTER INOCULATION 


By H. A. S. van den BRENK and NANCY SPARROW 
Radioblological Research Unit, Cancer Institute Board, 278 William Street, Melbourne, Australia 


HESE experimenta were designed to compare the 
radiosensitivity of the hyperdiploid Ehrlich ascites 
tumour ELD Lettré (EAT) oell X-irradiated in viro 
in the presence of either nitrogen at 1 atmosphere or 
oxygen at 5 atmospheres absolute pressure (HPO). 
The method was essentially that described by Deeohner 


and Gray!. The ascites tumour was removed after 5 days 
growth in O8H mice. The fiuid from 3 or 4 mice was 
m ete T saline 
solution at 85? C. This sample was introduoed into a flat 
polystyrene dish, which waa placed in & special preasure 
veesel consisting of an insulated water-jacketed steel 
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chamber, thermostatically controlled to +0:5° 0, with a 
‘Perspex’ irradiation portal sealed into the flat upper 
surface. The latter was removable and sealed by an 
O-ring pressure seal. The gas circulated through a metal 
ooil in the water-jacket and entered the chamber through 
3 angled microjeta directed to the surface of the fluid ae 
described by Gray*. The circular stirring action gave rapid 
equilibration. Using pure nitrogen (O, content « 20 p.p.m.) 
as the gas phase at atmospheric pressure at 20°-35° O, 
pO, was measured with open-ended gold electrodee* 
and showed rero current in the fluid withm 5 min of 
commencing gassing. 20-25 min equilibration time pre- 
ceded all irradiations. The plastic dish rested on bolus 
material in the chamber and was surrounded by similar 
bolus to provide back scatter. The X-ray factors used were 
200 kV, 15 m.amp half-value layer 1-0 mm Cu, giving & 
dose rate in the fluid of 52-8 rada‘min. The dose variation, 
measured withm the 2-mm depth of ascitic suspension, was 
t 3 per cent. The time taken between aspiration of the 
donor cells and re-inoculation of recipient mice with 0-3-ml. 
aliquots of the suspension after irradiation or mock 
irradiation waa leas than lj h. 20-25 min was allowed for 
gas equilibration and 10-20 min for radiation times. 
For a further 20-25 mm, the same gas phase was main- 
tained as & post-irradiation treatment. Thus about 30 
min was largely occupied in preparing the suspension, eto., 
before gassing and re-in tion of mice. At intervals of 
6-24 h after inoculation, recipient mice were killed by 
cervical fracture and peritoneal fluid was removed and 
added to acetic-methanol (1:8) for fixation. Smears 
were prepared and stained in aoetio-oroein, and all telo- 
phase abnormalities (&oentrios and dioentrice), classed as 
bridges, fragmenta or both, were soored and pooled as 
aberrations. 100 (including normal) telophases were 
scored per slide. Percentage aberrations for 4-6 slides 
per mouse were averaged. The statistical analysis was 
based on 8-48 mice per post-inoculation time. Doses used. 
were 20-250 rads in HPO, and 40-875 rads in N,. How- 
ever, samples irradiated with lower doses and showing 
<10 per cent aberrations after oorreotion for the spon- 
taneous aberration rate, which averaged 4 per cent for 
parallel gassed but unirradiated controls, were excluded. 
to restrict calculation of aberration coefficients to the 
exponential portion of the dose-response curves (see below). 
The aberration coefficients (a) were calculated as described 
by Gray? from: 


logs P, — loge Fr 
a= D 


where Fr and Fo resent the percentage abnormal 
telophases in irradiated i and unirradiated control samples 
ively and D ia the dose in rads. 

our irradiated material, & peak in the induction of 
abnormal telophases at 15 h post-moculation time, deg- 
eribed by D er and Gray! for both O, and N, irredia- 
tions, did not occur. In similar studies of Hornsey e£ ai.*, 
radiosensitivity parameters were calculated 18 h after 
inoculation, but their reported data did not estabish a 
signifloant maximum effect for this time. Gray e al. 
have recently reported a ''ahift" in the peak effect for “aged” 
cells to a shorter post-imoculation time’. In our material, 
percen aberrations for all radiation doses in HPO, 
O, and N, respectively were consistently higher at shorter 
post-inoculation times (68h), end thereafter pro- 
gressively decreased (Fig. 1). However, aberration rates 
were high and mitotic indices low for early poet-inocula- 
tion tunes (6—10 h) for HPO, O, and N, exposures respec- 
tively. 

A nbus difference between irradiations in HPO and 
N, was that the mitotic index at 6 h in HPO waa too low 
to score the incidence of aberrations. This upplied also 
to the unirradiated HPO control samples. However, 
the sponteneous aberration rates in unirradiated HPO- 

cells were not significantly greater than those in 
N, controls irrespective of post-inoculation time and never 
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exceeded 5 per cent. Apparently HPO per se induced & 
period of arrest in cell division. Oxygen at 1 atmosphere 
caused lesa mitotic delay. The arrest in HPO oould not 
reasonably be attributed to the medium (normal saline) 
used to cells, to temperature differences (85° O 
throughout) or to ‘ageing’ or ‘metabolic damage’ resulting 
from different pre- or post-irradiation manipulation 
times. The latter were kept to & minimum despite the 
report! that when cells stood for 30 min after irradiation 
at room temperature the results were not significantly 
affected and, in experiments lasting 6-8 h, spontaneous 
aberration rates did not increase. 

The results illustrated by Fig. 1 showed that aberration 
rates for several post-moculation times should be measured. 
to study the oxygen effect. However, & further camplica- 
tion arose in the calculation of aberration coefficients. 
Log response-dose curves for irradiations in HPO and N, 
wero not strictly linear for higher doses in HPO which 
yielded <40 per cent normal telophases ; the percentage 
telophase aberrations exceeded the value based on 
linearity, particularly for longer (16-24 h) post-inoculation 
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Post-inoculation time (h) 


Telophase aberrations induced m HAT oells by X-tradiation 
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times. Moreover, responses for radiation doses in the range 
40-875 rada m N, and for post-inoculation times 6-24 h 
did not depart significantly from linearity. 

Values of agpo and ag, for different post-moculation 
times (T') are plotted in Fig. 2, for radiation dosea in HPO 
and N, respectively, yielding 10-50 per cent aberrations 
at an exponential rate with increasing dose. The resulte 
show that the value of « for both HPO and N, varies with 
T. The data were fitted with regression lines, using the 
least-squares method on the assumption that a decreased. 
linearly with T'. The regression equations : 

anro = 408—0-058 T 
ax, = 1:03— 0:008 T 
were obtained and suggest that the oxygen effect factor E 
(apo = ZES) decreases linearly from ~3-7 (T — 8 h) 
to — 9-2 (T'— 24h). This result agrees with the value (Haro 
= 8-2) obtained in this laboratory' for regression of this 
tumour growing in the leg of mice and irradiated in vivo 
in HPO or with tourniquet ooclumon. However, & statis- 
tical analysis of the present date showed that the relation 
of a to T was not linear. A variance ratio (F) teet gave 
a probability of P< 0-001 that both regressions were non- 
linear. It appears that the relations of ay, and xgpo to T, 
respectively, are curvilinear and that each regreasion may 
be better fitted by a polynomial cubic equation or a more 
complex regression of the general form: 
a =B + Be? our + BaT” 

The date show that « rises to & peak value (qp) at time 
Tp, and afterwards idly decreased for a period of 
several hours. In Table 1 moan values of a and the 
corresponding values of T' are tabulated, and the values 
of Egpo calculated. 








Tablo 1 
T (h) 
6 8 14 16 18 24 
auro — 425 — 4655 — 410 204 257 1490 
oy, OOS 140 (100 0491 O72 O75 OM 
Emos 0  .— $08 455 460 408 343 23$ 
ON, 


Table 1 shows that caloulated oxygen effect ratios vary 
considerably with post-inoculation time. The mean peak 
aberration coefficient (ap) values give a ratio By— 


foro) 48 


E, reo) y 2 — = 3-8 


= 14 

This 2 h delay in Tə(mro) (~11h) after Tam.) (~9 H) 
seems related to the delay in onset of mitoms due to HPO 
treatment per se. Assuming that ascites cells aspirated 
on the fifth day are in asynchronous logarithmic growth, 
parasynchrony possibly resulte from a temporary eres 
1n one or more selected phases of the cell replication cycle 
88 & result of metabolic stresses produced by experimental 
manipulations. Evidence, somewhat conflictmg, exists 
that cellular radiosensitivity may be decreased in the 
presynthetio (G,) ‘resting’ phase, but is greater in certain 
parts of other (S, G» M) phases’. However, in oertain 
hypotetraploid sublines of HAT, cell cycle times of about 
18-30 h have been reported, the S-phase lasting 11-12 h 
and the poet-synthetio (G,) period plus mitosis (M) 
period 6-7 h, whereas G, is very short or absent*. Thus, 
in 8-5 day EAT 54 cent of interphase nuclei were 
labelled 1 h after "H thymidine administration, and the 
mitotic index (including early prophases) was about 25 
per oent*. In our hyperdiploid EAT, the corresponding ð- 
day cell cycle time was about 21 h, 17 + 2:4 per cent of 
interphase nuclei were labelled at 1 b and there were 
4 per cent mitoses. This suggests that the S period is 
much shorter in the hyperdiploid tumour. Data based 
on labelling and mitotic indices after colchicine arrest 
indicated that the S plus G, period is 6-7 h, and that 
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mitosis laste about 1 h. A long prophase period (4 b) is 
reported for the hypotetraploid tumour’, but is much 
shorter in the hyperdiploid tumour. These differences 1n 
the growth cycles of hyperdiploid and hypotetraploid 
sublines appear important in evaluating radiosensitivity 


Assuming a» to correspond to radiosensitivity being 
maximum ın 5 phase, the values To, ^9 h and Tamro) 
~ 11h seem to fit this hypothesis, since HPO caused more 
prolonged arrest of cells in all stages of division. Arrest 
of growth and divimon by HPO have been described in 
various biological systems’. Possibly HPO causes changes 
in endogenous SH — S8 redox systems. The latter have 
been associated with various biosynthetic eventa in cell 
replication!*, and shown to alter in HPO poisoning!. 

Assuming ap values in our material to correspond to 
higher radiosensitivity of those cells in DNA synthesis 
at the time of irradiation, & calculation has been made 
of this morease in radiosensitivity (0) for HPO and N, 
respectively (Table 2). 


Table 2 - 
40 L4 
Radlosena!ivity ratio (6) for peak value oaro {=} 7 $45 re 
(ap) relative mean value (cw) calcu- 1440 ae 
c EM s a 
ET e 
Extreme radiosena!ivity rato (0!) for 9 HPO; c. 196 2:49 
peak value (op) relative to minimum 140 
value (amis) ab $4 h Ory, AL - 19 - 197 
(am) 0 84 


If amex in HPO went dde teint corresponda to cells 
irradiated in G, phase, geen, in telophase at 24 h, 
the oxygen effect factor for S phase (for HPO) may be 


ouro — 2:40 
higher (by an additional factor E, = Oy, 7 1-67 ~ 1:4) 
a 


than for G, phase. At present DNA labelling techniques 
in conjunction with measurement of aberration rates to 
identify phases of cell replication for HPO and N, irradia- 
tions, respectively, are being used to verify this hypothesis. 
Tn conclusion, the resulta obtained show that the inci- 
dence of chromosome aberrations in the hyperdiploid 
Ehrlich ascites tumour, induced by ionizing radiation 
in vitro and measured after mocubation of tbe cells in 
recipient mice for varying times, 18 highly dependent on 
the post-inoculation period (T). In both HPO (5 atmo- 
spheres absolute) and in N,, respectively, the aberration 
coefficient (a) rises to a peak value (ap) and then rapidly 
decreases a8 & i effect (a = f(T)). HPO treat- 
menta delay division by an additional ~ 2 h and this effect 
da to the HPO ion curve and 4a (HPO) 

value being displaced to the right. Calculation of the oxy- 
gen. effect factor (E) must be based on & range of values 
of post-inoculation time (T). Peak a values observed 
are considered to represent & higher radiosensitivity of 
cells in DNA synthesis (or possibly G,) at the time of 
wradiation. The mean oxygen effect factor Hapo ranged 
from 8-7 to 8-2 for T = 8 to T = 24h, respectively. The 
value Hy, = 8:8 (for corresponding peak values of a) 
wae similar. However, values of Eppo oo to 
the various values of T after radiation in and Np 
respectively, ranged from aa high as 4-60 to as low as 2-20— 
an anomaly partly due to an additional mitotic delay 
caused by HPO, but also &ttributed to a higher oxygen 
effect factor for cells irradiated during DNA synthesis 
(S phase). An estimate of the ratio (Hs) of oxygen effect 
factors for cells in DNA synthesis to that for G, cells is 1-4. 
The oxygen effect factor for X-irradiation in HPO was 
^ 9-8 minimum for cells conmdered to be mostly in the 
presynthetic G, phase, and ~ 3-3 for cells in DNA synthesis 
(S phase). The practice adopted of calculating oxygen 
effect ratios from peak aberration rates, irrespective of 
post-irradiation incubation time, seems unacceptable 
if radiosensitivity varies durmg the replication cycle, 
and if experimental factors produce selective effects on 
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timing of the replication cycle or differential sensitizing, 
protective or itive effecta related to phases of replica- 
tion. 
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By A. M. ZIEGLER 
Division of the Geological Sciences, California Institute of Technology, Pasadena, California 


1, in & classic investigation in marine 
ecology, demonstrated that the benthonic animals 
of Danish waters tend to occur in several distinctive 
communities, and he produced maps showing the distri- 
bution of these communities. Other workers* have 
followed Petersen’s lead in treating the animal oom- 
munity as the basic ecological unit, and the general 
implication is that communities are ultimately controlled 
by environmental factors. If this is true, then maps show- 
ing the distribution of co-existing communities in remote 
geological times should reflect the different environments 
of those times; furthermore, the relationships of the 
communities to such geologically veriflable features aa 
shorelines should provide & clue to the type of environ- 
mental factora responsible. Although some palaeon- 
tologiste* have defined specific fossil communities in 
Palaeozoic rocks, few have been able to map coexisting 
communities, probably because of the difficulties of strati- 
graphical control. 

e early Silurian depoeite of Wales and the Welsh 
Borderland contain fossil assemblages which fall naturally 
into several groups. The distinctions be- 
tween some of the assemblages were noticed 
by earlier workers who invoked proximity 
to volcanoes* or submarine ridges’ to 
account for the differences. At least five 
assemblages or communities may now be 
recognized, and these are briefly defined 
in Table 1. In the column headed ‘Charac- 
teristic Species’ are the animals which 
normally occur sbundantly in the oom- 
munity; the ‘Associated Species’ usually 
occur in the community, but are not as 
abundant or regular in their ce. 
The communities are probably completely 
intergrading, and it should be emphasized 
that their recognition depends as much on 
relative abundances of species as it does 
on occurrences of particular species; thus 
Hocoelia is very abundant in its own com- 
munity, but it frequently occurs in. the 
Peniamerus community and is found 
occasionally in the other communities. 
The communities are widely distributed 
and, in fact, the same aasociations occur in 
collections known to me from as far afield 
as Alabama and Hudson's Bay. 

The five communities: (1) L9ngula; (2) 
Eocoelia; (8) Pentamerus; (4) 1 ia; 
(5) Clorinda; are related to each other in 
& lmear fashion; adjacent communities, 
for example 1 and 2, or 4 and 5, have 
many species in common, while 1 and 4, or 2 
and 5, are mutually exclusive. The com- 
munities defined, with the exception of the 





Table 1 
Community names OCharecteristio species Associated mpecles 


1. Lingus communi Taagula ‘Hormotoma’ ap. 
B dent fev t ' Ptorwsia" ep. P 


decompliosia. Oormuhtes sp. 
2. Kocoslia community ote * AERIS 
‘Teptontropkia’ Salopina sp. 
compresa ' Pierim' sp. 
š Dehnenites weareri ei 
[i on, Airy rescuers Howellella crispa 
4. ajeno oommmity Sirion anda Pba Reseerella ap. 
Roepirlfor radiais 
communi ty)* Atrypa retioxiaris 
5. Clorinda Olormda * weilénon ris 
Disoslosia Oookinia. 
merpinalis 
løns 


* Chronological species or genera suooeed one another In the marne com- 
Lingula community, are dominated by articulate brachio- 
pods which typically constitute more than 85 per cent of 
the fossil remains, so the distinctions between the com- 
munities are based largely on the brachiopods. In the 
case of the L4ngula community, only one species of 
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articulato brachiopod, a rhynchonellid, is present, and 
many groups such as the corals, crinoids, and trilobites 
are completely unrepresented. Because of the restricted 
nature of this community and because of ita occurrence 
at the base of transgreasive sequences, such as the Kenley 
Grit of Shropshire, or the Oowleigh Park Beds of tho 
Malvern Hills, a coastal environment is postulated, similar 
perhaps to the environment inhabited by many modern 
lingulids*. i 

Sediment type does not seem to have 
been a controlling factor in community 
distribution, as each community bas been 
found in & wide range of sedimentary rocks. 
But there is a general tendency for oom- 
munities 1 and 2 to ocour in sandstones, 
communities 8 and 4 in sequences of 
varying proportions of sandstone and shale 
beds, and community 5 in shale. > 

It is evident that a transgreasing sea, 
such as the Upper Llandovery sea of the 
Welsh Borderland, would deposit strati- 
graphical sequences representing environ- 
ments progreasively farther from the-shore. 
The Damery Beds of Tortworth show the 
stratigraphic sequence of communities 2, 8, 
and 4, whereas at May Hill the community 

œ is 2 (Huntley Hill Beds), 3, 4 and 

5 (Yartleton Beds). In the Malvern 
District the community sequence is at 
Eastnor 1 (Cowleigh Park Beds), 3, and 4 
(Wyche Beds); at Gulley quarry it is 
3 and 4 (Wyche Beds); and at Old Stor- 
ridge Common it is 2 (Oowleigh Park Beds), 
8, 4, and 5 (Wyche Beds). In Shropshire 
the general sequence is 1, 3 and 5, repre- 
senting the Kenley Grit, JPeniamerus 
Beds and Purple Shales respectively. 
Thus the communities, as numbered, 
represent progressively offshore environ- 
mente, though the complete sequence 
of communities is not present in any one 
area. 
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The off-shore sequence of the communi- 
ties may be clearly demonstrated with 
palasogeographical maps showing two 
phases of the Upper Llandovery transgres- 
gion (Figs. 2 and 8). The communities of 
the Lower and Middle Llandovery have 
not yet been studied in detail, but a map 
of this time period haa been included (Fig. 
1) to show the extent of the land area later 
flooded by the Upper Llandovery trans- 
greasion, and also to contrast the widths 
of the shelf area during different times. 
The accuracy of these mapa depends 
largely on the correlation of the various 
sections, and this has been accomplished | 
by studying evolutionary trends m. various 
brachiopod lineages". The greywackes and 
the graptolitio muds are included on the 
maps; these deposits typically do not 
contain benthonic animals. The grapto- 
lites are largely restricted to these deposits, 
only because the environment of deposition 
was such that their delicate remains were 
preserved; they probably lived in the 
surface waters’ and drifted wherever seas 
exis ted. 

A first approximation of the depths at 
which the various communities existed 
may be derived from volcanic flows 
which occur both at Marloes, Pembroke- 


Malvern 
NANOS 
D. Malvern 


At Renny flip | near Marloes, & 20-ft. 
thick pillow basalt flowed out on deposits 
containing an Zocoelta community. The water was appar- 
ently shallowed by an amount equal to the thickness of 
the flow and this was enough to displace the Boovelia 
community by ita neighbour, the Lsngula community 
which occurs in the beds just above the flow. However, 
the duration of the Lingula community at this locality 
was short as the Hocoslia community occurs about 40 ft. 
higher in the succession, ita return being due to the 
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generally transgressive nature of the sea at this time. 
Two miles away, however, at Marloes Bay, the basalt 
is much thicker (130 ft.) and therefore had a greater 
effect. Two flows occurred and the lower flow has a red- 
dened surface, suggesting that deposition of the lower 
flow waa at least in part subserial. The Lingula community 
did not return until several hundred feet of conglomerates 
and sandstones had been deposited on top of the basalte. 
The relationships of these volcanic flows that the 
depth ranges of these communities were of the order of 
tens of feet rather than hundreds of feet. 

In the Tortworth inlier, an andesite flow of variable 
thickness occurs on top of deposits containing the Cosi- 
sricklandia community. At Woodford, its thickness is 
small, perhaps 15 ft., and the Oostistricklandia community 
is developed on top of the flow. However, leas than two 
mules to the south, the flow is 150 ft. thick and the Bocoekia 
community is develo in the sediments above the flow; 
here, both the Oostistricklandia and Poentamercides 
communities were displaced. Relief of 185 ft., then, 
seems likely between the levels of the Wocoslia an 
Ooshstricklandia communities, and tho Pentamercides 
community must have occupied some intermediate range. 

In summary, the various lines of evidence on the 
community environments are: (1) ison with 
modern communities in the case of Lingula; (2) sediment 
type; (3) stratigraphical succession ; (4) areal relationships ; 
(5) volcanic displacement. All these considerations 
point to an off-shore sequence of the communities, the 
Lingula community being the closest to the strand and the 
Olorinda community farthest from the strand. If this 
interpretation is correct, then several conclusions regarding 
the geological history follow. 

The tranagression of the Upper Llandovery sea occurred 
in two pulses. ne Mr aray es Hin pea 
extended to cover much of South Wales and moat of the 
Welsh Borderland. The record of ita relatively rapid 
transgression is preserved in the Eocoelia community low 
in the succession of Presteigne and the Lingula oammunity 
of the Kenley Grite of Shropshire. This waa just a transient 

hase, however, and Fig. 2 shows the relationships 

uring much of early per Llandovery time, with the 
shoreline existing at the vern Line’, About this time, 
turbidity ourrenta began to deposit the Aberystwyth 
Grits in the geosyncline'*, These turbidites are known to 
have extended further to the east and north with time, 
eventually covering much of central Wales. It is a 
singular fact that there is & gap in the sequences of the 
shelf area which corresponds quite well with the deposition 
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of the turbidities in the geosyncline; for example, north- 
west of Malvern at Old Btorridge Common, Wyche Beds 
of C, age rest directly on Cowleigh Park Beds of O, or O, 
. Possibly there was a slight regression causing much 
of the sediment that had accumulated on the shelf to be 
to the shelf margin where it was carried to the 
depths of the geosyncline by turbidity currente. Oonfir- 
mation of this regression is found at Llandovery, about 
the only place where the sequence is continuous, where 
the Siricklandia community of O, beds succeeds the 
Clorinda community of O-O, beds. 

The second pulse of the transgression occurred about 
O, time. It is perhaps significant that a transgression 
occurred on the north side of the geosyncline as well, in 
County Galway, Ireland", ing that the change of 
sea-lovel was eustatio. Much o south-east England became 
submerged, to judge by bore-hole information!!, turbidite 
deposition stopped abruptly, and fine-grained shales 
accumulated over much of the shelf anil da deeper area. 
By the end of Upper Llandovery times, the Clorinda 
community existed as far east aa May Hill and Old Btorridge 
Common, showing that subsidence continued at a faster 
pace than the accumulation of sediment. 

To conclude, it is clear that the animal community 
technique of the ecologists is applicable to fossil assemblages 
and oan provide the basis for interpreting past environ- 
ments. This article reports some preliminary resulta and is 
intended only as an announcement of a much more. 
complete treatise, which would define the communities 
quantitatively, describe the various i hical suo- 
cessions, and present a detailed geological history of the 
Llandovery of the British Isles. 
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PARTICIPATION OF ADRENOCORTICAL HYPERACTIVITY IN THE 
SUPPRESSIVE EFFECT OF SYSTEMIC ACTINOMYCIN D ON UTERINE 
STIMULATION BY OESTROGEN 


By BARBARA M. LIPPE* and Prom. CLARA M. SZEGO 
Department of Zoology, University of California Los Angeles 


Du cL in several laboratories have been 
directed toward localization of the oestrogen-sensitive 
step(s)* in uterine metabolism. In a recent series of 
reportat! reviewed elsewhere’, evidence has been provided 
that augmentation of RNA synthesis is an early correlate 
of oestrogen action in the uterus. Thus, actinomycin D, 
which inhibits DNA-dependent RNA synthesis in isolated 
Systems'1* and depresses in vivo the incorporation of 
labelled orthophosphate into all forms of A in rat 
liver!, also inhibits some characteristic early actions of 
oestrogen on the rat uterus including imbibition of water 


a Supported p medical student research traming grant 576 Gif 43-08, 
U8, lo Health Bervice, 150-1 FR 05355-01L. 


and accentuation of phospholipid and protein synthesis", 
Moreover, augmentation of uterine RNA polymerase 
activity has been noted within 2 h of oestrogen pre- 
treatment*!*, Puromycin administration abolished this 
response’, as well as the anabolio effects of the hormone", 

Enhancement of RNA synthesis is undoubtedly an 
early indicator of the uterine stimulatory action of 
oestrogen. This would be anticipated from the generalized 
&ooentustion by oestrogen of anabolic responses including 
that of protein elaboratian!. What is leas clear, however, 
is whether the hormone influences RNA synthesis directly 
88 & primary step on which the metabolic stimulatory 
pattern dependg'*191*, or whether the accentuated rate 
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of formation of RNA is but one of the secondary conse- 
quences of creased availability of substrates, co-factors 
and, energy sources resulting from oeetrogenio stimulation 
of localized transport’. 

The work recorded here demonstrates that & significant 
portion of the inhibitory influence of actinomycin p 
treatment on oestrogen stimulation of uterine meta 
is due to activation of adrenocortical A. by 
this highly toxic!’ antibiotic. This inhibitory effect can 
be prevented or partially overcome by prior adrenalectomy 
or by swamping doses of oestrogen. The oounteractive 
influence on oestrogen action of adequate concentrations 
of exogenous 0-11 steroids! and of endogenous adreno- 
cortical ion!* has long been known. 

Female Dawley rate, 2 months old and weigh- 
ing about 200 g were used. They were ovariectomized 
14-10 days earher. Adrenslectamy, where indicated, was 
performed 24 h prior to experiment.  Poet-operatively, 
adrenalectomized annmals were given 0:9 per cent saline 
as the fluid. Actinomycin D, 375 or 500 ug in 
0-5 ml. of 0-154 M neutral sodium chloride containing 
l per oent ethanol, or the saline control solution, was 
injected intra 80 min before oestrogen 
treatment. Ocstradiol-178 (1 ug in 1 ml. of saline)!, or 
d appropriate control solution, was administered via 

the saphenous vem under light ether anaesthesia. Four 
hours later the animals were bled under light sodium 
pentobarbital (‘Nembutal’) anaesthesia. Uterine horns 
were incubated at 37-5°-88° O in Krebs—Rimger-bicarbon- 
ate buffer under & constant stream of 95 per cent oxygen- 
5 cent carbon dioxide in the presence of radioactive 
tes for 2 h (ref. 8). Substrates added to 2 ml. 
medium were either 0-183 mole glycine-U-“C (Nuclear- 
Chicago) or 0-175 umole Sdonino 6. uO (Schwarz), in 0:1 
or 0-25 ml. water, respectively. After incubation, the 
contents of each beaker were rapidly brought to 5 per 
cent trichloroacetic acid (TOA) and frozen at onoe. 
Protein isolation, plating and gas-flow counting ures 
were easentially as earlier deacribed*. The weight of 
the plated radioactive protein plus carrier was 30 mg. 
Isolation of nucleic acids and separation into RNA and 
DNA fractions were carried out by methods smmilar to 
those desaribed by Wool!*. RNA and DNA concentrations 
were determimed by ultra-violet analysis, and by the 
orcinol and the diphenylamine reactions, respectively. 
Radioactivity in aliquots of uterine nucleic acid fractions 
was measured by liquid scintillation counting in the 
Bray" medium. 

Uterine water. Fig. 1 reveals that the characteristic 
water imbibition response to 1 ug oestradiol-17B was 
abolished (P<0-01) by actinomycin D pretreatment 
(375 ug). In contrast, the effectiveness of the hormone 
was not diminished by actinomycin D if prior adrenalec- 
tomy had been carried out. Adrenalectomy alone had no 
influence (P > 0-06) on oestrogen sensitivity 24 h following 

i pai Suppression of the effects of swamping doses 
oestradiol required proportionately higher concen- 
trations of actinomycin D. Thus, in the of 10 ug 
of oestradiol, little or no ourteilment of the uterine water 
response was noted (83-91 + 0:286 per cent versus 83-11+ 
0-22 per cent), unless the antibiotic was increased to 
750 ug. Moreover, when experiments were carried out 
with animals which had been ovariectomized only 7 days 
earlier and therefore were unusually sensitive to oestradiol, 
incomplete obliteration of the uterme was 
achieved with 375 pg actinomycin D (date not shown). 
These observations appear to render untenable the 
hypothesis'+:47.4.15 that even the uterine eability 
changes elicited by oestrogen require prior induction of 
specific proteins. 

Protein labelling in vitro. Uterine segmenta taken from 
animale pretreated as described above were tested for their 
capacity to incorporate radioactivity from glycine-U-“C 
into protein in viro. The increased specific activity of 
uterine protein due to oestrogen administration was 
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reduced to the control level by actinomycin D (Fig. 2). 
Prior adrenalectomy, however, restored a substantial 
portion of the hormonal sensitivity. 

Plasma corticosteroid levels. Direct evidence for stim- 
ulation of adrenal cortical secretion by actinomycin D 
in ovariectomized, otherwise intact animals was seen 
(Fig. 3) in the ly elevated levels of circulating 
corticosterone (P=0-02) with both doses of the anti- 
metabolite (see also ref. 21). Levels of plasma oorti- 
costerone in adrenalectomized animals receiving &ctino- 
mycin D were minimal as anticipated. 

These dramatic effects of actmomycin D on oirculati 
steroids were associated with intense adrenocorti 
hyperactivity as judged by extreme lipid depletion of all 
but the immediately subcapsular zone of representative 
frozen sections. A similar situation may occur with 
puromycin™ and oycloheximide™, highly toxic inhibitors 
both of protem syn: ** and of uterine venes 
to oestrogen* ^. Adequate levels of adrenocortical 
steroids are required for suppreeeion of oestrogen-mduced 
stimulation of uterine metabolic activity?. Where these 
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dose requirements are not met*, little or no acute 
inhibition of oestrogen activity may be evident. Levels of 
actinomycin D which effectively suppress RNA synthesis 
in mammalian tissues can produce the generalized streasful 
state associated with masamve endogenous adrenocortical 
hypersecretion which has been demonstrated in the present 
investigations. 

RNA labelling. As noted above, prior adrenalectomy 
virtually eliminated the inhibitory effect of actinomycin D 
on the stimulation of protein labelling by oestrogen. In 
contrast, removal of the adrenals had no oomperable 
influence in relieving the antibiotic suppreesion of hor- 
monally induced incorporation of carbon-14 from glycine 
or adenine into RNA (Table 1). As anticipated, the 
incorporation of isotope into DNA was negligible 
(<1 o.p.m./ug) in these experiments in which oestrogen 
was given 4 h earlier (well before stimulation of mitosis 
is evident!) The resulta recorded here do not support 
the assumption*'!*/!* that actinomycin D inhibits uterine 
responses to oestrogen by selective disruption of mes- 
senger RNA elaboration and, thus, protem synthesis. 
Instead, the resulta indicate that depression of the early 
uterine responsiveness to oestrogen after systemic 
administration of antibiotics such as actinomycin, 
puromycin and oycloheximide is due primarily to 
adrenocortical hyperactivity. 

It is evident that the uterine growth response to oestro- 

is associated with an increased formation within & 
ow hours of RNA components which sediment in density 
ient ceatrifugation as template’ and riboeomal*;** 
ions. However, expansion of the microcirculation to 
the uterus is induced by oestrogen through selective 
liberation of locally histemine within 30-40 
seconds’’. This very early effect may, by increasing the 
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Table 1. INYLURKGE OF AOTIXOMICIN D AND OF ADREWALBOTOMY OX THE 
OnsTROGEN-STIMULATED OX OF RADIOACTIVITY FROM LABELLED 
PRECURSORS ITO RMA or UTERINE HRGMENTS in wiro 


Treatment BANA, c.p.m./mg* 

Oesira- Actino- » in 

dolt myenDi Adr. Exp.I(Glyj Exp. O (4)4 Bap. III (4)1 
- - - 0-06 + 0-76 (4) 19 48; 23 28 
+ — — 242642-50(4) 35-53; 38820 50-774 0-25 
+ + — 16704217 (4) 2816;1662 10-481 8-42 (3 
+ + + 10554004 13-07; 18:50 34:70+ 1810 

* Data shown are individual values (xp. 


1D or and S.H. M. (Expa- 
IandlIU) . Numbers to each 


975 mg I, 500 . ID), tniraperitoneal before 
(xp. I, IT) or Kg (Bxp. IIT) peri $0 mtn 


Unt 

Adenine a0 wan the radiative milis maaa oe Pen. 
availability of & variety of substrates and oo-factors to the 
uterine cell, culminate in stimulation of synthetic reactions 
(including eleboration of RNA) and uterine growth®"*. 
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use of his laboratory facilities during an early portion of 
these investigations. The generosity of Dr. Ehner Alpert 
of Merck, Sharp and Dohme, Ino., in donating the 
actinomycin D used in these experiments is gratefully 
acknowledged. We are indebted to Dr. Margaret A. 
Blusher in whose laboratory the fluorometric analyses for 
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POTENTIAL EFFECT OF THE PLASMA PROTEINS ON DRUG DISTRIBUTION 


By Dr B. K. MARTIN 
Nicholzs Research institute, Ltd., Slough, Buckinghamshire : 


HE theoretical and practical aspects of the interaction 
of drugs with plasms proteins have been considered 
by Goldstem}, Edsall and Wyman’ and others?“, and it 
is generally accepted’ that the ‘protein-binding’ of a drug 
in this manner can modify its distribution in the body and 
therefore influence both the dose-response relationship 


and the rate of drug elimination. The work recorded here 
was undertaken to gain a more exact theoretical impres- 
sion of the quantitative 

The extent to which & drug is bound to a particular 
protein depends on the concentration of drug, on ita 
affinibty—which is quantitatively expreased by the aseo- 
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ciation constant of the drug-protein complex -(Kes)—on 

the concentration of protein and ite ity—the number 

of sites (n) available for drug bindmg on the protein 
molecule. Whenn = 1, then: 

[DP] 

Es» = IDA (Pil (D 

where [Dy], [Py] and [DP] represent ively the molar 

ibrium concentration of free (unbound) drug, free 

protein &nd bound drug. 1f B represente the fraction of 

the total drug in plasma which is bound to the protein, it 





Peroentags free In body 
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may be deduced? that: 


[P] 

8 = DP OE) + DA e 

where [P] is the molar concentration of total protein. 
In the + connexion, greater interest centres on 
that fraction of the drug which is free (a), for only the 
concentration of free drug contributes tial to ite rate 
of transport acroas cell membranes. e rate of excretion 
of unchanged drug is related to the concentration of free 
drug rather than that of the total drug in the plaams. The 





1 1 3 4 b 6 
Amount of drug tn body (mmoles) 


Percentage in plasma 


Ka 1x! 





1 2 8 4 5 6 
Amount of drug in body 6nmolea) 
Fig. 3 Fig. 4 
Figs. 1-4. The graph are constructed from data osjeulsied fos fo paota whieh interact with a single plasma and which have 
amociation ( ) of 1x 10*, 1x 10* 1x10 and 1x10f. The protein concentration was 5x 10+ each 
having one available site for interaction with Piana data 1) ware calculated from equation (3). The extended data 3-4) relate 
toa man 70 kg with plasma volume 8 1. and total body 41, the free drug being uniformly in total water, with 
no binding or of drug In the tissues. Tf Dy and Dy are the respecttre molar equilibrium coneentrations of free drug bound drug 


m the plaza: amouns of drug In body e 42Ds+ 3D»; percentage free = GLAD x 100; pereentage in panna = AI AN x 100 
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concentration of free drug in the tissues is in equilibrium 
with the free drug in plasma and hence the latter also 
influences both the rate of drug elimination by bio- 
transformation and the magnitude of the pharmacological 


response. 

Equation (2) may accordingly be transposed in terms of 
a and—for simplicity in t caloulations—in 
terms of the dissociation constant Kap (Kay = (1/K 5] ). 


ve [Dy] a Ka + [Dy] 
[Di] [Ps] + Kay + [Dr] 





(3) 


It is also desirable to relate a to the concentration of 
total drug in plasma (D) rather than that of the free 
drug (Dy), for it is the former which is normally measured 
clinically. 

If Ksp and [P;] are speared, a may be calculated for 
selected values of D; and the corresponding values of D, 
may then be derived. Caloulations were made for a series 
of model drugs which react with a single protein with 
values of Ky, ranging from 1 x 10* to 1 x 10’, with P; = 
5 x 10-4 M, this being the typical concentration of albumin 


e 
foregoing considerations apply to an isolated, single- 
compartment system, that is, the drug and ths protein 
occupy & common volume. While they provide an acoount 
of the quantitative changes in plasms, they give no 
indication of the changes in drug distribution in the body 
as & whole, or of the dosage-level at which they occur. 
The body must be considered at least as a two-compart- 
ment system, the plasms protems being confined to the 
plasma volume while the free drug is distributed in a 
volume which approaches that of total body water. The 
: volume and the total body water oonstitute 
typically 4-3 and 60 per cent, respectively, of body-weight, 
so that on this basis the free drug in plasma is also in 
ilibriam with an additional volume which is 13 times 
that of the plasma volume. In this treatment the effect of 
any bindmg of drug in the tissues, with the consequent 
creation of additional oampartmenté, has not been con- 
sidered. The amount of drug loeslired in tissues can, 
however, be substantial and deviations fram idealized 
behaviour will arise whenever any tissue attains & con- 
centration of drug which is either appreciably higher or 
lower than the free concentration of drug in the plasma. 

The cadculations were therefore extended on ihe ia of 
the foregoing considerations and, in order to gain insight 
Sar ebedhne dale: values they were apple bod Inu 
weighing 70 kg with a plasma volume of 3 1. and total 
body water equal to 42 1. The results are plotted in Figs. 
1-4; each illustrates a different facet of drug distribution. 
Consider, for example, the model drug with Kep=1x 10"; 
increasing the dose or the amount of drug in the body 
from 1-4 to 1-9 mmoles (an increase of one-third) produces 
a ten-fold increase in the concentration of free drug in the 
body (Fig. 3), but the concentration of total drug in the 
plasma rises by only 10 per cent (Fig. 2). Whereas only 
8 per cent of the amaller dose existe in its free form in the 
body, 22 per oent of the dose is free (Fig. 3); 
whereas 97 per cent of the am dose is confined 1n the 
mei ea O ae NR 

ig. 4). 

The extended calculations for the whole body indicate 
that the binding of a model drug to the plaama proteins 
only has an appreciable effect on drug distribution if the 
drug has a Key greater than 1 x 10*. The plasms date 
reveal that for the model drug with Kap™= 1x 10‘ es much 
aa 83-4 per cent of the drug in plasme can be bound, 
whereas the extended data show that at least 78 per cant 
of the drug in the body ıs free. As » consequence, the effect 
on the rate of elimmation will be small, relative to drugs 
with Kap x 1x 10* or 1 x 10, when the percentage of the 
drug which 1s free can be ss low as 22 and 2 per cent, 
respectively. 
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Differences in drug distribution arimng from differences 
in Kap are greatest at low drug concentrations, when a 
approaches s minimum limit. -This limit may be caloulated 
from equation (8), for ae Dy — 0, a — (Kap)/(P: + Kap). 
At higher dossge-levels, differences in Kay have » much 
smaller effect on the distmbution characteristics, whioh 
converge towards a common pattern. No constant 
relationship can therefore be expected between Kay and 
ita effect on drug elimination or dose-response, for this ' 
depends also on the amount of drug present in the body. 
Elimination will always become pro; ively slower as 
elimination proceeds. In respect of the dose-response, 
there is & dosage-range within which small noreeses in 
dose produce relatively large increases in the concentration 
of free drug and ae e result the biological response may also 
show a pronounced merease at this level. Again, these 
effecta will only be prominent in the instance of drugs 
possessing a high Kap. 

The classical method of establishing the rate of olimme- 
tion of a drug is to examme the decline of the plasma 
level of the drug with time. This involves the aasumption 
that the plasma always contains & constant proportion of 
the total drug m the body. If the drug has a high Kap 
value, this is not so. A plot of log plasms drug concentra- 
tion against time may, over & limited period, appear to be 
lineer, but the calculation of an elimination rate ‘oonstant’ 
from its alope can appreciably underestimate the rate of 
elimination, for the decline in the plasma level as a result 
of drug elimjnation is partly off-set by an increase in the 
proportion of the ramaming drug which ia located in the 
plaama (Fig. 4). The detailed consideration of this aspect 
will be the subject of & separate communication. 

The rate of elimination of & drug is frequently observed 
to be proportional to the amount present in the body (D), 
that is, — (dD)/(di) = ED, where K is the first-order 
elimination rate constant. Ifa hae a high Key value, 
this will not be a0, K will progressively dimmish and the 
half-life of the drug will increase as eliminstion proceeds 
because an increasing proportion of the remaining drug is 
bound to the plasma proteins (Fig. 3). A constant relation- 
ship will only exist in of the amount of free drug 
(Dr), that is, — (dD)/(di)  K'Dr and Dr = f(D). 

The theoretical considerations correlate well with the 
studies by Burns of al.* on phenylbutazone, certain features 
of which they explained in terms of the binding of the 
drug to the plasma proteins. Calculation‘ from the data of 
Burns e£ al.* indicates a Key for phenylbutazone of about 
1x 10 with n= 1, and the experimental observations m& 
Ee A EE REE forthe opa 


ing model drug. , 
yc ent is safficiently close to suggest 
that a knowledge of the affinity and the capacity of the 
plaama proteins to complex with a drug can provide & 
useful guide to those aspects of a drug’s behaviour which 
are related to ite distribution. The statement that a 
certain of a drug is bound to the plasma 
proteins is of limited value, whereas the determination of 
Kay and n, tho they may for a number of reasons lack 
precision, would be far more informsé&ive. Similar 
determinations in respect of the plaama proteins of 
relevant animal species, which often exhibit major dif- 
ferencea*, would also permit a better correlation of the 
effecta observed in animals with those expected in man. 
1 Goldstein, A.,Phermacol. Rev., 1, 102 (1949). 
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EFFECT OF 8-AZAGUANINE ON LEARNING 
OF A FIXED-INTERVAL SCHEDULE 


By Dr. ROBERT E. JEWETT, JAMES H. PIRCH and Dr. STATA NORTON 
Depertment of Pharmacology, Kansas University Medical Center, Kansas City 


ODIFICATION of RNA in neurones of the central 

nervous system has been suggested aa & mechanism 
for the phenomenon of learning and memory??. This 
hypothesis has been tested by Hydén and Egyházi?’ 
by selective stimulation of neurones and analysis of RNA 
content and composition. These stimulated cells showed 
an increase in RNA content. Corning and John‘ have 
studied the effect of ribonuclease in blockmg the retention 
of a conditioned response in regenerated planaria. 

Drugs known to affect RNA meteboliam have also been 
used to examine the hypothesis that RNA is modifled 
in learning. Chamberlain e£ al.* have used 8-azaguanine 
to prolong the time for spinal fixation ın rate; Dingman 
and, Sporn have used the same drug, injected intracere- 
brally, to modify water maze learning; and Flexner 
ei al.’ have studied the effects of intracerebral puromyoin 
on learning of & Y-maze by adult mice. In general, the 
results of the experimente tend to support the concept 
that RNA is involved with learning and memory, and drugs 
capable of modifying RNA synthesis can adversely affect 
learning and memory. 

The purpose of this investigation was to examine the 
effecta of the drug, 8-azaguanine, in & conditioned discrim- 
ination study in rete using food rewards and two fixed 
intervals. Thirty female rata (140-150 g) of the OFE 
strain (Carworth Farms) were used in this experiment. 
Five animals were housed per cage (10 in.x16 in. in 
dimension) and reoeived food and water ad libitum. 
Food waa withheld for 12 h before lever-pressing training. 

Animals were trained to press & lever for & food rew 
in an operant conditioning & twice weekly for 
b weeks. After the animals had learned to press for the 
food reward, continuous reinforcement for 15 min at each 
session was allowed. Twenty-five animals learned the 
lever-press food-reward association and were divided into 
control (6), placebo (7) and drug (12) groups, randomized 
for lever-pressing rate and body-weight. 

After learning the lever press-food reward association, 
the folowmg training ule was started. In any one 

ining sesion, called & trial, the programme started 
with ing the first lever prees. Then & short interval 
(SI) was interposed before a second and then before a 
third reward could be obtained. The rewarded SIs were 
separated by & long interval (LI) before the sequence was 
repeated. Fourteen such sequences (SI, SI, LI) were 
presented in each trial. Training trials were conducted 
twice & week. Two trials were run at each of the following 
schedules: SI 1 sec, SI 1 seo, LI 80 geo; SI 2 seo, SI 2 seo, 
LI 60 sec; SI 8 sec, SI 8 Beo, LI 90 seo; and SI 4 seo, 
SI 4 seo, LI 120 sec. These eight trials, during which 
the time intervals were progressively increased, will be 
referred to as Segment 1. Sixteen itional trials at the 
final schedule were given. The first eight of theeo trials 
will be referred to as Segment 2 and the last eight trials 
as Segment 3. 

During Segment 1, the drug-treated animals received & 
suspension of 25 mg/kg of 8-azaguanine in polyethylene 
glyool 400 intraperitoneally in a volume equal to their 
weight in tenths of & ml. (that is 250 g = 0-25 mL). 
Placebo animals received the vehicle alone in equal 
volume. All injections were given $0 mm before the 
animads were tested in the conditioning apparatus. Animals 
were weighed immediately before injection. 


Criteria were established for exclusion of rata from the 
study. If any animal (control or placebo) did not press 
et all, or did not complete two consecutive trials, no 
additional trials were given. If & drug-treated animal 
did not press at all, or did not complete two consecutive 
triala, no injections were made before subsequent trials. 
Theso animals (to be referred to aa 8-araguanine non- 
injected) were afterwards given trials which were equal in 
number to controls and carried on through the sequence. 

Data were collected for the responses during all three 
segments. The equipment was programmed to record 
the number of lever presses during the short interval 
food reward period, the number of lever-presses during 
the 15-se0 period after oesestion of rewarded preases, 
and the total number of presses during the remainder of 
the long unrewarded interval (LI-15 sec). The number 
of preesea for these individual was averaged 
from the fourteen seta durmg each trial and converted 
toa nse rate per minute. 

The following are included in this study: 
the response rate during the SI, the response rate during 
the 15-sec period, and the response rate during the 
LI-15 geo period. 

All controls (6) completed the 24 trials. Two animals 
of the seven receiving placebo injections were excluded 
and had no additional training. Five of the original 
twelve 8-azaguanine rata completed the full 24 trials. 
Six of the seven animals excluded from injection were 
carried the 24 trials. In order to evaluate 
toxicity, the weighta of the animals were obtained 
throughout the trial period. No significant difference in 
weight gain between trials 1 and 24 was found for the 
various groupe. Analysis by t-test did not demonstrate 

igni + differences between control and placebo 
animals in any parameter of lever pressing or wei gam. 
Therefore, these groupe were combined for analysis and 
will be referred to as controls. 


seen in this parameter during the final segments. 


Table 1. LEYNZ-PREMSUING Rate+ S.D. 
Oontrols (C) and B-axaguantne (D) rats 


Begment 1 Begment 2 Begment $ 
SI O 4b4r1b8 4561128 50-2 + 14-2 
D 3014144" 4?:3118.5 46 3412-7 
15 seo C 180+ 58 143+ 43 107+ 41 
D 102+ 47+ 162+ 71 18-6+ 44t 
LI-15 seo O 91r 42 36r 19 21r 18 
D 64+ 321 40+ 17 18+ 10 
N O 88 88 80 
D 40 40 33 
* P-0-065 
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Comparison of control and 8-asaguanine (non-injected) 
from both control and 8-araguanine ani . The SI 
lever-preeeing rate was signifloantly slower during Segment 
1, but not Segment 2 (Table 2)., In Segment 3 these animals 
preased signifloantly more slowly than controls. In both 
the 15-seo period and LI-15 seo, these animals showed no 
differences in Segments 1 and 2, but were significantly 
slower than controls in Segment 3. 

Comparison of 8-asaguanine and 8-araguanine (non- 
$njeoted) rats. No differences in SI pressing rate were Been 
exoept during Segment 3 where the non-injected animals 
preesed at a significantly slower rate (Table 8). In the 
15-sec period and the LI-15 seo the non-injected group 
preased faster than treated animals, but during Segment 
3 prewed at a rate significantly alower than treated 
annals. 


Table 2 LEVER-PRESSING Rure+ S.D. 
Controls (C) and 8-azaguanine non-infected (D-NT) rata 


Begment 1 Begment 2 Begment 8 
SI e 45-44 15-3 45-6 + 12-3 50-2414-2 
D-NI 400t1t0* 44014124 409r 831 
15 seo o 160+ 58 148+ 43 10741 43 
D-NI 152+ 54 142+ 47 65+ 27t 
LI-15 seo g Vlr 41 36+ 10 214+ 18 
D-NI 91r $8 $4r 2:3 12+ 07t 
N a B8 88 80 
D-NI 42 48 48 
* P-0-06. 
t P-0001. 


Table 3. LEYER-PKNP&ING HATAR S.D. 
S-asaguanine (D) and 8-azsguanme non-infected (D-N1) Rats 


Begment 1 Begment 2 Segment 8 
SI D 391144 4211135 49:31117 
D-NI 400r116 44-04 12-4 40-904 83* 
15 seo D 102+ 47 162+ 71 et 44 
7 D-NI 168+ b4t  1€6*t 47 &5+ 7l 
LI-15 seo D 64r 3-2 40r 1-7 18+ 10 
D-NI 91r 38ł Vit 28 124 0-71 
N D 40 40 32 
D-NI 4? 48 43 
* P-0-05. 
T P=0 006. 
f P=0 0L 


Potentiation of barbiturate sleeping time. In view of the 
depressed rate of lever preesing observed when the treated 
annnals were receiving drugs, two additional rata were 
given 50 and 200 mg/kg of 8-azaguanine intraperitoneally, 
and gross reduction in motor activity was observed. 

In the light of these observations, potentiation of 
barbiturate sleeping time was studied. Twelve female 
rate of the same strain, age and weight as the experimental 
animals during t 1 were used. Thiopental (20 
mg/kg) was in) intraperitoneally with either placebo 
(polyethylene glycol 400) or 25 mg/kg 8-araguanine in 
poi gtyool 400. The animals receiving placebo 

d not show signifleant potentiation of sleeping time 
(time from loes to return of righting reflex), but thoee 
animals receiving 8-azagaanine showed significant poten- 
tiation over controls (P < 0-001) and placebo (P < 0-025). 

The measure of learning of this discrimination procedure 
during the later trials may be considered to be a ratio 
of the lever-pressing rate during the SI food reward period 
to the rate during the 15-sec and LJ—15 seo intervals. 
With repeated trials, the ratio would be expected to 
increase, that is, leas lever pressing during the 15-seo 
and LJ—15 seo periods compared with the ST. 

The administration of 8-azaguanine during learning of 
the flxed-mterval food-reward sequence appeared to 
decrease discrimination of the end of the SI as evidenced 
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by the significant elevation of the 13-sec lever-preasing 
rate over controls durmg Segment 3 (trials 17-24). The 
ratio of SI: 15 seo for the drug-treated group is 3-4: 1 
and for controla is 47:1. No mgniflcant disturbance 
of the rate during the SI or LI-15 seo was demonstrated 
at this time. The SI : LI—106 seo ratio was 25-7 : 1 for the 
drug group and 28:9 : 1 for the control group. 

In contrast to the resulta of Dingman and Sporn’, 
who did not ahow depression of swimming ability in the 
water maze with 8-azaguanine, a eee depression 
of motor activity, as indicated ever pressing, waa 
demonstrated during the time o drag aminin ation 
(Segment 1). This difference may be explained on the 
basis of motivation associated with the testing procedure, 

resumably leas in our experiment, and on the basis that 

ver- ing rate in & learned interval schedule is an, 
osaily distur measure of drug action’. - 

Chamberlain e£ al.* rted that no depreemion of 
activity or food and water intake was seen in rate receiving 
lees than 50 mg/kg of 8-axeguanine intraperitoneally. 
In addition, these investigators showed a prolongation 
of the time for spinal fixation from 45 min to 70 min 
in rate’ receiving 8-azaguanme (50-200 mg/kg intraperi- 
toneally, 1-75—8-75 h before postural asymmetry). These 
animals had received sodium pentobarbital 50 mg/kg 
for the surgery required to produce postural asymmetry’. 
This prolongation of the time required for spinal fixation 
may represent the direct depressant properties of 8-aza- 
guanine as demonstrated in our experiments by depressed - 
lever pressing rate and potentiation of barbiturate by 
8-araguanine. It has also been demonstrated that narcotic 
(barbiturate) and hibernation reduce turnover 
rates of ribonucleic acids in rat brain and spinal oord!*. 

The 8-azaguanine non-mjeoted animals showed signifi- 
cantly reduced responses in all parameters over control 
animals in Segment 8. The ratio of SI : 15 seo was 4:7: 1 
for the controls and 4:8:1 for the 8-azaguanine non- 
injected, indicating that learning of this parameter had 
not been changed. The SI: LI-15 seo ratio, however, 
demonstrated that the controls (23-9 : 1) more than 
8-azaguanine non-mjeoted (34:1) indicatmg improved 
discrimination of this interval. Exoept for the SI in 
Segment 1, their pressing rates were the same as controls 
for all parameters during Segments 1 and 2. Since those 
animals had received 8-azaguanine during several trials 
before stopping injections, they may have had some degree 
ef duiürbod RNA metaboliam. The possibility existe that 


enhanced RNA turnover, secondary to the reduction . 


caused by drug, may account for the improved final 
aa While these animals were originally excluded 

additional injections by their refusal to prees, they 
performed as well as controls with réspect to the rate of 
pressing the lever. Their ratios compared with controls 
during Segment 2 were 3:1:1 and 32:1 vely 
for si : 15 seo and 12-9: 1 and 12-7 : 1, respectively, for 
SI: LI-15 seo. These factors suggest that the observation 
of improved discrimination of the LI-15 seo interval 
during Segment 3 by this group is not due to lever-pressing 
rate alone. 

This work was supported in by U.8. Public Health 
Service grants 2G408 and MH 07278—02. One of the 
authors (R.E.J.) is a Special Fellow of the National 
Institute of Neurological Diseases and Blindness, 9 F 
11 NB 1210-02. 
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LETTERS TO THE EDITOR 


COSMOLOGY 


Creation Rate of Matter and the Heisenberg 
Uncertainty Principle 


Aooonpine to the steady-state theory of the universe, 
new matter is continuously being created out of nothing**. 
The Heisenberg uncertainty principle, however, precludes 
the possibility of proving ‘nothing’, that is, absence of 
energy, unleas the time of observation is infinite. Now, 
whatever the explanation of the famous red-shift pheno- 
menon in astronomy, the result is always & finite volume 
for the observable universe; any observer, irrespective 
of his position, finds himself in the centre of an analogous 
observable universe. On the Sandage scale’, and assuming 
a Euclidean space for simplicity, extrapolation of Hubble’s 
law yields a value of about 1-8 x 10!* hght years for the 
radius (R) of the theoretically obeervable universe. 

The lowest energy quantum possible in & finite obeerv- 
able universe is limited by the largest possible wave-length, 
4=2Rr; thus, the theoretically lowest energy quantum 


in our universe has a mase m = We (about 8 x 10-** g) 
2Rro 


and its period of vibration is ET (about 2-5 x 10+ seo). 
This length of time—about 8 x 10!* years—is considerable 
even on a cosmological scale, yet it is not infinite. Making 
use of the uncertainty relation &Av x At= h, one finds that 
in our universe the theoretically minimal quantum mech- 
anical energy fluctuation of vacuum around rero is equal 


to + Ru every 2:5 x 10!" seo. It should be noted that 


this process does not violate the energy conservation law. 
Obviously, to make use of this value, one must know 
how many times the process occurs 1n our universe. One 
can aasume that this number equals the number of centres 
of analogous observable universes contained in our uni- 
verse and that the ahortest distance between such neigh- 
bouring centres cannot be less than the quantum mech- 
anioal ‘minimum length’, A, (1°32 x 10-' cm); this space 
quantization yields about $x 10! such centres in our 
universe. Since the subsequent calculations refer to 
positive energy, the pomtive half of fluctuations will be 
taken into account. 

On the foregoing assumptions the amount of matter 
created in the observable universe in each vibration 


pron (En) 
i h R’ 
n 1 
A (1) 
where À is the Planck constant, R tbe Hubble radius of 
the observable universe, o the velocity of light in vaouo, 
and X, the quantum mechanical minimal length. The 
resulting value for the creation rate of matter 18 2°5 x 
It seems of some relevance that Bondi‘, 


In & system with continuous creation of matter and 
disa of matter over the horizon, according to 
Hubble’s law the two automatically tend to- 
wards a state of equilibrium at which the mean density of 
matter in the universe (p) is constant; using (1) p has 
the value: 
creation rate x R a h 

3c 241! E 0X4? 
thus, more exact determination of p might represent an 
observational test of (1). 


p= = 3-3 x 10 g/om*; 


To sum up, according to the present suggestion all 
energy, including matter, in our universe ia continually 
being created as virtual energy on loan to be repaid after 
some 8x10 years; the continuous creation of matter 
ex nihilo, and ite disappearance into the void again, is 
interpreted by the Heisenberg uncertainty principle 
applied to a finite observable universe. 

A. O. ŽUPANČIČ 
Institute of Pathophysiology, 
University of Ljubljana, 
Yugoslavia. 
1 Bondi, HL, and Gold, T., Mon. Not. Hoy. Astro. Soc., 108, 252 (1948). 
1 Hoyle, F., Mon. Not. Roy. Astro. Soc., 108, 372 (1948). 
* Bandage, A., Astrepkys. J., 187, 513 (1968). 
i Bondi, EL, Cosmology (Cambridge Univ. Preas, 1980). 


GEOPHYSICS 


Infra-sonic Waves from Aurorae 

Dorma times of high geomagnetic activity, long-period. 
acoustic waves have been observed at the ground!*. The 
source of these atmospheric waves can be ascribed to auroral 
activity, particularly to the periodic heating around the 
B-layer in the polar upper atmosphere corresponding to 
pulsating types of &urorae?. Auroral pulsations, which 
are sometimes called auroral coruscations, bave periods 


that are quite similar to those of ic pulsations 
recorded simultaneously at the ground". wever, 
periods of auroral sonic waves aro significantly longer 


than some of the auroral and geomagnetic pulsations 
recorded within the same period of geomagnetic activity. 

The main purpose of this communication is first to 
point out the characteristics of auroral infra-sonice, and 
secondly to give some interpretation of the wave-form 
and periodicity of these atmospheric travelling auroral 
preesure waves which are observed at the ground. 

Many kinds of atmospheric travelling pressure waves 
have been observed at the ground, particularly those pro- 
duced by volcanic eruptions, e explosions, earth- 
quakes and meteorological disturbances such as tornadoes. 
These sounds from distant tropospheric sources are 

y characterized by horizontal phase velocities near 
the local speed of sound, and by signal velocities (determ- 
ined from the travel time from the source) of about the 
average sound speed of the atmosphere. These waves 
show irregular di ion. By contrast, sounds from. 
auroras have been shown to exhibit horizontal phase 
velocities usually greater! than 400 m/sec. They appear 
to radiate from the night side of the auroral zonee!^?. 

Examples of a waves recorded at Fort 
Yukon, Alaska, and at the National Bureau of Standards 
in Washington, D.C., are shown in Figs. 1 and 2. Each 
line in the figures corresponds to & record from & mioro- 
phone. The separate microphones for each figure were 

2—7 km from each other in a space array at ground- 
level. Fig. 1 shows clearly the apparent acoustic mode 
dispermon typical of auroral rone meesurementa* with 
short periods arriving first and the longer periods arriving 
later in time. 

It is well known that there are two types of pressure 
waves in the atmosphere, which are called acoustic (sonic) 
and thermobaric (internal gravity) modes, respectively*'*. 
Periods of thermobaric waves are longer than ts, which 
ia called Brunt’s period or Vaisdla’s period, while those of 
acoustic waves extend to short periods below c4, which 
has been called the atmospheric acoustic resonance 
period?* or modified acoustic stability period". 
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Fig. 1. Auroral zone records of Infra-sonio waves during the period of auroral activity on Auguss 18, 1962, recorded at Fort Yukon, Alaska 
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Tıg. 2. Record of tnfra-sonio waves during the geomagnetic storm on July 14, 1960, recorded in Washington, D.O. 


For simplicity, ta may be called Martyn’s or Hines’s 
period’. Angular frequencies (c = 2x/t), corresponding 


to t4 and ty, are given by: 


_ g g doji 

o4 = Bandon = |f. (o — 1) + 9.2 (1) 

respectively, where g, c and y are the gravitational accel- 

eration, sound velocity in the air and the ratio of speciflo 

heats of air, op/or ~ 1-4. If we assume constant molecular 

constitution, sound velocity is a function of atmospherio 
temperature T'(s) only, that is: 

o! 5 v R T (s) (3) 


where R is the gas constant of air (2-87 x 10 km*/sec! °K). 

It should be noticed that in the isothermal atmosphere 
74 is smaller than ty, (that is, o4 > cg) and no atmo- 
spheric wave existe between these two resonance periods, 
except the so-called Lamb’s wave with propagation 
strictly limited to horizontal directions*'*. 
As shown by equation (1), if the atmosphere 
is unstable, that is, the negative 


layers so long as stratification is sustained 
without collapse. This occurs when the 
lapse rate exceeds that of autoconvection, 
—g|R. On the other hand, as can be seen 
from equation (1), the more stable the layer, 
the shorter will be rz (larger o). Therefore, 
when the atmosphere is very stable, as in 
the upper stratosphere and in the thermo- 
sphere, ty becomes leas than ty. 

In short, from equations (1) and (2) it can 
by written that: 


og = wy? + Aw! (8) 
where: 
(x 9 [g (2-.1_ 4T 4 
Be A |B 2 )u = (4) i 
Thus if ÍT > 2-2 °K/km, then w4 < wp (ta > Fig. 4 


ds (T = 800* 
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tB), a8 is shown in Fig. 3 for a summer polar atmosphere’. 
Furthermore, in this case it can be shown that the waves 
with period between t4 and ta, which are forbidden when 
€4 > Og, Cal now propagate even in the vertical direction 
through these layerg!:11.15, 

On the other hand, as shown in Fig. 4, group velocities 
of acoustic waves and those of thermobario waves decrease 
as the period of oscillation approaches t4 and «p, respec- 
tively. Although in Fig. 4 these dispersions are shown 
only for an isothermal atmosphere (T = 300°K), one 
can present argumenta for an increase of intensity of 
atmospheric pressure waves around these resonance 

i because of the energy flux conservation. It has 
been shown that in the non-isothermal atmosphere there 
are several minima of group velocity in each mode of 

herio waves?’. 

It should be emphasized that characteristic features of 
observed atmospheric waves indicate clearly that auroral 
pressure waves are essentially acoustic, while vary-long- 
period pressure waves from other atmospheric disturb- 
ances are thermobaric. However, due to the existence of 
very stable layers in the actual atmosphere, ranges of the 

iods of the two types of atmospheric waves are over- 

pped at the minima of group velocity, one of which 
exista around periods of 3—5 min. Therefore, the occasional 
appearance of enhanced sinusoidal preasure waves from 
auroras with periods around 5 min shown in Fig. 2 can 
be explained as follows: (1) During strong auroras, not 
only the acoustic mode but also the thermobaric mode of 
atmospheric waves near the Brunt’s period oen be excited. 
(2) Short-period scoustic waves propagate through the 
wave duct, which is around the meeopeuse in summer- 
time and more effectively around the tropopause in the 
winter-time™, with normal sound velocity and attenuate 
rather idly. Longer-period slower infra-sonic waves 
follow. A) Thermally excited auroral thermoberio waves 
also propagate horizontally with inverse dispersion (that 
is, weak long wave first and strong shart wave later). 
(4) At & certain distance the longest-period sonic waves 
can. be overtaken by the shortest-period thermobaric 
waves. (5) Both waves then oscillate with the same 
period, at near Brunt’s period. 

The foregoing phenomenon is very similar to the so- 
called Airy phase, known in sound propagation under 
shallow water’. It should be noted that since the source 
of auroral excitation of atmospheric waves may some- 
times have & wide horizontal area the two modes of atmo- 
spheric waves overlapping with opposite dispersion are 
not necessarily produced at the same pomt source. 
Details of this work will be published in the Proceedings 
of the Second Benedum Symposium, Pittsburgh. 
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PHYSICS 


Transmission of DUI power Laser Light 
through Tapered Dielectric Tubes and Rods 
THE transmission of high-power laser light was investi- 

gated for dielectric tubes rods of a geometry schemati- 
cally shown in Fig. 1. The measurements were performed 
with a Q-switched ruby laser as radiation source and 
with & calibrated ‘rat’s nest’ bolometer (type Westing- 
house) as measuring device. The energy in the 
laser beam could be varied between 0-07 and 1:0 J. The 
characteristic values for the laser pulse were 15 nsec rise- 
time and 30 nsec half-width. For all values of output 
energy, the beam showed a typical two-mode pattern. The 
energy distribution in each mode was approximately 
Gaussian. The beam was focused by a 6-4-0m focal length 
lens on to the centre of the entrance surface of the 
light guide. In all experiments the angle between the 
mode axes and the optical axis of the system was 2°. In 
the focal plane 99 per cent of the total energy was concen- 
trated within a circular area of 1:5 mm diameter. 75 per 
cent of the beam energy was within an area of 0-5 mm". 
The a power density within the 75 per cent limit 
calculates to about 20 MW/mm! for 0-5 J laser output. 
The light guides were drawn by glase-blowing techniques 
from materials with equal optical properties. The 
measurements are shown in Table 1. 





Table 1. MEASUREXENKTS OF THE TAPERED GUIDES 
No. Type s* b e 4 e J , 
(mm) 

Glass rod 75 232 21 8-0 — — 
148 34 10 
1 49 
Giass tube 96 
78 


aeae 
S 
[^ 


31 14 3-8 


* Symbols as defined in Fig. L Maximum deviation from grven valus 
2 per omnt. 


Tie noreg dace proper Olen eee 
be characterized by: (1) The energy transmission ratio 
T = Bout/Hin, where Em and Ho are the total energy 
transmitted through the entrance and the exit surfaces ; 
(2) the directivity D = Hg/H, where EQ is the energy 
within the space cone (1 symmetrically with regard to the 
optical axis, E ia the total energy transmitted thro the 
reference surface in the origo of the unit sphere; (3) the 
density coefficient 3 = T/S, where T is the energy trans- 
mission ratio as defined here and S 1s the radiating end 
surface of the guide. For a given 8, both the energy and 
the power density can be calculated when Et and the 
time characteristic of the laser pulse are known. 
Experimental resulte for T and D, obtained with 0-5-J 
laser o , are given in Table 2. These values were 
roducible to withm 10 per cent. Control measurements 
with & laser output from 0-07 to 1:0 J did not result in 
any significant change of T and D. In tubes at least 99 
r cent of the tran&mitted energy was found to be emitted 
the bore. For both tubes and rods, the energy 
distribution along a diameter of the exit surface was 
sufficiently uniform to allow 8 to be calculated according 
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Table 2. XIVERIMENTAL VALUES FoR HXFRGY TRAKKMINMIOR RATIO, 
DirmOTtIYPTY AWD DENEUTY CONIFIOIEET 


No. Toc Tex deor (2 Dow (8 Dos Dn 
a) (9 (mm) (mm (4) (5) (4) (5) 
1 011 021 017 034 018 0 30 0 54 0 79 
2 0-10 0-21 051 1d 020 035 083 0-02 
8 0 05 0-11 16 3-5 016 0 $2 0-07 0-84 
4 018 0-17 0-20 0-27 0 09 021 038 055 
5 0-08 009 018 0-14 0 06 011 0-21 0-29 

al Berara: to Table 1. ool. 1. 
eee corrected for measured: enmgy loss iu the straight section 
re 
(3) values for the input beam: Die=0 24 for Q=0 008 
sterad and =0-38 for O=0 004 sterad. 


(e D-0 002 


D — 0 004 sterad. 
to the definition given here. A shift in the shape of the 
transmitted laser pulse was not recorded. Radiation 
damage in the guide material could not be observed. 
The power density that can be achieved by tapered 
guides seems to be sufficiently high to be er in, for 
example, biological applications? when it is desired to irradi- 
ate small areas with a rather well-defined energy distribu- 
tion and when it is of interest to replace conventional 
focusing systema by a more flexible hght guide system. 


` 


K. Voaxgn 
Institute of Physics, 
University of Uppsala, 
Sweden. 
1 Goldman, J. A., and Meyer, R., Nature, 208, 902 (1065). 


GEOLOGY 


Radiometric Age of the Serra Geral 
Formation 


Tua Serra Geral Formation consiste of lava flows and 
is sasociated with dolerite dykes. It covers an area 
of about one million square kilometres in Uruguay and 
southern Brazil and is one of the largest voloanio masses 
in the world. From stratigraphic evidence its age could 
lie in the range from Upper Triassic to Upper Cretaceous ; 
quite possibly it may be uppermost Triassic (Khaetio) to 
Jurassic in aget. 

This communication reports and comments on some 
samples originally collected for palaeo tio study? 
that have now been dated by the whole-rock potasium- 
argon method (Table 1). 

Petrographically the rocks consist of: 

(1) 2-482: Modrum-greined (0:6 mm) olivine basalt 
with freah, zoned plagioclase laths, fresh e brown 
augite and scattered, partially sco subhedral 
olivine. Occasional corroded, zoned xenocryste of basic 
plagioclase are present. Extensively chloritized inter- 
stitial biotite is developed. 

(2) S-21a: Medium-grei (0-8 mm) basalt with fresh, 
strongty zoned plagi laths; augite and pigeonite, 
minor hornblende all margined by black dust. Occa- 
monal corroded, zoned xenocryste of basic plagioclase are 
present. No chlorite is present. 

(3) S-9a : Medium-grained (0-5 mm) andesite with 
strongly zoned plagioclase laths in stellate aggregates. 
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Fig. 1. Bample localities and radiometrio ages. 


Hornblende and ( 1) biotate have been partially resorbed 
and are margined by black dust; augite is present in the 
groundmass. Weathering may have affected the alkali 
fe . Ohlorite is absent. 

(4) U-20b: Fine-grained (0-15 mm) andesite with fresh, 
zoned plagioclase laths, sugite and partially resorbed 
hornblende extensively margined by black dust. Chloritio 

are common in the interstitial matrix. 

(5) U-22-Al: Medium-grained (0-2 mm) pyroxene 
andesite with freah, zoned plagioclase laths, rounded 
anhedral augite aggregates and partially resorbed horn- 
blende margined by black dust. The interstitial matrix 
contains many chloritic patohes. 

(6) U-30—41: Moedium-grained (0-5 mm) pyroxene 
andesite with fresh, markedly zoned plagioclase laths, 
resorbed( 1) hornblende, small subhedral tes of 
sugite. The interstitial matrix contains what are probably 
patches of devitrifled glass. Chlorite is absent. 

Most of the potassium is probably present in the very 
fine-grained interstitial matrix as potash feldspar, biotite, 
eto. If these poteasium-beering phases have been altered 
amoe magmatic c ization the K-Ar ages may be 
low. Ohlorite, probably formed by hydrothermal activity, 
18 present in the interstitial matrix of samples 1, 4 and 5; 
and weathered alkali feldspars are probably present in 
3. These observations suggest that the most reliable ages 
are provided by 2 and 6, where chlorite and weathering 
effecta appear to be absent. 

According to the most recent geological time-scale’, all 
mx samples are Upper Jurassic to Lower Cretaceous in 














Table 1 
Atmos- Vol 
phere o 
Sample Bite eontam- * Ar (mm* (m y.) 
ination at X.T.? jg] 
(%) sample) 
42414 
1 E-B? Cha pedas Campinas, Bio Paulo State 10810016 29-7 0 00525 1 
"m S-11« Garry, tola fom Porto Alegre on te federal road 
to . Rio Grande do Bul 114+0-014 65 0 00553 141416 
3 S- From the near Santa Mane on 
m n to Julho de Rio Grande do Bul State DLEO OO us perve ae 
-20b 4 km fram an road to Rivera, U 47i 0-01 
$ Uae At a ns » gd 2 47 +0065 440 0-012086 14245 
(e U-80-41 Cantera del Cerro del Marco, Livramento 1-85 + 0-054 36:1 0 00940 14018 
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Table 2 
Continent Formation Approx. age (m.y.) Reference 
Africa Karroo lavas 154 (U. Jurassic) 4 
100 (U. Triasmic- 
° L. Juraeaio) 
Antarotica Ferrer 147-163 (U. Jurassic) 5 
dolerites 
Australia Tasmanian 170 (M. Jurassic) $ 
dolori tes 
B. America Berra Geral 116 Cretaceous) 4 
140 (U. Jurassic) 4 and this com 


municefion 


. Five of the samples yield ages of about 140 my., 
and the sixth yields an age of 120 m.y. Although epi 
of these ages have been confirmed by workers at the 
University of São Paulo, it is not certen whether the 
determination on & ohloritized sample at 124 m.y., re- 
ported here, represents a genuinely younger epi . 

The Serra Geral Formation is one of Bev Mesozoic 
voloanio and hypebyssal episodes that are represented in 


tion to be invalid (Table 2). 
interpretations are now being &ocumulated. 

We thank Dr. I. D. Muir, D ent of Minerelogy 
and Petrology, University of Cambridge, for his advice 
on the petrography. 
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Occurrence of Talc as a tne in 
Sedimentary 
Tazo is a metamorphic and hydrothermal mineral which 
is found typically in the ist facies of metamorphic 
rocks, and in shear zones where it is an alteration product. 
Talc has recently been found to be widespread in lme- 
stones ‘of many formations ranging in age Devonian 
Recent. Where present, it is almost invariably 
accompanied by chlorite; other clay minerals may or may 
not be present. The occurrence of talo has also been. noted 
in sandstones and shales, but in these rocks it is extremely 
uncommon. 
For identification, the clay minerals in the samples 
studied were separated from the rocks by routine methods. 


copper radiation. Porous plates and glass slides were 
prepared. Table 1 gives X-ray diffraction spacings and 
intensity measurements for oriented telo samples from a4 
metamorphic rock and from & limestone. 

Ancient carbonate sediments in which talc was recog- 
nized are too many to be listed here, but molude the 
following: Whiskey Creek Pass limestone (Deemoineen), 
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Table 1. X-RAY DIFFRAOZON BPACINGS AND DXTENSITY MEASUREMENTS 
JOL OzüTND TALO SAMPLES FROM METAXORPHIO ROOK AND LIMEETONE 
(Copper radiation, 40 kV 20 m-amp, 1*/[min) 


Talo from meamorphio rook 


Oohto lunestone, " 
Yreah Oreek, Andros 
( : ) holder (glam slide) 

At 4 e Da 4 () Ira 
001 9-40 100 9-40 100 
002 4-00 25 4-60 25 
008 3-12 93 +12 83$ 
004. 2-339 61 2:337 tb 
005 1:870 8-0 1:870 70 
006 1:569 40 1-658 146 
007 1-386 3-0 


* The number in parenthesis is the American Museum of Natural History 


Colorado; Beeverhil Lake Formation 
Alberta, Canada; Bell 
Mountains, 


mas and Bermuda. The range of environments is open 
and includes both 


In the preeent study telo was recognized in Recent sand 
sediments from many areas, including beaches of Long 
Island, New York, bays of the Atlantic coast (Barnegat 
Bay, New Jersey) and Gulf of Mexico (Laguna Madre, 
Texas), and the Continental Shelf of the Atlantio Coast. 
Reoent carbonate sedimenta in which talo was found 
include reef apron sands of the Red Sea (Gulf of Aqaba). 
Talo was also recognized in Recent salt lakes of eat 
Texas. 

The occurrence of talc as a clay mineral pale ar 
deposits has been reported by others (Stewart*, Lang in’, 
Reymond‘, and Dreizler’). Stewart! and Raymond‘ 


talo and other minerals in the Zechstein (Upper Permian) 


in Devonian shaly sands 
nzac and Millot’, in the Zechstein (Upper Per- 
I of Germany by Fuchtbauer and Gold- 
schmidt*, and in the Gothlandien-Devonian sediments of 
the Sahara by Rouge, Kulbiaki and Kubler (oral communi- 
cation to de Begonrao and Millot 1902, p. 3440). Ehlmann 
and Band’ reported pyrophyllite as an important constitu- 
ent of shales, but believed that a hydrothermal or pneuma- 
tolytic origin is most likely for thia mineral. Pyrophyllite 
waa not found in the sediments I have examined. 

This work was carried out at the Research Center of 
Pan American Petroleum Oorporation; Mr. Truman 
Robinson prepared most of the X-ray patterns. Samples of 
metamorphic and hydrothermal telo were provided by the 
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MINERALOGY 


Differential Thermal Analysis : Effect of 
Particle Size 

Soa differential thermal analysis involves tho 
approach to equilibrium while the conditions are regularly 
changing (steady temperature increase), the recorded 
temperature of transformation on the reaction 
rate. This rate is affected by a catalyst. Rees! states that 
although the theory of catalytic action is only just being 
established, the dominant role of defecta is generally 
accepted. More defects cause a decrease in the degree of 
orystallinity, which lowers the recorded temperature of 
transformation, as shown by the experimental results 
quoted by van der Marel!. 

One of the many defects tabulated in the first ca 
of a review on the significance of solid state defects by 
Rees! ig the discontinuity at a perfect surface. This 
surface is similar to that o a mosaic, which is an arrange- 
ment of sub-parallel blocks leas than one micron in 
sire. The fact that nearly all perfect-looking crystals 
contain sufficient defecta to be idealized as a mosaic was 
deduced from the reduced intensities of the observed 
X-ray diffraction reflexions compared with the expected 
intensities from a perfect crystal. These deductions agree 
with my earlier resulta". I obeerved that any particle 
size range greater than one micron gave a similar recorded 
temperature of transformation for a particular reaction. 

Since the surface area ia inversely proportional to the 

icle size, the leas than ten milli-micron fraction, which 

a greater surface area than a mosaic, will produce a 
decrease in the recorded ture of transformation. 
In order to check the reduction in the recorded 
ture of transformation, it is necessary to obtain fractions 
possessing identical other defecta. However, the only 
available methods of fractionation and grinding have been 
shown to yield unsuitable material’. It is expected, there- 
fore, that other defects in this size range would make the 
plane surface defect appear to be insignificant. 

In conclusion, the recorded temperature of transforma- 
tion is not affected by any particle size greater than 
one micron, and is unlikely to be materi affected by 
& sub-micron size range. 

Another type of structure, or an impurity, may affect 
the reaction rate. The accelerating catalysts are called 
activators or promoters, while those that decrease the 
reaction rate are called poisoners or depressants. The 
technique of annealing will remove many other types of 
structure and their associated effects on the reaction rate. 

P. Bayziss 
School of Applied Geology, 
University of New South Wales, 
Sydney. 
1 Rees, A. L G., Austral. J. Boi., 28, 280 (1964). 
! Harel, W. H. van der, Amer. Mineral., 41, 222 (1056). 
* Bayliss, P., Nature, $81, 1019 (19004). 
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OCEANOGRAPHY 


High Interstitial Water Chlorinity in 

ne Mangrove Swamps, Florida 
RaomyT investigations have shown that in coastal 
mangrove swamps of south-western Florida the average 
chlormity of interstitial water contained in 2-4 ft. of 
unconsolidated sediment overlying bedrock is 2-12 perte 
per thousand greeter than the average value of the 
overlying bottom water. General considerations would 
suggest that the two averages should be the same if 
chlonde ions move across the sediment—water interface 

by molecular diffusion only. 

During the rainy summer and autumn months these 


The high interstitial water chlorinity obeerved in the 
sediments of these swamps waa initially interpreted aa a 
palaeoahlorinity*. The reeulta of this investigation, how- 
ever, have established that the difference between the 
average sediment-water and bottom-water chlorinity is too 
large to be attributed to palseochlorinities. In some back- 
swamp areas the difference is as much as 12 parta per 
thousand; the typical contrast 1s 6—7 parte per thousand. 
In general, the differenoe between the two averages 
increases with distance into the coastal swamps; the 
difference narrows as the mamland fresh-water swamps 
are approached. The large discrepancy rules out a paleso- 
chlorinity interpretation because the sediment column is 
so thm (2-4 ft.) that any systematic decrease (or increase) 
in bottom-water chlorinity of the magnitude required 
would soon bring about similar changes in sediment-water 
chlorinity owing to ionic diffumon. -Only if & dramatio 
decline in average bottom-water ohlorinity had recently 
occurred could a palaeochlorinity interpretation be main- 
tamed. Chlorinity measurements during the past decade 
and the average bottom-water chlorinity estimated from 
the molluscan fauna of the surface sedrment indicate that 
this instigating requirement has not occurred. 

Anomalously high interstitial water chlorinity may also 
result from an in situ mechanism which retains chloride 
ions within the sediment. Such a mechanism, involving 
compactive dewatering of the sediment and the develop- 
ment of a clay-water system behaving as a semipermeable 
membrane, has been described by Siever et al.*. Deposits 
of the coastal mangrove swamps, however, are thin, 
essentially lack clay minerals, and, except for peat layers, 


and accordingly are ern a the necessary . 


therefore appear to be 
absent. ` 
Digging animals may mechanically enrich surface 
sediment in relatively high-chlorinity water. Burrowing 
would in general be most active at times when the 
are occupied by marine water. Biological turn-over of the 
sediment, or penstration of bottom water into the sediment 
mass along burrows, would therefore tend to cause the 
entrainment of water having a chlorinity considerably 
higher than the average value for the area. i 
against this is the fact that the number of marine or 
euryhaline burrowing organisms found in areas of low 
average water chlormity—the areas of maximum dif- 
ference in average bottom-water chlorinity and sediment- 
water chlorinity—is quite small‘. PATR organisms 
would appear to account for only | i enrichment of 
chloride ions in interstitial waters. 


Yi 
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Laboratory experiments by Callame! have shown that 
convective 1 across the sediment-water interface 
implant water of relative high chlorinity in 
sediment saturated with water of lower chlorinity. Convec- 


grove swampe the density of the water is largely è function 
of, and directly proportional to, its salt content, of which 


and shelly 
surface sediment!* of the swamps are probably hi 
enough to permit eome sort of convective interchange. 
the laboratory, permeabilities sa high as 1-6 dercys have 
been measured on these sediments. 

Even though supporting work has yet to be done, ib is 

that a convective interchange mechanism may 

account for the high interstitial-water chlorinity measured 
in mangrove estuarine sediments of south-western Florida. 
If this suspicion proves to be correct, then the interchange 
probably occurs during just the initial phase of the 
seasonal incursion of marine water into the coastal swamps. 
Following the gravity-induced interchange of bottom 
water and sediment water in the upper foot or so of the 
sediment, additional exchange of chloride ions scross the 
sediment-water interface probably proceeds only by 
molecular diffusion. The diffusion-only stage is illustrated 
in Fig. 1 by the vertical distribution of interstitial-water 
chlorinity at station 62-100. These data represent con- 
ditions prevailing several months after marine water bad 
completed ita seasonal flooding of the swampe. Station 


Oblorinity (parts per thousand) 
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The limes te the approximate 
a (+1 per bottom-water chlorivity at stations K2 
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K2 (Fig. 1) was occupied in an area near that of 62-100, 
but during the low-chlorinity season. 


Davip W. BoHoLn 


Earth and Planetary Sciences Division, 
U.S. Naval Ordnance Test Station, 
China Lake, California. 
1 Boboll, D. W., Amer. Assoc, Petrolemn Geologists, 47, 1581 (1903). 
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MEN Ho darek, eee J., and Berner, B. A., Somos, 134, 

‘Tabb, D. O., Dubrow, D. I., and Manning, B. B., Flor. Board Conserv., 
Teoh, Ser., 89 (1962). 

3 Calame, B., Bull. L' Inst. Oceanog., 1181 (1901). 

* Beholl, D. W., Marine Geol., 1, $44 (1964). 


CRYSTALLOGRAPHY 


Preliminary X-Ray Data on Phenothiazine 
and Certain of its Derivatives 


treatment of certain mental diseasea, such as schizophrenia, 
and it is hoped that knowledge of their molecular structure 
will help in the understanding of their biochemical action 
in man. 

Phenothwsine. Pale yellow needle-shaped crystals 
were prepared by evaporating slowly from a solution of 
carbon tetrachloride. Methyl aloohol was also a satis- 
factory solvent. X-ray rotation and Weissenberg photo- 
graphs, using oopper Ka radiation, have sbown the unit 
cell to be orthorhombic with dimensions aa given in 
Table 1. A previous report* gave cell dimensions in good 
agreement with those of this investigation. 

The conditions for non-extinction were found to be 


and Rogers? was 
ic) a A statistical survey of intensities of the 
exions gave an N(z) distribution very close indeed to 


special positions. 
: This substance was 


obtained in powder form from the May and Baker Labora- 
tories, and were formed by slow evaporation 
from & heated solution of benzene to which a few drops of 
ethanol had been added. The crystals were thin, trans- 
parent plates, forming in clusters, which were difficult 
to separate. They turned brown if exposed to light and 

| were affected by to X-rays when in air. Follow- 
ing a valuable suggestion made by the Société dæ Usines 
Obimiques, Rhéne-Poulenc*, better crystals were obtained 
when the evaporation was carried out under nitrogen, and 
the deleterious action of the X-rays in air was considerably 
reduced by mounting the crystals in fine capillary tubes 
which were also filled with nitrogen and sealed. 

X-ray rotation and Weissenberg pho phs taken 
about the œ and s axes have shown the unit cell to be mono- 
clinic with the dimensions as given in Table 1. 

The systematic absences were found to be 040 missing 
for k odd, and AOI missing for 1 odd, which lead uniquely to 
the space group P2,/c. 

X-ray er data have been obtained for both 
phenothiazine and chlorpromazine 
powder photographs, and, in good agreement with theese, 
from the automatic diffractometer. 
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Table 1 
8 

K X XA Pici ad ; EE Ce 

i 1 hydroehloride [eim 

J: 
Bin | x a a Tes | œ, 
R, H (HNC «na | (CHR conan won, OS. Nok: 
OH, . 
Formals OnHal, 30 OH N, Td 
Moleenlar weeght 190-266 eo ots ate 361 309 808 01402 
Flotation liquids Water + Benzene + carbon Water + Water + alrer Water + stver 
potassium todide zum odie 
g/c.c. meas. 1 855 1-31 1289 121 1-27 
jo. cale. 1-843 1-25 1-285 119 1-29 

No of mola, 4 8 8 4 8 

system Orthorhombio Monoadinis Orthorhombie Orthorhombio Monoclmio 

group Pama Pt jo * Phoa PR, Ce 
« 7-94 10-01 11-99 t 0-02 93 50 0-04 1207+001 18-86 +0 04 
b 21-02 £ 0-01 32-38 t 0-06 15 20:£ 0-01 19 09 Ł0 02 9-17 + 0-03 
o 5691+001 990100 9-531001 9 25: 0-01 NET 
a (Ay) 086 4 8,787 3,29 aim 4,103 

t Carbon tetrachloride Benzene + Low b.p. petrol ether Petrol Low b.p. petrol ether 

or me&hyl alcohol under nitrogen under nitrogen 
L 














Noto: The imita of error may be slightly larger than those quoted, as allowance was not made for film ahrinkage. 


base were supplied by the 


Ohlorpromasine ; 
Bmith, Kline &nd French Laboratorios (United States), the 


dark from low b.p. petrol ether, 
mounted in nitrogen-filled fine capillary tubes. 

X-ray rotation and Weiseenberg photographs taken 
about the y and £ axes gave an orthorhombic orystal 
system, with dimensions as given in Table 1. 

The conditions for non-extinction were: Ok], b = 2n; 
hOl, l = 20; AkO, A = 25; A00, A = 2n; OkO, k = 25; 001,1 = 
2n; which lead uniquely to the space group Phea. 

Bo far as we aro aware, no crystal data have yet been 
pur Med on chlorpromazine hydrochloride or on the 


(see Table 1) (Santoz, Basle, Switzerland). 
Completely clear crystals of torecan were Te-crystallized 
easily from petrol ether. From the reflexions observed : 
2 h = 2n; 0k0, k = 2n; 00], 1 = 2n; no other con- 

itions; the space gro was uniquely determined as 
P2,2,2,. No further work on this compound is intended. 

Stelasine (soe Table 1). Pale yellow crystals were re- 
crystallized from low boiling point petrol ether. From 
the observed reflexions: A0l, À = 2n; Ok0, k = 2n; Akl, 
h + kb = 2n; two space groupe, O2]c and Oe, were possible. 

The intensity statistics test of Howells e al.* was made 
on the AO} X-ray date and this showed a non-centro- 
symmetric spece group thus ruling out O2/o. The space 
group is therefore assumed to be Oo. 

Approximately 1,800 reflexions have been recorded by 
the multiple-fllm technique and measured using & micro- 
densitometer. A three-dimensional Patterson function 
has been calculated and is at present being interpreted. 


D. Fmr* 
M. H. Lrsox 
J. J. H. MaDownurL 


Department of Physics, 
University of Cape Town, 
South Africa. 
* Present addrees: Technische Hogeschool Twente, Enschede, Holland. 
1 Buxton Hi D. A, P. +, 174, 317 (1085); I . OMor- 
opktns, et dio, Pars, eee 7 (1085); Ooll. Intern 
* Wood, MoOale and WiHame, PA. MMag., Kl, 71 (1041). 


* Howells, Philips and Rogers, Acta Oryet., 3, 210 (1960). 
* Koetachot, P., and Gtrardet, L. (personal communtoation). 


Growth Mechanism of Silicon Carbide 
Ir has been suggested?! that the growth of silicon car- 
bide crystals takes place by the spiral-growth mechanism. 
Even though this theory, at the time, did explain the 
formation of the various polytypes, it did not account 


-for the growth of the crystals in the ‘a’ direction. Recent 


X-ray work has shown the presence of new polytypes, 
the formation of which could not be explained by the 
screw-dislocation mechanism®:*, f 
This communication describes defecta observed on some 
of the crystals which suggest that another mechanism could 
also play & part in the growth of silicon carbide. Examina- 
tion of crystals under the optical microscope in some cases 
showed a series of steps around the edge (‘root’) which, 
during the sublimation-growth of the crystals)", was 
attached to the wall of the cavity. The steps were decreas- 
ing the thickness of the crystal in the direction of the root. 
In a few casea, such steps covered the whole basal plane. 
Growth and evaporation spirals were also observed. 
The simultaneous presence of evaporation spirale and of 


steps is shown in Fig. la, while Fig. 1b shows part of M 


ification. A surface similar 
in appearance was obtained Young’ on thermal etching 
of silver, when steps caused by evaporation propagated. 
around an evaporation spiral. However, the structure 
shown in Fig. 16 could not have been formed by the 
same mechanism : the curvature of the steps that 
they propagated from right to left; as the root o the crys- 
tal is to the left and the crystal is thinner there, the steps 
must have been formed by growth and not by etching. 
The interaction between the growth ledges and the spiral 
must have occurred due to line tension. 

On some other crystals, the simultaneous presence of 
stepe and of parallelepiped-shaped occlusions, appearing 
as light-coloured areas, was obeerved. The interaction 
of steps with two such occlusions is shown in Fig. lo. 
The iginating at two edges of the smaller occlusion 
were of relatively small height. To make them easier to 
locate, dashed parallel lines were drawn adjacent to them. 
Their curvature again suggesta that they were advancing 
from right to left and must therefore have been caused 
by growth. : f 

Steps were also observed to interact with defécta that 
appeared as dark pointe in the photomicrographs (Fig. 1d). 
In such cases, the rate of advance of the steps was en- 
hanced by the defects, suggesting the possibility that the 
defects were small spiral- hills. 

It is difficult to visualize, even should critical concentra- 
tions of impurities be present*, how the spiral-growth 


the surface at a higher 


x 


wea. July 17, 1965. 


up to six months, although there was a greater proportion 
of polyhedra in the preparation with the most cetostearyl 
alcohol. Preparations of this type with cetyl aloohol tend 
to develop needle-like crystals quite distinct from those 
particles shown in Figs. land 2. The formation of poly- 
hedra would not therefore appear to be a crystallization 
phenomenon. 

Martynov* has pointed out that & non-spherical surface 
may have a lower surface energy than a spherical surface 
enclosing an equal volume. He found that & dodecahedron 
has a lower en than spheres of equivalent volume 
below 10-* cm i However, non-spherical particles 
in our emulsions are at least tavo orders of magnitude larger 
than this (Fig. 2) and, while this effect cannot be discounted, 
we feel that an alternative explanation is required. 

Manegold' described the formation of honeyoomb or 
“polyhedral drop foams” in unstable close-packed emul- 





rete? ae! 
Ag 


Eg sa D. z a 


2. Hüeotron photomierograph of emulsion B, allowed to cool 
Dispersed tn bovine albumm Fraction V (Armour) 

and sprayed on to grids costed iz When 

ar gnás were placed overnight ın a bolder over 0-5 per cent ommum 
de solution. 

electron mierosoope (me 
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sions with disperse phase ratios in excess of 0-74, the 
theoretical limiting value for close-packing spheres of equal 
diameter. Our emulsion system has & disperse phase ratio 
of 0-225 and is apparently stable. Nevertheless, although 
the system as a whole cannot be close-packed, it appears 
likely that localized close-packing areas can exist, especi- 
ally as the system has a wide range of icle sizes. This 
appears to be confirmed from examination of the undiluted 
emulsion and from electron photomicrographs when 
samples have not been adequately dispersed, for example, 
parts of Fig. 2. Under these conditions some particles 
or droplete are distorted by being close-packed and in 
this system these icles retain their original sha 
ired during or following the emulsification stage. t 
is clear that the treatment of the liquid-liquid emulsion 
during cooling exerts an influence on the number of 
polyhedra which are seen in the subsequent solid—liquid 
dispersion. During dilution for microscopic analysis the 
particles in our system are solid and hence retain their 
shape. It seems likely that, in others, hquid particles 
may be able to retain ther shape owing to the ngidity 
of the stabilzing interfacial film’. On the other hand, 
the disperse phase and the stabilizing interfacial film 
may be sufficiently fluid for the droplet to ‘deform’, or 
revert to a spherical droplet, as soon aa the restraining 
conditions of tight packing are removed on dilution. 
It may be concluded that some particles in an emulsion 


phase ratio 
therefore, of an undiluted emulsion it may not be tacitly 
assumed that all the disperse phase particles are spherical 
globules. 
M. J. Groves 
Research Department, 
Boots Pure Drug Co., Ltd., 
Station Street, Nottingham. 
B. SOARLETT 


3 Lawrence, A. B. O., and Ailis, O. 8., Disc. Faraday Soo., 18, 06 (1954). 
‘Phipps, L. W., Ph.D. thesis, 182, Untv. London (1968) 

* Axon, À., J. Pharm. Pharmacol., 9, 880 (1957). 

* Martynov, V. ML, Kolloid Kkur.,18, 859 (1050). 

1t Manegold, H., Fmulrionem (Btramenbass, Heidelberg 1088). 

s Daves, J. T., and Mayers, G. B. A., Trens. Faradsy Soc., 66, 601 (1960). 


Cadmium-Cadmium Chloride Solutions 


Tru nature of casdmium-oadmium chloride solutions is 
still the subject of considerable discussion, as also are 
the other metal-halide mixtures. The redox process 
between divalent cadmium and the species originating 
from the dissolution of metallic cadmium implies two 
electrons!*, according to the following reaction: 

wii) a(n + 1) Cd + 2e (1) 

This result agrees with a dissolution process tho general 

scheme of which is as follows: i 


Od + n Cd* æ CART.) (2) 


The most widely accepted values for » in the foregoing 
soheme are zero and unity; however, lately Topol and 
Landis, on the basis of cryoscopic measurements by 
Grjotheim e£ al.‘ and a value of 7-22 cads/mole for the heat 
of fusion of cadmium chloride, pro values of 2 and 8. 

In order to contribute to the solution of this problem, 
we investigated the distribution equilibrium of cadmium 
between molten cadmium chloride and a molten cadmium- 


Weighed quantities of copper, cadmium and cadmium 
evacuated ampoules and main- 
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tained at 865° K for about 12 h. The ampoules were 
successively quenched and the two phases separated. 
The metallic phase waa dissolved in nitric acid and the 
resulting solution analysed polarographically; the salt 
phase was dissolved in water, thus producing a cadmium 
chloride solution and a powdered cadmium residue. This 
residue was analysed in the same manner as the metallic 
phase and was found to contain some copper. 

The copper content of the cadmium powders has been 


attributed to high-temperature oxidation of copper 
according to the reaction: 
2 Cu + CdOl, = 2 CuCl + Cd (3) 


the equilibrium constant of which at 805? K is about 10-4 
(approximate value calculated from free-energy data!). 

When the salt phase is dissolved in water, cuprous 
copper is reduced again to metal by the cadmium powder. 
This hypothesis is supported by the fact that the quanti- 
ties of copper found agree well with thoge calculated on 
the basis of the foregoing equilibrium constant value. 
Therefore, the quantity (in moles) of cadmium metal 
found in the salt phase must be increased by an amount 
equal to half the quantity of the copper metal found, 
and the quantity of cadmium chloride must be decreased 
by the same amount. The mole fractions, N, of the com- 

nente of the salt phase, calculated according to the 

oregoing statements, are given in columns 2—4 of Table 1 

as a function of the mole fraction vos of cadmium in the 
metal phase (column 1). The presenod in the melt of 
the cuprous chloride is believed not to interfere seriously 
with the main equilibrium (2). 

Tho ionic fractions, X, of tho species Od** and Ode? 
are related to the crude mole fractions, N, of CdCl, 
Cd and OuCl in the salt phase by the following equations, 
which are easily obtained from the stoichiometry of tho 
reaction (2): 

Noa 
w+ = es 
Koato Noaa, — (n — 1) Noa + Noa 


Noa, — nN 
t= 
Zoa Noaa, — (^—1) Noa + Ncug 


Tho equilibrium ratio for the reaction (2) is thus: 


Ky = NEC HN = 
(Xoar*)* . aoa 
Noa. [N — (n — 1) Noa + Noag]*-? 
Neaa, — nN oa)” . aga 


where the ionio fractions of Od and ity have 
been used in place of the activities on the hypothesis of 
the approximate constancy of the activity coefficients in 
the composition range investigated. 

The aotivity valuea of cadmium in the metal phase, 
Goa, have been obtained from the literature’ and are 
given in column 5, Table 1. 

The values of the equilibrium ratios, K,, calculated 
for the various valuea of n from the experimental data, 
are given in columns 6-9 of Table 1. 

Ags can be seen, the values of K, and K, vary with 
the composition over a wide range, thus rendering very 
questionable the presence of the species ‘+ (n = 2) 
and Cdit (n = 3). It is difficult to distingui 
the two species Cd (n = 0) and Ca} (n = 1) since the 
variations of K, and K, are of a sumilar order of magni- 
tude; our date, howevor, seem to indicate, although not 





Table 1 
1 2 3 4 5 6 T 8 9 

foi Noa Norl” Noo oa X, Kx, KX, K, 

1000 0-148 0 000 0-857 1-000 0143 0200 0313 0505 
0950 0136 0-065 0 863 0960 0148 0197 0598 OSS 
0881 0-130 0 167 0 888 0898 0-145 0196 0O 0-493 
0821 0-125 0-281 0-872 0858 0146 01960 0-583 0464 
Me 0-120 0-500 0877 0813 0-148 0195 09276 ©4288 
[Ud 0-104 0-590 0-890 0660 0157 0200 0268 0-588 
0404 0099, 1120 0 807 0525 0175 O218 0781 0384 
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in & conclusive manner, the presence in the melt of the 
species Cd3,+. 
We thank Prof. L. Riocoboni for his advice. This work 
was supported by the Consiglio Nazionale delle Richerche. 
Manio FroBANI 
GruBHPPE GioRGIO Bomar 
Istituto di Chimica Analitioa del’ Università, 
' Padova, Italy. 
? Karpachev, 8., and Stromberg, A., JA. Fis, Xhim., 18, 307 (1929). 
* Topol, L. E., J. Phys. Ohem., 67, 2222 (1063). 
* Topol, L. IL, and Landis, A. L., J. Amer. Chem. See , 88, 6201 (1960). 
L M or Gronwold, F., and Krogh-Moe, J., J. Amer. Chem. Soo., T), 
* amt . J., Metals 506 Sol. Publ, 
thais, o Ja Reference Book, 2, (Butterworths 
* Biccobon!, L., Genta, V., Fiorani, MH., and Valenti, V., Gezz. Ohun. Ital., 84, 
82 (1954). 


Series Approximations to-the Equation of 
hermogravimetric Data 


Tae equation of the plot of thermogravimetrio data is 
useful in kinetic analysis (1-33), but since it contains an 
exponential integral many workers prefer &pproximate 
expreesions. The best balance of soouracy and convenience 
is achieved by the use of series taken to as few terms as 
possible, and it is the of this communication to 
show which of four such abbreviated series approximations 
most nearly approaches this ideal. - 

In my notation':*, the equation of the thermogravi- 
metric data plot is: : 

g(h) -AE (BR) + p(z) 
where À-(W-G) H~ 
p(z) sete —[? e-szida 


z 
and z-2E(RT) 
and where the specific form of g(h) depends on the type of 
kinetic prooees at hand’, and where A, E, R and T have 
their usual ings as defined for the Arrhenius ion, 
sent han ing rate used in the analysis, W is 
the instantaneous resid le weight and H and G are 
the total weight lost during the ith weight-loes step and 
the weight remaining after the step has been completed. 
The series most commonly used in deriving approxima 
tions to p(z) are the asymptotic expansion (refs. 1, 8-7, 
10-12) and Sehlómiloh's expansion (refs. 2, 8, 9). The 
expressions which result from telang these series to two 
and three terms are: 
a ~ ote (asymptotic, 2 terms) (refs. 7, n 
( 


p(x) ~ (z-2)z3e- asymptotic, 3 terms) (refs. 3, 11 
pla) ~ pai l)er tes (Schlomilch, 2 terms) 
p(x) ~ (z--2)-a-1e-« (Bchlómiloh, 8 terms) (rofa. 8, 9) 


(It should be-noted that the tions in refs. 8 and 
9 are in error, owing to the use of equivalent of 1 + 2x 
rather than z + 2. 

All these approximate expressions are convenient, 
save the second, which leads to an equation of the form: 


as (z-2,)7 ~n 
where n is & number derived from the experimental data, 
and e, is evaluated at a particular value of T. 

As for accuracy, the four approximate expreesions can 
be oompared!* by pros the ratio between true and 
approximate values of p(x) for various values of c, aB 
given in Table 1. 


Table 1. RATIOS OF TRUB TO APPROXIMATE VALUES OF p(s) 


taymptotio expansion expansion 
. 2 terms terms 2 terms 3 terms 
10 0-844 1065 0 928 1 018 
15 0-888 105 0 947 1-007 
20 0 913 1014 0-968 1-03 
25 0 928 1009 0-965 1-002 
30 0 939 1 006 0-970 1001 
35 0 047 1 004 0 974 1000 
40 0 954 1004 0 978 1-000 
45 0 058 1-003 0-979 1-000 
50 0 902 1-002 0-981 1-000 


x 
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aoe the 3-term Schlémilch expreesion is the best of 
Cuanrams D. Dovra 
Advanced Technology Laboratories, 
General Electric Co., 
Schenectady, New York. 
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Electron Spin Resonance Absorption of Solid 
lor-radical Salt of N,N,N',N'- etramethyl- 
p-phenylenediamine and 7,7,8,8-Tetra- 
p-quinodimethane 

For most charge transfer complexes, the ground- 
state can be described chiefly by a non-bonding structure 
DA, as the contribution of the dative structure D'*A- is 
rather small, where D is the electron donor and A is the 
electron acceptor. However, it has been shown! for the 


enediamine (TMPD 

dimethane (TONQ) has been taken as ionic by Foster and 
Thomson? on the basis of ite visible absorption spectrum. 
We prepared the 1: 1TMPD+=TONQ salt from Wirster’s 
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Fh. 2 Vanatton of the electron resonance absorption intensity 
of the salt with temperature 


The infra-red absorptions for the salt and ite related 
compounds were examined by the method of Nujol mulls. 
The results are shown schematically in Fig. 1. By compar- 
ing the with each other, it can be concluded that 
all the TONQ and TMPD molecules are present as ion 
radicals in the salt. This observation is consistent with 
Foster and Thomson’s conclusion for the complex pre- 

from neutral TMPD and TONQ. 

The electron spin resonamos mossnremetris were cce 
out on the y prepared po ine sample of the 
salt. Temperature was varied by a flow of nitrogen gas at 
various temperatures between 150° and 300° K through the 
cavity. The sample showed a very aharp absorption of 6 
which was composed of three 
lmes. In the complex of p- 
Matsunaga and 


sorption consists of two peaks, which they aæigned to 
each of the ionized com 
ever, these two peaks have been shown to be due to the 
g-factor anisotropy*. Tn our case, the three peaks are also 
accounted for by the same cause. 

The ratio of the electron spin resonance intensity of one 
pair mole of the salt to 2 of DPPH was found to be 
0-17 at 23° O. If it is assumed that each ion radical in the 
galt contributes independently to the paramagnetism, this 
ratio should be one, because both component molecules 
are completely ionized. The observed ratio is inconsistent 
with this. Therefore it is likely that the i 
is an excited triplet state as has been suggested by Bijl, 
Kainer and Roee-Innee*. If the triplet state ia thermally 
accessible, the variation of the electron 
spin resonance intensity I with tempera- 
ture is given by: 

I = O[T[8 + exp (8/kT)] = 
O exp (— S/kT)/T (1) 


where C is a constant and 3 is the separa- 
tion between the singlet and triplet 
levels. As shown in Fig. 2, the observed 
tem dependence 18 described by 
equation (1) with 3 = 0-075 eV. Similar 


800 


respectively. 

The g-values for the salt and the com- 
ponent radicals were determined as 
follows: g(salt) = 2:0029 + 0-0001, 
g(TMPD+*C104) = 2-0082 + 0:0001, and 
g(LitTONQ-) = 2-0025 + 0-0001. The 
g-value of the salt agrees well with the 
mean of the g-values for TMPD* and 
TCNQ-. This indicates that the ex- 
change interaction, which determines 
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on TMPD* and TCNQ- radicals. 

Although the assignment of the electron spin resonance 
&beorption to the triplet state is a tentative one because 
of the lack of the detection of the Am = +2 transition or 
single orystal work, it seams certain that a spin cor- 
relation existe between the unpaired electrons on the 
different ion radicals which enable the salt to be prepared. 
We also obtamed the same results for the complex 

from neutral ents. 
Eero Serre Mrwogu KrwogsurrA 
HipmOo AXAMATU 
Department of Chemistry, 
Faculty of Science, 
University of Tokyo. 
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BIOCHEMISTRY 


Dialysis of Oligosaccharides 


IpmNTIFIGATION of oligosaccharide intermediates liber- 
ated during the enzymatic hydrolysis of a polysaccharide 
provides information on both the structure and mode of 
hydrolysis of the polymer. Isolation of these intermediates 
in good yield is facilitated if they oan be removed from the 
enzyme site before further hydrolysis occurs. Perila 
Bishop’ accomplished this removal by hydrolysing a 
glucomannan in a dialysis sac to give a good yield of 
disaccharides (28 per cent) and leaser yields of tri- and 
tetra-seccharides (8 per cent each), and Timell* likewise 
hydrolysed a glucuronoxylan to moderate yields of oligo- 
sacoharides (none of these authors specified the grade of 
dialysis tubing used). Similarly, with & protozoal xylanase, 
we found that a oonvinomg demonstration of the liberation 
of xylodextrins of a degree of polymerization (DP) > 8 
was only obtained when the xylan Py poe by the 
enzyme with concurrent dialysis in 20/32 ‘Visking’ tubing 
(Union Carbide Corp, N.Y.). Oligosaccharides of DP 8-5 
are of relatively low molecular weight, but in our exper- 
ienoe they dialysed at far alower rates than those reported 
for comparable peptides (see Table 2, Craig and King’). 
The dialysis of various oligosaccharides was therefore 
investigated in a simple dialysis chamber conmsting of a 
piece of tubing (7 x 8-5 om diam.) alosed at one end 
with a of opened-out dialysis tubing. The closed 
end dipped just below the external solution (10 ml.), the 
oligosaccharide solution (10 mg in 2 ml; 83 cm? of 
membrane per ml.) was placed inside the chamber and 
both solutions were gently stirred with magnetic stirrers. 
At intervals, portions (100 ul.) of external solution were 
removed for the measurement of dialysed oligosaccharide 
so that the time for the diffusion of half the initial 
oligosaccharide (half-eecape time) could be caloulated. 
Three grades of 'Visking' seamless cellulose tubing were 
used; 20/32, 86/36 and O-75 heavy wall. 

The half-escape times obtained at room tempera 
(20° O) under these conditions for various oligosaccharides 
are given in Table 1. 

With the maltodextrins a plot of these results 
against DP shows, for each grade of tubing, a linear 
increase in half-escape time with increasing DP. While the 
dialysis of these neutral oligosaccharides appears to be 
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bo mae Ead Bolvent 
mol. wt.) 20/32 36/36 0-72 
Maltose Mr EA Water 0-45 1-15 1:81 
Maltotriose (504) Water 0-87 1-66 2-31 
Maltotetraces (666 Water 1:25 — 1.76 
Maltopentaose Water 1-00 3-00 
(0 80) — (1770) 
Mailtopentaose trate- 1-60 — — 
phosphate, pH 3-5 
Maltopentaces H^Eo 55 I 400 
Pd 
Malio-otaome (1816) Water ii io ss 
a 
Oellopentaose my) Water 1:77 — Si 
Isomaltopentaose (828 Water 2-08 — — 
RPaffrnose (504) Water 0-85 — — 
Trpaeironte add ot Hw 2-30 — — 
phosphate, p 
Citrate- 140 — es 
phosphate, pH 3-5 
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A Staining Method for Proteins and 
Dextrans on Cellulose Acetate 


Arrzp the electrophoresis of human albumin labelled 
with 10dine-131 in 0-06 M veronal buffer pH. 8:6 on cellulose 
acetate, the strips were stained, dried, cleared in ‘Dekalin’ 
and scanned. e relationship between counting rate and 
dye uptake of amidoschwars 10 B was linear up to, but 
not above, 30 ug/am, 0-5 ul. of 6 per cent albumin applied 
evenly across 1 om. Within this limit the method waa 
suitable for the determination of albumin in human serum 
88 percentage total dye uptake times total protein by 
the biuret method. Thirty-three sera checked using an 
internal 1I-albumin standard gave results by this 
method and by the absolute albumin method of Lubran 
and Mose! which agreed within + 0-2 g/100 ml. It waa 
further observed that if the human eye could not see 
through the cleared band of stained albumin (or myeloma 
protem), then the strip was overloaded and in the non- 
linear range. No such simple safeguard existed for 
Ponceau S, where the relationship became non-linear 
above 15 ug/om, and indeed previous scans using this dye 
had underestimated the albumin. Accordingly, the fol- 
lowing staining method was adopted. 

Immediately after electrophoresis the strips are placed 
one at a time, applied surface downwards, into 0-25 
cent amidoechwarrz 10 B in methanol, to each 100 ml. of 
which has been added 8 g of trichloroacetic acid to flr 
proteins immediately. After 5 min they are washed twice, 
for about 5 min, in methanol 90 perta : glacial aoetio acid 
10 parts, by which time the background is usually white. 
They are finally rinsed twice in methanol, and dried flat 
between blotting paper. Within 1-2 h they are ready for 
scanning, a considerable advantage over the aqueous 


No 4994 July 17, 1965 


y 





eent "Rheomacrodex' (above) and normal human serum 


a 
electrophoresed on celulose acetato. SRI AR x 1 00 measures the relative 
mobility of f,-giobulin to albumin 


Ponceau S method, where drying takes many hours. The 
stain should be prepared afresh each week, or blue baok- 
grounds oocur. 

During routine use & %band was observed in & serum 
strip and was traced to the low molecular weight dextrans 
(‘Rheomacrodex’) which had been given to the patient 
(Fig. 1). Dextrans with no net charge are carried towards 
the cathode by endosmoms, thus marking the original hne 
of appheation, and have long been used for the measure- 
ment of electrophoretic mobility relative to human 
albumin, which is taken as 1:00. In previous methods the 
dextran had to be separately identified', but the fore- 
going accidental discovery offers & single method for 
fixing and staining both dextran and proteins. In the 
figure, B,-globulin has a relative mobility of SR/AR x 1-00. 
Applications at mx different distances from the anode 
yielded results of 0-47 + 0-01, which agree well with 
Wieme’s value of 0-48 in — 

‘Rheomacrodex’ is not fixed or stained by aqueous 
Ponceau S with trichloroacetic acid, but does stain with 
methanolic amidoschwarz 10 B without trichloroacetic 
acid, and this also works on chromatography peper, 
though longer washing is required. This may be app icable 
in the polysaccharide field. 
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a-Helix in Fibrous Proteins 


Tun c-hehx was proposed by Pauling e al.* as & stable 
configuration of the polypeptide chain, and considerable 
support for this view was obtained from the X-ray 
diffraction patterns yielded by naturally occurring and 
synthetic polypeptides**. The diameter of the a-helix was 
estimated to be about 10 A and includes the contribution 
of the mde-chains as well as the main-chains of the pro- 
tem‘. Direct proof of the existence of a-helices in the 
globular protem myoglobim was obteined by Fourier 
synthesis methods, and there 18 evidence suggesting that 
the a-group of fibrous proteins contains rope—or cable- 
like assemblies of distorted a-helices*:*. 

In a recent investigation of the fibrillation induced in 
a-keratin by irradiatang iodine-treated wool with ultra- 
sonics, it was found’ that microfibrils ~ 76 A across were 
visible in electron micrographs of negatively -stained 
samples. In many cases the microfibrils had frayed into 
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fine protofibrila ~ 20 A across, an observation which is 
consistent with the notion of a rope-like assembly of the 
type proposed by Crick*. 

Later it has been found that the protofibrile fray 
still further into either ə pair of filaments of unequal 
diameter as in Fig. Ia or three filaments of equal diameter 
as in Fig. lb. In view of the considerable support for 
Criok's structure from the X-ray date* there is good roason 
to suppose that the finest filaments, which are ~ 10 A in 
diameter, represent a direot record of the a-hehx by 
electron microscopy. 





Fig 1. Single protofibrils fraying mto finer filaments ( x 600,000) 


It is too early for this evidence to be considered con- 
clusive, but the simplest explanation of tho situation. in 
Fig la is that one strand of a three-strand rope 18 detached 
from the other two, while in Fig. 10 all three strands are 
Be; te. 

1 thank Dr. R. D. B. Fraser for his guidance and help 
during this work. 
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Electron Spin Resonance Spectra of Gamma- 
irradiated Polycrystalline Glycollic Acid 
Ts electron spin resonance spectrum of glycollio acid 
irradiated at 77° K has been reported previously’, and 
consista of two doubleta of unequal intensity, each with a 
separation of about 20 gauss. These were attributed to 
radicals having the unpaired electrons localized on oxygen 
atoms and coupling with the different hydroxyl protons. 
Glycollic acid irradiated at room temperature gives an 
electron spin resonance consisting of a doublet 
with & separation of 25 gauss’. This was shown by 
deuteration studies, and later confirmed by single orystal 
experiments’ to be due to the radical HO-CH-COOH. 


204 


We have irradiated polycrystalline glycollic acid at 
77° K and observed the changes in spectrum as the orystals 
are warmed to room temperature. Glyoollie acid was 
purified by repeated sublimation +n vacuo at 45° C. Tt 
was then ered and thoroughly pumped free of gas m 
a silica tube, which was finally sealed at a pressure of 
105 torr. 

Samples received 105-10" rads from a cobalt-60 
y-ray source at a dose rate of 1-4 10* rads h-!. While 
mamtaining the crystals at 77° K, the electron spm 
resonance signal was removed from one end of the tube by 
annealing, and the acid transferred to this end. Electron 
spin resonance meesurementa at all temperatures were 
meade using a Varian X-Band spectrometer, ‘Model 4200’, 
with accessories, mgnals being recorded as their first 
derivative. 

Three different signals were observed as the temperature 
was raised from 77° K to 300° K. These are shown m 
Fig. 1. Fig. la was obtained at 77° K and reveals a doublet 
of 28 gauss splitting, which agrees with the 
published by Gordy e£ al.1, with the exception of a further 
small feature near the centre of the . This signal 
is stable for several days at 77° K, but changes gradually 
at 90° K and rapidly at about 120° K into a more complex 
spectrum (Fig. 1b), the prmoipal feature of which is a 
triplet with a total separation of 48 gauss. A weaker 
signal is also present which appears to be another triplet 
with & separation of 35 gauss. This changes 
slowly at 140° K but rapidly at 170° into the third 
spectrum (Fig. 1c). The signal 15 smmilar in all respecta to 
that obtained on irradiation at room temperature, which 
has been shown! to be due to the carboxyhydroxymethyl 
radical HO-CH-COOH. 

As the temperature is increased it is observed that the 
growth of one signal follows the decay of the other, 
indicating that one radical is reacting to form another. 
All changes caused by mereasing the temperature are 
irreversible. With increasing dose the signals become 
stronger, but are otherwise unc : 

The two tripleta of Fig. 1b are probably due to the two 
radicals -CH,-OH. and -CH,-COOH. The splitting ob- 
served in the weaker of the signals is very similar to 
that of the radical found on irradiating methanol‘. The 
‘CH,-COOH radical has not been identified in poly- 
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(Q) 
| 30 , 
30° 
(b) (c) 
. 1. The first derivatives of the electron Tesonanoce spectra 
ob from collo amd irradiated 
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crystalline material so that ita wotropic electron spin 
Tesonance spectrum is unknown. The triplet, believed to 
be due to the -CH,-COOH radical, is substantially leas 
stable in this system than is the same radical in irradiated 
single crystals of malonic &oid'". The change to the 
doublet which represente the HO-CH-COOH radical 
would then involve the abstraction by both theee radicals 
of hydrogen atoms from glycollic acid molecules. The 
doublet observed at 77° K is possibly an ionic precursor of 
the type suggested previously, that ia, HO-OH,-COÓH or 
HQ-CH,:-COOH. 

We have examined the producta of the radiolysis at 
room temperature of crystalline glycollio acid and find some 
evidence to Support the foregoing postulates. Methanol 
and acetic acid are both formed as major producta, as 
would be expected from the abstraction reactions referred 
to above. Tartaric acid is also present m considerable 
amounts, by dimerization of the HO.OH-COOH r&dical. 

In order to form -CH,-OH and ‘CH, ‘COOH radicals, it 
is necessary to ehminate -COOH and QOH respectively. 
Carbon diomde 1s by far the main gaseous product of 
radiolysis, but as yet no product has been found to 
account for -OH group removal. However, an adequate 
method for the analysis of water in this system has not 
been found and it could well be that the -OH group is 
ultimately converted to water. 
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for financial support under contract 64/79. 
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Coding of Polar and Non-polar 
Amino-acids 


BIOLOGIOAL properties of proteina depend on the higher 
levels of their structure, determined by the primary 
structure. As has been shown by Fisher!, the knowledge of 
the amino-acid composition permits in Many cases the 
tertiary and sometimes the quaternary structure of the 
proteins to be predicted. The ratio of the polar and non- 
polar amino-acids seams to be a vory important charac- 
teristic of the protein. The change of the relative numbers 
of the polar and non-polar amino-acids as a result of a 
mutation must produce big changes in the protem struo- 
ture. The mutational exchange of a polar group for & 
non-polar one and vice versa must be more dangerous than 
the transition from one polar group to another or from & 
non-polar to another non-polar one. The well-known 
example 1s the transition from Glu to Val in the case of 
sickle-cell haemoglobin. 

If these speculations are correct, then we have to look 
at the corresponding differences in the codons for polar 
and non-polar amino-acids. Let us take the codons of 
m RNA established by Nirenberg e£ al.* (the results pub- 
lished by Speyer, Ochoa e£ al.? do not differ much from 
those in ref. 2). These codons are shown in Table 1 
together with parte of the nucleotides in all the codons 
corresponding to the said amino-acid. The compositions 
of the codons of the firat and of the second group are 
different. This ia shown 1n Table 2. 

We see that the polar amino-acids are coded mainly by 
triplets containing adenine and cytosine, and the non-polar 
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Table 1. Oomposrriox or OODONS 


Amino-aclds 
I. Polar Oodons A U G (6) 
L Arg AGA UGO OGA 025 0 08 0-33 0-33 
2. Asp GUA GOÀ GAA 045 O11 0-33 O11 
3. Asp N AGA AUA ACU 0-56 000 0-22 
4 Gh GAU GAO 045 O11 033 O11 
5. Gm-N AAO AGA AGU 058 0-11 0121 011 
6. His ACO «AOU 0-33 017 000 0 50 
7. Lys AAU 083 O17 0 00 0-00 
8. Ber vou UOO UOG AQ 0-08 023 017 0-43 
9. The QAO OAA 0-50 0 00 0-00 0-50 
10. Tfr AUU 0-33 067 000 0 00 
Average over group I 0 45 020 014 023 
IL Mon-polar 
1L Ala ooa UOG AOG 0-11 011 038 0-45 
12. Cu UUG 0-00 0-07 033 0-00 
18. Gly UGG AGG OGG 011 0-11 067 011 
14. Dea UAU UAA 0 50 0-50 0-00 000 
15. Leu UUG LUC UOO UUA 0086 058 0 08 O25 
16. Met UGA 0-83 0-23 033 0-00 
17. Phe UUU OUU 000 0-88 0-00 017 
1B. Pro ooo COU OCA OOG 008 0 08 0 08 0-76 
19 T GGU 0 00 0-53 067 000 
£0. V. UGU UGA 0-17 0-50 0-83 0 00 
Average over group II 014 0-40 0 28 0-17 
Total averages 0129 0-30 0-21 020 


Table 2. Tux RATIOS oF TAE NUCLEOTIDES IX THE OODOXS 


Polar All Non- polar 
Ratlo amino-acids amino-acids amino-acids 
ua 0-47 1-04 285 
GjO 061 1-06 1-04 
U/O 0 87 1:50 $35 
G/A 033 0-78 2 00 
U+G/A+0 052 1:02 2-20 


amino-acide—by the triplets containing guanine and uracil. 

This statement is very rough, bemg based on simple 
averaging. There are also few exclusions. However, the 
differance between the codons of the two groups is well 
pronounced. 

Tt is easy to show that a mutation of the kind called 
transition means transition from A to G or from C to U. 
The transition can therefore exchange & polar amino-acid 
for the non-polar one and vice versa. It is not always 
so in the case of transversion. We can think that the 
transitions are more dangerous than the transversions. 
Perhaps the probability of transitions is lower. Our 
knowledge of these problems is, as yet, very limited. But 
Freeset points out that 80 per cent of the spontaneous 
mutations of the T'4-phage are not connected with tren- 

The causes of the differences stated here cannot be 
explained at present. The structures of A and O have 
common features—they contain an NH,-group at the 
rd distance from the N-atom linked with ribose. 

and G contain a OO-group at the same positions. 
Perhaps these differences in structure play some role in the 
interactions of the s-RNA with the corresponding amino- 
acyladenylate at the surface of specific enzyme. 

The complete deophering of the compositions of the 
codons and of the sequences of the nucleotides in them will 
make possible a more detailed analysis of this problem. 
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Helix-rich Fraction from the Low-sulphur 
Proteins of Wool 


Muca has been learnt about the architecture of fibrous 
proteins such a8 myosin by controlled proteolysis and the 
application of physico-chemical and analytical techniques 
to the obtained in this wayt. 

The low-sulphur proteins af wool (S-carboxymethyl- 
keratein A; SCMKA) resemble myosin in the relatively 
high proportions that assume the a-helical conformation. 
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Harrap’ found by optical rotatory dispersion measure- 
ments that SCMKA contains about 50 per cent a-helix 
when dissolved in water and about 60 per cent when 
diseolved in 2-chloroethanol. It has now been possible, 
using controlled proteolysis, to prepare fractions contain- 
ing greater amounts of a-helix. 

Solutions of SCMKA, as described previously *, 
were digested with ine trypsin (1 mg to 100 mg 
SCMKA) or with pronase P (0-1 mg to 100 SCMKA) 
at pH 8-6 in the presence of 0-1 M OaCl,. The p was kept 
constant and the progress of the reaction was followed by 
means of a pH-stat. With each enzyme the rate curve was 
characterized by an initially rapid digestion followed by a 
slower digestion. The digestion was terminated at the 
desired point, and the larger molecular species precipitated, 
by adjusting the pH to 4:2. The precipitate was recovered 
by centrifugation, dissolved in 0-05 M sodium borate, 
dialysed against & portion of the same buffer solution over- 
night and optical rotatory dispersion measurements made 
on the solution over the wave-length range 334 to 578 my 
using a Stanley photoelectric polarimeter. 

When the optical rotatory dispersion data were plotted 
in terms of the Moffitt? equation, maximum values for 
—, were obtained when the initial rapid digestion was 
just complete. Pronase digestion produced fractions with 
—b, values up to 520 corresponding with p pd 
84 per cent a-helix, whereas the product m tryptic 
digestion gave a —b, value of 870, indicating an a-helix 
content in water of only about 60 per cent. The maximum 
yield of the pronase digestion product prepared under 
these conditions was about 18 per cent by weight. The 
b, values suggest that the wider specificity of pronase 
enables the enzyme to rupture peptide lmkages nearer to 
the helical portion of the molecule than is possible with 


trypsin. 
Physioo-chemical and analytical data relating to the 

helix-rich material will be publiahed elsewhere. 
W. Q. CREWTHER 
B. 8. Harrap 

Division of Protein Chemistry, 
C.8.L.R.O. Wool Research Laboratories, 
Parkville, N.2, Melbourne, Victoria, Australia. 
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Synthesis of Cellulose by Enzyme Preparations 
from the Developing Cotton Boll 

ReONTLY an enzyme from mung bean seedlings 
was described which catalyses the incorporation of radio- 
actavity into cellulose from guanosine diphosphate 
D-glucose labelled with 1O in the D-glucosyl moiety’. 
The extent of this incorporation was considerably stimu- 
lated by the addition of GDP-p-mannose to the reaction 
mixtures. This effect was later shown to result from 
the formation of some as yet uncharacterized poly- 
saccharide, probably & gluoomannan’. The synthesis of 
this compound also appeared to proceed at & rate many 
times that at which cellulose was formed by the same 
preparations. Sugars other than D-glucose, chiefly 
D-xylose or D-mannose, have been found associated with 
the cellulosic fractions of most plant species, but cotton 
fibres consist almost entirely of 8-1,4 linked p-glucoeyl 
residues’. It was therefore of interest to learn whether 
4C-labelled D-glucose from GDP-»-gluooee “C could be 
incorporated into the cellulose of cotton fibres tn vitro 
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end whether other polysaccharides were formed by the 
same cell-free enxyme system. The experiments reported. 
here demonstrate that both these 

about by enzymes isolated from the dex 

boll. 


Bolls at various stages of develo 
from cotton plants (Gossypium hirsuium) through the 
courtesy of Drs. R. E. Johnson and F. T. Addioott, of 
the Department of Agronomy, University of California, 
Davis. The ages of the bolls were calculated from the 
time the flowers The bolls were picked in the 
late afternoon, i overnight and sent to this 
laboratory in crushed ice the followmg morning. In each 
case enrymes were isolated from the plant material and 
incubated with the substrate on the day the material was 
received. Carpel walls were peeled from the bolls, and 
the segments, composed of seed hairs and immature 
seeds, were removed. In some 1 ta hairs were 
separated from the seeds by teasing out the seeds from 
the fibrous mass. The material waa ground in a chilled 
mortar with see sand and an equal weight of a buffer 
which contained 0-1 M iris HCl, pH 7-5, and 5 per cent 
polyvinylpyrrolidone (PVP)*. The homogenate was 
squeezed, through two layers of cheesecloth and centri- 
fuged at 1,000g for 5 min; the precipitate was taken up 
in & small volume of the same buffer. The supernatant 
solution was centrifuged at 20,000g for 20 min and that 

ipitate was also suspended in a small volume of the 
VP buffer. Both centrifugal residues were used as 
sources of the enzyme in most of the experimenta. 

cd a substrates were synthesized and purifled, 

ion of radioactivity into the product 
as described in previous publications?" 

SNe oll sp a qd sco 
and organs’, particles obtained from developing cotton 
bolls catalysed the incorporation of D- -MO into 
cellulose only from GDP-p-giucose-4C. Noi ion 
of radioactivity’ could be observed when GDP-p-glucose 
was replaced m the reaction mixture by any of the 
following 1O-labelled compounds: UDP-p-glucose, ADP- 
D-glucose, CDP-p-glucose, D-glucose 1-phosphate or 
D-glucose. $ 

The extent of incorporation of radioactivity from 
GDP-p-glucose-*O into slkali-insoluble polysaccharide is 
shown in Teble 1. The most active preparations were 
from bolls between 4 and 8 days o The catalytic 
activities of particles precipitated with quite diverse 
centrifugal forces were about the same. This suggests 
that no discrete organelle is involved in this 

In all oases the incorporation of label from GDP-p- 
fgluoose-*C into the product was stimulated by the 
addition of GDP-p-mannose to the reaction mixtures. 
Furthermore, the data in Table 2 demonstrate that when 
particles prepared from seed hairs alone were used, 
GDP-D-mannose still enhanced the incorporation of 1C 
from GDP-p-gtuooee-4C into the alkali-insoluble product. 
By analogy with the resulte obtained earlier! this stimula- 
tion indicates the formation of another po ide in 
addition to cellulose. The properties of the polysgocharide- 
synthesizing system from the cotton boll thus appear to 
be about the same as those of similar systems isolated 
from the roots and hypocotyls of mung been seedlings*. 

Cotton fibres are formed from specialized cells in the 
outer layer of the seed coat and are made up almost 


the process in vitro, that is, the enzyme responsible for 

osllulose synthesis is perhaps unable to distinguish 

GDP-p-mannose from GDP-p-glucose, whereas GDP-p- 

END FVE was M the bomogeniaing E no thenia of 
-freo preparations 


could be 
onn = PVE probably 
neutralizes inhibitory effect of: these compounds on isola 
This subject hes been disuaemed at length by Hulme, Jones, and Wooltorton*, 
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Table 1. BYFROT OF AGE OF THE BOLL, PARTICLE GIAE, AND ADDITION OT 
GDP-D-NAWXOSB ON BYFTHEES OF POLYSACCHARIDE ta vro 


-Insoiuble polysaccharide (o.p.m.) 


Age of bolls 000g 70 0008 
(days) -abra + GDP-D- —GDP-n +GDP-p- 
mannose mannose mannose mannose 
4 190 380 200 065 
6 170 340 220 610 
8 306 560 220 545 
12 85 330 120 415 
15 120 315 180 520 
21 120 200 30 96 
Reaction mixtures contained 0 2 ml. of the partas suspension (derived 
from 2 g of immature cotton seeds and hairs) In 0-1 M iris H iege 
PVP pH 7-5, 2x10¢ (0-02 Ne; 6,000 e.p.m.) GDP- 
140, and, when added, 1x 10-* «mole GDP-D-mannose in a total of 
0-25 mL Altxíures were incubated for 1 h at 28°-25° and the reaction stopped 


fh most of the fibre removed) and the seed hatrs from 1 - 


the taxi The reason mires eoniained (Pub of 


in part by a reeearch grani 
(4-1418) from the U.S. National Institutes of Health, 
enne rena gran om the Na dandtiBcrenas Foundsten 
(G—287683). 


G. A. BARBER 
W. Z. Hassip 
t of Biochemistry, 
Diversity of California, 
Berkeley 4. 


Ue ee » J. Amar. Chem, S00., 86, 
ag tha À., Hibem A. D., and Hassid, W. Z., J. Biol. Chem., 889, 4066 
? Whistler, RL. aoe O; L., in , 74 (Academic 
e ane Potyencoharids Ohowvistry, 74 (A. 
daa i C. Jones, J. D., waaa cue O rae 80b T D, 


ration in Animal Cell 
ultures 


In & recent paper Cleaver? has investigated the uptake 
of nucleosides by tissue culture cells in physiological 
sale. From the resulte he states: “This suggests that 
the meteboliam of these cells is markedly disturbed by 
brief exposures to pis n saline and in particular 
the biosynthesis of the &cid-ingoluble fractions (for 
example, DNA and RNA) comes to a standstill. It has 
been assumed that under these conditions tritiated 
thymidine is incorporated into DNA and tritiated cytidine 
is Incorporated into both DNA and RNA’. 

This reference to my experiments’? is misleading, and 
msy give the impression that I incubated oell cultures in 
saline. In fact, as I stated clearly, in the procedure 
described! in my original papers? on nucleoside uptake, 
the cells were incubated in a mixture of three parts growth 
medium (containing 20 per cent serum plus amino-acid 

plement) with one part Tyrode containing the nucleo- 
vides tien the trial cobrentréMan Gf eorum in Wis neq: 
was 15 per cent, which is in fact higher than that used 
(10 per cent) by Cleaver? in his control experimenta. 
JOHN Buxp 


Nucleoside Inco 


Department of Radiotherapeutica, 
University of Cambridge. 

1 Seed, J., Proc. Hoy. Soe., B, 186, 41 (1962). 

1 Sood, J., Nature, 198, 147 (1903). 

* Olea ver, J. B., Nature, £06, 401 (1965). 
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Alternative Pathway of Androgen Bio- 

synthesis in the Human Adrenal Gland 
Tzu» major pathway of androgen bi in the 
human adult adrenal gland is well esteblished: preg- 
nenolone—- 17 a - hydroxypregnenolone—-dehydroepigndro- 
sterone—-androstenedione!. Previous resulta indicate that 
the adult adrenal gland converts a higher percentage of 


lTa-hydroxypregnenolone than of progesterone to the 
product, androstenedione. The date suggest that a 


17a-hydro 
describes the resulta of an incubation to determine the 
significance of 17a-hydroxyprogesterone in the biosyn- 
thesis of androstenedione. Cortisol synthesis was determ- 
ined also, for comparison. An adenoma removed at 
operation from a 35-year-old female with Cushing’s 
syndrome was used for these studies. 

Adrenal adenomatous tissue slices were incubated in & 
Krebs-Ringer bicarbonate buffer (80 ml. buffer per g Blioe) 
which contained 7a-*"H-17a-hydroxypregnenolone BA-L 
“uo. umole 
BA-1. “yo. per umo 
(CH : 40-122: 1). All flasks : 
glycol. Beef adrenocorticotrophic hormone (AOTH) 
(6 units) was added to certain flasks. The incubations 
were carried out for $ h in an atmosphere of 05 per cent 
oxygen and 5 per cent carbon dioxide. '*C or 7H-labelled 
tracers were added to respective flasks for correction of 
manipulative losses. The methods of extraction, isolation 
and measurement of cortisol and androstenedione were as 
reported previously". The radiochemical purity of the 
isolated steroids was determined by the constancy of the 
*H:4O ratio of the free compounds and derivatives 
following paper, or column! and thin-layer’, chromato- 
graphy. 

The *H : «C of cortisol determined after separation in 
the toluene: propylene glycol and Bush C systems‘ was 
0-88 and 0-87 in the presence and absence of ACTH 
respectively On the other hand, the *H : !*O of andro- 
etenedione isolated from the same incubation media was 
1:27 and 1:81. 

The resulte of the identification data of cortisol and 
androstenedione are listed in Tables 1 and 2 respectively. 
The data indicate that 17a-hydroxyprogesterone is an 
important intermediate in the biosynthesis of the adrenal 
androgen, androstenedione. The starting ratio of "H : 40 
of the A': A‘ substrates is maintained in the isolated an- 
drostenedione, suggesting that the pathway from the 17a- 
hydroxy-A'-preoursor may be via the intermediate 
17a-hydroxyprogesterone. However, the small amount of 
radioactivity in 17a-hydroxyprogesterone precluded ite 
identification. The addition of AOTH to this adenomatous 
slice system did not affect the "H : "O in androstenedione 


Table 1. RADIOGHEMIOAL PURITY OF CORTISOL DERIVED FROM 7-"H-170- 
HYDROXYPREGENNOLOKRA AND 4-“0-17c-HYD: 


Oortasol $ phy systems "H 10* 
JQB (ref. 0-88 
Buah C MES 
Mono&oetate derivative Toluene : gyo 
Mothanol water 
50 . 100 : 100 : 25 (ref 6) 0-86 
Tiundayer 081 


* The ratio of the substrates before incubation was 1 22. Measurements 
were made only after successive paper chromatography in the toluene pro- 


Table 2. RADIOOMENICAL PURITY OF ANDROSTENEDIONMB DERIVED FROM 
To-"H-17a-HYDROIYPREGNENOLONS AND 4-^O-17a-HYDROIYFROGBSTERONE 


Androstenedyone M ER i iu "H:MO* 
Heptane: 06 per cent methanol (ref. 7) 181 
Toluene- 129 
Thin-tayer 1:26 
Mono-2,4,dtnitro-pheny ' 
hydroxone derivative 3:0 pet oms hydrated neutral 1-25, 1:23, 1-291, 


Alumina column (ref. 1) 
* Beo footnote, Table 1. 
+ Peak and two adjointng fractions on both sides of the peak. 
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but increased the efficiency of 17a-hydroxyprogesterone 

as an intermediate in the biosynthesis of cortisol. These 

experiments that the pathway 17a-hydroxy- 

olone — 17a - hydroxyprogesterone —> androstene- 

ione is an important one for androgen biosynthesis in the 
adrenal adenomatous tissues studied. 

This work was supported by grant A-254 from the 
National Institutes of Health, United States Public 
Health Service. I thank Mrs. Nijole Lambrakis for her 
assistance. T 

Q. L. Conn 


t of Internal Medicine, 
Yale University School of Medicine, 
New Haven, Connecticut. 
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PHYSIOLOGY 
A Proposal for a Reference Standard 
Preparation for the H) amic 


Thyrotrophic Hormone easing Factor 

ANY programme which proposes to purify and isolate a 
biologically active materiel for which there is no specific 
physico-chemical mode of identification is on solid ground 
when it hae at its disposal a bioassay and some reference 
standard preparation. ‘The bioassay must be specific, 
reliable (reproducible), preferably sensitive, and able to 
demonstrate & lmear increment of the measured meta- 
meter aa & function of the log of the dose of the biological 
material injected. A reference standatd preparation must 
be an 1sologous material which will give responses as a 
function of the doses injected, varying with slopes of that 
function identical to those observed when comparing the 
responses obtained with injection of purified materials 
along the course of the isolation procedure. 

With the definition of a unit of biological activity, it is 
possible to follow quantitatively the various steps of æ 
purification method and to calculate the gpeciflo activity 
(unite/mg) of materials of various degrees of purity. A 
reference standard gives, furthermore, the possibility of 
comparing preparations obteined m. various laboratories 
by ing their specific activities 1n. terms of a common 
unit. To our knowledge a referance standard has never 
been. proposed. for any of the hypothalamic hypophysio- 
trophic hormones. Thus, the various programmes on the 
purification of the h; io releasing factors have 80 
far reported the biological activity of the material pre- 
pared by quoting the dry weights for minimal effective 
doses or by showing the very responses obtamed in the 
various bioassays or tests (adrenal ascorbic acid depletion, 
plasma or adrenal corticosterone concentrations, ovarian 
ascorbic acid contents or variations, uterine weights, 
plasma iodine-131 radioactivity, eto.). 

The inherent limitations to such procedures for quantite- 
tive studies on a purification programme are all too 
obvious, and the use of the (corresponding) pituitary hor- 
mone standards as reference preparations to express the 
hypophysiotrophio activities is not a satisfactory answer 
to the problem. The activity of the hypophysiotro- 
phic factors is transhypophymisl, that is to say, their 
effecta are mediated by an adrenobypophysial response, 
which would not be reflected or reproduced with the use of 
pituitary hormone standards. This is even more evident 
where the hypophysiotrophic activities are exammed by 
measuring the plasma concentrations of circulating 
pituitary hormones, a8 can now be done for adrenocortico- 
trophic hormone (ACTH), luteinizing hormone (LH) or 
thyrotrophio hormone (TSH). 
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We propose and describe here a reference standard. 
preparation of hypothalamic origin to be utilized in the 
purification of the hypothalamic factor TRF related to the 
secretion of thyrotrophin. This material is the lyophilized 
fraction with TRF -activity obtamed by gel-filtration 
through ‘Sephadex G25' of the 2 N aoetio acid extracts of 
ovine hypothalamic tissues, ae ın the conditions orginally 
deecribed!. This material 18 crude enough to be reasonably 
stable when kept ae a dry powder in & vacuum at +4°C 
or at room temperature. It is devoid of TSH activity 
and has no vasopressor activity!. It gives a linear response 
in the bioassay as a function of the log of the dose of 
material injected’*. The linear functions relating responses 
to log doses of the standard are parallel to those obtained 
with purified TRF. 

It 1s proposed that the biological activity (stimulatzon 
of the release of TSH) of 1-0 mg of this preparation be 
attributed the value of 1-0 unit. The assay used to charac- 
terize this TSH-hypophysiotrophio activity is the bioassay 
described earlier by Yamazaki, Sakiz and Guillemin’, or & 
recent modification thereof in which the pre-treatment 
with thyroxine (see ref. 2) is omitted. Approxima Six 
months ago, several grams of a material with TRF activity 
prepared ae above were set aside from our current purrfica- 
tion programme and considered as a reference standard. 
So far we have no evidence of loss of biological activity. 
In the bioassay used here! this TRF preparation gives a 
statistically valid response with doses < 1-0 mg or 1-0 unit, 
with a lmear segment of the response curve up to 10 unite. 
The use of this reference ion over several months 
has shown us that the sensitivity of the bioeasay 1s 
quite variable from one group of animals to another. 

Snmilar preparations as internal standards could be made 
simply in the various laboratorie interested in the purifica- 
tion of hypothalamic hypophymotrophic factors. For 
reference standard preparations of CRE (corticotrophin 
releaamg factor) and LRF (EH-releasing factor) we have 
been investigating the same type of material (that is, the 
‘Sephadex G20 concentrate of CRF and LRF) and an 
even simpler material, that is, the boiled 0-1 N hydro- 
chlorio acid extract of rat stalk median eminence. Two 
problems have not been satisfactorily resolved aa yet: 
(a) the hnea&nty of the pituitary secretion of LH as a 
function of the dose of injected LRF (of whatever ongin); 
(b) the stebility over several months of the LRF- and 
CRF-activity in the crude extracts so prepared. 

To facilitate meaningful comparisons, between in- 
vestigators, for sensitivity of biological assays, specific 
sotavity of various preparations, eto., our laboratory will 
consider making available on request aliquots of the 
TRF reference preparation described here to allow express- 
ing any other local standards in terms of & common unit. 

This work was supported by U.8. Public Health Service 
grants, 4—2643 and AM-8290. 

Roaur GornLmwrw 
Epvart SAKIZ 
Department of Physiology, 
Baylor University College of Medicine, 
Houston, Texas. 
up a gs! ieee Jute, M., and Sakir, H, O R. Acad. So, 
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Plasma Disappearance of Various !!!|-labelled 
Growth Hormone Preparations in Man and 
Rabbit 

STUDYING the properties of pepein-digested bovine and 
sheep growth hormone! it was found that one fraction of 
the digest possessed. electrophoretic and immunological 
properties similar to human growth hormone. ‘The 
purpose of the present work was to compare the in-vivo 


behaviour of untreated and digested sheep growth hor- 
mones with the human hormone. This was tested by 
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following the kinetios of the pleama disappearance of the 
radio-iodinated hormones. i 

The growth hormone preparations used were: human 
growth hormone (HGH), aheep growth hormone (SGH, 
batch S,) and chymotrypainized bovine growth hormone 
(BGH-OY-75). The sheep growth hormone was used 
untreated or after pepsm digestion!. The labelling 
procedure with !!!IT was performed according to Hunter 
and Greenwood". By this method we obtamed a specific 
activity of growth hormone in the range of 50-100 uo./ug. 
The patient materal comprised 12 adolescent boys and 
2 girls. The day before, and on the morning of the experi- 
ment, they reoerved stable iodide (Lugol solution) in order 
to blook the thyroid gland. The experiments were per- 
formed in the fasting state and labelled growth hormone 
preparations were administered intravenously in a dose 
range of 20-50 uo. per patient. Blood samples at pre- 
determined intervals were collected in heparinized test- 
tubes for 3-4 h. Aliquots of the plasma were counted 
m a well-type NaI (‘Tl’) scintillation detector, and the 
proteins were precipitated by a 20 per cent solution of cold 
trichloroacetic acid (TCA). The values of the TCA-pre- 
cipitable radioactivity were compared with the injected 
dose and the ratio was plotted on semilogarithmic paper 
against time. Each study group comprised four petienta. 
Serum albumin was given only to two. 

The plasma di oe curve showed three phases: 
an extremely fast-mixing phase which was followed by a 
second phase (designated ‘4’) and a slow third phase 
(designated ‘B’). The resulta of the individual experiments 
were in good agreement. The plaama disappearance of 
the various labelled growth hormones studied and of 
Tadio-10dinated human serum albumin (RISA) is illustrated 
in Fig. 1. 

For HGH the t, of phase A ranged between 20 and 30 
min. This half-time correlates well with the metabolic 
degradation rate of endogenous HGH* and with other 
studies using HGH-™!I (refs. 5 and 6). Phase B showed 
& slower plasma disappearance with a 44 ranging between 
150 and 160 min. This phase is at present considered to 
represent the fate of ‘damaged’ HGH. The plasma dis- 
appearance of radio-iodmated SGH waa in the similar range 
with HGH-"I: phase A — t} = 20-25 min; phase B— 
5 = 120-130 min. The similarity of the plasma dis- 
appearance of HGH and SGH, in what is considered to 
represent the metabolic phase of HGH, is of interest as 
SGH is biologically not active in man. The plasma 
disappearance of I-labelled SGH after pepsin digestion 
showed & pene ce of both phases, A: 44 = 55-70 min 
and of phase B: t} = 200-250 mm. No significant 
amounts of TCA-precipitable radioactivity were found 
in the urine collected for 24 h. 

A series of experiments was performed in rabbits. 
Groupe of three rabbita were injected intravenously 
with labelled untreated SGH, pepein-digested SGH, 
chymotrypainized BGH and RISA. As in the human 
subjects, three phases of the plasma disappearance of the 
labelled hormones were found. The results are sum- 
marized in Table 1. 

The metabolic phase A of HGH in the rabbit as found 
in the present study and by Salmon e£ al." shows a dis- 
appearance range comparable to that ın man. Though 
both HGH and BGH or SGH are metabolically active 
in the rabbit, the metabolio phase of SGH is slightly 
longer than that of HGH. Tho significance of the pro- 
longed second-stage disappearance curve (phase B) remains 
an. open question. 


Table 1. PLASMA DIBAPPBARANONIN THE RABBIT OF "I-LAHELLED GROWTH 
HORMOXR 


No. of Phase 4- Phase B 
rabbits Rangeofij(mm) Range of ti (min) 


HGH 3 20-25 120-180 
8GH 3 30-40 160—180 
8GH digested 3 40-45, 250—280 
BGH obymotrypan digested 1 40 200 


f 
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yp 


Percentage remaining TOA precipitable radioactivity 
m 


20 00 


100 140 180 220 20 00 


Xm 


Tg. L Plasma disappearance In man of “J-labelled growth hormones 


The sheep growth hormone was kmdly donated by the 
Endocrinological Study Section of the National Institutes 
of Health by courtesy of Dr. A. E. Wilhelmi. The chymo- 
EU bovine growth hormone was supplied by Dr. 
E. Vairel, Choay Laboratories, Paris. 

Zvi LARON 
SuHoSHANA MANNHEIMER 
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Weizmann Tnstitate of Science, 
Rehovoth, Israel. 
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Spinal Cord Convulsions in the Developing 
Rat at Altitude (12,470 ft., 3,800 m) 


PEEvIOUB investigations in this laboratory have demon- 
strated that maximal electro-shock seizure responses are 
more severe in adult rate brought to high altitude’ and 
in developing rata born at high altitude’ than in corre- 
Pn sea-level controls. X , 

reflex systems play an important part in integrat- 

ing maximal seizure discharge into the motor pattern’. 

The spinal cord of the rat matures, functionally, more 

rapidly than do higher centres of the central nervous 

4. In view of tbis, the present study was under- 

taken to determine whether the spinal oord is more aotive 

in rata born and maintained at altitude than in their sea- 
level controls. 

This study was done at the University of California, 
Berkeley, elevation 250 ft. (70 m), 750 mm mercury, and 
at the Barcroft Laboratory, White Mountain Research 
Station of the University of California, elevation 12,470 
ft. (3,800 m), 480 mm mercury. 

Bareroft Laboratory haa a Long Evans rat colony. 
Sea-level rata are continually taken to the station for 
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breeding. The animal quarters at altitude 
are similar to thóso at sea-level as regards 
food, caging, temperature and lighting. 

The experimental animals were divided 
into 2 different age groups, that is, 11- and 
38-day-old rate. The brain of l1-day-old 
rats is leas mature than that of 28-day-old 
rats’. The following numbers of rate 
were used: in the 11-day-old group, 13 sea- 
level controls and 12 seoond-generation 
rata born at altitude (F,); in the 28-day- 
old group, 19 sea-level controls and 12 F, 
rats. 

Spinal cord convulsions were produced 
by direct electrical stimulation of the cord 
as described by Esplin and Freston’ and 
modifled by Vernadakis*. All rate were 
decapitated at an upper cervical level and 
a stimulating electrode, cathode, was in- 
gerted 4-5 mm into the spinal cord. The 
anode was attached to the exposed tissue 
of the neck. Square wave stimuli, 1 msec 
in duration, at an intensity of 30 V and a 
frequency of 100 pulses/seo were delivered 
within 10 sec after decapitation. Duration 
of spinal cord stimulation was 10 Bec. A 
sories of electronic timers were activated by the stimulator 
and measured in msec the duration of each of the seizure 
componenta—tonic flexion end tonic extension. 
Significance of differences between sea-level and altitude- 
exposed animals was calculated by the t-test. 


Tablo 1. DURATION (EXO) OF BPIXAL CORD OOKVULSIONS IX TWO DIFFERENT 
AGE GROUPS OF YOUNG , RATS AT BIA-LEVEL OX AT ALTITUDE (12,470 T? ) 


oard coon- F, 
Age (duration No.of Bea-lvel No. of born at 
of phases In sec) animal controls animals 12,470 ft, 
11 days Flexion pt 13 1:30+0-10* 12 2 50+0-25 
of age <0 001 
Extension p B 85 + 0-80 7171-15 
28 days Flexson 9 19 1-06 + 0°54 12 1-20 + 0-07 
of age Extension p 4-14 + 0-07 9 era 
« 
* Mean + standard error. 
Values based on t-test fi significance of differences betwoen sea-level and 
altitude rats. 


Durations of flexion and extension in 11- and 28-day-old 
rata born at altitude and sea-level controls are presented 
in Table 1. The duration of flexion in 11-day-old altitude- 
born rats was significantly longer and duration of exten- 
sion did not change signi tly when compared with 
sea-level controls (Table 1). Duration of extension was 
significantly increased in the 28-day-old rata born at 
altitude as compared with sea-level controls; duration 
of flexion was decreased but not significantly (Table 1). 

Tho shorter the duration of flexion and/or longer the 
duration of extension the more severe the convulsion and 
vice versa’. 

The longer flexion and the shorter extension in 11-day- 
old altitude rats indicate a decreased activity of the 

inal cord. In contrast significantly longer extension of 

e 28-day-old rate indicates more intense activity of 
the spinal cord. It 1s suggested that the longer flexion 
in ll-day-old altitude-born rata may be due partially to 
& delay in maturation of the spinal cord. Vernadakis 
has shown that flexion is longer in less mature retat. 
The longer extension in 28-day-old altitude rata indicates 
an increased reflex excitability of the spinal cord. These 
observations are in agreement with previous studies from 
this laboratory. It was found that development of the 
central nervous system as assessed by brain electrical 
stimulation ig delayed at altitude, and once maturation 
is achieved increased. excitability is observed". 

I5 can be concluded that delay in central nervous system 
maturation in F, rats born at an altitude of 12,470 ft. 
(ref. 2) may be attributed, in part, to changes in the 
function of the spinal cord. 
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Mechanism of Muscular Paralysis by Insulin 
with Particular Reference to Familial 
Periodic Paralysis 


OrrmuusNs8 et al! have shown: that insulin exerte a 
paralysing effect on the isolated diaphragm of rate fed 
on & potaasium-free diet. A close similarity seams to exist 
between this experimental muscle paralysis in rats and the 
familial hypokalaemio periodic paralysis in man. In both 
cases, the contraction in response to indirect as well as to 
direct stimulation is depressed, insulin and low potassium 
concentration in the extracellular fluid are important 
causative factors, and the contraction is restored when the 


composition of the potassium-free diet was similar to that 
used by Offerijns e al, and consisted of sugar, casein, 
soybean oil, salt mixture and vitamins. Phrenio nerve- 
diaphragm tions were dissected out and placed 
in the beth filled with Krebs solution saturated with 
95 per cent oxygen and 5 per oent carbon dioxide. The 
temperature of the bathing solution was kept at 36°C. 
Isometric tension, produced by direct or indirect stimula- 
tion, was recorded with a mechano-electronic transducer 
(ROA 5784), and the membrane potential of diaphragm 
muscle fibres was measured with 8 M-KOl microelectrodes. 

When [EK], was low (0-2-4 mM), twitch tension of the 
diaphragm. produced by direct or indirect stimulation was 
abolished or greatly reduced by adding insulin (0-1 to 
1-1 iml) in several min, and the contraction was 
restored in a few minutes when [K], was increased (4:8 
to 6 mM), the findings of Offerijns e£ al. being thus con- 
firmed. Intracellular recording of the membrane potential 
revealed that at the stage where the contraction was 
depressed by insulin, the resting potential of muscle 
fibres was markedly reduced (Table 1 and Fig. 1). At this 
time, the muscle action potential was greatly decreased 


Table 1. DEPOLARIZATION OY DIAPHRAGM MUSCLE FIBERS OF POTASSIUM- 
HIPERTWANTAL OOXD 


DEMONT Rurs IN VARIOUS TTIONS 

ixpertmental iv) i 
Ooneeniration 

conditions of sulin Before After 
(G.u/ml): tnsuln inl 
12 014 70t4 3511 
Giuoose-free solution 05 10 TIt 5448 
Ouabatn 10- g/ml. O5 11 6712 5211 
K-free solution 0 10 81t4 59r4 
al, 148 mM 0-5 O5 7312 5718 
al 50mM 0-5 C5 06812 
Na 0 mx O5 eb 7512 75r 


* Each value represents mean + S.N. 
Sodium was replaced by an equivalent amount of choline. d4-Tubo- 
Pos Bl ne Coren ee Oe 
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Fig. 1. Relation between potential and external potassium 
centration in diaphragm m fibres of a t Tat. 
: O, membrane before and @, after adding 
isum ]-0Lu1./ml. Abscisme conoen tn nM, on logarith- 
were by equtva.- 
lent amounts of sodium. Each a ime a mean 


in size, and in most fibres could not be produced by 
electrical stimulation. When [K], was increased to 5-9 
mM, the resting potential was increased to more than 
70 mV and the action potential of more than 100-mV 
amplitude could again be observed. 

In the diaphragms from control rate fed on a normal 
potassium-containing diet, insulin neither influenced the 
muscle contraction nor produced the depolarization of 
muscle fibres at low [K],. The resting potential at which 
mechanical response disappears was determined by 
increasing [K], of the Krebs solution. The contractions 
to direct and indirect stimulations were abolished when the 
mean resting potential fell to 55 mV in 16 mM [K], from 
the original value of 71 mV in 4 mM [K],. 

tial 


Fig. 1 shows the relation between the resting poten 
diaphragm of a potassium- 


and [K], in muscle fibres of the di 
deficient rat. Insulin evidently exerted a depolarizing 
effect at low [K]. In 5:9 mM [K], in contrast, insulin 
caused hyperpolarization. The latter fact is consistent 
with the previous findings in rat and frog muscles’, 
An lanation of the hyperpolarizing action of insulin 
might be the acceleration of electrogenic sodium extrusion?. 
However, the larizing action was not abolished 
in the presence of ouabain, 10+ g/ml. 
It is clear that the decline in resting potential following 
the lication of insulm at low [K], is the main factor 
uting to the failure of contraction. Further attempts 
were made to elucidate the mechaniam of the depolarization 
by insulin. The depolarization ia not dependent on the 
action of insulin to increase the glucose uptake of the 
muscle, because the larization by insulin, and conse- 
quently the decrease the contractility, occurred in 
glucose-free Krebe solution. Bi , the acceleration of 
active cation transport by insulin’, particularly the 
increased potasium influx‘, cannot provide an 
explanation of the depolarization, because the depolarizs- 
tion occurred in the presence of ousbain 10-5 g/ml., as 
well as in potassium- solution. When sodium in the 
extracellular fluid was replaced by choline, the depolarir- 
ing action of insulin at low [K], was abolished (Table 1). 
The most plausible explanation of the depolarization 
by insulin, therefore, would be that insulin increases the 
rmeebility of the muscle membrane to sodium ions. 
the effecta of [K], can be explained in the folowing 
way. A marked izing action of ingulin takes place 
at low [K], where the ity to ium ions 
is reduced’. On the other hand, a rise of |, restores the 
ete potential by moreasing the potassium permea- 
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PHARMACOLOGY 


Transfer of Habituation by Material 
extracted from Brain 


As an extension of our recent experiments on transfer 
of morphine tolerance!, we tried to explore the poasibility 
of a similar transfer of the tolerance which develops to 


repeated physical stimuli. Buch tolerance, called habitua- 
tion, is as tho loas of an innate response to & 
stimulus without reinforoament?. It is considered 


ee 


to be ane of the most elementary forms of learning. 

Tho stimulus selected was sound which, when first 
heard, elicits & ‘startle ' consisting of the contrac- 
tion of various groupe of skeletal muscles, accompanied. 
by some autonomic changes"*. The response is easily 
discernible even by untrained obeervers. 

The sound was produced by a steel hammer hitting & 


of the sound was 72 
the reference of 2 x 10 ub) and ite fundamental 
pitch was about 400 o/s. 

Habituation was induced in rate (Spremo ATi 
strain, all males, weighing between 200 300 g) by 
submitting them to this stimulus for two 1-h periods daily. 
An additional 100 stimuli were given every day to follow 
the progress of the habituation. The test was 
by an observer who pushed the button of an electric 
signal every time the animal failed to exhibit the startle 
response. This record was superimposed on the tracing 
made by the timer activating the hammer. Habituation 
was considered completed when the animals responded. to 
10 or leas of the 100 stimuli applied on each of three oon- 
secutive days. Co. te habituation was obtained in 
rate in 9-0 + 4-5 (S.D.) days. Mice lost their responses 
v uc RE they failed to reach the criterion in 
20 days. 

The habituated rata were killed by bleeding. The 
brain was idly removed and frozen on dry ioe. In the 
first series of experiments, a homogenate of pooled brains 
taken from sound-habituated rats wes prepared and 
injected intraperitoneally to albino mice (Swiss strain, 
all males, weighing 20-30 g). A control group was injected 
at the same time with a similarly prepared homogenste of 
brain taken from normal, non-habituated rate. Prior to 
the injection, all the mice had been tested with 100 stimuli 
to ascertain that they responded normally to sound. 
About 16 h after the injection, the mice were tested again 
before being subjected to the two periods of stimulation. 
This schedule was followed every day until the end of the 
experiment. It should be noted that the observers who 
recorded the responses did not know to which group eech 
mouse belonged. 

Owing to the slowness of habituation in mioe, the 10 
per cent criterion was impracticable in these animals. 
The resulte of these experiments are expressed in terms 
of the mean number of days required to reduce to 50 per 
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Table 1. Erect or DIFFEREXT AMOUNTS OF VARIOUSLY PREPARED BRacy 
HrTRACTB ON SOUND HABFTTUATION IK Mic 


Sound-habltuated rat brain Normal rat brain 
to 


” ” 


Preperation % DEN 
Dose 

(mg) edtenon +5.D. N oriterion £S.D. N 
Hornogenate 300 21 25 T 120 15 T 
Dee 400 125 0-6 4 11:0 0-8 4 
preapitate 500 — ——— — 125 19 8 
p " 340 14 080 5 — — — 
280 rz 6 — — = 
2-0 4 = 


» ” 140 
N, Xo. of mio in each group. 


cent the nses of a group of mice. Table 1 lists the 
results obtained with t types of brain extracts 
and different smounta of brain administered. 

Tt is seen that in the first experimente, using homogen- 

ates, there was & striking difference between the group 
which received the brain sound-habituated rate and 
those which were given normal brain. However, homo- 
genates are inconvenient to handle and to administer 
and they caused & high mortality in both the experimental 
and control groups. The first experiment lasted only six 
days. 
Since the factor responsible for morphine tolerance was 
dialysable, we submitted the brain homogenates to 
dialysis against 20 vol. of distilled water at 4° C for 48 h. 
The volume of the dialysates waa reduced by lyo ization. 
and made up to contain the equivalent of 1 g of brain per 
ml. Two groups of mice were injected with even she a 
tions: one with the dialysate of gound-habi rat 
brain and the controls with normal rat brain. Table 1 
shows essentially the same resulte as those obtained with 
the homogenates, but there were no deaths and the experi- 
ment was continued for 14 days. 

Fig. 1 ahows the habituation curve constructed with the 
pooled resulta of the first two experiments. The number of 
Wes i gp slimmed reduced in the experi- 

first post-injection test onwards. 


100 € 


Response to sound (per cent) 
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experiments, & second injection given on the sixth day 
increased the habituation rate again. 

Further purification of the transfer factor waa done by 
treating the dialysate with 20 vol. of cold acetone. The 
precipitate was redissolved in water and injected into mice. 
Table 1 shows that this fraction was active when amounta 
equivalent to 140-340 mg of brain per mouse were given. 
The control tion was inactive at 500 mg. 

The tanai lanto was found to be soluble in water, 
insoluble in acetone and 95 per cent ethanol. It 1s dialys- 
able and, on partition with an equal volume of 88 per 
cent phenol, it goes into the phenol phase. These proper- 
ties suggest that itis a peptide or small protein. This has 
been further confirmed by the disappearance of the 
activity when the preparation was incubated with orystal- 
line chymotrypsin (1 mg/ml. at pH 8 for 1 h at room 
temperature). A similar incubation with pancreatic 
ribonuolease at pH 7 did not affect the activity. 

Transfer of habituation has been described in Planaria’, 
but, to our e, there is no reference in the litera- 
ture to the possibilty of transfer of any type of learniag 
in higher invertebrates or in vertebrates. The resulta 
summarized here suggest that information is recorded 
and stored in the nervous system in terms of protein 
structure. Most chemical theories of learning and memory 
emphasize the role of RNA in information coding! and it 
is probeble that persistence of the protein code requires 
eee self-replicating mechanism, through the nucleic 
acids. 

The preliminary experrmenta reported here show that 
an elementary form of learning, habituation to sound, 
can be transferred to untrained animals by injecting them 
with & peptide-type material extracted from the brain of 
habituated animals. This factor is absent from the 
brain of non-habituated animals. Further experiments are 
in progress in other learning situations, other routes of 

- Introduction of the transfer factor and with extracts of 
circumscribed areas of the brain. 

This work was supported by a general research grant 
of the U.S. Public Health Service (P—05-13). 
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Effect of Calcium and Other lons on 
Vasopressin Release from Rat Neurohypophyses 
stimulated electrically in vitro 

THE rat posterior pituitary 9n vitro secretes vasopressin 
in response to a rise in extracellular potassium concentra- 
tion. This effect of excess potassium is inhibited by 
magnesium and sodium ions and is strongly dependent 
on calcium. Secretion is abolished by omitting calcium 
from the incubation medium; it increases with inoreesing 
calcium concentration over a wide range, and is socom- 
panied by uptake of calcium-45. From such evidenoe 
it has been concluded that calcium entry into the neuro- 
secretory terminals on their depolarization by action 
potentials is the normal physiological event initiating 
secretion’. This concept is supported by the demonstra- 
tion of vasopressin release from rat? and guinee-pig* 
neurohypophyses in vitro in response to electrical stimuli 
and of action potentials recorded from the supra-optico- 
hypophyseal tract*. It would clearly strengthen the hypo- 
thesis if it were shown that the effects of calcium and other 
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ions oa vasopressin release, elicited by electrical stimula- 
tion, were similar to thòir affecta on secretion elicited by 
excess potassium. This communication presenta evidence 
that this is so. 
In each i t, neurohypophyses from five male 
Sprague-Dawley rats (200-850 g) were dissected out and 
incubated in bicarbonate Locke’s solution at 87*0 
and stimulated at 40-min intervals for 5 min at & frequency 
of 20 shocks/seo using an adaptation of the procedure 
&lready deecribed! that allowed the flve glands to be 
stimulated simultaneously. Vasopressin released into the 
medium was sasayed on the rat blood pressure. 
In 53 experimenta the mean ‘resting’ release of vaso- 
presin between the 80th and 40th min after setting up the 
preparation was 1-48+0-35 (S.E.) my/5 glands/10 min. 
Electrical stimulation for the first 5 min of the succeeding 
10-min period raised the mean output in this period to 
18-79+38-3 my/5 glands/10 min. This effect could be 
abolished reversibly by introducing 0-1 per cent procaine 
into the medium, and was therefore probably due to the 
production of electrical activity in the neurosecretory 
fibres. 
The response to electrical stimulation was 
completely abolished when the calcium concentration in 
the incubation medium was lowered to about 0-1 mM; 
it increased with increasing calcium concentration until 
this reached about 4mM; and diminished as the calcium 
concentration was further raised to 8 or 16 mM. The 
curve relating vasopreasin output in response to electrical 
stimulation to cium concentration, obtained from 
experiments on 22 groups of glands, closely resembled that 
obtained previously using excess potassium to evoke 
secretion*. 
An increase in the magnesium concentration of the 
medium from 1 to 10 mM approximately halved the E 
of vasopressin in response to electrical stimulation. i 
effect could be reversed by raising the calcium concentra- 
tion of the medium ten-fold. 
Reduction of the sodium chloride concentration of the 
medium from 160 to 10 mM (tonicity being maintained 
with sucrose) enhanced vasopreasin output Thus in 
five seta of glands stimulated in the low sodium medium 
vasopressin output was 44-2+7-1 mp/5 glands/10 min 
while the nding control values from the same seta 
of glands in the high sodium medium was 22-5+ 1-7. 
The effects of calcium, magnesium and sodium on 
vasopressin output in response to electrical stimulation 
thus closely parallel their effects on neurohypophyses 
stimulated with excess riami". The experimenta 
thus lend farther support to the hypothesis that the 
sequence of events involved in stimulus-secretion coupling 
in the neurosecretory terminals of the hypothalamo- 
hypop tract may be: the arrival of impulses, 
depolarization, and the entry of calcium ions. 
T. M. Marran 
W. W. DouaLas 
Department of Pharmacology, 
Albert Einstein College of Medicine, 
New York. 
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Acute Toxicity of Extracts of Morning- 
glory Seeds in Mice 
Tus presence of alkaloids derived from lysergic acid in 
the seeds of the morning-glory varieties Ipomoea violacea 
(L.) and Rivea corymbosa (L.) Hall f. was discovered by 
Hofmann! and confirmed by several workers? *. Reports 
of alteration of mental state after ingestion of morning- 
glory seeds have been made to this Directorate and have 
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also in the public prees. Osmond* reported an 
abnormal mental state after ingestion of the of Rivea 
corymbosa, but Kinross- Wright’ was not able to induce any 
such changes in eight subjects. Cohen? reported that some 
individuala appear to have no reaction whatsoever while 
others may respond as to d-lysergio acid diethylamide 
(LSD). In this same communication, & case of suicide 
following a recrudescent psychic reaction to ingestion of 
morning-glory seeds was also reported. 

ia of the alkaloids of Ipomoea violacea by 
Hofmann’ showed the largest component to be d-lysergio 
acid amide. There were smaller quantities of d-iso- 
lysergic acid amide, chanoclavine, elymoclavine and ergo- 
metrine. Solms!’ and Hofmann’ reported on psycho- 
pharmacological experiments with d-lysergio acid amide in 
man. They observed peychotomimetic activity and a 
marked sedative effect after doses of 0-5 to 1-0 mg. Yui 
and Takeo!! found that elymoclavine caused excitation in 
mice. Since studies of the total alkaloidal fraction rather 
than the individual components of morning-glory seeds 
would appear to be more relevant to the possible toxic 
effecta in man, the following experiment was undertaken. 

The alksloidal fractions were prepared as follows: The 
defatted, ground (40 mesh) and wetted (10 per cent 
ammonium hydroxide) seeds were exhaustively extracted 
with ethyl ether in 30-g lote. The ether was shaken with 
OIN huric acid, the aqueous phase made ammoniacal, 

with chloroform, the chloroform evaporated and 
the residue dried in vacuo. In Table 1 are shown the three 
varieties of morning-glory which were chosen— one variety 
with high, one with medium and one with very low 
alkaloid content. The latter served as & control to observe 
the possible effects of material other than alkaloids. 

Homogenous aqueous suspensions of the solid residues 
of the alkaloidal fractions were injected intraperitoneally 
into Swiss mice. Table 2 ahows the quantities injected and 
the alkaloidal content, calculated as ergometrine. It also 
shows the LD,, for two of the varieties. These were cal- 
culated by the probit method of Blise!!. 

About 8 min after injection of the ‘Pearly Gates’ 
fraction there occurred loes of motor co-ordination, coarse 
tremors of the entire body, ataxia, piloerection, ptosis, 
slight cyanosis and h itivity to touch. At lethal 
doses there were generalized convulsions and iratory 
arrest. Among the surviving animals periodic uts of 
fighting behaviour ocourred, but these were ineffectual 
because of the motor impairment. Motor co-ordination 
improved 8-5 hours after injection, during which time 
fighting behaviour became more frequent. Finally the 
mice went into a deep sleep from which they could be 
easily aroused. There were no delayed deaths. The 
general impreeeion was of a state of central excitation over- 


Table 1. ALKALOID CONTEKT OF THH SHEDS OF [THREE MORNING-GLORY 
VARIETIES 
Quantity Wi + of 
Species Variety of seeds ue of tie 
da* 
(g) fraction 
(mg) 
Ipomoea violacea Gates’ 204 187 0 O41 
Ipomoss violacea Wi Balls’ 400 230 0 023 
Ipomoes NI d 198 50 0 002 


Table $. QUANTITIES OF EEIDUM 1XJBOTED AXD MORTALITY 


LD,448.B.M. 
(mg/kg) 
164-38415-1 


M14-1415-8 
1 


0-0 1 delayed death 
200 0 (16-0 at 200 mg/kg 


Morgane và teaches Tofer OE ce su eM ees 
m mg/ 
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laid by severe motor dysfunction at sub-lethal doses. At 
lethal doses severe depreasion supervened with death due 
to respiratory arrest. Extracts of the seeds of the 
‘Wedding Bells’ variety produced, the same symptoms, but 
the excitation component of the reaction was much more 
intense. 

Injection of 125 mg/kg of the ‘Scarlet O'Hare' fraction 
was followed by slight depression and ptosis. The de- 
found during the following hour, 
after which recovery . At 200 mg/kg the above 
symptoms were noted along with piloerection and forward 
normal after 


intense. 

We thank Dr. R. E. Schultes, Botanical Museum of 
Harvard University, for identifying the morning-glory 
seeds. 
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blood-brain barrier oen occur as the result of certam 
experimental procedures!*". ^ However, Cohen’ was 
unable to demonstrate the presence of parenterally 
administered curare in central nervous tissue following 
large intravenous doses, hypoxia, hypercarbia, hyper- 
alkaemia, or ahock. 

As an alternative approach to the problem, a study of the 
effect of intravenously administered d-tubocurarine on 
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the central nervous 
blood-brain barrier 
was felt to be of value. By such an approach, the role of the 


barrier until two to three weeks after hatching»; (2) the 
electrical activity of the brain shows essentially adult 
istios prior to this timet*-u, 

The present observations initially 


findings 
hatch to 14 days. 
Spontaneous electrical potentials from the optic tectum 
(TSA) and ie (h; i area, HS), 
the photic evoked electri activity from the optic tectum 
(P. ) and retina (ERG) were recorded ifferentially. 
The reference electrode was in the neck muscles near their 
ipital insertion. Use of the neok muscles permitted a 
relia le estimate of the duration of drug action, since the 
appearance of muscle spikes on the cathode ray ~oscillo- 
scope could be used as the end-point. 

e electrocardiogram, body temperature, and blood 
pressure of the cannulated iachiadic artery, were monitored 
throughout the experiments. A complete description of 
the techniques used has been published elsewhere™. 

The d-tubocurarme used 


6 _ mg/kg /imjeotion 

approximately ten times the amount 

required to produce total paralysis in the chick for 10 to 
20 mm™, 

Buttle and Zaimis" observed an immediate flaccid 

peralysis in the White Leghorn chick followmg intra- 

venous curare™. In i 


The 


to require physical immobilization of 
the animal to prevent it freeing iteelf 
from the stereotaxic apparatus, or 
dislodging the arterial or venous 
cannula. The response endured for 
emails 2 geo prior to the onset 
of the usual flaccid paralysis. Subse- 
quent injections of curare failed to 
re-induce the reaction, even when 
recovery from the preceding dose had 
progressed. to the stage where muscle 
spikes generated in the neck muscles 
appeared on the oscilloscope trace. 
The possibility that this reaction 
could be re-induced if the animal were 
allowed to recover completely from 
the preceding dose of curare was not 
tested. 


To determine whether the excita- 
tion reflected an action of curare 
within the oentral nervous system, 
the sciatio nerve was sectioned prior 
to the initial injection in ten experi- 
mente. In each instance the limb 
peripheral to the section failed to par- 
ticipate in the body movement. In 


H8, 
Photic uon 
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eet o> Denon the imal cord was sectioned at the upper 
cervical level. This eliminated all body movament 


of the ago examined (140-120 mm mercury) a fall in pree- 

was transient, 
qud pressures returned to pre-drug leve within 1 min. 
The hypotensive effect usually could be avoided by slow 
injection of the drug. 

Obanges in the TSA, HS or ERG were not evident 
following any of the multiple injections (Fig. 1). However, 
the photic m E hr ara (PER) was altered consistently 
and signifloantly following the firsb injection of curare. 
Ohangee in the primary negative wave of the potential 
seldom were evident, but the secondary components of the 
potential were enhanoed mar both in amplitude and 
frequency (Fig. 1, PER). A further alteration of the PER 
was not induced by t injections of curare, even 
when the frequency of injection was greater than once 
every 45 min or when an increased dose was given. In no 
instance did curare alone depreas or inhibit the electrical 
parameters (op. refs. 12, 14 and 15). 

These te -strongly indicate that parenterally 
administered curare is capable of acting upon the central 
nervous system of the young chicken. Presumably, this 
is because the incompletely developed blood-brain barrier 
mechanism fails to prevent the entranoe of the drug into 
the nervous tissue. 


potentials. In either instance it appears that the excitatory 
mechanism in the chiok is far leas sensitive to curare than 
is that in the mammal. 





administered omare on the electrical activity recorded from the optio 
tectum, eye, and cortex of the young ahinken 
€, control; b, during and tmmechately following the intravenous infusion of d-tuboourarine 


TBA, frotal spontaneous activity; PER, response evoked in the tectum by 
of the retina, Downward defexions 


reflect negatrvity 


af the andcal decida 


3& 
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ecological sensitivities has been 
example, Scholes and Roberta have shown that y-amino 
butyric acid inhibits the evoked potential while having 
little or no effect on the ongoing spontaneous electrical 
potentials, while the opposite occurs with pentobarbital. 
in part by grant B-1615 from 
the U.8. National i of Health, and by & grant 
from the National Association for Mental Health awarded 
to Dr. Eugene Roberta, chairman of this Department. 
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HAEMATOLOGY 


Interaction between Human Serum 
Complement and Normal Human Red Cells 
at Low Ionic Strength 


Rapp and Borsos, in their study of the effects of low 
ionio strength on immune haemolysis, using sheep cells 
and guinee pig complement, found that the erythrocytes 
were haemolysed in the absence of antibody at extremely 
low ionic strength. The authors gave details for the 
preparation of a number of isotonic sucrose buffers of 
various ionio strengths, and the buffers used in this work 
were those described by these authors. 

We found that when normal human red cells were 
suspended, in veronal sucrose buffer of low ionio strength 
(p = 0-009) and mixed with fresh serum, diluted 1: 20 
in the same buffer, the red cella took up protein, most of 
which appeared to be O’ protein. That these red cells 
absorbed C’ protein was ascertained using the anti- 
globulin test and anti-O' antiglobulm reagent prepared as 
previously described’, which did not agglutinate normal 
red cells or red cells sensitixed with various blood group 
eue only sesame quud EM 

ta. 

In the experiments detailed in Table 1, all the sera or 

ta were diluted 1: 20 in veronal sucrose buffer, pH 
7-4 (u = 0-009). The red cells, obtained as citrated blood, 
were washed three times in normal saline and twice in the 
VB sucrose buffer and suspended in it to a of 10 
per cent. Two volumes of the diluted reagent (Table 1) 
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Table 1. MAXIMUM AGGLUTINATIOK = b b +++ 
were diluted sucrose buffer, pH 7-4 (1 : £0), mixed 
The reagent rod cela (seo texi) suspended at 10 per ceni in the bufet. 
Duluted reagent and mixed 0 


Antigiobulin test 

Reagents Ant- 
R18 F 
PEIS Pe 
m P" 
R1-118 = 
Re = 
Ri+R2 +++++ 
R4 S 
R4+RI +++++ 
EB ++ 
Berum heated 56° C, 5’ = 
Berum = 
Fresh serum + Ni à 
Fresh serum +tt+++ 


and one volume of the red oell suspension were incubated 
at 87° C for 0-5 h and then washed three times in normal 
saline before the antiglobulin test. The R reagents (except 
R1LS, below) were made using standard methods and were 
tested. using sensitized sheep cells; they showed no lysis 
but did show ability to re-combine. 

Table 1 shows that Rl, R2 and R4 failed to coat the 
red cells and gave a negative antiglobulin test, but mix- 
tures of R1 and R2 and R1 and R4 did coat the cells and 
the antiglobulin test was positive. Heated serum, even 
when heated for only 5 min at 50? O, failed to coat the 
cella, as did serum absorbed with egg albumen-enti-egg 

ipitate. Serum treated with EDTA end then 
sucrose buffer and mixed with the red 
cells, as described above, also gave & negative result. These 
results suggest that the protein abeorbed on to the red cell 
is complement protein. 

The R3 reagent gave & positive result, but was only 
weakly positive. However, if 10 volumes of an appro- 
priately diluted R8 reagent (1: 20) were mixed with ono 
volume of red cells, the result was strongly positive; 
other reagents, when mixed with the red cella, as previ- 
ously described, continued to give negative results when 
used in the foregoing proportions, that is, 10 volumes of 
diluted reagent with 1 volume of cell suspension 

The RILS preparation was made by absorbing serum 
with aggregated y, globulin at pH 6-8, otherwise using the 
method of Muller-Eberhard and Kunkel’, as modified by 
Hinz and Mollner*. This gave a negative result 
the conditions previously described, 
positive result oocurred when the 119 


- material was added to the preparation; it ia of interest to 


All these testa were done usi O red cells and 
mixed normal serum foni healthy blood donors, but 
equally strongly positive results were given if red cells of 
groups A, B, or AB were mixed with 
an individual of the same ABO group. Experiments also 
showed that an individual's own red cells would give a 

iti result in the antiglobulin test under the conditions 
Gescribed when the individual's own fresh serum was used 
as & test serum. 

When the teats, using fresh serum (as described above), 
were ropeated using as a diluent a veronal sucrose buffer 
u = 0-087 in place of the p = 0-009 buffer, the result was 
either ive or only feebly positive (+). 

Tt is of interest to note that the cells and serum oan 
combine only at low ionic strength but, once the combina- 
tion of certain O’ proteins with red cells has occurred, 
washing in normal saline before the antiglobulin test, 
which was routinely carried out, did not affect the positive 
result; thus it is not necessary to maintain & low ionic 
strength once the union between C’ and the red cella has 
gone beyond a certain. stage. 

Experiments have beon carried out to try to dotermino 
whether there is & sensitizer t in normal serum, 
which must react with red cells prior to the action of C, 
but the results so far have been inconclusive and further 


experimenta are in progress. 
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Tho above exporiments suggest that under conditions 
of low ionic strength complement proteins are absorbed 
by normal red cella, but it 18 not known at the moment 
what these proteins are—nor is it known that all the 
proteins so absorbed are C' proteins. These results are of 
practical interest, as it may be possible to build up cells 
with a known complement constitution without having to 
use sensitized cells. Rapp and Borsog!, when referring to 
their work, wrote: “The discovery that erythrocytes can 
be lysed at low ionic strength by complement in the 
absence of added haemolyam, may have & bearing on the 
suto-immune phenomenon”. The finding that human 
red cells can take up proteins from their own serum 
(which appears to be complement protein) adds interest 
to this suggestion, and it is hoped that the phenomenon 
will be of both theoretical and practical value. 

Note added in proof. P. L. Mollison and M. J. Polley 
(Nature, 203, 535; 1964) have recently made similar 


observations. 
F. STRATTON 
VionET I. RAWLINSON 
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Roby Street, Manchester, 1. 
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A Lymphocytosis-stimulating Substance in 
Mongoloid Plasma 

RECENT investigations have again indicated that the 
thymus produces & hormone which stimulates the lymphoid 
tissues of the body!. In 1956, Metoalf indicated that the 
plasma of patiente with lym ic leukaamia contained 
& lymphocytosis-stumulating factor’. Motoalf’s investiga- 
tions on the extract from thymic tissue, as well as the 
work of other research workers, link the thymus with 
leukaemia®:‘. 

It is known that Mongoloids cambine & high incidence 
of leukaemia with & chromosomal abnormahty*. This 
observation suggested that Mongoloid plasma might con- 
tem & lymphocytoms-stimulating substance. This oom- 
munication reporta the results of an experiment to investi- 
gate this possibility. 

Ten ml. of whole blood was obtained by venepuncture 
from flve Mongoloids ranging from 10 to 20 years in age. 
The sodium salt of ethylenediamine tetraacetic amd was 
used as the anticoagulant. Control plasma was obtained 
from a healthy individual. Plasma was separated by 
centrifugation, placed in sterile tubes and frozen at 
— 15°C until used. All the plasma samples were cultured 
on blood agar, brain heart infusion and thyol to check for 
contamination. 

Each plasma sample was injected into 12-18 OFL 
strain of white Swiss mice which were 24-36 h old. Each 
animal was given 0-015 ml. intracerebrally on the para- 
sagittal plane midway between the eers using a sterile 
27 ga. needle and tuberculin symnge. Each day, starting 
24 h after injection, blood from 2 mice from each plasma 
group was taken for total and differential white blood 
counts (WBC). Blood was obtained by severing the jugular 
vein with & sharp razor blade. Blood films were stained 
with Wright’s stain. Counts were not continued beyond 
9 days. 

All five Mongoloid plasmas caused a lymphocytosis. 
The lymphocytosis reached ita maximum on the fourth 
or fifth day, after which 16 decreased to & stable plateau. 
In the control animals, the lymphocyte count changed 
very little or dropped slightly. This time-treatment inter- 
action was statistically mgnificant (Fig. 1). 

The treatment with Mongoloid plasma resulted in & 
mean of 49:2 per cent lymphocytes (high, 86 per cent; 
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low, 44 per cent); whereas the treatment with control 4 


plasma resulted in & mean of 39-5 per cent lymphocytes 
(high, 65 per cent; low, 36 per cent) over the 9-day period. 
This difference is statistically sgmficant. These resulta 
are similar to those reported by Metcalf? with the exception 
that in this experiment the lymphocytosis reached ita 
maximum level earlier. 

Visual observations, aa well aa the weighta of some 
animals, revealed that the mice injected with Mongoloid 
plasmas were amaller and wei leas, on any given day, 
than comparable controls. Since care and housing were 
the same for all animals, this difference could only be 
attributed to the treatment. 

The differential smears revealed that the mice injected 
with plasma from a 12-year-old Mongoloid had an extremely 
high number of rubricytes. Relatively fewer rubricytes 
were present on all the other Mongoloid blood smears. 
On the control smears, rubrioytee were seldom found. 

We thank Dr. J. H. Gruter for his help with the blood 
counts, and Dr. W. G. Stover, superintendent, Apple Creek 
State Hospital, for his co-operation. 

VIRA B. GauTER* 


Department of Veterinary Science, 
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Wooster, Ohio. 
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Effects of Adenosine Diphosphate and 
Adrenaline on Mean Platelet Shape 


Ir small particles are suspended in & fluid in which there 
is a velocity gradient, non-spherical particles will become 
orientated whereas spherical particles will not; this 
orientation alters the light transmission through a mus- 
pension of such particles. Thus the turbulence produced 
by shakmg e test-tube containing a ion of rod- 
shaped bacteria can be seen as a ‘swirl’ whereas a ooccal 
suspension shows no ‘swirl’. 

Zucker and Zaccardi! have claimed that platelets change 
their shape and become more nearly spherical when 
exposed to adenosine diphosphate (ADP). This observa- 
tion can be substantiated and studied in some detail by 
the following technique. Freeh heparinized or citrated 
platelet-rich human plasma is placed in a cuvette at 37° C 
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in an ‘Eel’ titrometer and stirred at about 500 r.p.m. by a 
captive magnet. The output, suitably magnified, from the 
photoelectric cell operates a pen recorder. The plateleta 
are seen to swirl and this is recorded on the tracing as & 
rapid excurmon of moderate amplitude while the mean 
optical density (O.D.) remains constant. Inspection of 
these platelets under the microscope sbows considerable 
pleomorphiem—disks and distorted elongated shapes with 
some peeudopodia and spicules. If ‘Benadryl’ or cocaine 
is added during stirring & drop in the mean O.D. occurs aa 
a result of the dilution and then the amplitude of the 
tracing becomes gradually much smaller (Fig. 1, BEN). If 
the platelets are examined under the pa a at this 
time they are seen to have become spherical with no 
spicules. Thus & tracing of large amplitude indicates 

irling and non-spherical platelets, and one of small 
amplitude indicates Pee: If sufficient ADP is added 
to a sample of platelet-mch plasma to prcduoe a small 
degree of aggregation, the mean level of the tracing goes 
down since the ies, Opoa density decreases with 
aggregation. The ampli decreases at exactly the same 
time as tho mean O.D. begins to decrease. 

Fig. 2 (ADP) suggests that the average platelet shape 
changes towards a more spberical form, and that this 
ocours simultaneously with the increase in stickineee 
which is reflected by the beginning of aggregation. As 
aggregation progresses the platelet masees crease to such 
a sizo that they then interfere with the light path and the 
amplitude of the tracing agam increases. Thus a change 
in amplitude related to a change in shape is only evident 
before sizable tea are formed. If the stirring is 
continued the platelets disperse and the amplitude of the 
tracing usually becomes small again but does not revert to 
the pre-ADP level: this suggesta that these dispersed 
platelets remain more spherical than they were initially. 
The addition of more ADP does not then alter the ampli- 
tude in spite of renewed ADP-induoed stickiness and 
aggregation. Thrombin (Fig. 2, TH), 5-bydroxytrypt- 
amine, tri-ethyl tin and tendon extraob (collagen) (Fig. 1, 
COL) all produce aggregation after a delay of 10-360 sec 
depending on which compound is used. In each case & 


decrease in amplitude oocurs, not when the compound is 
added but at precisely the same time as the beginning of 
aggregation. It is probably relevant that all the foregomg 
compounds are thought to produce aggregation by causing 
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pe er BEN, 2 ml. t-rieh plasma was stirred. The arrow indi- 
cates the additaon of 0-2 mi. saline containing 2 


eigen bering vi ro agsraitn. SOL, The amoy int 
cates addition of 0 1 . of a salme suspension, of homogenized human 
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the liberation of intrinsic platelet ADP. As reported’, 
adenosine added before the ADP preventa both aggrega- 
tion and change in shape. With the present method no 
change in amplitude or O.D. occurs in such an experiment. 
Concentrations of ADP too weak to cause aggregation do 
not cause a decrease in amplitude. Platelets collected into 
EDTA are not sticky and they regularly give a tracing of 
amall amplitude. 

There are many differences between the response of 
platelets to adrenaline and to ADP’. Fig. 2 (AD) ahowa 
that the addition of adrenaline does not produce a change 
in the amplitude, and visible swirling in the cuvette 
persiste even though aggregation occurs. Later the ampli- 
tude increases as large aggregates form. It seams therefore 
that no change in shape occurs despite an increased 
stickiness and aggregation. 

Platelets in the early stages of aggregation were fixed in 
gluteraldehyde and examined under the microscope. The 
differences observed were not clear-cut, but in general 
plateleta before the addition of an aggregating agent 
tended to be oval and flattened with a smooth outline. 
The addition of adrenaline in amall concentrations did not 
materially alter their shape whereas after the addition of 
ADP the platelets were more rounded, with some spicules. 
It seems likely that the amplitude of these tracings m the 
first few seconds and the presence or absence of visible 
‘swirl’ are influenced by the mean platelet shape, although 
other factors may contribute. When ADP is added the 
average platelet shape changes simultaneously with the 
development of stickiness, and the platelets remam more 
rounded after they have dispersed. This change in shape 
is probebly related to the onset of stickiness even though 
it persiste after dispermon. Conversely, it seems probable 
that no change in mean platelet shape occurs when 
platelets become sticky under the influence of adrenaline. 
These observations may that the adhesive forces 
in these two situations are different. 

This work was carried out during the tenure of granta 
from the Medical Research Council and the British Heart 


Foundation. J. R. O'BREN 
Portamouth and Isle of Wight Area Pathological Service, 


Milton Road, Portsmouth. 
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Use of Inhibitors in Cholinesterase Histochemistry 


PRESENT-DAY histochemical methods for demonstrating 
cholinesterases require the use of inhibitors in order to 
distinguish between aoetyl- (that is, true, or specific) 
cholmesterase (AChE) and butyryl- (non-specific) cholin- 
esterase (ChE). The histochemical technique determines 
AChE and ChE together, so that if either enzyme is in- 
hibited without the other bemg affected, only the latter 
can be determined; thus an inhibitor of ChE makes it 
possible to determine AChE and vice verse. 

Holmstedt! strongly recommends the use of ‘Mipafox’ 
as a selective inhibitor of ChE and of ‘BW284c5]’ as a 
selective inhibitor of AChE. Pearse’ recommends ‘iso- 
Ompa’ (DPDA) and ‘BW62c47’, respectavely, because of 
the greater distance between the concentrations that 
cause 50 per cent inhibition (most readily expreesed as pI 
50, the negative logarithm of molar concentration of the 
inhibitor producing 50 per cent inhibition of the enryme). 
Later, Ho t and Bjóqvist* stated that the selectivity 

not only on the distance between the pI-50 
ues, but also on the slope of the inhibition curves for 
the two enzymes. Holmstedt? published inhibition curves 
determined under histochemical conditions for the in- 
hibitors ‘DFP’, 'Mipafox', ‘BW284051’, ‘30218’ and 
‘3061S’. Curves for ‘180-Ompa’, *BW62047' and 'Lysvane', 
a useful inhibitor according to Pearse’, have not been 
published. 

We determined inhibition curves for ‘is0-Ompa’, 
‘BW62047’ and 'Lysivene' titrimetrically at pH 8 with 
acetylcholine chloride as a substrate. Although our 
curves were not determined under histochemical condi- 
tions as were Holmstedt’s, they are nevertheless an indica- 
tion of the usefulness of the inhibitors (see Figs. 1-8). It 
must be mentioned, however, that the degree of inhibition 
is reduced by decreasing the pH (Heilbronn). 

The AChE inhibitors *BW284051' and ‘BW62047’ show 
but little difference in the slope of their curves and in their 
pl-50 distances. As the curves of Holmstedt (for ‘BW281- 
051’) were determined under histochemical conditions 
while ours (for ‘BW62047’) were not, there is no reason to 
reject "BW284cb1' as the preferable inhibitor. Acoording 
to Holmstedt a useful concentration for ‘BW284c51’ 18 
5 x 10-*M. 

Of the ChE inhibitors 'iso-Ompe', 'Mipafor' and 
‘Lysivane’, the last is useless as æ histochemical agent 
because of the slope of ita inhibition curve for AChE, even 
though its pI 60-values for AChE and ChE are quite well 
separated. Both 'iso-Ompe' and 'Mipafox' are well suited, 
but both show a marked difference in inhibitory power for 
different animal species*'*. Which inhibitor should be used 
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depends on the species under examination. When no 
curves of the inhibitor’s effect on the enzyme of a certain 
species are known and where it is diffloult to determine 
them, 'Mipefox' and ‘iso-Ompa’ may both be used, 
though in se experiments. Holmstedt recommenda 
& concentration of 4 x 10-* M for 'Mipafox'; ‘s80-Omrfa’ 
can be used at concentrations of from 3 x 10-* to 10-4. 

For AChE we used a purified product from the electric 
eel (Sigma, 8t. Louis, U.8.A.), except in our examination 
of ‘iso-Ompe’, where fish brain homogenate (three-spined 
stickleback) was used. For ChE we used a serum fraction 
from human serum kindly supplied by the Netherlands 
Blood Transfusion Service, Amsterdam. 

'Iso-Ompa' (DPDA, tetra-isopropyl-pyrophosphora- 
mide) was obtained from Light and Co., England; 'BW. 
62047b’ (1,8-bis-(trrmothylammoniumphenyl)-pentene-3- 
one-di-1odide) was & gift from the Wellcome Research 
Laboratories, Beckenham, England; ‘Lysivane’ (profena- 
mine, diethylamino-2-propyl-10-phenothiasine) was a gift 
from Specia, Paris. 
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Growth of Mammary Tumours in F; 
Hybrids 

TRANSPLANTS from inbred strains to F, hybrids derived 
from one isologous and one foreign parent are generally 
regarded as compatible. Skin grafte are accepted under 
these conditions, and most tumours give 100 per cent 
takes when transplanted by fragments or by inoculation 
of a heavy suspension. However, Snell reported decreased 
incidence of takes in F, hybrids when small inocula were 
used, and recently Hellstrom’ has described similar 
findings using induced fibrosarcomas and a spontaneous 
mammary carcinoma. These reporte raise the question 
whether all tumours exhibit thia effect when transplanted 
in low dosage from their strain of origin to F hybrids. 

This prompted the analysis of some previously unpub- 
lished work carried out in the t of Pathology, 
University of Manitoba. At this time, C8H|HeJ mice 
were in very short supply, and F, hybrids were uced 
by mating male O3H/HeJ and female O57L/J mice. The 
experiments were performed originally as part of an 
_ investigation of the effect of irradiated cells on trans- 
wù plantation of small numbers of viable cells’. 

All the mice used for breeding were obtained from the 
Roscoe B. Jackson Laboratory, Bar Harbor, Maine. The 
two strains used differ at both H, and H, histooompati- 
bility loci, O8H/HeJ baving a and b alleles and O57L/J 
having o and b (ref. 4). Only one litter of F, hybrids was 
used. each female. Mice were weaned at 4 weeks 
and used as tumour hosts at 10 weeks. 

Two tumours were used, the O8E BA, which is a long 
transplanted and widely used mammary adenocarcinomas, 
and tumour D, a mammary carcinoma arising in an aged 
C8H|HeJ female, and in ite tenth transplant generation 
in the laboratory at the time of use. Neither tumour had 
been carried in F, hybrids before the experiments. 
Tumour cell suspensions were pre by slow stirring 
of minced tumour in Earle's solution containing a weak 
concentration of trypsin. Oounted numbers of tumour 
cells (unstained by ni in) were injected in 0-1 ml. of 
volume, intramuscularly into all four legs. All animals 
were kept under observation until death, or for at least 
six months. Low doses of inocula were given alone and 
also mixed with heavily irradiated cells. The latter had 
received 12,000 r. X-irradiation and never gave rise to 
tumours by themselves. Results are listed in Table 1 and 
shown in Figs. 1 and 2 for the O8HBA tumour, and in 
Table 2 for tumour D. Since each animal received four 
inocula, resulte show total number of takes and number 
of animals dying with tumours. Figs. 1 and 2 are survival 
curves and do nob record individual takes. 


Table 1. GuowrH or O3HBA Tumour IW O8H/HeJ AXD C3H|HeJ x 
Ob7L/J HYBRIDS 


Inoculum Host with 
pi in days* 

10° viable celis C3H|HeJ 55/60 1515 388+101 
10 viable oeiis O8SH|HeJxCU714J 59/60 1515 826155 
50 viable cels C3H|HeJ 0/40 0/10 — 
50 viable oca O3H|HeJ x O8TLAT 0/40 0/10 — 
50 viable + 03 Mel 13/15  562r143 

10* irradiated cella O8H/HeJx OB7L{J — 35/58 1415 550112 


* Survival of animals with tumours, + standard deviation. 
+ One anima! In eaoh group received 2 Inocula only. 


Table 1. GROWTH oF TUXOUR D IN O8H/HeJ AND O8H|HeJ x CU7L|J 
HYBRIDS 


No.of animais veragte 
Inoculum Host takes dying with 
tumour in days * 

1:5 x 10° viable cells | O3H|HeJ 24/31 7/8 881r061 
1-5x10 viable ces | CBH/HeJ x OSTL]J 2040 &10 1035+172 
250 viable cells H|HeJ 0/40 0/10 — 
250 viable cells O8H/HeJ x O87L1 5 0/40 one — 
150 viable + 28/40 10/10 1014140 

15x10? trradlated C8H/HeJ x OB7L/J 23/40 8/10 1154201 
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— CBH/Heds X C87 Leeden 


— CBH/HeJ 


— C3H/HeJ X C57 Leeden 
--- CBH/HeJ 


20 40 60 80 
Days 
Q. Survival curves of CBH|HeJ and C3H/HeJ x O87L/J mice 
fi moculation of O&H BA tumour, 50 viable +10* ces 


Tt is soen that the incidence of successful takes is 
essentially the same with both tumours and at low and 
high dose ranges. Even the ‘high’ dose ranges would fall 
into the category of medium or low doses according to 


using the O8HBA tumour. Tumour D gave simularly 
close results in an additional examination using intra- 
venous inocula of 10* and 10* cells. 

If an immunological factor were involved in the reduced 
growth in F, hybrids found by other workers, one would 
expect that the presence of large numbers of irradiated 
cells might reduce the number of takes’. However, the 
results of Snell and of Hellstróm suggest that the reduced 
number of takes was not determined by immunological 
differences. The t resulta aro not necessarily in 
conflict with those previously obtained, but they do 

that reduced frequency of takes is not invariablo 
in Fl hybrids even when very low doses of viablo cells 
are used. 

This work was supported by grants from the National 
Cancer Institute of Canada. 

A. C. WALLACE 
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University of Western Ontario, 
London, Ontario. 
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4 Handbook on Genetsoally Standardised Mice, Roscoe B. Jackson Memorial 
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Effect of Histidine on the Urinary Excretion 
of 4-Aminoimidazole-5-carboxamide 

Wa have recently shown! that patients with folio 
acid and/or vitamin B;, (FA-B,,) deficiency have an 
moreased excretion of 4-aminoimidarole-5-carboxamide 
(AIC) compared with anaemio patients who are not so 
deficient, or with non-anaemio ital patients. A 
FIGLU test, using an oral load of 15 g 1-histidine hydro- 
chloride, was performed on many of these patients aa a 
diagnostic procedure ; since a haematological response 
has been observed in such patienta following histidine 
dosage'.", which would imply a partial correction at least 
of the disordered nucleoprotein metabolism present in 
these deficiencies, we have taken the opportunity to 


teers and 8 patiente who had anaemia not associated with 
FA-B,, deficiency. No dietary restrictions were imposed 
during the test. Urines were preserved with 1 ml. 6N 
HC! per h of the save and stored at 4° O. AIC was determ- 
ined by an ion-exchange chromatographic technique‘. 
In order to minimize any errors in the timing of the urine 
collections all results were expreased as ATO ug/mg creatin- 
ine. 

Table 1 shows the mean AIO excretion in the two groupe. 
In the 11 subjects without FA-B,, defleiency tho excretion 
was signifloantly lees in Period 2 than in either Periods 
lor3(P < 0-01 in each case), but Periods 1 and 3 did not 
differ significantly. We therefore conclude that histidine 
does not normally affect AIO excretion and regard the low 
values in Period 2 as resulting from the diurnal variation 
reported elsewhere‘. In the 11 ients with FA-B,, 
deficiency where excretion in three periods waa 
measured, no statistically significant difference in excre- 
tion was found between these periods. In these subjecta, 
however, values were slightly lower rather than higher in 
Period 8 aa to Period 2. Inolusion of an addi- 
tional number of subjects from whom urine was collected 
only over Periods 2 &nd 3 raised the total to 26, and the 
fall in AIC excretion during Period 3 was shown to be 
significant at the 2 per cent level. We therefore provi- 
sionally conclude that histidme doea produce a fall in 
AIO excretion in subjects with FA-B,, defloiency. How- 
ever, the study of larger and more sharply defined sub- 
groups within this broad classification would be desirable, 
as would farther information on diurnal variations in the 
excretion of AIC and creatinine. 

All the above subjects with FA-B,, deficiency showed, 
by virtue of an increased excretion of formiminoglutamio 
acid and/or urocanio acid following histidine, evidence of a 
defect in the metabolism of O, unite. It is difficult to 
visualize any role for AIO in purine synthesis in man which 
does not involve CO, units, and we consider that this meta- 
bolic defect must account at least in part for the high 
excretion of AIO in such subjects, reported previoualy?. 
The provision of an increased number of potential O, 
unita in the form of histidine might well, as a mass action 
effect, promote a more efficient utilization of AIC, aocom- 
panied by a decrease in ite excretion. The resulting 
increase in purine synthesis might provide a basis for 

Table 1. URDMAXY AIO Bxomerion 
(xg/mg oreatinine 


; nean t 8.E ) 

Xo. Posi-histidtne 

subjects Period 1 Period 2 Period 3 
tested (afternoon) (moming) (afternoon) 

Normals and non-defictent 

anaemio 11 O-62+0020 050+0-029 06510029 
Foltlo-acid and/or vitamin- . 
p 11 2-0910120 1L184r0120 1770-120 
patents 26 — 220-0164 15040164 
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explaining the haematological response noted in megalo- 
blastic anaemia following histidine dosage. 

If the high rate of excretion of AIC in anaemia is re- 
garded as due to an impairment in the formylation of AIC 


ribotide in the absence of adequaté quantities of folio acid, 


as occurs in sulphonamide inhibited mi our 
experimental findings would all appear to be adequately 
accommodated. If this were the only abnormality, how- 
ever, an overall depression of purine synthesis would be 
implied, whereas the exact opposite appears to be the 
case as judged from recent studies. 


status and on the excretion of AIO oould be explain 
We thank Miss H. M. Ferrea for statistical i 
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Lathyrism and 7,12-Dimethylbenzanthracene- 
induced Carcinoma In the Rat 


Tus lathyritio agent, B-amino-poprionitrile (BAPN )» 
reduoes the tensile strength of tissue and 
modifies the collagen cantent!*. Binoe local tissue factors 
are believed to be of importance in tumour growth, BAPN 
was administered to rats in which tumours were induced 
by & polycyclic hydrocarbon. 7,12-DimethylIbenzanthra- 
cene (DMBA) was used because it regularly induces 
mammary carcinoma in young female Sprague-Dawley 
rate. The strain af rat, the age, and the hormonal status 
are mnportant factors m the induction of mammary 
carcinoma‘. 

50-day-old female Sprague-Dawley rate were given a 
purified diet with or without addition of 0-5 per cent 
BAPN. 20 mg 7,12-dimethylIbenzanthracene m sesame 
oil was administered intragastrically at the beginning of 
the experment in a single dose’. The time of induction, 
rate of growth and number of tumours were noted for 150 
days. Urine samples were collected at 60-70 days after the 
beginning of the experiment. Oeetrogenio substance was 
extracted, chro on & 8:5 per cent hydrated 
alumina, and measured by a micro-Kober reaction!'*, 

The animals were divided into three groups: Group I, 
intact female rats; Group I, DMBA; Grou Ili, DMBA 
and BAPN. The lathyritio rate (Group developed 
tumours at an earlier stage than the control rate (Group 
II). The tumours in the lathyritio group grew faster and 
the total weight of tumour mass was significantly greater 
than in the up II rate. Lathyritic rate did not show 
any significant increase in the number of tumours. The 
resulta are summarized in Table 1. . 
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Table L IXOIDMNOM, INDUCTION AXD WAIGET oF TUMOURS Ix Eats 
TREATED 


"a D AND BAPH 
No. No. Mean tumour Mean t- 
Group rats Induction time mour weght 
I Control 0 (days + S.D.) + 8D. 
= u DMBA 12 25-04 71-8 + 30* + 031 
pang DMBA + 12 34404 53-9 + 19 3-10 + 0-26 


The tumours were glandular carcinomata. The micro- 
scopic appearance did not differ significantly between 
groupe. In all Group III rate there was objective evidence 
of lathyrism consisting of osteochondral and visceral 
defects. 

It should be noted that these tumours did not meta- 
stasize to the mternal mammary chain, nor to tbe lungs or 
pleura. Although the tensile strength of collagen tissue 
was reduced, the only change noted was an increase in the 
local size of the tumour mass. Lymph node hyperplasia in 
the regional area was & constant finding. 

Oestrogen assay at 60 days indicates that DMBA lowers 
the oestrogen excretion of the rat. BAPN did not have 
any effect on oestrogen excretion, as noted in Table 2. 


Table 2, OmETROGEE Excamriox 60-70 DAYS AFTER DM BA ADMININTRATIOK 
Groap I II nt 
ostrogento substance (mg/day) 0-176 0-008 0-060 


The present resulta support the contention that BAPN 
administration accelerates the process of tumour induc- 
~ tion and growth’. It does not appear to change factors 
relating to metastatic spread. It also appears that a 
change in hormonal ieu is an associated factor in 
tumour inductuon. Huggins e£ al, Wong et al.* and others 
have that adrenal necrosis and lower cortico- 
sterone-levels follow DMBA administration. Oestrogen 
excretion may also be lowered. 

In summary, lathyriam accelerates the induction and 
growth of mammary twmours in rate given DMBA. It 
does not change the oe eo of tumour 
tissue. DMBA lowers oestrogen secreti 

BAEN fumarate was obtained es a gif froid De D. V. 
Frost, Abbott Laboratories, North Chicago, Illinois. 

This work was supported in by the American 
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Elastolysis and Giant Cell Reaction against 
Disintegrated Elastic Fibres 


Or the vascular diseases in the surgical fleld, pulseless 
disease! and giant cell arteritis? are histologically charac- 
~ terized by the presence of a granulomatous inflammation 
as well as elastioophagic giant cells. 
Degenerating elastio fibres have been implicated as the 
cause of granulomatous tissue reaction with formation of 
giant celle. Since the demonstration by Baló and Banga‘ 
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that pancreatic extract contains an enzyme (elastase) 
which dissolves elastic fibres, a considerable number of 
reports have been published on the elastolytic process by 
the action of elastase* and the production of elastioophagio 
giant cells in vitro*, but little is known about the relation- 
ship between elastase and elastic tissue $n vivo, and it 
remains to be determined whether an intense giant cell 
reaction is provoked by & primary degeneration of elastic 
tissue or a secondary elastic injury due to various causes. 

The present experiments were carried out to determine 
whether & cause-and-effect relationship exista between 
degenerating elastic fibres and granulomatous tissue 
reaction accompanying gient oell formetion in vivo. 
Rabbita weighing 2,000—8,000 g were used. 

In order to destroy elastic fibres of the veasel wall, an 
elastase suspension (0-8, 0-5 and 1 per cent, N.B.C. and 
Sigma Company) with 0-2 M borate buffer at pH 9-0 was 
administered to the common carotid arteries of the 
animals by intravascular infusion under firmly applied 
ligatures (A) or periadventitial injection (B). 

Also an attempt was made to activate the reticulo- 
endothelial system by typhoid-paratyphoid vaccine which 
was initially administered intraperitoneally, at a dosage 
of 8 ml. per kg, and & few days later 0-5 ml. in the neck. 

A. After submitting the vessels to the 
action of elastase for 20 min to 7 days before the ligatures 
were withdrawn, the segments of the vessels were removed 
at intervals ranging from 2 to 90 days. Although no 
notioeable tion of elastic fibres was seen during 
the first 20 min attack by elastase, remarkable elastolyma 
was recognized after 40 min. 

One week after the injury there was a concentric or 
eccentric thickening in the mtima, usually depending on 
whether the whole circumference of the media or only part 
of it was affected, composed of increased metachromatic 
material, fibroblasts and newly formed reticular and 
elastic fibres, and after 2 weeks smooth muscle cells were 


present. 
Multinucleate giant cells phagocytosing the fragments 
of disintegrated internal elastic lamina were recognized 
(Figs. 1 and 2). Fibrinoid degeneration was occasionally 
observed. The media showed disintegrated elastic fibres 
and & decrease of the metachromatic material. In the 
adventitia, a proliferation of fibroblasts and mononuclear 
cells was noticed. There was no elastioophagio giant coll 
reaction in cases which were suffering & very severe dis- 
integration of elastic fibres. In the cases without injection 
of the vaccine, there was no iant cell reaction and no 
noticeable inflammatory cell i tion. 

Experiment B. Neither elasticophagic giant cell nor 
thrombus was present, although an intimal thickening 
as well as destruction of the media and adventitia were 
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Section of common ocaroud twenty-one days after the 
expermment as presented in Fig. 1. elgert’s resorein fochen and 
Van Gieson, x 492) 


From these resulta, it is clear that elastase has an 
elastolytic activity in vivo and the fragmenta of elastic 
fibres exist as foreign bodies, and it is reasonable to 
presume that the following conditions are necessary for 
the occurrence of elasticophagio giant cella: (1) a specific 
destruction of elastic fibres to provoke giant oella—for 
example, hard and slightly soluble fragments of internal 
elastic lamina; (2) a mesenchymal activation brought 
about by some factors. 

SHIGHHIKO SHIONOYA 
Susumu TSUNEKAWA 
Kisako Kamiya 
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IMMUNOLOGY 


Anti-elastin Antibodies in Normal and 
Pathological Human Sera 

SoLuBLE peptides obtained by  alkaline-alooholio 
degradation of bovine sorta-clastin were shown to be 
antigenic in rabbite!. Though these peptides (the so-called 
x-elastin!) are of relatively low molecular weight, passive 
haemagglutination titres up to about 1/1000 could bo 
obtained’. 

Specific precipitation tests were then performed on 
normal and immunized rabbit sera, using !'![-labelled 
x-elastin*. These experimenta showed that even normal 
rabbit serum precipitated with labelled elastin peptides 
if incubated for 1 week in the oold. The antibody titres 
wero quito low, and only 1-2 per cent of the labelled pep- 
tides were present in the procipitate’. These resulta were 
smuler to those obtained by Grabar for antigelatine 
antibodies’. The experiments were then extended to 
normal and pathological (atherosclerotac) human sera in 
order to explore a poemble relationship between anti- 
elastin antibodies and pathologieal modification of the 
vessel wall. 

Rabbit red cella were coated with x-elastin propared as 
described)", using tetrazotized benzidine as & coupler, 
and the passive haemagglutination teet* performed with 
serial dilutions of decomplemented sera. Controls for 
agglutination of uncoated red cells and for self-agglutine- 
tion were included in every run. We report here the 
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Fig. 1. Frequency distribution of anti-elasütn titres in human sera 
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Fig 2 An&ü-elastin titres m 100 human sera as a fonction of age 


results obtained on the first 200 sera examined. Fig. 1 
shows the frequency -distribution curves of haemagglutina- 
tion titres for 68 severe atheromatous patiente and 134 
miscellaneous sera (‘normal’ gera, or from patients withows#r 
recognizable signs of atheromatosis). Though moet of 
the sera studied showed a very low titre (1/2—1/10), 
about 15-20 per cent of the normal population exhibited 
significantly higher titres (1/32 to 1/512). In the athero- 
sclerotic sera, the distribution frequency of the low titres 
was similar to that in the normal population, but titres 
higher than 1/32 were not encountered. Fig. 2 gives the 
age distribution of titres higher than 1/8 for the whole 
population studied. It can be seen that mera with titrea 
higher than this arbitranly chosen level belong to indivi- 
duals between 20 and 70 years of age. Younger and older 
ones have titres between 1/2 and 1/8. 

The specificity of anti-elastin antibodies was investi- 
gated by absorbing them to fibrous elastin (prepared 
by the alkaline extraction procedure’ from bovine sorta), 
to insoluble collagen (bovine hide powder), or to bovine 
serum albumin (Armour). Twenty mg of each protein 
was added to 1 ml. of serum, incubated for 1 h at 37°C 
and overnight in the cold, thon centrifuged. The supernate 
was tosted for anti-elastan antibodies and the adsorption 
cycle repeated until constant titres were obtained. After 
1-2 adsorptions of sera on fibrous elastin, the haemagglutan- 
ation titre vanished (decreased to 1/2 or even below). 
Neither collagen nor BSA had any effect on the haemagé 
glutination titres. 

These resulte seem to indicate that anti-elastin anti- 
bodies are present in human sera. The low titres observed 
are probably due to the fact that only a fraction of the 
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peptides of x-elastin carries the antigenic determinant. 
The absorption of these antibodies from the croulating 
blood to the elastic fibres in the veasel wall or elsewhere 

also to be considered. We believe that desmosine 
and isodeamosine, the particular amino-acids involved 
in the cross-linking of elastin’, may play an important 
part as antigenic determinants!*. If this is s0, wide aross- 
reaction between elastins of different speciea (carrying 
these same amino-acids) could be expected. 

It seems probable that the anti-elastin antibodies 
occurring in human sera can be considered as suto- 
antibodies. It can be hypothesized that cathepsin-like 
enzymes slowly degrade elastin* and release soluble pep- 
tides into the circulation. These peptides would elicit 
the antibody . As elastin is an insoluble struc- 
tural protein, its soluble derivatives might not be recog- 
nized as ‘self by the competent cells. These antibodies 
would have a tendency to react with elastic flbree, mainly 
at places where the degradative process renders them 
more &oceesible. An antigen-antibody complex could be 
formed by such a mechanism in the veasel wall. Such 
complexes may very well play a part in the formation or 
spreading of a local tissue lesion. One example of such a 

ion 18, for example, the immune nephritia'»'*, 

‘According to our hypothesis, the degradation of elastic 
tiasue followed by pat Lots formation against the degrada- 
tion products may be important in the pathological 

alteration of the vessel wall and especially in atheromatous 
plaque formation. This would oxplain the presence of 
anti-elastin antibodies in moet of the human sere that 
were examined, as well as the absence of higher titres 
in the sera of severely atheromatous patients. In the 
latter, ing to the hypothesis, the elimination of 
antibodies by adsorption to the eroded elastic structures 
would be more intensive than in normal individuals. 
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Influencing the Survival of Skin Homografts 
by a Lymphatic Fistula 

Tum lymphatic system plays an important ina 
number of processes evoked by ho us an 
extirpation of the regional lymph nodes ii ia poasible to 
prolong the survival of a akin graft. A similar effect 
can be obtained by injuring the nodes by radioactive 
radiation or nitrogen. mauatande 

The influence of the extirpation of nodes is of relatively 
oe duration because further nodos are then linked 

ith the lymphatics and take over the task of regional 

~ nodes*^*. We therefore tried to develop a lymphatio 

fistula in the regional lymphatic node and to evoke an 
Say aac of the lymph system lasting for a longer 
peri 
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Table 1. IXFLUENOR or LYMFEATIO FISTULA ON SURVIVAL oF BKIN HOXO- 
GRAFTS 


Skin Alr-pump Alr-pump drainage 
Duae irrigation 
(days) (days (days (daya) 
14 13 17 27 
16 16 52 19 
12 23 23 H 
16 13 23 5l 
10 12 20 35 
12 51 70 18 
16 18 23 
23 23 19 
13 19 
i? 
Mean 131 21.0 30-7 282 


Chinchilla rabbits weighing 2,500—8,000 g were used. 
Full-thickneea akin were transplanted from black 
donors to the ear of the Chinchilla recipienta which were 
of different colour. Fistulae were developed in such a 
way that half the regional lymphatio node was extir- 
pated after ligation of the blood supply and with a patent 
afferent lymphatic vessel; a drain of an inner diameter 
of 7 mm was sutured to the area which was thus created. 

The first group consisted of control animals without 
drainage of the lymph system. In the second group we 
left only animals with drainage. In the third group we 
connected the drainage to an air-pump of a constant 
pressure of — 0-2 kp/em'. In the fourth group we 
irrigated the injured surface of the node with a physiol. 
ogical solution containing heparin. After seven days the 
fistula was removed. 

Durmg the experiments all rabbits were kept in a 
special harness and injections of “Heparin Retard Spofa’ 
in doses of 4,000 unite were administered subcutaneously 
twioe daily. 

Table 1 shows the resulta of the experimenta. In the 
contro] group skin homografts on the ear of the rabbit 
survived an average of 13-1 days (10-16 days) until 
complete necrosis. In the second group the survival was 
21-0 days on average (18-51 days). In the third and 
fourth groups the survival was practically the same, 
averaging 30-7 days (12-70 days) without irrigation and 
28-2 days (18—51 days) with irrigation. 

The resulta show that a long-term fistula with tho 
possibility of lymph flow oonsiderably prolongs the 
survival of grafts as compared with a control group as 
well as with & group without suction, We can there- 
fore assume that in these two series the integrity of 
the lymph system is renewed much later as oo 
with experiments where only extirpation of the lymph 
nodes was performed. 


Institute for Clinical and Experimantal 
Surgery, 
Prague, Crechoslovakia. 
1 Vrubel, J. ; ] 
Yi imi ad Mona Conf. Inst. Olin. and Exp. Surgery, Prague 


* Vrabel, J., Foha Bial., Prague, 7, 103 (1961). 


* Btark, R. B., Dwyer, H. M., and De Forest, IL, Ana. N.Y. Acad. , 87, 
140 (1960). Sei., 87, 


* Vrubel, J., and Vayrem, B., Aibertova sbirka sv. 37, 162, SZAN (1961), 
>» Malek, P., and Kole, J., Roskil. Okir., 38, 441 (1960). 
* Vrubel, J., and Vrubelová, FL, Nature, 163, 1094 (1902). 


Chromosome Marker Studies In the Graft- 

versus-Host Reaction in the Chick Embryo 
Tes production of splenomegaly and other lesions by 
the injection of adult avian blood into the chick embryo 
is due to an immunological reaction between donor blood 
cells and host embryo tiasues'. Biggs and Payne’ have 
shown that the reaction is accompanied by proliferation of 
donor cells within the host spleen. They were able to 
distinguish donor (male) oella from host (female) cells by 
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identifying the ive sex chromosome complements. 
Cells of male sex have a ZZ chromosome constitution, 
whereas female cells have a single Z chromosomes. The 
Z chromosome is the only large mediocentrio element in 
avian oells and is therefore readily identifled in good 
chromosome preparations. Thus Biggs and Payne demon- 
strated proliferation of donor (ZZ) cells in the spleens of 
female embryos injected with cockerel blood. However, 
they found that the majority of dividing cells were of host 
type and they suggested increased proliferation of 
host as well as donor elements must be responsible for 
splenic enlargement. Their investigation was limited to 
an analysis of 170 cells sampled fram 9 embryo spleens 
removed 4 days after injection. Despite the obvious 
desirability of obteining further information regarding the 
relative roles of donor and host proliferation in producing 
splenomegaly, no subsequent work has been reported. It 
would appear that technical difficulties involved in the 
preparation of clear metaphase figures from avian tissues 
have prevented further apphoation of the method to the 
identification of cella. 

Recently a technique modelled on those at present 
applied in mammalian cytogenetios* has been used in this 
laboratory for the routine preperation of excellant meta- 
phase figures of various organs of the chick embryo’. It 
has therefore been possible to make a more comprehensive 
atudy of the relative dynamics of host and donor pro- 
hferation within the embryo following the injection of 
blood, using the sex chromosomes as cell markers. 

In the initial experiment eggs of hybrid White Leghorn 
x Light Sussex lines of 18 days’ incubation were injected 
intravenously with 0-1 ml. whole blood taken from a 12- 
week-old White Leghorn cockerel. In a second experiment 
eggs of known B blood group were injected at the 
same incubation time with 0-1 mL blood taken from a 
6-week-old oockerel also of known B blood group. At 
daily intervals between 16 and 19 days incubation, groups 
of embryos were injected via the allantois with 0-1 ml. 
demecolcine solution (containing from 0:05 to 0-1 mg 
demeooloine according to the stage of incubation). Three 
hours later, embryos and their spleens were weighed, and 
spleens of female embryos were prepared for chromosome 
analysis as follows. 

A disaggregated suspension of cells was obtained by 
gently ‘kneading’ the spleen in hypotonic solution (0-95 
per cent sodium citrate). After standing for 20 min the 

ion was centrifuged and the supernatant was 
replaced by fixative (3 parts ethanol: 1 part glacial acetio 
acid). After a further 80 min the cells ware resuspended in 
an aqueous solution of 45 per cent acetic acid and a drop 
of the suspension was placed on a clean slide and ‘air- 
dried’ by warming gently over a low flame. The final 
stage of ion in aqueous solution is particularly 
Important for the effective ing of avian chromo- 
somes by the ‘air-drying’ technique. Bteining was carried 
out in lactic-acetic-orcein' and the preparations were 
viewed by phase-contrast microscopy. 

In Teble 1 meens of gpleen and whole body-weight are 
preeented for the period under study. The marked rise in 
spleen wei following the injection of whole blood has 
been no by a number of workers’:* and strongly 
contraste with the small Increase found in control embryos 
and m embryos injected with blood of the same B locus 
type. Table 2 shows the proportions of dividing cells of 
donor and host origin respectively in a number of female 
embryo spleens sampled at successive incubation periods. 
It is apparent, first, that donor cells form & progressively 
greater proportion as moubation proceeds. For example, 
after 16 days incubation (8 days after injection) up to 
8 per cent of the dividing cells in spleens of female embryos 
are of male sex, but by 19 days incubation donor cells 
form up to 98 per cent of dividing cells, that is, the relative 
proportion of donor to host has been almost reversed. 
Secondly, no proliferation of donor cells occurs in spleens 
of embryos injected with blood of similar B group type. 
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Bex No. Mae ied Mean Mean 
ton err Foant body-weaght 
(a) White w z 
Donor -— 
White 
x Light Bussex 
Hosts i 6 16 197 + 115 1509+ 061 
1 16 19-1 + 207 164 + 0-36 
d 11 17 54-8 + 825 18-8 + 0-51 
9 6 17 46-0 + 647 193 + 0-88 
i 11 18 + 12 21 £1:8 +0% 
5 18 1118 + 591 2171108 
i BoB PENKER 
8 + 10: 0 58 
(5) Controls (White 5 
Leghorn x Light 
Sumer) d+ 7 16 9:53 + 122 14641-14 
g + 9 17 130 + 087 234+ 087 
gi} 8 HP E rg EIUR 
+ ‘TH+ 
(e) 21/21 B Group 
21/21 Hosts g 6 18 15-8 + 0-91 208+ 1-12 
19/19 Hosts $f +2 3 18 60-1 + 14-07 21530171 


Table 2 PEROMNTAGE OF DOKOR CELLS TW BPLEXNS OF FINALE HXSXYOS 
INJBOTED AFTER 1$ DAYS INOUBATION WITH 0 1 XL. OOCKEREL BLOOD 


Days of Spleen- - 
hou- weight t No.oedls  No.of % Donor 
bation (mg) (g sored g oes oolls 
White Donor (3) » 
to Winte gh x Pd 
Light Bussex Hosts ($) 16 115 149 100 8 R 
16 149 160 100 6 6 
16 219 15-4 100 5 5 
17 290 157 100 27 27 
17 570 18-0 100 32 33 
17 37-7 189 100 26 26 
18 772 223 100 73 78 
18 2238 5 34.8 100 68 ea 
18 1198 25:7 100 76 76 
19 128-3  À 201 100 82 82 
19 778 31 104 97 93-8 
19 1558 257 119 101 84-9 
19 25-0 3189 100 90 90 
19 101-5 180 100 80 80 
m 19 456 282 114 106 921 
21/21 B Blood Group 
Donor 
Hosts (?) 21/131 B 18 138 2-9 100 0 0 
Blood 18 166 20-2 100 0 0. 
Hon id 19/19 
B Group 18 84-7 217 100 69 o9 


Thus in a total count of 200 cells not a single donor cell 
was found 5 days after injection. On the other hand, when 
donor and host differed at the B locus 69 per cent of spleen 
cells were found to be donor in type. Thirdly, when a 
histooompetihility difference between donor and hogy 
exists, spleens of embryos of similar incubation contain 
similar proportions of donor cells, deapite considerable 
variations in overall spleen weight. For example, after 19 _ 
days incubation, spleens of 23-0 mg, 45-6 mg and 155-8 mg 
contain 90, 92-1 and 84-9 per cent donor cells respectively. 
There was, in fact, a ali negative correlation between 
spleen size and percentage of donor cells at this period, but 
it did not reach a level of statistical significance. 

It has previously been shown! that the amounts of 
KNA, DNA, and protein per g wet weight of spleen 
remain constant throughout the period of splenic enlarge- 
ment, thereby suggesting that the increased spleen size is 
directly due to cellular proliferation. Although spleen size 
therefore gives some broad measure of total cell number, 
the proportions of donor and host cells blocked in mitosis 
by decussaletaa treatment cannot provide an estimate of 
the relative numbers of oells of these types making up this 
total. Thus the proportion of cells of a given type arrested 
in metaphase durmg the three-hour period following 
demeooleine injection depends not only on the total 
number of such cells present, but algo on the rapidity 
with which they are dividing. Obviously if donor cells are 
dividing more rapidly than host cells, then for a given 
number of both, donor metaphases wil be found ae d 
frequency exceeding that of the host by a factor depend 
on the relative mitotic rates. Another consideration, * 
albeit perhaps a minor one in view of the close correlation 
of DNA content to spleen size, is that selective destruction 
of host cells, which might occur in the later periods of 


y 


Sy days after the injection of blood must be & 


No. 4994 July 17, 1965 


incubation and when the graft-versus-host reaction is 
intense, would accentuate the increase in relative propor- 
tion of donor cella. 

Nevertheless, most of the increased spleen weight noted 

to 
host proliferation. At this stage the overwhelming pro- 
portion of dividing cells are of host type, although already, 
on average, spleen weight is increased by a factor of 2-3. 
The nature of the stimulus for host proliferation in the 
reaction is uncertain; that is, it may be secondary to the 
proliferative activity of donor cells or it may represent & 
concomitant host-versus-graft reaction, albeit occurring 
during embryogenesis when the host is generally regarded 
as having little or no immunological capacity. 

It is equally clear that the rate of donor proliferation, 
between 8 and 6 days after injection, must considerably 
exoeed that of the host. While donor cella form an 
increasingly greater proportion of dividing cells, mean 
gpleen-weight continues to rise rapidly and it eventually 
exceeds that of the controls by & factor of 7. In these 
circumstances the possibility of host cell destruction 
merely underlines the intensity of donor cell proliferation. 

It has been ghown!* that splenomegaly does not occur 

hen donor and host are of similar B blood group geno- 
V pe. The B blood group locus & to be of major 
histocompatibility importance in Tho chick, although 
other blood group loci may also be involved'*. The 


, resulta of this experiment show that when donor and host 


r 


are of similar B blood group, no proliferation of donor 
cells occurs and in the absence of splenomegaly it must be 
presumed that no increased host proliferation ocours either. 


The constancy in cell proportions found at any one ~ 


incubation tme, i ive of gpleen-weight, strongly 
suggests that both donor and host proliferation are 
interdependent. Thus although the overall rate of cell 
proliferation is related to the degree of histooompatibility 
difference between donor and host, the comparative 
proliferative rate of the two components is not related to 
histooompatibility but is the same for all embryos at any 
one time. 
In summary it may be stated that, although ıt is clear 
that there are obvious difficulties in interpreting variations 
in the proportion of different cell types in terms of 
variations in actual number of cella, oertain conclusions 
regarding the nature of the splenomegaly reaction in the 
Vavian embryo can be made. The initial Increase in spleen 
weight is largely of host origin although when maximal 
weight increase is occurring, the rate of proliferation of 
donor cells exceeds that of host cells. The two tates bear 
a constant relationship to each other at all stages, host 
and donor cell proliferation being interdependent. Finally, 
no proliferation of donor cella occurs within the host 
spleen when donor and host are of the same B blood 
group type. 
Wo thank E. M. McDermid, Thornber Bros., Ltd., 
Halifax, for supplying eggs of known B blood group. 
J. J. T. Own 
M. A. B. Moora 
G. A. HARRISON 
xiu a O 
Department of Human Anstomy, 
University of Oxford. 
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ANATOMY 


Isolated Rabbit Neurones: Electron 
Microscopical Observations 


Wu have shown that neurones isolated in Ringer—-Locke 
or in isotonic sucrose solutions lack the image of a surface 
membrane over the greater part of the soma and den- 
drites!. Since then, we have developed media in which 
an electron-dense surface image is maintained". 
investigations have been carried out on ox neurones, and 
while we have made efforts to isolate and fix the cells as 
soon as possible after the death of the animal, the time 
lapee involved is considerably longer than when smaller 
laboratory animals are used. Therefore we have mado 
observations on rabbit neurones isolated by hand dis- 
section and fixed at intervals between 12 and 60 min 
after the death of the animal. In addition, we have 
examined rabbit neurones which have been incubated for 
2 h at 37° O in the succinoxidase assay mixture used in 
cytophysiological investigations of isolated nerve cella by 
Hydén et al.?:*. 

Rabbits were given an air embolus and the carotid 

was severed ag soon as they became unconscious. 

The brain was then rapidly removed, the lateral vestibular 
nuclei were excised and the neurones were dissected out 
free-hand in 0-25 M sucrose solution as described by 
Hydén*. Oells for immediate fixation were placed into 
0-25 M. sucrose solution in siliconized glass cavity 
slides, the sucrose solution was withdrawn and replaced 
by 1 per cent veronal buffered osmium tetroxide (pH 
7-4) in which the cella were fixed for 30-60 min. Tho 
for electron microscopy 88 

. Samples of neurones were also 
glass cavity slides in which the 

sucroee solution was replaced by the suocinoxidase sasay 
mixture. These preparations were then enclosed in 
chambers by placing small ‘Perspex’ rings around the 
sample and sealing a piece of coverslip glass above. After 
incubating at 37° O for 2 h, the assay mixture was replaced 
by fixative solution and the oells were prepared for 
electron microscopy. Neurones were randomly selected 
for examination a total of ten experiments. 
As with ox neurones isolated in Ringer-Locke or 0-26 M 


. sucrose solution, it waa found that rabbit neurones fixed 


immediately on isolation lacked an electron micrographic 
image of a surface membrane over the greater part of the 
soma and dendrites. Fig. 1 shows part of a longitudinal 
section of a dendrite near its origin from the soma of a 
neurone hand-dissected from the lateral vestibular nucleus 
and fixed 12 min after the death of the rabbit. A surface 
membrane is lacking except for a small patch to be seen 
at the bottom left of the figure. Neurones incubated in 
the suocinoxidase assay mixture also lacked a surface 
membrane over the major part of the soma and dendrites. 
Furthermore, these cells suffered greater disruption of 
their cytoplasmic structures than is usually obeerved in 
isolated neurones. In Fig. 2, which shows part of the 
soma of a oel incubated for 2 h in the assay 
mixture, the granular endoplasmic reticulum is very 
swollen. 

Tt is clear that the rabbit neurones, when isolated from 
their supporting glia and stripped of many of their 
boutons, suffer a loas of the usual surface membrane image 
only minutes after removal from the brain and that this 
effect is strikingly similar to that seen in isolated ox 
neurones. It is clear from our investigations that the 
essential features of the physical boundary of isolated 
neurones is disrupted, thus the rates of transport of 
metabolites would be considerably altered from those 
oocurring $^ vivo. Since some structural integrity would 
obviously be maintained, isolated neurones may reason- 
ably be considered to be a ‘partial homogenate’. It 

thet metabolic examination of isolated neurones 
and glia should be monitored ın order to establish the 
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Tug 1. Longitudimal section of a dendrite of a neurone hand-dissected 
from the lateral vestibular rabbit brains. 





Fig. 2. Pari of the some of a oeil stmilar to that shown m Fig. 1, but 
fixed after 2 h incubation ın suceinaxidase assay mirture 


extent to which these systems reflect other essential 
features of the situation in vivo. 

We thank Mr. David Gunn for assistance with photo. 

hy. 

EUN oia added in proof. Rince this communication was 
submitted for publication it has been reported that 
membrane potentials have been recorded from neurones 
hand-dissected from Deiter's nuclei of rabbite*. This obser- 
vation is surprising in view of the findings described here. 
Further investigations are necessary both of the changes 


in the surface following diasection and of the mechanism 
of the development of the recorded potentials. 


Burry I. Roots 
PATRICIA V. JOHNSTON E 


Department of Anatomy, 
University College, 
London. 
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BIOLOGY 


Oscillation in the Simple Logistic Growth 
Model 

Tue logistic curve is often used in teaching ecology as 
& first description of growth of an animal population. 
For many reasons, frequency related to age structure and 
trme-lag effects, it does not usually fit in practice; and 
a population may undergo oscillations of one type or 
another. The causes of oscillations have been discusedif 
in detail by numerous suthors (see refs. 1-5), some of 
whom propase more or less complex conditions which 
would generate them. Nevertheless, the logistic growth 
curve is a useful starting point in the study of population 
ecology, so that the following simple relation between the 
rate of increase, generation time aad the type of approach 
to the ‘saturation’ level may be of interest. 

If we aæume that adult numbers in any generation 
are determined by the number of adults in the previous 
generation the type of approach can be predi imme- 
diately from the intrinsic rate of increase (r). The 
logistic equation can then be re-written: 

Narr = Na. 0l- N1/K) 
where r is expressed generation, K is the saturation 
density end Nic ie the pulsation size after one genera- 
tion. Then, if AN -N,,,—N&., we find dAN/dN = 
(1— Nr[K).er1—N]K) —1. From this equation it ig seen that 
when N is equal to K, dAN/dN= —r. 

The relation between AN and N allows us to predict 
the type of approach to equilibrium that will ooour* 
In the present instance the population will (a) approach 
K gradually, provided r lies between 0 and 1, (b) undergo 
damped tions when r has values between l and 2, . 
and (c) show oscillations increasing to tho point of extino- 
tion when r > 2. 


L. M. Coox 


Department of Zoology, 
University of Leicester. 
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Depositlon of Human Polymorphonuclear 


Leucocytes on Glass 

Tum phagocytic activity of human polymorphs has been 
examined by depositing the cells on glas coverslips and 
observing their behaviour under phase contrast}. The 
coverslips were first prepared for use by boiling in dw- 
tilled water followed by soaking in glase-di water fi 
3 h and then drying after washmg in two changes of 
absolute alcohol, but it was found that cella collected from 
the buffy layer of human blood made up within 1 h of 
venepuncture adhered poorly to the surface of such cover- 
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slips. In contrast, the cells adhered well to the surface of 
glass coverslips which were used without any treatment 
other than rubbmg with a paper tissue, though the 


numbers adhering were somewhat variable. As the 


principal difference between untreated coverslips and those 
which had been boiled in water and washed with alcohol 
was likely to be the existence of a layer of an oily substance 
at the glass surface, a defined layer of & fatty acid was 
d ited on the coverslips by a modification of the method 
of Blodgett*. 

A glass dish, 20 om in diameter and 5 cm deep, was filled 
with distilled water and 0-02 ml. of B.D.H. redistilled oleic 
acid was dropped on to the surface of the water. The bulk 
of the oil remained as discrete lenses and the rest spread aa 
a monolayer due to the dipolar nature of the acid’. A 
coverslip, previously sieasied by boiling in water and drying 
in absolute alcohol, was held ın a vertical plane and dipped 
in the water at a part remote from the oil lenses and the 
dipping was repeated five times so that a multi-moleoular 
layer of oleio acid was deposited on the glass surface. The 
exoeas of water was allowed to drain and the coverslip was 
dried by standing vertically at room temperature. 

A suspension of white b celle was by dıs- 

\persing the buffy layer of blood in Medium 199*, and the 
polymorphs were deposited on coverslips within 1 om x 
1 am areas, marked out by ‘8 ' marking ink (Speedry 
Products Ltd., Beckenham, Kent) by allowing 0-05 ml. of 


-7 the suspension to sediment for 5 min in a moist chamber 


containing an atmosphere of 5 cent carbon dioxide’. 

i io counts with a calibre ted eyepiece graticule 
showed that the number of polymorpbs adhering to a 
series of multilayered coverslips was more than twice that 

ing to a series of aloohol-treated coverslips, when the 
game cell suspension was deposited. 

The oleic acid layer did not appear to affect the be- 
haviour of the polymorphs. Using rice starch as a test 
particle, the average percentage phagocytosis (87) observed 
in a series of polymorph populations deposited on multi- 
layered i was no different from the average per- 
centage phagocytosis (89) in a similar series of colls on 
aloohol-treated  ooverslipe. Similarly, no significant 
differenoe was found between serum oonoentrations re- 
quired to promote phagocytosis of hydrocarbon particles 
by 50 per cent of populations of polymorphs: deposited on 
either multilayered or alcohol-treated coverslips. The 

"major difference between preparations deposited on cover- 
slipa multilayered with oleic acid and those deposited on 
aloohol-treated glass thus appeared to be the increased 


= ability, of the pele ess E e BE ba aa 


r 


which there had been depomted a layer of the fatty acid. 
This greater ability to stiok made the scoring of quantal 
phagocytic responses much easier. 


on of Bacteriology, 
ight-Fleming Institute, 
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T. D. BROGAN 


Observation of Root Feeding by the Nematode 
Trichodorus viruliferus Hooper 


Osaa88HBvATION through the glass panels of an underground 
root obeervation laboratory! and subsequent samplmg for 


\ detailed study have shown a high proportion of the white 


growing tips of extending apple tree roots to be attacked 
by the ectoparasitic nematode Trichodorus vruliferus 
Hooper. Colonies of 10 to more than 100 individuals 
congregated 1-8 mm behind the apical meristem of suitable 
roots (about 1 mm in diameter), rasping the epidermis and 
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although the meristem iteelf was not the foous of attack. 
Once 
within 1 or 2 days. The damage to the root 
essentially the same as that associated with the ‘stubby 
root’ symptom in many herbaceous hoete, which has 
been ascribed to other species of this genus in the United 
States?. In extending apple roots, however, it was not 
accompanied by the characteristic branching and stopping 
of secondary and tertiary roote. 

T. viruléferus comprised 95 per cent of the plant-pera- 
sitio nematodes recovered from the surface of roots with- 


Trichodorus spp. and 81 
tylenchus, Tylowhon 
appears, therefore, that T. vwrultferus is concentrated on 
the surface (rhizoplane) and in the rhizosphere of roots to a 
far greater extent than the tylenchids, which form the 
majority of the soil population of root parasites. The 
detection of associations such as this would be difficult 
by the commonly used soil sampling and 
techniques, illustrating the potential of & root dbscrvatión 
laboratory, with its facilities for direct observation and 
sampling and indirect study by means of time-lapse 
photography. 


R. B. Prrowse 
J. J. M. FLEGG 
East Malling Research Station, 
East Malling, 
Maidstone, 
Kent. 
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` 
Parasitism by Larvae of Unionicola intermedia 
Koenike, and another Unionicola sp. (Acarina, 
Pionae), on Chironomids 

Tum majority of water-mites for which the life-histories 
are known have a parasitic larva and free-living nymphs 
and adults. The family Unionicolidae, however, has 
always been separated from the remaining families due to 
the fact that most species have adulta and nymphs which 
are parasitic in the mantle cavities of fresh-water mussels. 
It bas generally been assumed that these mussel parasites 
have been free-livmg as larvae and that the larval stage 
has been of brief duration and has served merely as & 
means of dispersal. There have, moreover, apparently 
been no previous records of these larvae being found 
outside their hosts. 

During August and September of the past two years I 
have collected considerahle numbers of the midge Ohirono- 
mus plumosus, L., and on 64 out of 82 examined from three 
such collections I found 510 mite larvae referable to the 
genus Unionicola. Thee larvae have been identifled as 
U. intermedia, Koenike, and probably U. aouleata, Koenike. 

The former has been known since the time of Bonz (1783) 
as & parasite in ita nymphal and adult stages of the mussel 
Anodonta anatina, L., while the latter is stated by Mitchell 
to use mussels as sheltering places for ita pupal stages but 
otherwise to be free-living. 

Tt seems, therefore, that the larvae of these two members 
of the genus behave in & manner precisely similar to the 
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remainder of the super-family Pionas and that the 
parasitiam of the adults can be looked on as merely an 
extension of the relationship mentioned by Mitchell for 
U. aouleata, Koen. This discovery, in fact, makes the 
whole position of the Unionicolidae much more readily 
acceptable, sce it is no longer necessary to assume that 
they evolved differently from the ramainder of the Pionse. 


R. K. H. Jones 


County High School, 
Arnold, Nottinghamshire. 


Mitobell, E. D., Miso. Publ. Mus. Sool. Unis. Miah., Ko. 89 (1055). 


Survival of Fomes annosus in Infected Roots 
In Soll 


VARIOUS species of Fomes are known to cause con- 
siderable root damage to a variety of perennial crops 
including rubber and several conifer species. In most 
cases it been shown that infected root tissue forms a 
significant source of inoculum for the infection of newly 
planted orope. Rishbeth! has given detailed iptions 
of the field symptoms caused by Fomes annosus m the 
Breckland conifer plantations of East Anglia, pointing out 
that the disease usually appears in patches. By exposing 
root systems at different stages in the development of the 
disease, Rishbeth found that lateral spread within such a 
patch is primarily dus to root contact, and that Fomes 
annosus has only & limited competitive saprophytio 
ability. The disease does, however, sometimes appear in 
areas not previously planted with conifers, and Rishbeth* 
later established that stump infections are of the greatest 
igni to the initiation of such new centres of 
infection. 

From these observations it seams obviously desirable to 
have some messure of the survival capacity of Fomes 
annosus in soil, and to have some knowledge of the factors 


which might encourage a rapid disappearance of the 
fungus. 


Initial experiments along these Imes were based on 
artificially infected wood pieces, produced by culturing 
together the fungus and l-in. lengths of pine stem of 
approximately j in. in diameter in a cornmeal Band mir- 
ture. After having been grown at laboratory room 
temperature for a period of six weeks, the wood pisces 
were removed from culture, washed briefly in tap water 
and buried in containers of Kettering loam soil’. Samples 
were removed from the soil at various intervals and planted 
on moist sterile sand in Petri dishes. After five days, 
observations under a binocular microscope showed the 
presence of the characteristic conidia of Fomes onnosus. 
By assessing the degree of sporulation on an arbitrary 
scale of 0-4, an attempt was made to measure the period 
of survival of Fomes under these speciflo conditions. 

The first experment al these lines suggested that 
Fomes armosus disappeared the buried wood pieces 
within four weeks of burial However, the experiment was 
repeated with a three-months-old culture of inoculated 
wood pieces and, surprisingly, the fungus was replaced by 
a variety of soil saprophytes within one week of burial. 
pap set contradiction did a to be related to 
one obvious difference between first and second 
experiments, namely, the Sppeerenos of the wood pieces 
before they were buried in soil. 

The six-weeks-old moculated wood pieces remained 
reasonably firm, with the bark securely in position, 
whereas after three months in laboratory culture con- 
ditions the bark had completely disintegrated on the 
inoculum used in the repeat experiment. By sectionmg 
some of the original inoculum pieces it was latar observed 
that the fungal invasion was limited to the outer layer of. 
wood, and only penetrated more deeply when such wood 
pieces showed obvious fracture incurred during the outting 
of the wood pieces. 
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With the knowledge that Fomes is known to survive for 
many years under fleld conditions, and the possibility that 
the presence of bark modified the resulta of the two previous 
experiments, the following experment was set up witht 
naturally infected wood pieces collected from newly killed 
specimens of Pinus sylvestris in the Breckland. 

A balk supply of naturally infeoted root tissue was 
collected from the Breckland. The trees selected for 
sampling were those in which the leaves were brown in 
colour but had remained attached, care being taken not 
to select those which Polysticius abisténus had invaded or 
those with very resinous roots. The roots were then sawn 
into 2-in. lengths (approx.) and classified as large, medium 
or amall according to their diameter. Large ones were 
approximately 141. diameter, medium ones l-in. diamster 


‘and small anes 1—j-in. diameter. 


Twelve samples of wood from each category were then 
treated in each of the following ways: (a) the bark was 
removed and the out end left uncovered; (b) the bark was 
maintained intact and the cut ends not covered; (o) the 
bark was left intact and the cut ends sealed with molten 
sealing-wax. Large boxes of Kettering loam soil were then 
prepared and all the wood pieces were buried to a depth of 
4in. These boxes were maintained in a heated greenhouse 
for & period of 18 months. Durmg this time they were 
watered regularly as a routine operation. At the end of 
this period the soil surface was well colonized by a species 
of Juncus together with a series of annual weeds. The 
dominance of rushee was probably a reflection of the 
mildly acid soil conditions prevailing under these con- 
ditions*. 

At the end of this burial period all wood samples were 
removed and tho washed, and the degree of 
survival of Fames was sascased by three different methods. 
The first consisted simply of splitting each root sample 
with & sterile scalpel and sub-culturing four wood chips 
from each sample in an acid ‘Dox’ medium. Within four 
days the presence or absence of Fomes was recorded for 
each isolation and the total number of positive records 
was calculated as an index of percentage survival. The 
second method consisted of wrapping the two wood 
segments, previously sub-cultured, in moist newspaper and 
incubating in a moist chamber for a period of seven days. 
At the end of this period examination of the wood pieces 
revealed the characteristic conidia of Fomes if the fungus 
‘was still viable. By ing the or absence of 
the fungus ib was again le to calculate percentage 
Survival. The third method was simply to count the 
number of miniature bracketa which were present on all 
wood pieces giving a positive record in either of the 
previous methods of asseasment. 

All the data collected in this manner are summarized 
in Table 1. 

A simple examination of theee data shows quite clearly 
that the presence of bark is & marked deterrent to the 
saprophytio colonization of the infected wood tissue end 
that the three methods of assessment give an extremely 
consistent pattern. It should be further noted that, 
whereas the plating index and the wrapping index give 
actual percentage survival in terms of the number of 
wood pieces showing the of the fungus, the 
fruiting index is probably a better index of the surviving 
inoculum potential. 

Table 2 shows the effect of root diameter on the survival 
of Fomes, from which it is obvious that the larger samples 
survive more effectively than smaller samples, irrespective 
of the method of treatment. Garrett‘ has shown that the 
gize of the nutritional substrate determines the inoculum 


Tebjo 1. SURVIVsL OF Foe annoens IX BOIL AFTER BURIAL FOR 18 MONTES 
Street val recinied: by various daas s tonin quea 
Index rapping 


Treatment Plating index Fruiting index 
Without bark 0 0 [n 
With bark 20 25 z 
With bark and seal 55 B5B 9 
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Table 2 XrrmOT OF SiMPLE BIEN OX SURVIVAL OF Fomes amnosus iS 
RECORDED BY THE FXUITING INDEX 

Bample with 

grs bark 


= Largo 0 31 
6 
1 


Witboat With bark 
bark and seal 
ipee diam. 
1-fn, diam. 
Smell 
14n.—Hn. diam. 
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potential of Armillaria melsa. This concept was partially 
confirmed for Fomses annosus in the b series of 
experiments where the fruiting index for the larger 
samples far exceeds that for the smaller units. 

The experiments reported here have shown quite clearly 
that the size of root sample, as well as the presence or 
absence of bark, plays a significant part in the survival of 
Fomas annosus in soil. Since the removal of infected root 
. tissue ia one of the methods used to control the spread of 
this parasite, this information is of considerable practical 
significance in that any method used which could lead to 
excessive damage to bark would be more conducive to 
the rapid disappearance of the parasite. 

This work was carried out at the Botany School, 
University of Cambridge. 

$ E. Evans 


Chesterford Park Research Station, 
Saffron Walden, Essex. 
1 Rishbeth, J., Ama. Bat., NB, 14, 565 (1960). 
2 Fashbeth, J, Ana. Bot., NB, 15, 1 (1961). 
* Hans, H., Trans. Brit, Myon. Soc., 38, 4, 325 (1065). 
4 Garrett, 8. D., Pvology of Root-imfecting Fungi (Cambridge Untv. Press, 1950). 


Vitamin B,, Analogues In Non-legume Root 
Nodules 


Tr has been shown!-* that cobalt must be available for 
legume nodules to supply fixed nitrogen efficiently to the 
plant bearing them. Tt has also been shown that in such 
nodules cobalt is elaborated into the form of vitamin B,, 
analogues. Thus Levin e& al.', using Ochromonas and 
Euglena assays, reported that appreciable (though not 
actually stated) amounts of the vitamin were in 
nodules of lucerne, clover and pea, very m smaller 

uantitiæ being detected in the roots of the same planta. 

ze t-Abmed and Evans! reported that Oohkromonas 
assay of nodules fram soya bean plants supplied intermit- 
tently with 0-05 p.p.m. of cobalt indicated the presence of 
519 mug vitamin B,, per g of fresh nodules. By enzymatic 
amay, Kliewer and Evans’ found appreciable amounts of 
vitamin B,, oo-enxyme(s) in the nodules of various 
legumes grown in the presence of the above level of cobalt. 

Kliewer and Evans also the presence of vitamin 
B,, co-enzyme(s) in the root nodules of the non-legume 
Alnus oregana, while Bond and Hewitt? provided evidence 
of the necessity of cobalt for the proper functioning of the 
nodules of Alnus glutinosa, and in unpublished work have 
extended this finding to species of other non-legume 
genera with nitrogen-fixing root nodules. The question. 
thus arose whether in these further species cobalt is 
elaborated in the nodules into the form of vitamin B; 
anal Data on this are now presented. 

Samples of nodules and also of roots of five non- 
species were taken, during the period July to September, 
1968, from plants growmg in the greenhouse in non- 
aseptic culture. The plante of Coriaria were grown in 
vermiculite, those of the other species in water culture, 
the culture solution employed being that of Crone 
(nitrogen-free formula). balt was supplied intermit- 

q tently et 0-015 p.p.m., while in addition there may have 
* been & further quantity present as impurity in the salts 
- used in preparing the culture solution smoe these were not 
specially ified. Root samples were included in order to 
permit comparison between the nodules and a normal part 
of the plant. The roots selected were from the same plants 
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as the nodules, though roots which bad actually borne 
nodules were avoided. Nodule samples from two legumes 
were also included for comparative purposes, and were 
taken from garden plants. After being washed in water, 
the nodule samples (usually 1 g) were homogenized 88 
completely as possible with 100 ml. distilled water in & 
Waring blender. With roots & larger sample (usually 10 g) 
was similarly treated. The homogenates were placed in a 
deep freeze until required for assay. 

The microbiological assay procedure was that desaribed 


were assayed until a suitable dilution was found, and the 
results given below are the mean values of two or more 
aasays of such a dilution. Different extraction ures 
were tried: (1) the homogenate from the Waring blender 
was used direct, (2) it was subject to further ultrasonic 
homogenization, (8) its pH was adjusted to 4-0 and 
potassium cyanide was added to give & concentration of 
M/100, after which the mixture was boiled for 15 min, 
"i the original homogenate was digested with pancreatin, 
papain, or ficin. The resalta obtained by these various 

ures with & given sample varied considerably, but 
the only consistent difference found was that the yield of 
active substances from root samples was much increased 
when cyanide was used. 

The resulta obtained by two of the extraction procedures 
are presented in Table 1. Although the dete are shown in 
terms of vitamin B,,, it is appreciated that Euglena also 
responds to peeudo-vitamin B, (ref. 10) and (in our 
experience) to hydroxocobelamin and to at leagt one of 
the cobalamin coenzymes in addition, so that it is un- 
certain to which of these substances any activity shown 
by the extracts was dus. 


Table]. RusvLrs oF Eugenes ASSAYS 

mag Vitamin B,./g fresh tesue 

Bpecies Stage of Nodules 
development (1)* (35* Qa» (»* 
tod yr. 211 367 0 36 55 
Alnus gixtincos. 1st yr. 207 219 <0 25 «25 
” , 2nd yr. 63 185 <0 25 34 
Myrica pals Ist yr. 181 236 <10 «100 
" A 1nd yr. 55 85 <0 25 <26 
H rheunociser 1st yr. 207 185 116 2238 
myrhfolis fad yr. ES iM 45 28 4 
Views faba Young pole 233 254 — — 

presen 


* Numbers refer te extraction procedures (see text). 


The data indicate that considerable amounts of one or 
more of these vitamin B,, analogues are present in the 
non-legume nodules, the levels in Casuarina and Hippophaé 
nodules and in those from first-year plants of Alnus and 
Myrica being of the same order aa in the legume nodules. 
The occurrence of active substance is not entirely restricted 
to the nodules, since some was detected in root samples, 
especially those of Hippophaé and Coriaria. In a pre- 
liminary survey in summer, 1962, a number of samples 
were sasayed using extraction method (1) only. 'The 
results were in general similar to thobe reported here. 

The much greater abundance of active substance in the 
nodules as compared with the roots (except in Coriaria) 
can undoubtedly be attributed to the extensive develop- 
ment within the nodules cf the endophyte, which is 
almost certainly of actinomycete affinities. It is well 
known that organiams of this group are active producers 
of vitamin B,, analogues. It remains to be seen whether 
the necessity of cobalt for the proper functioning of these 
non-legume nodules is due to some essential part played 
by vitamin B,, substances. 

The activity found in the roots has three possible 
origins: (a) by leakage from the nodules into the roota; 
(b) faoi aa by contaminant micro i 1 
on surface 


growing 
of the roots; (c) synthesis the root oells 
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themselves. Whether the cells of higher plante have such 
a capacity is a moot pointii-D, 
We thank Dr. E. J. Hewitt for advice. 


G. Boxp 
Department of Botany, 
Uni i fG : 
mil 2 - T 
E ErimAnBETH H. KENNEDY 
Southern General Hospital, 
Glasgow. 
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Heritability of Heartwood Formation in 


inus radiata D. Don 


AN important change which ooours in the wood of 
most trees as they grow older is the transformation of 
sapwood into heartwood. This change 1s associated with 
the death of the ray and vertical parenchyma cells, and 
definite modifications to the anatomy of both softwoods 
and hardwoods’. As a result, heartwood is more difficult 
to season, 18 lees readily penetrated by preservatives and 
pulping liquors, and reainous extractives are trouble- 
some. 

Schreiner* could not find conclusive evidence of the 
inheritance of heartwood formation, while Harris? thought 
that the genetical constitution, age and ecology of a tree 
together contribute to the formation of heartwood in the 
stem. The latter suggested that a ‘heartwood forming’ 
tendency is ganetacally controlled, but that environment 
also plays an important part. 

The most useful investigation of the inheritance of a 
characteristic should yield & quantitative measure of the 
intensity of genetic control. Such a measure is provided 
by a ratio called ‘heritability’ which considers genetic 
variability in relation to phenotypic variability. This 
term 18 used in either a broad or narrow sense de i 
on whether the total or only the additive portion of the 
genetic variability 18 taken into account. 

In an investigation of this kind it is not praotical to 
inveetigate the variation in the age at which heartwood 
begins to form in the tree. Therefore the amount of heart- 
wood was used as the basis for calculating estimates of 
gross heritability from resulta derived from trees of a 
clonal plantation. 

Thirteen clones from a plantation of P. radiata, estab- 
lished in 1088, in the Australian Capital Territory were 
sampled by selecting the first, middle and last trees of the 
row comprising the alone. Only vertical trees were chosen. 
Increment cores were taken from each tree in the north 
and the south directions at heights of 1-9 m and 4-6 m. 

In & mature cross-sectional disk of P. radiata, the 
coloured heartwood adjacent to the pith and the narrow 
transition zone, which also contains heartwood substances?, 
stam & deep orange-brown on the application of a diazo- 
tized benzidine stam’, in contrast to a yellowish stain for 
the sapwood. This staining technique was used to differen- 
tiate the heartwood and transition zone from the sapwood, 
because the natural colour changes could not be seen clearly 
in the small samples used. 

Because of differences in the pattern of carly height 
growth, sampling at fixed heights in trees produces speci- 
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mens with differing ring counta. Consequently the 
growth ring showing the furthest extent of heartwood 
from the pith could not be used as a comparative measure 
of heartwood content, and it was decided instead to use the 
area proportion of heartwood. This was possible because 
of the poor correlation between specimen ring count and 
proportion of heartwood in these resulta. Therefore, the 
radial extant of the heartwood and the treo radius were 
recorded for each specrmen, so that values for the opposite 
radii at each height could be averaged and used to express 
the heartwood area as a proportion of the total cross- 
sectional area for each sampling height in each treo. 

The variation in heartwood content between trees was 
separated by analysis of variance into within-clones and 
between-clones componente and grose heritabuity esti- 
mated as : 


EN 


between-clone variance 
between-clone variance + within-olone variance 


Estimates of gross heritability for the proportion of . 
heartwood were as follows : 





Hi t Gross heritabihty estate 
(m, uignificani at 8% level S.E. 
12 037 018 


46 0 35 018 


The value of 0 37 is not very large compared with the” 
estimate of 0-73 obtained for average flbre length on clonal 
material from the same locality by Dadswell ef ai.*. 
Little gain could therefore be expected to result from the ~ 
use of seed fram parente selected for low heartwood content, 
and even if vegetative propagation methods were used, 
the gains achieved would be worthwhile only if the 
absence of heartwood was very critical to the final product. 

It should be stressed that the work recorded here is 
based on resulte from 18 clones from a single area. How- 
ever, the lack of heritability estimates for many wood 
features is keenly felt and there is some justifloation for 
publishing preliminary values in the hope that they may be 
augmented by others to provide better estimates based on 
pooled results. 

I thank the Director-General, Forestry and Timber 
Bureau, Canberra, for making available the wood speci - 
mens, and particularly Meesra. A. G. Brown and J. M. 
Fielding for ing for their collection. I also thank 
Misses J. Down and J. Sibthorpe for carrying out the 
detailed measurements on which the results of this investi- y 
gation have been based, and Mise N.Ditehburne, C.8.I.R.O: 
Division of Mathematical Statistios, for help in tle 

J. W. P. NiaHours 
C.8.L R.O. Division of Foret Producta, 
Melbourne, Australia. 
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ENTOMOLOGY 


Purification of the Fire Ant Trail Substance 


THs fire ant, Solenopsis saevissima (Fr. Smith), utilizes 
& tral substance as an aid in effective foraging!. Workcis 
secrete & substance from the Dufour’s gland which 18 
deposited from the sting in the form of minute streeks. 
These mark a trail from & suitable food source to the neat. 
Workers are strongly attracted to this substance and 
follow the trail outward to the food source. The newly” 
recruited workers in turn lay trails to the nest, reinforcing ~ 
the original trail. The appropmate properties for effective 
trail substances have been discussed by Bossert and 
Wilson. 
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FOR EDUCATION RESEARCH AND 
ACTIVATION ANALYSIS 


Pulsed 10°neutrons per second generator is easily 
transportable, requires no special shielding, may be 
operated in a laboratory or lecture theatre, is ideal for 
demonstrating most neutron reactions and the prin- 
ciples of activation analysis. 

Elliott L type generator for continuous output of10"° 
neutrons per second, fitted with long life sealed off 
source tube. No vacuum pumps or target replacements; 
constant output of neutrons; small, compact tube 
minimises shielding costs. Complete equipment with 
pneumatic sample transfer system available for activa- 
tion analysis. For full details write or telephone: 
ELLIOTT ELECTRONIC TUBES LIMITED 
ELSTREE WAY * BOREHAMWOOD > HERTS 
TELEPHONE: ELSTREE 2040 (EXTENSION 459) 


Aly ^ Member of the Elllott-Automation Group 
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Culture in London 
Study in Melbourne 


An efficient method of transporting living calls and 
other specimens has become one of the biologists 
most urgent needs. Now Union Carbide has developed 
a revolutionary new range of biological transporters 
embodying a unique principle of cryogenic storage 
which enables the temperature of the specimens to be 
kept below -130°C for up to five days: long enough 
for a train joumey across Europe or a freight flight from 
London to Australia. The new transporters consist of an 
aluminium outer shall with a plastics lining containing 
a porous specimen holder drilled to accommodate the 


specimen ampoules. This holder is saturated with liquid 
nitrogen which gradually evaporates and is exhausted 
to atmosphere through pressure relief vents. The porous 
specimen holder eliminates the danger of spillage, and 
Super Insulation reduces the evaporation rate to 0.33 
litres per day in the case of the BT-2 and 0.36 litres 
per day in the case of the larger capacity BT-3. Porous 
holders can be supplied to fit any shape of specimen 
container. Since the BT-2 holds 1.6 litres of nitrogen and 
the BT-3 2 litres, both transporters have a guaranteed 
static holding time of 5 days. 


BIOLOGICAL TRANSPORTERS ANOTHER PRACTICAL PRODUCT OF [>See 
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The trail substance of S. sasvissima has been purified 
in the hope of learning something of ita chemical proper- 
ties. For a qualitative assay during purification, wooden. 
splints were dipped into solutions of the fractions to be 
T tested and the splints drawn across a smooth surface near 
a laboratory colony of S. sasvissima. Activity was 
estimated by rough counts of the number of workers 
which were attracted to and followed the artificial trail. 

Workers of S. saevissima were collected near Jackson- 
ville, Florida, in the following manner. The nests were 
quickly spaded into buckets and the sandy contents were 
poured into still water. Most of the sand and debris sank, 
while & considerable number of ants rose to the surface, 
where they aggregated and floated in clumps. The ants 
were with & tea stramer and transferred to 
bottles which contained dichloromethane. 

Ants (sorroxinetely 200,000 workers), along with 
water, dichloramethane and remaining debris, were 
poured into a large flask and the whole mass was steam 
distilled into an ice-cooled receiver until attractive 
material ceased to distil For a volume of 1,500 mL in 
the distillation flask, about 3 1. of steam distillate (water 
and dichloromethane) was obtained. This was repeated 


cautiously in a distillation flask at atmospheric 
without extensive loss of active material. In thi 
4 1. of solution were reduced to a volume of 2 ml. 
Attempts to purify the trail substance by adsorption 
eon OATB Oa oni i nee a heeey 
and either in complete loes of the active material 
ar in no adsorption of the active material on the column. 
Exploratory experimenta with gastiquid chromato- 
graphy indicated that the active compound could be 
recovered from columns when polydiethyleneglyool suc- 
cinate waa used as & liquid . When the tempereture 
of the column was increased from 50? to 200° at the rete 
of 5°/min, the active material was collected over the 
range of 125—140?.- 

x- For purification of the trail substance, & oolumn 6 ft. 
by 0:25 in. packed with 5 cent polydiethyl l 
succinate on ‘Chromosorb was operated at 1 in @ 
Research Specialties model ‘600’ ap , equipped with 
an argon detector. Aliquote (50 ul.) were injected and the 
effluent compounds were collected in cooled U tabes. 
The process was repeated until the whole 2 ml. sample 
bad been chromatographed. Fig. LA ahows the chromato- 
gram obtained in this fashion. The collected material 
was chromatographed & second time (Fig. LB) to yield 
homogeneous material. In Fig. 10, the pure sample is 

with geraniol, which was used as a standard 

for the calculation of a relative retention time and for 
estimation of mass. The apparently homogeneous trail 
substance has a retention time relative to geraniol of 0-8, 
and the total sample contained about 250 ug of material. 
While it is clear that the active material is contained 

within the peak observed by gas chromatography, the 
sample may still be contaminated with & large amount of 
an inactive compound with similar chromatographio 
properties. Williams and Law? have recently shown that 
& highly purifled insect hormone, which gives essentially 
one peak on gas chromatography, still represents a small 
amount of active material in the presence of & large 

ç amount of an inactive compound. 

^  Qonsiderable losses of active material were encountered. 
in the purification procedure. Furthermore, it was found 
that either crude or purified material rapidly lost activity, 
even when stored at — 20° in dichloromethane. A sample 
of the apparently homogeneous material lost about 80 per 
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cent of its activity when stored for three months at 
—20° O in dichloromethane. The peak observed by gas— 
liquid chromatography also decreased in area by & similar 
proportion. A second large batch of crude material 
representing about 800,000 ante lost almost all activity 
when stored for two months in diahloromethane at — 20°. 

While this undesirable behaviour causes some frustra- 
tion in attempts to identify the active trail substance, it 
also indicates the ibility that chemical instability may 
play part in obliterating the trail substance after it has 
served its function. Wilson‘ has previously suggested 
that this is accompliahed by using & very volatile material 
for & trail substance. However, it cannot be ruled out 
that the substance may also be inactivated by chemical 
reaction with some substance in the environment, such 
ag oxygen or water. 

This work was supported by grants from the U.8. 
National Science Foundation (No. G 19200) and from the 
U.S. National Institutes of Health (No. 07087). 
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Jous H. Law 
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EpwanD O. WI80N 
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1 Wikean, H. O., Soisscs, 189, 643 (1050). 
1 Bossert, W. H., and Wilson, H. O., J. Theor, Biol., 5, 443 (1963). 
* Williams, C. IL, and Law, J. E, J. Inset Physiol., 11, 569 (1905). 
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Gland-like Abdominal Structures of Possible 
Epigamic Function in the Diptera 


RaamwrLy one of us! erected a new genus, Austro- 
drapetis, to receive an undescribed empidid fly from the 
Cook Islands. Striking features of this species were the 

ce of abdominal structures of unknown function 
in the male coupled with certain secondary sexual charac- 
ters in the coxae of both sexes and the tibiae of the male. 

The abdominal organs (Figs. 1a and b) are in two pairs 
beneath the third and fourth terga. There is no apparent 
opening to the surface, but a small one may be present 
in view of the duct-like anterior region of each organ. 
The organs seem too strongly sclerotized to be eversible 
especially as there is no obvious opening to the surface. 
There is no apparent connexion between the organs and 
any of the few large tracheal trunies in their vicinity. The 
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Fig. 1 


organs are hollow and the inner surface of the outiole is 
produced into hair-like structures interspersed with some 
shorter blunter processes (Fig. 1c). 

It is posible that these are soent-produomg glands, 
perhaps defensive, but more probably epigamic. The 
presence of numerous hairs within the cavity and the 
setose area on each segment between the two ‘openings’ 
would be an efficient method of conducting any liquid 
secretion to the exterior and providing it with a large 
surface area for evaporation. The poeition of the organs, 
fairly close behind the wings, would also ensure an 
efficient dispersal of the scent in the sli z 

Feuerborn* has described glandular organs of probable 
epigamic function on the thorax of some Psychodidae 
(again behind the wings). Lamb’ has described some 
curious structures in the basal abdominal Begment of 
males of the dolichopodid fly mirus Lamb 
and it may be signi t that the structure of the squamae 
and the shape of the hind-margin of the wing are modified, 
perhaps affecting the slipstream. Parent‘ has also de- 
scribed abdominal organs of unknown function in Syntor- 
mon (Doliahopodidae) from New Zealand. Edwards has 


dge dance in swarms with the abdominal 
glands everted and males fly into the swarms, the paired 
insects then dropping out to mate. Later Edwards’ 
reported these glands as occurring throughout the genera 
Palpomyia and Berna. Bcent-distributing occur 
widely in the Lepidoptera (vide Varley’, Philpott*), but 
are usually of more elaborate structure. A comparative 
study of sense organs in the antennas and palpi of Diptera 
has been published’, and we suggest that a comparable 
study of abdominal structures would be a suitable topio 
for further investigation. 
K. G. V. Sierra 
Department of Entomology. 
British Museum (Natural History), 
London, 8.W.7. 
R. G. Davies 
Department of Zoology and Applied Entomology, 
Imperial College of Soience and Technology, 
London, 8.W.7. 
1 Bruth, K. G. V., Pamfo Insects, 6, 247 (1964). 
* Feaerborn, H. J., Weturw. W sohr., 81, 1 (1021). 
* Lamb, C. G., Proe. Soe , 80, 476 (1921). 
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CYTOLOGY 
Ribosome Numbers in a Fission Yeast 


THERE 18 à need for a more confined and precise use of _¢ 


the word nboeome. It would clarify molecular biology if 
the word were reserved for particles in the cell which 
measure 100 À-800 A m diameter, aro composed of RNA 
and protein, and have been shown to be active as sites for 
the synthesis of proteins. However, such criteria are not 
easily available to, say, an electron mierosoopisb. This 
communication describes an attempt to compare the 
number of ribosomes in a cell, as calculated from biochem- 
ical data, with the number of particles in the same coll 
type, visible in the electron microscope after osmium 
tetroxide fixation, and, in terms of size and distribution, 
categorized aa ribosomes in contemporary electron 
microscopy. 

The used in this work was a flgsion yeast, Schizo- 
eaocharom4oes pombe. An electron microscope investiga- 
tion of this cell has already been published!, and the 
RNA content in & variety of growth conditions is known!. 
S. pombe (National Collection of Yeast Oultures, 132) 
is a small yeast, cylindrical in shape, with the ends of the 
cell hemispherical, varying between 5 and löp in length» 
and maintaining a fairly constant diameter of 3-5u. All 
cells used were growing vegetatively, cultured in 2 per 
cent w/v Oxoid ‘Wort Broth’ (malt extract broth) in 


distilled water, and in the exponential phase of growth ~ 


from cultures containing between 8 and 6 x 10* cella per 
ml. Oultures were grown at 38° C (the generation timo at 
at this temperature is slightly more than 2 h) in 400 ml. 
of medium in 1-1. conical flasks, with no agitation or 
aeration. 

Since S. pombe grows, in general, only in length, an 
estimate of the stage of a single cell in the cell cycle can 
be assessed from ita length. But if lengthwise measure- 
ments are to be made on sections viewed in the electron 
microscope, it is essential that the sections be truly longi- 
tudinal. This implies that the cella must be aligned in 
the embedding procedure so that they are flattened in a 
monolayer and present their total length to the microtome 
knife. The followmg method of preparation was used. 

Cella were gathered by centrifugation, washed twice in 
0-26 M. sucrose buffered with veronal acetate at pH 7:2, 
and spun down in the sucrose to a concentration of 2 x 10*, 
cells per ml. Drops of this suspension were now placed on 
square cover slips, sire 1, and the solution evaporated 
almost, but not quite, to dryness. With the cover slips 
in a glass Petri dish, cells uppermost, and some 8 cover 
slips per dish, drops of 2 per cent osmium tetroxide in 
the buffered sucrose were applied in sufficient quantity to 
flood each cover slp, and the Petri dish cover put in place. 
After 30 min at room temperature, the Petri dish cover 
was removed and the dish flooded with distilled water. 
Numerous washings with water were carried out, followed 
by washings in increasing concentrations of alcohol, and 
ending with three washings in absolute alcohol. The 
cover slips were not moved during this procedure. Follow- 
ing this dehydration, the Petri dish was flooded once with 
liquid methacrylate, which, on removal, was replaced 
by a final pool of liquid methacrylate which consisted of 
91 per oent butyl methacrylate, 8 per cent methyl meth- 
acrylate and 1 per cent benzoyl peroxide. Polymerization 
waa carried out at 58° O with the Petri dish cover in place, 
and was normally complete in 24 h. 

After polymerization, the bottom section of the Petr 
dish wes splintered with a hammer and removed, leaving 
& flat block of plastio with the cover slips applied to the 
flattened surface. The cover shpa were removed by con- 
tact with solid carbon dioxide, causing them to b 
away from the plastic. With the cover slips removed, the 
monolayer of oells which had been applied to them is 
found embedded in the plastic surface. Groups of oells 
are located on the surface by a low-power microscope and 
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0-25-in. cubes of the plastic are cut from these areas, and 

trimmed under the microscope to leave a flat face of 

about 1 mm square to be presented to the microtome blade. 

Great care was necessary in cutting these blocks, since, if 
~ the microtome was not property set, all the cells could be 
lost in a few primary sections which were too thick to be 
of use. The plastic blocks were held in a small chuck 
for cutting in a Huxley microtome and sections were 
“floated on to a water reservoir, expanded with xylene 
vapour, and picked up on carbon-ooated grids in the usual 
way. Sections showing silver interference colour were 
removed for examination in the microscope. 
Numbers of ribosomes per cell were calculated from 
sections in the following way. Since & certain degree of 
detail and contrast was invariably lost in printing and 
enlarging the photographic plates, the ribosome counts 
were made by direct examination of the plates them- 
selves. Using a high-power hand lens for examination, 
plates taken at instrumental magnifications of 20,000 
were iluminated from below by means of & cold t 
illuminator, and icle numbers and distribution 
determined by placing a transparent plate, marked off in 
1 mm squares, over the photographic plate. By this 
means a cell section at a magnification of 20,000 was 
< subdivided into some 1,400 squares, itting assessment 

of the ive area, oocupied by cytoplasm, nucleus 

and vesicles, and the distribution and absolute numbers 
_-of the ribosomes themselves. Actual counts of ribosome 
distribution and numbers were made by numbering the 
squares on the grid and oounti the ribosomes in 40 
aquares per section, the squares for examination being 
selected at random by the use of random number tables. 
Squares falling entirely or partly on oell organelles (nuclei, 
vacuoles and vesicles) were omitted from counts, and 
particles on the line were scored on only two sides of the 
square. The standard deviation of ribosomes per square 
was +01 to +05 for 40 counts, and the mean of 40 
squares multiplied by the total number of squares covering 
cell, minus ceil wall, gives the figure for total numbers of 
ribosomes per section. It was assumed that all cell sections 
examined represented 800 A of the cell when cut? and 
thus the number of particles per section was multiplied 
by 37 to give the number per cell, an average cell thickness, 
minus cell wall, being taken as 3u. Shrinkage of the cells 
during preparation and examination appeared to be slight 
‘>and was ignored. Using the grid plate examination tech- 
nique described, the ratio of mean area of cytoplasm to 
area of nucleus and cell inclusions was found to be 90-1, 
and the total ribosome number per cell was assessed for 
100 per cent cytoplasm and rectified in accordance with 
this ratio. 

The ribosomes of S. pombe appear to be freely dispersed 
in the cytoplasm’, and all darkly stained particles in the 
cytoplasm of about 150 A diameter were scored as ribo- 
somes. Of course, the number of assumptions inherent 
in this counting scheme is considerable, as are the possible 
sources of error, for example, deviation from the estimated 
ratio of volume of cytoplasm to volume of cell inclusions, 
varying cell thickness, thickness of section, and visibility 
of ribosomes, and the possible existence of ribosome 
dimers scored as single ribosomes. 

Fig. 1 shows the number of ribosomes calculated from 
the electron earn ue as being totels per cell, plotted 
against cell length of the section. From this flgure it 
would seem that an average cell of S. pombe in logarithmic 
growth possesses about 500,000 ribosomes. Although 
it would be of considerable interest to know the variation 
in ribosome numbers during the cell cycle, the inadequacy 
of the results presented in Fig. 1 does not permit drawing 
€ any conclusions on this question. 

Since the sum of the molecular weights of the RNA 
molecules in a single ribosome is believed to be about 
1:7 x 10* for a 70 or 80 S ribosome‘, it is possible to 
calculate that such a ribosome must contain 2-7 x 10"! g 
of RNA (using Avogadro’s number). With 500,000 
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No. of ribosomes (100,000) 





2 4 6 B 10 12 14 16 


Oedl length (x) 
Pig. 1. Total numbers of ribosomes In S. pombe cells of different sises 


ribosomes in & cell, a oell of S. pombe should possess 
1-35 x 10-3 g of ribosomal RNA, and assuming 80 per 
cent of the total cell RNA to be ribosomal, 1-7 x 10-19 g 
of total RNA. Mitchison and Lark’, using biochemical 
methods, have determined that S. pombe cells in logarith- 
mie growth at a cell density of 5-7 x 10* cells per ml. 
contain 918 x 10-3 g RNA. These results show that, at 
least on numerical grounds, there is some basis for believing 
that the ribosomes of the electron microscopist and the 
biochemist are the same particles. 

This work was carried out during the tenure of a scholar- 
ship from the Medical Research Council, London. I thank 
Prof. J. M. Mitchison and Dr. P. M. B. Walker for their 
advioe. 
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VIROLOGY 


Morphology of Components of Sendai Virus 


Ir has been shown by using a negative contrasting 
method that Sendai virus particles have an envelope which 
is formed of spikes of haemagglutinin and covers a tubular 
nucleocapsid with a diameter of hehx of about 170 At. 
Sub-unite of this virus (S and V antigens) resemble those 
of other myxoviruses, particularly of Newoastle disease 
virug?*^?, 

We have examined some details of the structure of 
Sendai virus in native and purified preparations treated 
by several methods. 11-day-old chick embryos were 
infected by the allantoic route with 100—1,000 ID,, of the 
LM-1 strain of Sendai virus; the latter was collected 
after incubation at 35? O within 72 h. Allantoic fluid 
virus, native and purified by differential centrifugation 
and subsequent ‘Sephadex’-gel filtration‘, was examined 
in an electron microscope. 

To reveal the structure of virus particles the prepara- 
tions were treated with ethyl ether and trypain. Ethyl 
ether was refined and freed from hydrogen peroxide, 
added gradually to an equal volume of virus preparations 
at 17? C in & glass with -mixer. A layer of ether 
was removed after centrifugation at 1,600 r.p.m. for 15— 
20 min, and water suspension was freed from ether by 
passing gaseous nitrogen. In experiments with trypan & 
orystallime enzyme was added to virus suspensions in 
0-007 phosphate balanced solution, pH = 7°8, so that 
concentration of enzyme and substrate related as 1 : 50. 
Specimens were taken at intervals of 30 min for haemagglu- 
tination testa and electron microscopic examination. 
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4 Preparations for electron microscopy were prepared by 
means of thermal fixation’. Our modification? of the 
Brenner and Horne’ negative contrasting method was used. 

Besides the usual tubular structures of the nucleocapsid 
which are characteristic for this virus, we have found 
rod-like structures about 360A in diameter and 2500— 
8000 A in length (Fig. 1). They are not sensitive to treat- 
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ment with trypain which destroys the external envelope 
of the virus. In peperina treated with trypsin one 
can see olumpe of viral envelopes, granular substrate, 
rod.-lke helical structures of nucleocapsid and the struo- 


tures mentioned above which have also a helical structure ~~ 


with the angle of pitch about 45° with a partly destroyed 
capsule (Fig. 2). preparations treated with ether these 
structures lose the capsule, which pointa to the latter 
ing of lipid nature. 

treatment with ether, viral particles are decom- 
posed into their components, and secondary aggregates 
of haemagglutinin are formed around dense massea of 
viral material which resemble a typical spike-like arrange- 
ine $. haemagglutinin at the surface of intaot virions 
. These resulta lead to the oonolusion that structurally 
the nucleocapsid of Sendai virus, besides the usual rod-like 
dense helical forms, occurs also aa more crumbly (pasty) 
packing which possesses lipotropio properties. The 
secondary aggregates of haemagglutinin as a typical 
palisade of spikes demonstrate a self-assembly process 
which probably occurs during the formation of virions. 
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Determination of the Type of Nucleic Acid 
in Rubella Virus using 5-Bromo-2’-deoxyuridine 


BALZMAN' showed that 6 - fluoro - 2 - deoxyuridine 


(5-FUdR), when added to virus-tissue culture systems, + 


ey, inhibited the synthesis of DNA viruses but 
d not affect RNA virus or protein synthesis. The in- 
hibition could be reversed by the addition of excess 
thymidine. The use of 5-FUdR, or one of ita analogues, 
thus provides an indirect test of whether a virus contains 
DNA or RNA. An adventage of such a test is ite rapidity 
when “with conventional techniques of nuoleio 
acid isolation and purification; but in order to avoid 
misleading resulta the final concentration of the analogue! 
and the serum content of the tissue culture maintenance 
medium must be carefully controlled’. Media prepared 
with high concentrations of serum or embryo extract may 
contain enough thymidine to cause partial reversal of the 
inhibitory action of the analogue. 

The object of the work recorded here was to use 5-bromo- 
2’-deoxyuridine {5-BUdR) in an attempt to determine the 
nucleic acid type of rubella virus. The experimenta were 
controlled by teating the effect of 5-BUdR on the growth 
of two known DNA viruses (adenovirus type 7 and herpes 
simplex) and an RNA virus (coxsackie 491). The speci- 
icity of the effecta of 5-BUdR was controlled by seeking 
reversal of inhibition on addition of thymidine. 

Recently, several reports have appeared of isolations of 
strains of virus from patients with rubellat*. Investiga-_» 
tions of the biological characteristica of these strains are, 
as yet, incomplete, but the information available indicates 
that they form & serologically homogeneous group. The 
rubella strain’ selected for use in the work described here 
appears to have biological featurea typical of the group. 
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Table 1 
Titre Time of 
- of virus 
Virus Tissus culture virus adsorp- 
oalture maintenance medium inooudum ton 
TOIDw]| (hat 
ds. mL 37* O) 
Herpes REx» Medtum 109 - 2 10”? 4 
simplex t ref, 10) calf 
EX ela Henkes saline + 2: 19°" 6 
type rabbit serum + 
Hela h; 10*" 4 
A31 
3 REp Medium 100+2% 10%: 4 
(ref. 6) 
* Five-day end-potn i 


2) 


The tissue culture system and composition of the main- 
tenance medium. used for each virus are shown in Table 1. 
Preparation of tissue cultures was by conventional 
methods’, For each virus, three parallel growth curve 

i ta were carried out under the following con- 
ditions: (1) in cells with maintenance medium only; 
(2) maintenance medium + 5-BUdR (6:5 x 10° M); 
(3) maintenance medium + 5-BUdR (6-5 x 10-9 M) + 
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Virus titre (og:, [D./mL) 





Days of incubation at 37° C 


Fig. L Multiplication of herpes simplex virus. — 6 —, Normal matr- 

tenance medium; —— 6 ——, maintenance medium + §-BUAR (6-5 x 10-* 

M); — X ^, maluienance medtom Y 6 BUCH (6-6 x 10 5 M) + thymidine 
"lx 
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Virus ttre (logi, [De/ml ) 
» 





Days of incubation at 37° O 


Fig. 2. Multiplication of adenovirus type 7. 
Key, as Fig. 1 
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Virus titre (logis JD ami.) 


Virus titre (logs, I.D1,/mL) 





1 2 3 4 5 
Days of incubation at 37°O ` 


thon of rubella virus. 
, 4s Fig. 1 


Tei M 
thymidine (41 x 10-* M). In each case the tissue cultures 
were treated for 24 h with the appropriate maintenance 
medium prior to inoculation with virus. Replicate test- 
tube tissue cultures were inoculated with a measured dose 
of virus and, after a period of virus adsorption (Table 1), 
residual virus was removed by three washings with 
Hanks’s galine. At selected time intervals, sample groupe 
of tissue cultures were collected by subjecting them to 
three cycles of freezing and thawing to release oell-bound 
virus, and the fluids centrifuged (2,000 r.p.m./6 min) and 
afterwards pooled. Infective virus in the pools was 
assayed using end-point infectivity titrations’. 

The growth curves are shown in Figs. 1—4. The multi- 
plication of DNA-containing herpes simplex and adeno- 
virus 7 was completely suppressed in the of 
6-5 x 103 M 5-BUdR. This inhibitory effect of 5-BUdR 
was reversed by the addition of thymidine. Thus, 
simplex virus (Fig. 1) multiplied rapidly 24-60 h 
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adsorption both in cells treated with thymidine + 5-BUdR 
and in. control cells maintained with normal medium. No 
infectious virus was detected over the experimental period 
in cells treated with 5-BUdR alone. The growth curves 
for adenovirus type 7 (Fig. 2) aro similar to those for 
herpes simplex and confirm these resulta for a moro slowly 
multiplying DNA virus in an alternative host cell system. 

In contrast, 5-BUdR at the same concentration had no 
detectable effect on the growth rate or final yield of oox- 
sackie A21 virus (Fig. 3). The multiplication of rubella 
virus (Fig. 4) similarly to ooxsaokie 421, was not 
inhibited to any measurable extent in the presence of 
5-BUdR. The most active period of rubella virus multi- 
plication, 24-72 h after adsorption, and the final virus 
yield, were the same in 5-BUdR-treated cells and in cells 
maintained in normal medium. The strain of rubella virus 
tested thus clearly behaved as an RNA-containing virus. 

We thank Dr. Q. Schild and Profs. C. P. Beattie and 
O. H. Btuart-Harris for their advice, and Chas. Pfizer for 
gifte of Medium 199. This work was supported by a 
Medical Research Council Scholarship. 

Note added in proof. Binoe this communication was 
submitted for publication, H. F. Maaasab and K. W. 
Cochran have reported similar resulta using the fluoro- 
analogue and an indirect viral interference method of 
estimating the growth characteristics of rubella virus 
(Proc. Soc. Hap. Biol. and Med., 117, 410; 1964). 


J. S. OXFORD 
C. W. PorrER 
R. N. P. Surrox 
University of Sheffield 
Virus Research Laboratory, 
Lodge Moor Hospital, and 
Department of Bacteriology, 
University of Sheffield. 


! Balxman, N. P., Virology, 10, 150 (1060). 
„Roro, B, E., and Stewart, R. O., Proc Soo. Exp. Biol. and Moed., 116, 803 


* Golde, A., and Viger, M. P., O.R. Aosd. Soi., Paris, 858, 1603 (1981). 

4 P. D., Buesober, H. L, and Artenstem, M B., Proc. Soc. Esp. 
Biol. and Mod., 111, 225 (1962). 

> Wake, Ho and New, F. A., Proc, Soc. Esp. Drol and Mod., 111, 215 

HM fo Taylor: Robison), O. H, and Pilimgër, 8. HE, Lanos, V, 103 


' Ea 2 Me Peppercorn, M. B., Porteri J. 8., MeOarthy, K., and 
‘Tkylcr-Robiteon” . HL, Med. J., i, 166 (1064). 
* Hobeon, D., and Schild, G. O., Bru Med. J., li, 1414 (1960). 
* Reed, L. J., and Mnenoh, H., Amer. J. Hyg., 87, 403 (1988). 
G. 


“Pte Mirstot, O., and Furmmnger, I. G. 8., Lencet, i, 640 


Reproduction of the Viruses isolated from 
Cases of Infectious Hepatitis on 
Detroit-6(VA) Cell Line 
In this report we propose to study certain of the 
reproduction of viruses isolated from cases of infectious 
hepatitis’* and at the same time to demonstrate their 

aetiological role in the development of this disease. 

Between 1957 and 1904, we have studied & total of 21 
different strains of infectious hepatitis viruses. These 
viruses were isolated on Detroit-6 cells, while 4 strains 
(R, V9, V6, 163 S) were adapted to a variant of the 
Detroit-6 oell line, obteined in our laboratory and given the 
name of Detroit-0( VA). In the course of our investigations 
we used a culture medium consisting of two parte of 
Earle's medium, one part of synthetic medium M 199, 
and oalf serum, at a pH of 7-6. The infected cell cultures 
were maintained for ten days at a temperature of 875.0 
on a roller-tube tas, and for an additional four days 
on a stationary stand. With each strain of virus we made 
40 successive passages. In order to study the modifications 
of the cells, they were included in a methacrylate or 
‘Vestopal’ base, sectioned with the aid of a Reichert-type 
ultramicrotome and examined on a THSLA ‘BS 242 A’ 
electron microscope. 
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Complement fixation reaction and neutralization tests 
were applied for the serological identification of the iso- 

Four days after inoculation of the Detroit-6(V.A) 
cells with the virus of infectious hepatitis, we observed —e 
swelling, rounding-off of the.marginal cells, and the 
formation of phenomenon which appears 
after ten days in the form of foci, on the entire surface of 
the culture. Later on, the affected cells degenerate and 
detach from the walls of the test-tube; meanwhile the 
other cells, which have not previously shown any sign of 
degeneration, are also - The most notable 
changes are observed 14 days after inoculation, the controls 
remaming unaffected. 

Four days after inoculation, electron micro phs showed 
the aggregation of dense particles within the nuclei and 
the appearance of very small granules along the whole 
length of the nuclear substances. The nucleolus remained 
unaffected. In the cytoplasm there was an accumulation 
of dense granular material, similar to, and presumably 
identical with, the viroplaam, from which the virus 
particles form. 

Ten days after inoculation the granular substance of the 
nucleus became rarefled, with the appearance of individual- . 
ized dense granules of approximately 200—800 A, dispersed * 
irregularly in the nucleoplasm. During this period the 
cytoplasm shows a marked vacuolation, with dimmished 
mitochondria (compared with the control cells), and loss 
of internal structure. The endoplasmio reticulum iB im- ~ 
perceptible. During this phase we should like to emphasize 
the appearance of dense corpuscles about 150 A diameter, 
oocurring in compact masses, most ently in forma- 
tions of 4-6 particles, with the form of a rosette with a 
hollow centre, which fill parts of the cytoplasm, without a 
regular distribution. On the 14th day the rosette-like 
formations become prominent within the cytoplasm and 
acquire a symmetrical arrangement in parallel lines (Fig. 1). 

Similar particles were also detected in the liver of 
patients suffering from infectious hepatitis. The super- 
natant fiuid of Detroit-6( VA) infected with KR 
and 108 S viruses after purification, contams certain 
formations similarly formed by 4—8 small particles. These 
formations appear to attain a similar size, about 150 A, in 
all the strains of viruses studied. This resulta in the ac- 
cumulation of RNA in the cytoplasm (studied with an 
acridine-orange staining), the particles resisting treatment æ 
with ether, as well as a temperature of 60° O. 

The complement-fixation reaction made with the viruses 
isolated by ourselves, and the sera of 260 patienta suffering 
from infectious hepatitis, proved to be positive in 91 per x 
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cent of cases. The seroneutralimation of the virus with 32 
sera of convalescent patients indicated that there is a 
certain serological relationship between all our strains of 
viruses, although uently the titres were quite low. 
Even 80, in two cases titres of 1 : 640 were obtained. 

From these findings, and from the fact that two acciden- 
tal infections occurred in the laboratory due to two strains 
(R, V9), and having regard to the typical clinical symptoms 
of infectious hepatitis and the fact that it was possible to 
re-isolate these viruses, as well as to neutralize them, by 
the patiente’ sera, we consider these agents to be the 
viruses of infectious hepatitis. 

Righteel e al, Taylor e£ al. and Bearcroft have des- 
onbed similar virotio particles in the cell culture* and in 
the liver of patients suffering from infeotious hepatitis*—’. 
These particles are very &unilar to those noted in the 
Detroit-6(V.A) cells inoculated with the strains of viruses 
isolated in our laboratory. 

J. LÁBzLÓ 
E. BArmwT 
V. Furr 
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Susana ÁLMÁBI 
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Effect of 5-Fluorodeoxyuridine on the 
Replication of Tobacco Mosaic Virus in 
Meristematic Tissue 


Tas phenomenon by which plant viruses are excluded 
from proliferating cells may prove to be a valuable means 
for investigating the mechanism of plant virus replication 
iteelf. 

It has been shown that incubation of young tomato 
planta in ethylene diamimetetraacetio acid (EDTA) 
supplemented medium enables tobacco mosaic virus 
(TMY) to replicate in root apical meristem, from which it 
is normally excluded, and it has been suggested that this 
compound acts by degrading microsomal particles, thus 
furnishing buildmg blocks for virus formation’. On 
the other hand, TMV replication in leaf disks of Nicotiana 
giutinosa was d by kinetin, a compound known 
to promote oell proliferation", suggesting that conditions 
favouring proliferation may prevent virus formation. 
One of the processes which is obviously correlated to cell 
proliferation is DNA synthesis iteelf, and accordingly, the 
effect of inhibition of this on the capacity of 
meristematic cells to sustain replication waa investi- 
gated. 

In this communication, resulta are presented demon- 
strating replication of TMV in root tips of young tomato 
plants incubated with 5-fluorodeoxyuridine. This com- 
pound is known to inhibit synthesis of DNA in other 
systems™‘ but to have little effect on the formation of 
TMV in excised leaf disks of Turkish tobacco’. Three to 
five 3-week-old tomato plants grown in soil were trans- 
ferred to each of & series of 100-ml. jara containing 25 ml. 
Kn solution. _Twenty-four hours later, substances, 
the effect of which was to be examined, where added to the 
jars in the following final concentrations: EDTA, 6-4 x 
10+ M; and FUDR, 7-6 x 10-* M. After 18 more hours, all 
planta were infected with TMY (isolate Mostar’) by rub- 
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bing leaves with a purified suspension of virus. One week 
later, root tips, 0-5—0-7 mm long, were collected from the 
planta. From each category, 25-30 mg of root material 
was taken and homogenized in 0-7 ml. of a 0-1 M phos- 
phate buffer, pH 7-0, and shaken in chloroform for 30 
min. To estimate the concentration of virus particles, 
0-6 ml. of each homogenate was used to infect a total of 
4 leaves of the teat plant Nicotiana ghawmoss. After five 
days, the number of local lesions was counted. Table 1 
gives the resulta, and shows the effect of EDTA and 
FUDR on the ability of infected plants to promote 
virus replication in root tips. 
Table 1. TOTAL NUMBER OF LEIOKS PER 4 Leaves OY N. plutinoss 
Knopp solution supplemented with : 
No addition EDTA (8-4 x 10^ AD FUDR (7 6 x 107* M) 
0 35 41 

These resulta clearly indicate that FUDR, like EDTA, 
enabled TMV to replicate in tomato root tips, contrary to 
what happened in control plants. It remains to be estab- 
lished what relations exist between the phenomenon 
described by Crowley and Hanson!, who used EDTA, 
and that deecribed here. While the action of EDTA on 
fostering TMV replication in meristematic tissue may be 
explained on a microsomal level, as microsomal RNA. is 
used for TMV-RNA synthesis’, it is equally plausible to 
speculate that this oo und acta by disorganizing 
chromosomal structure and function; indeed, EDTA has 
been shown to cause chromosomal aberrations‘ and to 
increase the frequency of crossing-over’. On the other 
hand, the action of FUDR could be clearly visualized 
on the chromosomal level, as its action is rather specific 
and as it is able to induce chromosomal lesions in plants’. 
Thus the ibility exists that a general weakening of 
the ocr ne Pa in the cellular machinery permits 
virus biosynthesis in cells normally resistant to virus 
invasion. 
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GENETICS 


Localization of Haptoglobin and ABO 


Raxomwrry, P. S. Gerald ef al. published their obser- 
vations on haptoglobin (Hp) in & y with a obid in 
which one of the D group chromosomes (18, 14 or 15) was 
deformed into a ring structure, which implies that part 
of the chromosomal material of the mogome is 
deleted. It appeared that the carrier of this chromosome 
lacked the Hp genetical contribution from her father 
(father, Hp 2-2; mother, Hp 2-1; carrier child, Hp 1-1). 
Therefore the authors tentatively proposed that the 
haptoglobin locus is on the end of the long arm of a D 
chromosome. We had the opportunity to study & number 
of families with translocations, and our preliminary results 
are ted as additional information on the localization 
of He 

Family K. with D-D translocation, studied in the 
University Laboratory of Genetios in Nijmegen, provided 
the following information: both parents are heterozygous, 
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Hy 2-1; two out of their seven children are 
normal, Hp 2-2; two are carriers of the translocation, Hp 
1-1; three are heterozygous for Hp. 

The i of family R-v. d. P. with D-21 transloca- 
tion, also analysed in Nijmegen, contains three brothers: 
one with the translocation, Hp 2-1; one carrier of the 
translocation, Hp 2-2; one normal, Hp 2-1. The first of 
these brothera haa seven living children (mother, Hp 2-2): 
four carriers of the translocation, Hp 2-2; one oarrier, 
Hp 2-1; ane non-carrier, Hp 2-1; one non-oarrier, Hp 2-2. 
This makes a total of 5 non-cross-overs and 2 cross-overs. 

Family V. with D-21 translocation, studied in the 
Institute of Human Biology in Amsterdam, consists of the 
normal father, Hp 2-2; the carrier mother, Hp 2-1; one 
normal carrier child and two translocation mongols, all 
three Hp 2-1. . 

Combination of the foregoing data amounts to 10 non- 
cross-overs: 2 cross-overs ; this ratio has a chance probabil- 
ity of 79/4006 = 0-019. The obeerved crossing-over rate 
is 2/14 = 0-14. 

Some further information oan be found in publications 
by Hamerton e£ al.* (D-D translocation; 4 non-crose-overs: 
1 cross-over), and by Macintyre æ al? (D-21 translocations; 
2 non-cross-overs). 

Combination of these resulta with ours does not change 
the crossing-over frequency (in total 12:2 + 6: 1 = 18 
non-cross-overs : 8 cross-overs = 14 per cent crossing- 
over). 

Since a crossing-over frequency of only 14 per cent is 
very unlikely to occur if the Hp locus is situated on the 
end of the long arm of the D chromosome, it seems 
reasonable to think of a localization- on the short arm. 

The R-v. d. P. family gives also additional information 
on the still undecided problem of localization of ABO on 
ahromoeome 21. A genotype 4,0 carrier of the transloca- 
tion married to a normal group O woman has five carrier 
group O children, one non-carrier group A, and one non- 
carrier group O. Other families in the indicate the 
translocation to be associated with the O gene of the ABO 
Bystern. The reeultmg linkage information is therefore 6 
non-oroes-overs : 1 croas-over. The chance probebility of 
this ratio is 8/128 — 0-0625. 

We thank Dr. H. K. Prins for carrying out the Hp 
UE J. v. d. Bosch for his advice. This wor 
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Chromosomes of the Sperm Whale 


TEE report describes the results of a chromosomal 
analysis of the sperm whale by the method of leucocyte 
tissue culture. During July and August, 1964, fresh 
sterile blood was obtained at sea for various research 
purposes from sperm, finbeok, and sei whales (Physeter 
oatodon, Balasnoptera physalus and B. borealis, respective- 
ly) during the course of commercial whaling operations. 
The method of blood colection, developed by ome of us 
(R. P. AJ, will be described elsewhere. 
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Using this system, blood was collected, aseptically, m 
heparin, within 10 min of cessation of respiration, from a 
56-ft. male sperm whale captured at 2.45 p.m. on August 
20, 1064, in Jat. 65° 20’ N., long. 30° 10’ W. 

Peripheral blood leucocytes were grown in tissue culture 
by a modification of the method of Moorehead e£ al, 
using à medium camposed of 80 per cant Eagle's minimum 
essential medium, 20 per cent autologous serum, phyto- 
haemaggiutinin and antibiotics. 

The distribution of chromosome numbers m twelve 
suitable metaphase spreads showed a mode of 42 
chromosomes: 
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Number of ohromosomes $8 19 40 41 [t] 
Number of ceils counted 1 1 1 p 8 
A karyotype constructed from one well-spread cell 

containing the modal number and an intact cytoplasmic 

halo (Fig. 1) showed fourteen metacentric or submeta- 
centric chromosome pairs, six subacrocentric pairs, and 

two chromosomes, one a large metacentric, the other a 

small submstacentric or subacrocentric with uneven short 

arms, which could not definitely be paired. In the absence 
of a female karyotype it is not possible to decide which 
are autosomes and which are sex chromosomes. 





| : ES ih ; oo x 1 DE 
$ DEI d 
ox 1 us. ai ak ae è » 


x 







IRL dy * £2 wee. 


FW. 1. Metaphase spread and from peripheral blood leucooyte of 


male sperm whale (Physeter oatodon) 


The relatively low diploid number and the predominance 
of metaoentrio with absence of &orooentrio ahromoeomog 
is sr dur view of suggestions, made by various 
authors*” t evolutionary specialization is associated 
with reciprocal translocation between garocentrio pairs and 
a balanced reduction in diploid number (Robertsonian- 
type variation"). Such a process would be likely to occur 


in a group Of mammals as highly specialized ss the 
Cetaoea. 


Since this communication Prd de ante for publication 
Corfman and Richart? have the chromosomes of 
a male ring seal, Phooa Mepida krascheninikovi, in which 
a similar reduction m diploid number and tendenoy to 
metacentricity was found. 

We thank Mr. Loftur Bjarmason, Manager of Nvalur, 
E F. (Whale, Ltd), Captain Jonas Sigurdseon, his crew, 
and other members of this whaling company, and Dr. Pall 
Palason, director of the Institute for Experimental 
Pathol 
i is work possible. We thank Mr. Gerald Rogell, 
Mrs. Phyllis Robinson, and Miss Katharina Lorant for 
their help. 
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Brilliant C I Blue as a Stain for Plant 


romosomes 
Tua usefulness of cresyl violet as a stain for rapid 
preparations of root tip squashes has been recently 
1 


$ For tho past two years I have used tho related stain 
brilliant cresyl blue in aqueous solution, in preference to 
conventional staining procedures which have generally 
_ been more time-consuming. More than forty species of 
cresyl blue without any difficulties being encountered. 

In Amirkhanian’s method!, cresyl violet was dissolved. 
in 50 cent acetic acid. This solvent proved unsuitable 
with brilliant cresyl blue which was finally prepared aa a 
10-* M solution in distilled water. 

Consequently the same solution of brilliant cresyl blue 
may be used with vital staining of dividing nuclei as well 
as with normal fixation procedures. It is thus possible 
to compare fixed and Teang chromosomes (or other 
celtular components) which may be an important con- 
sideration in some cytological studies. 

Brilliant cresyl blue is classified as a quinone-imine dye 
belonging to the sub-group of oxazins. According to Conn' 
‘they are not stains having very general application”. 
The dye marketed under the name of 1 violet is of 
uncertain chemical structure, bub is probably closely 
+ related to cresyl violet acetate, the formula of which has 
been characterized from the chemical synthesis of the 
material. Since the chemical formula of brilliant cresyl 
blue is definitely known, it would be preferable to use this 
dye in place of cresyl violet in cytological studies where & 
knowledge of the underlying histochemical reactions is 
desirable. 

In squash a serra involving refractory material 
(for example, t and root meristems of grasses) 
brilliant cresyl blue gives good results after pectmase 


.. treatment’. It is also compatible with colchicine and other 


chemicals used in pre-treatment‘. 

The procedure in squashing is as follows: After pre- 
treatment (if any) root tips or other meristematic tissues 
are fixed in aceto-aloohol (1 glacial acetic acid : 8 
parts ethanol). Other appropriate firatives may be used‘. 

After fixation, the specimen is hydrolysed in 1 N HOI for 
Seance nunc en O ann ene eo 
brilliant cresyl blue on a slide (a 10-* M solution in di 
water, or stronger solutions up to 10-* M). The specimen 
is teased out, tapped and under the coveralip 
in the usual way*. By warming the alide gently over a 
pus pp chere MAY P cl pe E. 
desired. Permanent preparations may be made by invert- 
eee cent ethanol in a smearing dish, 

ydrating rapidly in 100 per cent ethanol, and mounting 

in ‘Euparal’ or Gurr’s neutral mounting medium. Other 

methods of i the preparation permanent may 
equally well be applied‘. 
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Brilliant cresyl blue in dilute aqueous solution provides 
the means for rapid squash preparations and is applicable 
to & wide of different species of flowering plante and, 
if fonuired the concomitant metachromatic staining of 


cells". 

An aspect of added interest is the report of retardation 
of the growth of tumours by brilliant cresyl blue"; 
further work with this dye might throw valuable light 
on the course of cell division, not only in cancerous 
growths but also in normal tissues. B.C. StD 
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VETERINARY SCIENCE 


Restricted Protein Intake and Avian 
Atherosclerosis 

ArTHOUGE low-protein dieta in the presence or absence 
of supplementary di cholesterol give rise to a marked 
hypercholesterolaemia in Leghorn cooks, nevertheless, 
wo observed!" a reduction in the severity of abdominal 
atherosclerosis after 10 or 20 weeks on the experimental 
low-protein diets. We have examined the effects of pro- 
longed reatrictions (20 months) of protein intake in relation 
to plasma cholesterol, body composition and abdominal 
aortic and coronary atherosclerosis. 

Day-old Leghorn cocks from the same random-bred 
strain used in previous investigations of avian athero- 
solerogis*4 were divided into two groups of sixty, one 
being given an and the other an inadequate 
protein-level. The basic diet was composed of soy-bean 
meal, glucose, maize oil, vitamins and minerals. Ite 
protem content was continuously diminished with in- 
creasing age and the average daily intake per bird through- 
out the experiment is listed in Table 1. 

Mortality was 31 and 25 birds from the adequate and 
i protein-intake Upe, ively. During 
the course of the examination another 14 and 20 cocks 
from each group were removed for nitrogen metebolism 
studies. Blood was taken from the 15 survivors in each 
group for plasma-cholesterol analysis prior to the termina- 
tion of the experiment. Tho birds were killed with chloro- 
form, and the liver and sorte removed for further analysis. 
Liver cholesterol was determined! on a portion of the lipid 
extracted with chloroform—methanol (2:1). The aorta 
was macroscopically graded‘ on & scale of 1—8 and then 
cramined and graded histologically“, aa were also the 
Table 1. OOMPARIBOK 
ATHAROSOLEROTIO 


LESIONS x LEGNMORKK 
‘LEVELS OF DIETARY PROTEIN OVER A PERIOD OF $0 MONTHS 
Protein 


Measurements Intake 
Normal Restricted 
Number of birds: at start 60 60 
*. 14 20 
Intake day) A z 
1 day-1 41 2-5 
1-2 months TT 46 
2 — 45 months 11:2 Til 
45- 7 months 151 7-8 
"T -14 months 111 62 
14 -20 months T4 43 
Number of survivors i ast a as 
final 2,504 t ,234 t 
Carcass 00 €. 9-01r0-3 97+08 
Carcass Tipid 00 pary weih) 20-0123 198+1°5 
Plasma cholesterol me: 11045 18517 
cholesterol g wet weight) 0-52 + 0-02 0514003 
score 12-07 10-15 1-07 +015 
Weight-area ratio 69:11:23 666124 
score 1-83 1:52 
arteries: 
score 1481012 0-78 + 0-10 
Number of birds with severe scores 8 (53%) 1((0*«4) 


* For nitrogen metabolitem investigations. 
T Mean value with tts standard error. 


330 


coronary arteries. The remainder of the carcass, devoid 
of aorta and liver, was dried, and nitrogen and extractable 
lipid determined’. 

All the resulta are given in Table 1. The protem intake 
of the restricted group was approximately 60 per cent of 
that of the normal group. This was reflected in a significo- 
. &ntly lower body-weight at the end of the 20-month 

experimental period. There was no difference between 
the two groups, however, in the percentages of body 
nitrogen and extractable hpid. 

As in our previous studieg'*, there was a significantly 
higher plaama cholesterol concentration in the group of 
cocks on the restricted protein intake. This difference 
was not reflected in differences in liver cholesterol values. 
There waa no difference in aortic atherosclerosis as judged 
by either macroscopic or histological scormg. The 
coronary arteries, however, showed markedly greater 
severity of atherosclerosis for the cocks on the normal 
protein intake in comparison with those on the restricted 
intake. These observations lend further emphasis‘ to 
the poor correlation between cholesterol values and the 
incidence and severity of atheroscleroms. 

In contrast to the present observations, Stamler et al.* 
observed an increased incidence of lesions with low-protein 
dieta; their date indicate, however, that the protein-level 
considered ‘low’ was adequate for normal growth as 
judged by a comparison of the final weights of the ‘low’ 
and high-protein groups. 

In the fowl, spontaneous coronary atherosclerotic 
lesions do not develop in parallel with, and are generally 
lees severe than, those of the abdominal sorta’. It may 
be that in the fowl, as in man, where the coronary arteries 
and the aorta are often affected to different degrees by 
atherosclerosis, these two sites react differently to athero- 
genic stimuli. This may be why less-severe coronary 
lesions were observed in birds after a restricted protein 
intake while no differance was seen in the aortic lesions. 

This work was supported in part by granta from the 
U.S. Public Health Service and the Sussex and Monmouth 
County Heart Associations. Hans Pro 
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Premature Delivery and Survival in Lambs 


Barosa 105-110 days gestational age (term is about 147 
days) it is impossible to obtain independent survival of 
lambe delivered by Caesarean section, even on ventilation 
with 100 per cent oxygen!. This estimate of the ultimate 
limit of viability m sheep agrees well with the histological 
changes which in in the lungs at about 90 days gesta- 
The lamb is very mature at birth, so there was 
every reason to suppose that most lambs delivered 
prematurely would survive. However, 28 Clun-Hamp- 
shire lambs survived after being delivered (by Cacsarean 
section under local or epidural anaestheaia) at 142 days 

ion. or more, whereas 4 of 28 that were delivered at 
188-141 days gestation did not survive. The weights of 
these 4 lamba were 3-3-4-2 kg and they all appeared well 
develo But they failed to maintain spontaneous 
breathmg for more than a few minutes after the umbilical 
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cord was tied, in spite of prolonged efforts at resuscitation 
by positive pressure vi tion with oxygen. 

This large mortality rate was rising, because 138 
days representa 4 par oant af normal terea ini sheep. and. 
one expects that all infante should establish normal 
respiration on premature delivery after only 00 per cent 
of term in m&n or rheeus monkeys, when instances of 
groes anomales and disease are excluded. However, 
the numbers involved were amall and therefore enquiries 
have been made into the losses of newborn lambe in flocks 
where accurate records of tupping dates were available. 

The causes of permatal wastage in lambs under field 
conditions are various. Hence, in examinmg that portion 
of the perinatal mortality rate which may fairly be 
attributed to temporal prematurity, certain criteria must 
be met. The data presented below refer only to sheep in 
supervised recorded. flocks with individual mating dates 
and a high standard of antenatal care under competent 
daily inspectian; the flocka have been free for at least 5 
years from any clinical evidence of contagious illneea 
known to affect pregnancy; the pregnancies were unoompli- 
cated and lasted more than 90 per oent of the normal 
gestation length (182-185 days), and with normal parturi- 
tion yielding lambs free of physical defects and of minimal 


viable birth weights (2-75 kg for males and 2:25 kg for w 


females of the breeds concerned); they include cases only 
of recent stillbirth, death during parturition, and death 
in the first 24 h after birth. 

Data meeting these criteria have been assembled for 
1,077 pregnancies during 1960-64 m four flocks of two 
pure breeds, breed A being similar to the Clun-Hampehire 
and breed B being somewhat smaller. The mean gestation 
length of breed A is said to be 147 days and our figures 
endorse this estimate; that for breed B is thought to be 
longer and may be 149-150 days, with which our limited 
data concur. 

For preliminary study over some years we have acoepted 
a variation of 5 per cent about the mean gestation length 
as the normal range, that is, 144-150 days in breed A and 
146-154 days in breed B. A lamb born after a gestation 
shorter than this is considered premature, a 2:5 per cent 
ah ing bei id 1 alight temporal p à 
(141—143 days for breed 4 and 144—146 days for breed B) 
while & gestetion only 95—90 cent of the mean was 
considered as marked tem prematurity in the lambs. 


Table 1. EFFECTS OF PREMATURE DELIYRXY ON SURVIVAL IN SHEEP 
and flock 
A8 ARO A38 Toteld B2 
Deltvered at term HS iâr ; 7 
Mean ago ys '? 147-0 147-6 1473 1493 
Av. ieee 1:81 1:87 1:87 1:86 ^ 1:51 
No. lambs 261 1131 389 1,711 220 
Deaths 27 107 33 107 26 
% dead 10-3 9-5 97 %7 115 
Delivered at term Jess 2:55% 
Av. Htter stro 1-67 1:87 1785 180 16 
No. lambs 10 14 62 21 
ths 6 5 18 12 
*6 dead 20 21 36 25 57 
Deltvered at term leas 5-10*c: 
Average litter mro — 18 2 I:8 15 
No. lambs — 9 2 11 3 


— 8 2 10 2 

2* testa on the total data from breed A show that there is a significant 
association between survival at birth and matunty (P < 0-001). 

Table 1 shows that for similar average litter sizes, the 
perinstal mortality rises from about 10 per cent for full- 
term lambs to 25 per cent or more for slightly premature 
lambe, and even higher for markedly premature lambe. 
Hence lambs of gestational age leas than 95 per cent of the 
normal, that is, of 5 per cent prematurity, are not of 
normal viability. In this respect the lamb appears to 
differ fram man, rhesus monkey and cattle. The mortality 
rate on delivery a+ term also compares very unfavourably 
with that in man. G. 8. DAWES 


. B. PARE 
Nuffield Institute of Medical Research, F P- Parey 
University of Oxford. 


> Bom, G. V. R., Dawes, G. 8., and Moti, J. C., J. Phynol., 180, 191 (1955). 
* Fauré-Fremist, B., and Dragan, J., Arok. Amat. Mier., 19, 411 (1928). 
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ORGANIZATION OF BUILDING RESEARCH 


HE Trend Committee in ita report on the organization 
of civil science had some reservations about the 
future position of the Building Research Station and 
suggested that some consideration should be given to its 
transfer to the Ministry of Publio Building and Works. 
Such a proposal has been strongly questioned, however, 
and in the meantime, with the disappearance of the 
Department of Scientiflo and Industrial Research, under 
the Science and Technology Act, the Building Research 
Station has been transferred to the Ministry of Tech- 
nology. Discussion on this point alone would give special 
interest to Dr. M. 8. Kaplan’s Unwin Memorial Lecture 
- to the Institution of Civil Engineers, on the pattern of 
building and civil engineermg research in Britain last 
April. Dr. Kaplan, however, surveyed & much wider 
field and began by pointing out that present-day expendi- 
ture on building and civil engineering in Britain has been 
estimated at more than £3,000 million. Of this about 
£2,000 million is being spent'on new works, and £1,000 
million on maintenance. The industry employs some 
1-5 million people, or about 6 per cent of the working 
population. 

In & review of Government institutions oonoerned 
directly or indirectly with research, two pointe stand out, 
The Ohief Scientific Adviser’s Division of the Ministry of 
Works, set up in 1944, was transferred to the Department 
of Scientific and Industrial Research in April 1950, and 
the Ministry’s own Advisory Council on Building Research 
and Development, which was established in 1947, was 
disbanded in 1959 and ita responsibility passed to tbe 
Building Research Board. Only in 1962 was there eatab- 
lished a Directorate-General of Resoarch and Development 
at the Ministry of Public Building and Works with four 
directorates: (1) of dévelopment, to promote new and 
more efficient ways of building; (2) of building manage- 
ment, to improve management techniques and more 
effective co-ordination throughout the building process; 
(3) of research and information, to formulate research 
needs in conjunction with the industry and the professions, 
to improve the technical information services and to 
examine the pattern of education in the construction 
industries and promoting movements; (4) of economic 
intelligence, to collect, interpret and disseminate statistical 
and economic information. Binoe then, in March 1964, 
the Government has established the National Buildmg 
Agency to help the industry to deal with the great upsurge 
of demand now facing it and to encourage methods of in- 
creasing productivity, both in traditional and industrial 
building. The Agency is flnanood by the Government 
but is independent of direct Government control. 

The Agency is aware of the dangers of duplication and 
overlapping, and works in close liaison with various 
Government departments and inter-departmental working 
parties to avoid these difficulties. Dr. Kaplan pointa out 
that it is not at all clear how the activities of the Associa- 
tion and of the Director-General of Research and Develop- 
ment and of the Building Research Station will develop in 
relation to each other. He believes that there is & danger 
of overlapping functions which oould be serious because 


of the shortage of qualified people. More serious, however, 

is the need to make a much greater use of the universities. 

The need for more university research in this field is two- 

fold. First, a greatly expanded effort in building and civil 

engineering research will call for many more architects, 

engineers and others with training in research: at present 

the number of research students in this fleld is very small. 

Secondly, he emphasizes that building and civil engineer- _ 
ing should make much more use of the expertise and 

knowledge of university teachers, and doubts whether 

full advantage can be taken of the research facilities and 

skills available in British universities on the ‘stop and 

go’ basis which now existe. The establishment of more 

research units like the Pilkington Research Unit at thé 

University of Liverpool, which is studying environmental 

requirements of buildings, and the Hospital Engineering 
Research Unit at the University of Glasgow, may well 
be the answer. 

While there were several Research Associations 
carrying out research of interest to the construction 
industry, particularly as regards constructional materials, 
and others dealing with heating and ventilating, welding, 
water and hydro-mechanica, the Civil Engineering Re- 
‘search Council was established in November 1960, and Dr. 
Kaplan waa invited to become its first director of research. 
Following an application to the Department of Soientiflo 
and Industrial Research the Civil Engineering Research 
Council had been offered & grant for an initial period of 
three years from January 1, 1968. This was conditional 
on the Council raising an annual income of not lees than 
£40,000, when the Department would make s pound-per- 
pound grant up to £80,000 per annum. It was agreed 
to adopt a constitution based on the model for the 
Research Associations, and the Civil Engineering Research 
Association came into being on February 3, 1964, taking 
over the activities of the Civil Engineering Research 
Council. At present the Research Association is without 
laboratories of its own, and is using facilities provided 
by Government research eeteblishmente, other research 
associations, the universities and industry. Besides 
identifying research projects the Association receives and 
considors proposals for research from professional institu- 
tions, universities, consulting engineers, contractors, 
suppliers of materials, Government departments and other 
organizations connected with the industry. Technical 
advisory panels have been formed, covering particular 
aspecta of civil engineering. The function of these panels 
is to examine proposals for research and to consider 
reports on research in progress. Not the least valuable 
result of the panels’ work is that they help research 
workers and others to become more aware of the research 
needs of the industry. The income of £158,000 for 1964 
exceeded the target figure for that year by more than 
£88,000, and somo 50 approved research projects are being 
carried out at the Building Research Station, the Road Re. 
search Laboratory, and the Hydraulics Research Station, 
‘Dy the Cement and Concrete ‘Association, and in the 
universities and laboratories of other Research Associa- 
tions. -Dr. Kaplan, however, emphasizes the importance 
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of disseminating as rapidly and effectively as possible the 
resulta of research; shortcomings in this respect could be 
as serious as ahortoomings in the prosecution of research 
iteelf. He also recognises, however, that the construction 
industry and associated professions must be prepared to 
study and make use of the results of research. 

Dr. Kaplan does not regard the present’ scale of building 
and civil engineering research as satisfactory. No reliable 
and comprehensive information exists at preeent, but he 
states that the survey now being carried out by the 
Ministry of Publio Building and Works covers more than 
two thousand organizations and reveals the existence of 
more than eight hundred research and. development 
bodies. In May 1962 the Minister of Public Building and 
Works, Mr. G. Rippon, suggested to the building industry 
the establishment of a Buildmg Research and Information 
Association, to be managed and financed jointly by indus- 
try and Government. While the Government was willing 
to play its part in increasing the total effort in this field, 
Mr. Rippon believed that successful resulta could not be 
obtained unless the industry itself played a greater part 
in both flelds of activity. Accordingly, his proposal was 
that the Government should contribute up to £150,000 
a year for three years, if the industry matched this contri- 


* bution, and conditional on a minimum contribution from 


the industry of £50,000 per year. It was hoped that the 
Association's budget would build up to at least £500,000 
in five years. In September 1963 the Minister met & 
deputation of organizations and profeesions in the building 
and associated industries to discuss the proposal, which 
was accepted in principle. It was agreed to set up a 
working party with Mr. D. Woodbine-Pamsh as chair- 
man to examine reeearch and information services, 
the soope of any association to achieve improvements, ita 
constitution and the arrangements for financing it. The 
working party reported to the Minister in Decamber 1963, 


: but found little support from.the industry for the sugges- 


tion that a Development Council should be established 
with the right to impose a statutory levy for research and 
information. 

This working party attempted to assess the soale of 
research and development and concluded that, excluding 
the production of materials and components, the annual 
expenditure on research and development advisory services 
was about £3 million a year, or 0-2 per cent of the net 
output of the industry. It was difficult to find a compar- 
able figure for research and development on materials and 
components used in construction, the annual output of 
which is estimated at about a further £150 million a year, 
Annual expenditure on research in the glass, cament and 
Ceramics (includmg refractories) industries is about 
£2 million, and in the absence of any sufficient analysis of 
expenditure in the metals, plastics, paint, and other 
materials which contribute to construction, the working 
party suggested that the relevant figure was of the order 
of £5 million, which would put the total expenditure on 
research and development for the construction industry 
and ite suppliers at about £10 million a year, or 0-8 per 
cent of the estimated annual output of about £3,000 
million. This supported the opinion of the Advisory 
Council of Scientific Policy in its report for 1959—80 that 
expenditure on research in this industry compares un- 
favourably with that in other industries. At a meeting 
in July 1964, Mr. Rippon proposed the establishment of & 
Construction Industry Research and Information Com- 
mission, broadly on the lines which had been suggested 
in the Woodbine-Parish Report. This Commission 


NATURE 


July 24, 1965 Vor 207 


would be appointed by the Minister after consultation 
with the industry, with the main functions of surveying 
the industry's research and information needs and 


proposals on behalf of the Federation of Civil Engineering 
Contractors, the Association of Consulting Engineers and 


agreed to consider these proposals and a further memoran- 
dum was submirted by Bir Herbert Manzoni in September 
1964, suggesting the establishment of a Building and 
Civil Engineering Research Association, financed jointly 
by Government and industry. 

In view of the General Election and change in Govern- 
ment, discussions with the new Minister, Mr. C. Pannell, 
were delayed until December 1964, and as a result of 
farther discussions, proposals wero submitted to the 
Minister on March 10, 1965, suggesting that the industry 
should raiso £170,000 in the first year, rising to £250,000 
in the third year, to finance the proposed Research Asocia- 
tion. A study of detailed arrangements to obtain these 
funds and assure continuity of support was being made, 
and it was anticipated that the Government would make a 
pound-for-pound grant so that the initial annual income 
of the Association would be about £350,000, rising to some 
£500,000 in the third year. This Research Association 
would develop an information and advisory service with a 
central organization, together with a regional organization 
spread over England, Sootland and Wales. Dr. Kaplan 
emphasizes that final decisions on these proposals, which 
have now been before successive Governments for almost 
two years, should be reached in the near future. Almost 
half the total output of the construction industry is 
paid for hy central and local government and other public 
bodies, for houses, schools, hospitals, roads, power 
stations, harbours and so on, and the Government 
Tesponsibility is very clear. He does not agree, however, 
that research in this fleld should be entirely financed and 
controlled by the Government, although at present about 
90 per cent of the cost of the Building Research Station 
is paid for by the Government. He rightly emphasizes 
that, as the Building Research Board has pointed out, 
the prime criterion for the selection of research projecta 
should be the need for the knowledge that they are de- 
signed to provide rather than the prospects of external 
financial support. The Building Research Board is 
obviously concerned that too great an emphasis on 
obtaining finance from industry might lead to activities 
being orientated oxcessively towards immediate needs. 
Dr. Kaplan seems to doubt whether larger financial con- 
tributions towards research at the Building Research 
Station itself are likely to be forthcoming from the con- 
struction industry. He insists that the Building and Civil 
Engineering Research Association, if established, will 
require its own experimental facilities, although the 
building of a further laboratory might not be justified. 
He suggests that the Minister of Technology should 
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consider the possibility of the Building Research Station's 
facilities being jointly financed and controlled by industry 
and Government under the aegis of the proposed Building 
arrangements could be worked out they could well be in 
the best interests of both A 
Examination of the research projects at present being 
sponsored by the Association shows that most of them are 
in the national aa well as in the industry's interest and 
that many are of & long-term, basic character. This 
experience is confirmed by that of the Fire Research 
Organization, which is operated and finanoed jointly by the 
Government and the fire insurance companies. Finally, 
he pointe out that the Royal Institute of British Architects 
supported the establiahment of the Building and Civil 
Engineering Research Aasociation on the understanding 
that it would not prejudice the setting up later of a 
Research Council to study the problems of the built 
environment and covering the whole fleld of physical 
planning, architecture and construction. In his Tavistock 
Lecture for 1964, Lord Holford, in urging the formation of 
such a Research Council, suggests that it would draw ite 
membership, to begin with, from the existing research 
organisations in the construction industry and from the 
associated professions, including those concerned with 
urban studies and with the use and development of land. 
It would be related to this whole field of activities just as 
other Research Councils are to agriculture and medicine 
and now also natural resources. It should not be divoroed 
from industry and should be connected with all the 
Boienoes in which advances are being made affecting our 
knowledge of what to build and how to build it. 
visualized such a Research Council as creating a demand 
for new thinking at the same time as it encourages and 
co-ordinates an increasing supply. 

Lord Holford recognized that the relations of any such 
council would need careful definition if ıt were decided, 
as the Government has now done, on the recommendation 
of the Heyworth Committee, to set up a Research Council 
for the social sciences as a whole. Clearly there could be 
some overlap, for among the fields in which the Heyworth 
Committee sees a need for more research are included 
problems not only of regional development but also of 
land use, the social effects of different forms of environ- 
mental planning and design, and of urban redevelopment 
to form satisfactory social settings. Nevertheless, Dr. 
Kaplan questions whether the idea of such a Council, as 
Lord Holford proposes, is too broad to be practicable. 
It would certainly seem that its functions would inevitably 
overlap with those of the Social Science Research 
Counsl, now to be established. It might well be that 
the more limited project of a Building and Civil Engineer- 
ing Research Association would best meet the present 
need to stimulate building research and to handle the 
special difficulties presented by the position of the 
Building Research Station, provided effective  oo- 
ordination is ensured between the various Research 
Councils and other organizations. 

The Heyworth Committee in ite report rejected the idea 
of a separate Research Council for the built environment, 
but the Government in turn did not consider that the 
proposal of the Heyworth Committee for a joint board 
from the Research Councils concerned with urban plan- 
ning matters would be satisfactory. The question of how 
best to meet the needs of research in the fleld of urban 
planning in the broadest sense is thus stil under oon- 
sideratzon. i : 
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KEPLER'S WORKS 


Johannes Eier | 
Gesammelte Werke. Band 8: Mysterium Coamographicum; 
Editio allera cum notis. De Oometis. Hyperaspistes. 
Pp. 516. Geheftet 56 D.M.; In Halbpergament 65 DM. 
Band 9: Mathematische Schriften. Pp. 560. 48 D.M. 
Herausgegeben und bearbeitet von Franz Hammer. 
(München: C. H. Beok’sche Verlagsbuchhandlung, 1968 
and 1960, respectively.) 
IN from the importance of his works as & monument 
to & great man of science who was also deeply involved 
in the religious and political struggles of his time, Kepler’s 
search for a synthesis of mechanical and sesthetic ex- 
planations of Nature, carried out with a rigorous regard 
for observational and mathematical facts, may arouse a 
sympathetic response from modern scientific readers aocust- 
omed to Eddington and SU,, as well as from profes- 
gional historians. While several of his main works have 
been translated into German, only some rather brief 
extracta are available in English, and the complete eight- 
volume edition in the original brought out by Ch. Frisch 
between 1858 and 1871 ia virtually unobtainable outside 
long-established libraries. The and generously 
annotated modern edition of the Collected Works m 22 
volumes, begun in the 1930's by Walther von Dyck and 
Max Caspar and continued after their deaths by Franz 
Hammer, is therefore very weloome. The present volumes 
are the fourteenth and fifteenth in the series to have 
appeared; Volumes 18-18, containing the Letters, came 
out between 1945 and 1959. 

Volume 8 contains three works from Kepler’s late 
period. The second (1621) edition of the Mysterium 
Oosmograph cum, the youthful work in which he had 
projected his plan of the flve regular solids & quarter- 
century previously, faced Kepler with the problem of 
presenting a largely obeolete work which nevertheless 
embodied the inspiration that had led him to his great 
discoveries and could, in his mind, still have same validity 
as a rough framework. He published it unchanged, but 
with the addition of extensive commentaries after each 
chapter. The Ds Oometis Libelli Tres (1619) includes earlier 

inspired by the a ition of Halley’s comet in 1607, 
which could not be published until public interest had been 
re-awakened by the famous three cometa of 1618. The 
book describes all four comets in detail, giving Kepler's 
idees on their orbite, physical nature and sugurial signi- 
ficance, notebly his suggestion that comets travelled at a 
non-uniform rate along linear trajectories distorted into 
apparent curves by the orbital motion of the Earth, and 
his theory of the expulsion of the material of cometary 
tails by solar radiation pressure. The third work, T'yohonts 
Brahe Damn H istes, or "Shield-bearer of Tycho 
Brahe the Dene" (1625), is an undignifled polemic against 
Scipio Chiaramonti, who had written a treatise Anti- Tycho 
a i to defend Aristotelian cosmology against 
Tycho Brahe’s criticisms, notably his conclusion from 
parallax measurements that comets are further off than 
the Moon and that there could be no solid crystal spheres. 
An ap available in English in The Controversy on 
the Comets of 1618 (translated by Stillman Drake and 
C. D. O'Malley, Philadelphia 1960), sete the record straight 
with regard to the references made to Tycho Brahe and 
to Kepler himself in this controversy by Gtassi and 
Galileo (who was no admirer of Tycho Brahe and had 
quoted Chisramonti with approval in the Saggiatore). 

The mathematical works in Volume 9 are Stereometria 
Doliorum (1615), Messskuns Archimedis (1616), Ohikas 
Logariihmorum (1624) and Supplementum Ohiliadis Loga- 
rithmorum (1625). The Stereometria, devoted to the Archi- 
medean problem of determining the volumes of solids of 
revolution and applications to wine-barrels, is a famous 
landmark in the history of integration; the resulta are 
completed, as well as popularized, m the Messekuns, 
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which has the alternative title of Oesmerreiohesches Woin- 
Vister Buchlosn. 

Kepler's appreciation of the significance of logarithms 
was delayed for several years by the lack of an o i 
to study Napier’s Desorsptio (published in 1614) at leisure. 
Afterwards he became an enthusiastic advocate of the 
new method and wrote his two works on logarithms 
(which should have been a si book but became 
accidentally separated) for the two-fold purpose of con- 
vincing his colleagues by an independent derivation and 
of computing & new table with 1,000 values of a uniformly 
changing numerical argument (as opposed to Napier’s 
table of log sine, eto., for a uniformly changing angle) so 
as to facilitate their use for non-trigonometric calculations. 
Kepler’s logarithms differ slightly from Napier’s and are 
more accurate; this is due to a small computational error 
by Napier and not to a mathematical difference between 
the two derivations as is here claimed by the editor, 
a tly in accordance with Kepler’s own opinion. 
Tiko Na ier’a, they have the very inoonvenient property 
that 0 is 10° instead of 1, although this disadvan- 
‘tage had in the meantime been removed (at Napier’s own 
suggestion) in the development of decadic logarithms by 
Henry Briggs and also in the independent derivation of 
natural logarithms by Jost Bürgi. Kepler’s use of his 
quasi-Napierian logarithms for the Rudolphine tables 
unnaturally postponed their obsolescence for a century. 

The editor’s extended commentaries gnd notes at the 
end .of each volume provide an excellent &ooount of the 
history and significance of the preceding works and really 
make them accessible to the modern reader, especially in 
Volume 9,.m which Kepler's mathematical resulta are 
expressed in modern notation. The result is a fine piece 
of thorongh, -painstakmg scholarship and a notable 
eontribution to the history of science. B. Paamu 


; DIFFERENTIAL AND. INTEGRAL 

^5. CEQUATIONS -> E 
Asymptotic Solutions of Differential Equations and 
_Thelr Applications - > - EU tie ; 
Edited by Oelvin H. “Wilcox. »- of a Sym- 
posium conducted by the Mathematics Research Center, 
United ‘States Army, at ‘the University of ‘Wisconsin; 


Madison, May 4-6, 1964.) ‘Pp. x+249. (New York and. 


London: John Wiley and Sons, Inc., 1964.)* 385. 
Nonlinear integral Equations ^. ; "E 
Edited. by P. M. Anselone. (Proceedings of an Advanced 
Seminar conducted by the Mathematics Research Center, 
United States Army, at the University of Wisconsin, 
Madison, April 22-24, 1968.) Pp. xii--378. (Madison: 
University of-Wistonsin Press, 1964.) 6-50 dollars. 
Periodic Differential Equations : G? 
An Introduction to Mathieu Lamé, and Allied Functions. 
By F: M. Arscott. (International Series of Monographs 
in Pure and Applied Mathematios, Vol. 66.) Pp. 284. 
(Oxford, London and New York: Pergamon Press, 1964.) 
00s. - s : 
Operational Calculus based on the Two-sided 
Laplace Integral . 

By th. van der Pol and H. Bremmer, Pp. xiii 415. 
(Cambridge: At the University Prees, 1964.) 255. 

HAT most differential equations do not possess exact 

analytical solutions is by no means an unmitigated 
disaster, since physics often begins where mathematics 
ends, as demonstrated, for example, by asymptotic 
approximations in which the dominant term represents & 
wave or boundary-layer effect which would otherwise be 
completely obscured. A veritable feast of asymptotic 
amathematios, dedicated to Prof. R. E. Langer on the 
occasion of his retirement as first director of the Mathe- 
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vae pn Center at Wisconsin, has now been 
prepe as a book by Langer's younger colleague, Prof. 
Calvin H. Wiloox, utilizing the services of ten leading 
experts who have contributed as follows: asymptotic 
expansions for ordinary differential equations, by W. 
Wasow; solvable related equations perteining to turning 

int problems, by H. L. Turritten; asymptotic methods 
or the solution of dispersive hyperbolic equations, by 
R. M. Lewis; asymptotic solutions and indefinite boundary 
value problems, by R. W. McKelvey; some examples of 
asymptotic problems in mathematical physics, by O. C. 
Lin; on tho problem of turning pointe for systems of 
linear ordinary differential equations of higher ordera, by 
Y. Sibuya; error bounds for asymptotio expansions, by 
F. W. J. Olver; asymptotic solutions of elastio shell 
problems, by R. A. Olark; the integral equations of 
asymptotic theory, by A. Erdélyi; application of Langer's 
theory of turning points to diffraction problems, by N. D. 
Kazarinoff. As might be expected, the collection is very 


excellent photograph of Prof. Langer is included. 

A somewhat similar collection of articles on Nonlinear 
Integral Equations, originating from an advanced seminar 
at the same Center, has been prepared by Dr. P. M. 
Anselone. : The contributions are as follows: direct 
iteration, existence and uniqueness, by A. Wouk; 
applications of the fixed-point theorem from Russian 
mathematicians, by A. P. Thielman; equations in par- 
tially ordered , by H. F. Bueckner; ‘Newton's 
method and variations, by R. H. Moore; on nonlinear 
integral equations of the . Hammerstein type, by O. L. 
Dolph and G. J. Minty; -variational methods for non-. 
linear integral equations, by L. B. Rall; problems in 
qualitative behaviour of solutions of nonlinear Volterra 
equations, by J. A. Nobel; the numerical solution of non- 
linear integral equations and related topics, by B. Noble; 
some nonlinear integral equations of hydrodynamice, by 
D. H. Hyers; nonlinear integral equations of radiative 
transfer, by T.-W. Mulliken. Most of the treatmente 
plunge Btraight into function space in.a difficult attempt 
to establish existence and uniqueness theorems apper- 
taining to. nonlinsar analysis. “However, even re 
positive conclusions. have been achieved, there still 
remains & considerable gap between the theory and its 
applications to the concrete equations of applied mathe- 
matics. A different note is struck in the long and well- 
balanced article by Dr. B. Noble, who provides a thorough 
account of his topic amply illustrated af each stage by 
éxamples taken from life. The two final papers deal in a 
recondite manner with areas of physics where nonlinear 
integral equations play an indispensable part. Whether 
this book succeeds in ite profeased aim of inaugurating 
the title subject as a viable autonomous discipline is open 
to question, but it certainly provides a very fair picture 
of present-day activities in a central field of analysis. 

Mathieu functions were first introduced to the British 
mathematical pubho by Whittaker and Watson. Then 
came the highly readable 1947 monograph by MoLachlan, 
who presented a wealth of now results and an effective 
symbolism. Now at last, by adequately exploiting the 
fundamental theorems of F] and Inoe before actually 
constructing solutions, Prof. F. M. Arscott has provided 
a coherent modern account of Mathieu’s equation, con- 
centrating on essentials but always clearly indi- 
cating where details can be pursued. This work 
oocupiea the first half of his book, andp aves the way for 
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an examination of Hill’s and Lamé’s equation, and allied 
equations, in the scond half. It is difficult to think of 
any alternative source in English which renders this 
somewhat recalcitrant material so readily accessible. The 
author in hia preface suggests that Lamé’s and allied 
functions might afford a superior means of solving the 
boundary- and initial-value problems of mathematical 
p than computer supplied numerical sohitions. 

rteinly no mathematician would attempt & numerical 
solution if moderately tractable analytical machinery 
were available, but Arsoott's own model example on pp. 
228 et seg. shows how far this is from being the case for 
even the simplest problems relating to ellipsoidal domains. 
If & practical motivation for studying the higher functions 
must be cited, it ought to be that their Frobenius or 
asymptotic expansions reveal the approximate structure 
of potentials and waves at important special neighbour- 
hoods beyond numerical scope.  . : 

The book by van der Pol (now deceased) and Bremmer 
is the second impression of the 1959 edition of their well- 
Its success stems not merely from their 


contains much of interest to mathematical analysta. 
Historical are not overlooked, and it comes as no 
surprise to find that. Dirac’s delta function had been 
extensively used by Oliver Heaviside. A confusing 
notational mishap ocoura on p. 7, where the same symbol, 
used in different senses, appears in both the Fourier series 
and Fourier integral.. M. A. Jaswon - 


- MATHEMATICAL. TABLES FROM 
ore THE U.S.S.R. 
Mathematical Tables Serles 

"Volume 29. Tables of the Function 


in the Complex Form. By K. A. Karpov. Translated by 
D. E. Brown. Pp. xxv--497. 140s. net. : 
Volume 27. Tables of the Function 


wa) = ent [onda 
0 


in the Complex Domain. By K. A. Karpov. Translated 
by D. E. Brown. Pp. xxi+519. 140s. net. 


Volume 87. ‘Tables of Eliptical Integrals, Part 1. By 
V. M. Belyakov, P. I. Kravteova and M. G. Rappoport. 


Pp. mii+ 647. 140s. net. 
Volume 38. Tables of the dre Functions, Part 2. 
By M. I. Zhurina and L. N. i Translated by 


Prasenjit Basu. Pp. xin+409. 120s. net. 
(London and New York: Pergamon Prees, 1964 and 1965.) 


HESE volumes of Russian tables, which are supplied 
with an English translation of the introductory 


matter, were printed in Poland. The pages are generally - 


clean, without too many rules, and the old-style fount is 

pleasant and legible, though the slightly exaggerated 

"heads and tails” occasionally make for a crowded 

eg when the setting is close. Differences are not 
Tin 


Volumes 28 and 27 deal with the error integral for a 
complex argument in polar form, s = p exp (i 6), in each 
case giving the real and imaginary parts of the function 
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at an to five decimals. Ín Volume 23 the range 
of 0 is 45? (0°-3125) 48°-75 (0°-625) 55° (1°-25) 65° (2°-5) 90° 
and the range of p depends on 0 with a lower hmit of 
0, 0-5, 1, 1-5, 2, 3-5 or 4 and an upper limit of 3, 4 or 5, 
at intervals of 0-001 or 0-01. A subsidiary table gives F 
for real z (0 = 0), p = 0 (0-001) 10. Volume 27 was oom- 
piled in oonnexion with & problem on the propagation of 
radio waves, and supplies information for the ranges: 
8 = 0°, p = 0 (0-001) 2 (0-01) 10; 
8 = 0 (2-6?) 80? (1-26?) 35? (0-025?) 45°, 
where p has an upper limit 5, & lower limit, depending 
on 9, between 0 and 3-5, and intervals 0-01, 0-001 or 
0-0002. Schematic representation of the argumenb range 
and functional relations provides assistance in reading tho 
tables and in extending the range. 
The incomplete elliptic integral of the third kind: 


IL (mk) = f (Ln sin? zy? (1—£* sin? z)3 dz 
ncs 0 


depends on three ters and is correspondingly tire- 
some to compute and to tabulate. If we are prepared to 
accept & fairly orude interval for 9, then Volume 37 gives 
good information with seven significant for the 
ranges n= —1 (0-005) —0-98 (0-01) —0-84 (0-02) 
—0-88 (0-03) —0-85 (0-05) 0, k* = 0 (0-01) 1-0, 9 = 0° 
(1°) 90°. 

When n = 0, this is æ table of the incomplete integral 
of the first kind, F (bk, o). Subsidiary tables give: 


#9) -fa — k' sin? z) dz 


for k? = 0 (0-01) 1, p = 0° (1°) 90°, and also various 
elementary in which occur as ooeffloienta in expan 
sions of the elliptio i The second pert of the 
table (not yet published) is to give similar information 
about I (n, k’, p) for positive n in the range from 0 to 
100, and the same ranges of k* and 9. ; 

The Legendre function Ps(z) with n = —4 + t+ ocours 
in potential problems when the boundary is a bowl. In 
Part 1 (Volume 22) tabulation was effected for the range 
- 0< + < 50, —0-9 < x < 09. 

The present Volume 88 is concerned with the range 


'z > J, and in detail gives seven decimal places for: 


w = 1-1 (0-1) 2-0 (0-2) 5-0 (0-5) 10-0 (10) 60, 
v = 0 (0-01) 50. 
These volumes are, of course, highly specialized, but 


they oope with functions the published tabulation of 


"which has hitherto been inadequate or non-existent. The 


efficient librarian, if be cannot afford the volumes, will at 


'leasb make the appropriate notes in the Fletcher, Miller, 
. Rosenhead and Comrie Index. T. A. A. BROADBHNT 


RUSSIAN UNIVERSITY COURSE IN 


THERMODYNAMICS 


Thermodynamlcs á 

By Prof. L P. Bazarov. ‘Translated by F. Immirzi. 
Translation edited by A. E. J. Hayes. Pp. xvi+ 287. 
(London and New York: Pergamon Prees, 1964.) 50s. net. 


- queue which is by the profesor of 


statistical physics at the Moscow State University, 
is the first part (it is said in the preface) of a course on 
thermodynamics and statistical physics as given in the 


. physical and physico-mathematical faculties of the Soviet 


universities. As-such it is emphatically a physicists’, 
rather than a chemists’ or engineers’ thermodynamics, 
and it is in the flne tradition of physical thermodynamics 


- and statistics exemplified by an earlier Russian text 


translated into English, the well-known one by Landau 
and Lifshitz. 
-As also in that invaluable Statistical Physics, the 


. illumination of thermodynamics by use of problems is 
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one of the most important features of the present volume. 
There are altogether a hundred and twenty, many of 
them interesting and ingenious. For example, 
in the chapter on the Second Lew the student has to 
explain Wien’s light valve paradox, and also the Chinese 
'duoking toy’, both of which seem to imply perpetual 
motion of the second kind. Problems of this sort—and 
there are many such—are of great value in the 
student think, and that is something of far greater impor- 
tance than the attainment of a mere dexterity. 

However, I believe that some of these problems, in the 
abbreviated forms in which they are presented, are far 
d dificult, and also that one or two of tho author’s 
solutions (as given in a fifty-four page ap dix) are a 
little tendentious. For exam: le, his pias Problem 
39 involves some special pleading in order to obtain what 
he regards as a purely thermodynamic answer to Gibbe's 
paradox. 

One other defect in the book (as it seems to me) is 
the occasional intrusion of political theory. Thus in the 
introduction 1t is asserted that the law of conservation of 
energy ‘‘is indissolubly bound with the dialectio-materialist 
ideology”. Again, dealing with the Second Law, certain 
bourgeois scientista—notably Clausius and Jeans—are 
severely taken to task for having developed the notion 
of the universe’s heat death. This, it is said, “leads 
directly to religious superstition—the existence of God". 

Yet these ideological bows having been made, the book 
provides a quite fascinating disousmon of physical thermo- 
dynamics and it does so moreover with a happy recogni- 
tion of the subjects’ truly international character. 

The treatment of the Second Law is very detailed and 
is based on Carathéodory's method, but also contains 
much that is original and perceptive. The author further 
discusses the concept of negative absolute temperatures 
(and the bearing of this concept on the conventional 
formulation of the law) arising from Puroell and Pounda’s 
experimenta on the reversal of nuclear sping in crystals 
of lithium fluoride. Other important sections are oon- 
cerned with the thermodynamics of radiation and Plasma, 
of dielectrics and magnetic substances, of surface pheno- 
mens and phase transitions. Nernst’s heat theorem is 
presented and there ia also an outline of Onsager's theory 
and ite application to the thermo-eleotrio effect. 

The translator has had a diffloult tesk and this has 
mostly been well achieved. Yet some of the arguments 
are not Bo clear as they should be and there are certain 
ambiguities. To what extent these are due to the original, 
or to the difficulties of conveyin g into another language 
the subtleties of thermodynamio discussion, it is hard to 
say. Thus, the book in translation is to be recommended 
not 80 much for definitive statement as for its power of 
conveying a real sense of interest in ite subject-matter 
and for its originality. It is certainly a book which I 
wish to possess. K. d. Daystar 


ULTRASOUND FOR THE CHEMIST 
AND BIOCHEMIST 
Ultrasound 


Physical, Chemical, and Biological Effects. By Isaak 
Eftmovich El'piner. Authorized translation from the 
Russian. Pp. vui+871. (New York: Consultants Bureau, 
1964.) 22.50 dollars. 
E is & major difficulty, for those embarking on any 

research work m which ultrasound is used as a tool 
rather than as the subject of study, that there is a dearth 
of suitable text-books. Until recently, the books avail- 
&ble were &lmoet all written from the point of view of 
the physicist or engineer, or oooasionally from the point 
of view of the specialist in physical medicine. 

Now books are i to appear which are aimed at 
the needs of other users of ultrasound, and Ultrasound : 
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Physical, Chemical, and Brological Affects supplies a very 
genume need. It is translated from the Russian by F. L. 
Smolar and 1s doubly weloome for the lerge amount of 
Russian work which ıt summarizes. 

Dr. El’piner has clearly been an important member of 
a large group of research workers whose work, owmg to the 
curge of Babel, is not normally known in Britain or the 
United States. However, a warning must be given that 
the title of the book ae it appears in Enghsh is misleading. 

In & book of more than 300 pages, only nine are devoted 
to the physics of the subject. This is, of course, & brief 
summary of the basic principles only. The next twenty 
pages are devoted to the physical aspeota of cavitation 
and give a good deeanption of shoak-wave production, 
There is then a valuable chapter on the neglected subject 
of ultrasonic luminescence. 

After this uneven coverage of the physical effects, the 
book launohes into nearly 200 pages of description of 
what is clearly Dr. El'piner's main fleld of work, the 
action of ultrasouid on organic chemical substances 
whether synthetio or natural. A very large proportion of 
the work described is Russian and much of this is Dr. 
Hl'piner's work. 

t is quite impossible to summarize the contenta of 
these chapters. just aa it is impossible to summarize a 
dictionary. The book is really & work of reference that 
will prove invaluable to anyone intending to embark on 
comparable wark, but it mevitably is very heavy going 
88 reading matter. The complexity of the subject is due 
to the large number of factors that influence the action 
of ultrasound in a single chemical compound. Naturally 
enough, the normal physical parameters of ultrasound, 
intensity, frequency and duration, have to be supple- 
mented by temperature and pH that determine most 
chemical activity. What is lees obvious is that the nature 
of the dissolved gas and the preasure in the irradiation 
chamber are of even greater importance, while some sub- 
stances have a catalytic action even in trace amounts. 

The poenble permutations of all these parameters with 
the whole range of synthetic and naturel organio sub- 
stances produce an almost limitless experimental field. 
For good measure, in some cases different workers have 
obtained different resulta in what were ostensibly similar 
circumstances. Unfortunately, no perm appears from 
the masa of recorded observations. etrmee a dissolved 
gas will accelerate a chemical change, sometimes the 
same gas will inhibit the change. Sometimes ultrasound 
produces polymerization, but much more often 15 a ecl 
merizes. Rarely is the chemical change produced y 
enough to tempt the chemical engineer to consider 
18 commercial exploitation—though sometimes small 
amounts of compounds are obtained by ultrasound that 
defy other methods of ‘obtention’ (if one of the trans- 
lator’s favourite words may be borrowed). 

The major criticism of this work is the inadequacy of 
the information regarding the irradiation methods used. 
In the biological flelds the problem of intensity measure- 
ment has proved very severe in non-cavitating conditions. 
Radiation pressure measurements have now become 
almost universal in the medical field, but they cannot be 
used in cavitating fields with comparable success. For 
example, on p. 53 reference is made to irradiation ab 
“frequency 600 ko, intenmty 5 W/cm? of emitting surface, 
duration of irradiation 4 h”. Lower on the same page it 
is implied that cavitation occurs in such circumstances. 
Most reference books quote Esche aa indicating that the 
threshold of cavitation at this frequency varies from 
about 50 W/am* if water is not degassed, to about 100 
W/cm" in degassed water. 

Clearly the cavitation phenomenon, which seems to 
produce temperatures of 10,000° C momentarily a% 8 
cavity collapses, ıs of crucial importance m de 
the chemical activity or inactivity of ultrasound. It 
would have been a much more valuable book had in- 
formation been given not merely aa to whether audible 
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cavitation was occurring but also what routine was used 
to check the intensity. It is common knowledge that 
standing waves in tanks make the level of ultrasonic 
intensity vary greatly with quite minor differences of 
depth of liquid. Where irradiation is maintained for hours 
at high intensity evaporation might well cause the actual 
intensity to vary over & wide range. 5 

The final sixty pages summarize the published work in 
ultrasonic surgery and diagnosis. Here the Russian work 
appears to be much leas in relation to the rest of Europe 
and the United States. Here again it is tantalizing to be 
shown ultrasonic tamograms produced by El'piner with 
no indication of the method of scanning by which they 
were obtained. 

The whole effect of the book has been to intensify 
greatly my -standing desire to visit the U.8.8.R. and 
study the work at close quarters. Many other readers 
will feel a similar need to obtain a fuller account of what 
is clearly very important work. DovaLas GORDON 


GEMMOLOGY 


Gem Testin 
Seventh edition. By B. W. Anderson. Pp. 388. (London: 
Temple Prees Books, Ltd.,-1964.) 608. net. 
T is seventy years since Sir Henry Miers, when an 
assistant in the Department of Mineralogy at the 
British Museum (Natural History), gave æ short series of 
lectures in London on gemmology, as the scientific study 
of gemstones is now called, and it is nearly sixty years 
sinoe the National Association of Goldsmiths set up an 
Education Committee to arrange lectures on the subject 
and to organize examinations. This Committee was 
' reconstituted in 1981 as the Gemmological Association of 
Great Bntain. 

Since then gemmology has made steady progrees in 
Britain and in many other countries. Great impetus was 
given to it by the introduction of synthetic rubies made 
by the Verneuil process ın 1904, and it received another 
fillip by the arrival on the market of cultured pearls in 1921. 
Since then, many new synthetic stones have been manu- 
factured, and aleo there are now grown in Japan the new 
‘Biwa’ cultured pearls which have no nucleus of mother-of- 
pearl but instead only little strips of pearl-secreting mantle. 
Fortunately, radiographs serve to distinguish these from 
natural pearls. 

As each new synthetic stone or imitation appears, means 
must be found of detecting and identifying it. Successive 
editions of Gem Testing have kept pace with this demand. 
The new edition also announces new discoveries of natural 
stones—a new source of ruby in Tanganyika, and of 
emeralds in Rhodesia and Pakistan—as well as new 
developments in technique and apparatus. 

Among synthetics the ‘Chatham’ emeralds receive more 
attention than formerly, and new arrivals are the 'Leoh- 
leitner emeralds’, made in Innsbruck, in which & thin 
shell of emerald is made to grow on & seed crystal or 
cabochon of beryl of inferior colour. Here, as in many 
other cases, the study of the microscopic inclusions in the 
stones is a great help in identification. B. W. Anderson has 
also discovered a marked differance in transparency to 
ultra-violet rays between the ‘Chatham’ emeralds and 
A ac a a aa 
3000 

Fluorescence, excited by either long- or short-wave 
ultra-violet light, has been used for many years as an aid 
in gem testing. Several fresh examples of ita usefulness are 
given in this edition, especially in the sections on diamand 
where the variable fluorescence of different kinds or colours 
of diamond is described. There are developments also in 
the use of fluorescence excited by X-rays, and this is 
coming into use for testing cultured pearls and seems 
to be replacing the endoscope which was much used 
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for the detection of cultured drilled pearls. Unfortun- 
ately Anderson reporte that the endoscope is no longer 
being made. ; 

In the earlier chapters, which deal in detail with 
apparatus and methods, new sections describe di on, 
the magnetic properties of gemstones, and me of 
handling and housing gemstones. The last-mentioned 
subject is dealt with here for the first time in & new 
chapter that will prove very weloame to oollectors. 

Certainly, as Anderson warns in his introduction, the 
book provides no light reading, but the more one reads 
it the more one finds that is new and useful. 

W. CAMPBELL BMITR 


METAZOAN EYOLUTION 


Dynamics of Metazoan Evolution: The Origin of the 
Coelom and Segments ' 
By R. B. Clark. Pp. x+318. (Oxford: Olarendon Press; 

London: Oxford University Pres, 1964.) 48s. net. 


YNAMIOS of Metazoan Hvoluiton is concerned with 
the part which has been played ın evolution by the 
mechanical needs of animals and with the importance 
of taking such functional considerations into account in 
the construction of phylogenies. Dr. R. B. Clark considers 
that the comparative morphology of structures which 
have been elaborated in solving mechanical problems 
during evolution has received inadequate attention 
and intends his book to remedy this. After considering 
theories which attempt to explain the evolution of the 
coelom and the segmentation of invertebrates, tbe 
variety of methods of movement and their underlying 
mechanism in acoelomates and coelamates are discussed. 
An account of gastropod locomotion occurs in the 
chapter headed '"The Acoelomate Condition" and the 
changes of Meiridwm and nematode locomotion are 
discussed in the chapter on “The Coelamate Condition". 
Such an argument is striking when taken out of context, 
but such treatment was found to be necessary in support 
of the author's argument that the solution of the same 
mechanical problem is frequently arrived at in the same 
way in widely different animals. This point has been 
made before, but in the present book it is backed by 
examples from a variety of phyla and is argued at length. 
In the next chapter Dr. Clark considera the septate 
condition and the refinements in the movement and 
locomotion of animals with hydraulically arranged 
muscular antagoniam which this permite. Undulatory 
swimming is then considered and a brief account given 
of this form of locomotion im invertebrates and verte- 
brates. That segmentation evolved independently in 
the invertebrates and vertebrates and is not necessary 
for sinusoidal swimming is shown by the occurrence of 
such movements in non-segmented invertebrates. But 
in the chordates the action of the lateral musculature is 
increased in efficiency by division into segmental blocks. 
If this section is lees satisfactory than ita predecessors 
it probably arises from two causes. First, the author 
is well known for his researches on polychaetes which 
are, mechanically, a central group in the investigation 
of the ‘hydraulic organism’. Secondly, in spite of the 
investigation that has been devoted to the locomotion 
of fishes, there is no entirely satisfactory analysis of the 
action of the longitudinally arranged muscles and their 
relation to the camplex and variable pettern of myocom- 
mata found in these animals. If the chordates do not 
play a part in the main theme of the book comparable 
with that of the annelids, they serve to emphasize the 
point that the concept of metameric segmentation is 
recise and of little explanatory value. 
the final chapter the present theories of the phylo- 
geny of the metazoa are exposed to criticiam based on 


340 


the idea that any hypothetical form should be a viable 
animal conforming to the laws of mechanics. These 
do not change with the passage of time, however much 
physical and biotio factors of the environment may 
have altered during evolutionary history. The case is 
closely argued and, although the author does not hazard 
his own suggestion for a family treo, he wisely emphasizes 
that not only organisms but also phylogenies evolve 
with increasing knowledge and that all that is known 
and is relevant must be taken into account when oon- 
structing phylogenies rather than selected aspects of 
the biology of a group. The importance which he attaches 
to mechanics leads him to question the accepted view 
that polychastes are nearer than oligochastes to the 
ancestral protoannelid stock. Al this view may 
not gain immediate &ooeptenoe, it will certainly demand 
a freah examination of all the evidence bearing on the 
problem. 

An aspect of such major evolutionary siepe as the 
acquisition of a coelom or metamerio Begmentetion whiah 
is rarely considered is the selective advantages of an 
incompletely evolved state. It ia easy to see how, once 
evolved, the ooelomate, or pseudocoelomate, marks an 
&dlvanoe on the acoelomate. which is 
slightly more fluid ar which has a few cracks in it pre- 
sumably enabled an ancestral form to move a little faster, 
to gather'& little more food and to leave a few more 
progeny than one with & more viscous interior. Dr. Olark 
18 well aware of this problem and touches on it here and 
there, but one would like to see this of evolution 
oarafully ‘examined. - In what field could this be better 
ossayed than in that of meohanios ? But one can scarcely 
complain of this as an omission from the present book, 
which leaves little to be desired in clarity and rigour ag 
an example of functional morphology applied to phylo- 
geny. G. CHAPMAN - 


CANCER RESEARCH 


Advances In Cancer Research 

Vol 8. Edited by Prof. Alexander Haddow and Bidney 
Weinhouse. Pp. viiij-482. (New York: Academio Presa,. 
Ino.; London: Academic Press, Inc. (London), Ltd., 1964.) 
1218. 6d. 


(pathways other than the respiratory tract may 
convey carcinogens to the Tung). i . 

In interpreting experimental findings the authors sug- 
gest that tobacco smoke condensates contain tumour. 
initiators in the form of & variety of polynuolear and 
heterocyclic aromatic hydrocarbons which would be oom- 
lete carcinogens if present in large concentrations. 
However ori chemical findings, ‘smoke conderisate cohtains: 


NATURE 


July 24, 1965 T 207 


Inore tumour promoters than initiators and the promoting 
vae o Tase condensates ia regarded as being greater 
than ir initi ivi ylaxis is aimed at 
reduction of harmful producta ra than prevention 
through abstinence. A table full of hopeful suggestions 
includes measures aimed at reduction of total amoke con- 


In another fascinating chapter entitled “Carcinogenesis 


which have replaced wet by dry pelleted dieta in trout 
hatcheries. The neutral lipid fractions trom tumorigenio 
rations play the major aetiological part, but the authors 
cautiously inolude other possible factors including gen- 
etic predi ition, viral, bacterial and parasitic infeo- 
tions, ionizmg radiation, defolianta, pesticides and fungal 
metabolites (same of the last-mentioned two. are lipid- 
solvent soluble). 

Mycotoxins are discussed in general and aflatoxins in 
particular. They are possibly the most potent hepato- 
carcinogens in &. variety of animals and in some are 
associated with cirrhosis. Aflatoxins are derived from & 
fungus. which may affect groundnuts during growth, 
gathering, or drying. There are no data available showing 
that this natural hazard affects man, nor is a i 
test for aflatoxin or a metabolite of aflatoxin in the urine 
yet available. Lactones derived from the metabolites of 
other fungi and fungal metabolites from rice contaminated 
with Penicillium tslandioum are carcinogenic in animals. 
How many of the quarter of a million or so fungal species 
in Nature will induce cancer? 

In a review of nucleolar chramosomee (mainly in normal 
cells) M. J. Kopac and G. M. Mateyko point out that there 
is no universally aooepted in ion of the structure 
or funotion of the nucleolus in interphase nucleus and 
there are no clear differences, morphological or biochemical, 
between normal and malignant nuoleoli. Nucleolar 
chromosomes, their nucleolar organizers, and the origin 
of nucleolar substance are considered in detail. Variations 
in puffing patterns in different cells and tiasues, both 
natural and experimentally induced, are also described. 
Phe final third of the chapter summarizes present know- 
ledge and contains speculations on the relationship of 
chromosomes, nucleoli, nuclei and other subcellular struc- 
tures on the control of cellular differentiation which in 
tarn hinges on the cancer problem. 

The nuclear proteins of neoplastic cells are considered 
by H. Busch and W. J. Steele. The authors emphasize 
that the understanding of the chemistry of nuclear protein 
is in ite infancy and the techniques for isolating nuclei 
from cells of tumours or normal tiasues are not yet perfect. 
They describe the difficulties in procedures for isolating 
nucleoli, chromosomes, nuclear ribosomes and other 
nuclear components. About half the review concerns the 
proteins associated with DNA and in particular with the 
basio histone proteins of the deoxyribonucleoprotein 
complex the systematics of which are stil somewhat 
confused. Techniques for the fractionation of histones are 
more advanced than methods for acidic nuclear proteins, 
but apart from RP2-L, a histone fraction in tumours of 
murine and human origin, there appears to be no evidence 
that there.are differences between the histones of tumours 
and of other tissues. 

In a beautifully illustrated chapter, A. F. Howatson 
gives & clear and concise account of the structure of 
tumour viruses of laboratory animals and birds and of 
those more immediately oonoerned with man (human 
pepilloma, SV40, adeno-virus type 12). Advances in 
negative-staining techniques and contrast reversal photo- 
graphy permit direst comparison of electron micrographs 

ith suitably orientated modéls. Most virus particles of a 
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particular species conform to a definite structural pattem, 
but aberrant forms are not unusual and there is still hope 
(in the case of mouse leukaemia virus) that ‘tails’ are not 
entirely artefactual. A scheme of classification based on 

try, nucleic acid type, of envelope, and site 
of assembly of virus in the cell does not result in any clear- 
cut separation of onoogenio viruses from non-onoo- 
genic viruses. 

This volume maintains the high standard of this seriee. 
The summary of contents before each chapter is partiou- 
larly helpful for rapidly obtaining information. The only 
adverse criticism ia that there are & few spelling mistakes. 
I hope the word pomogane is not & new addition to 
transplantation terminology ! F. C. CHESTERMAN 


SOIL SCIENCE 


Elements of Troplcal Soil Sclence 

By Dr. T. Eden. Second edition. Pp. ix+164. (London: 
Macmillan and Co., Ltd.; New York: St. Martin's Press, 
Ino., 1964.) 185. 6d. net. 


Practical Soll Science 

(Israel Program for Scientific Translations.) By N. N. 
Nikolski. Translated by Rivka Nadel. Pp. v+240. 
(Distributed by: Oldbourne Press, London; 1963.) 72s. 


The ues Chemisty and Mineralogy of Solls 
By C. E. Marshall. Vol. 1: Soil Materials. Pp. ix 388. 
(New York, London and Sydney: John Wiley and Sons, 
Ino., 1964.) 908. 
er ee io dn 
directed particularly to farmers and planters in the 

tropics rather than to the generality of studente, but 
nevertheless for the greater part comprises chapters on the 
widely applicable principles of morphology, the physical 
and chemical properties of soils, and on manuring and the 
availability of nutrients. The chapters on erosion and the 
maintenance of soil fertility have a more specific direction 
to tropical circumstances, but for the rest tropical refer- 
ences are confined to illustrative examples. Because the 
author has lived his life in the East and in Africa these 
illustrations are usually very good indeed, as in his treat- 
ment of the soil catena and of laterization. 

The book is descriptive, so that errors of technology 
(for example, the definition of the water table is wrong) 


have no catastrophic oo oes. 

Dr. Nikol'akii's Practical Boil Sotencs is approved in the 
U.8.8.R. as a text for the faculties of agrochemistry, soil 
fifths of the book is a 


of soil, and another fifth describes physical analyses. Only 
the remainder concerns itself with the fleld description and 


pr 

. ° The chemical section is divided into chapters on the 
analysis of whole soil, including the determinations of 
organic matter, carbonates and mineral elements; on the 
determination of exchangeable cations and of the base 
exchange capacity; on soil acidity; and on the analysis of 
water soluble material. Every determination is described. 
in detail and the formulae for working out the results are 
written down. Some disorder is noticeable, matter being 
placed in the sections somewhat arbitrarily and occasionally 
in the wrong company. It is in the character of the book 
i i igni ce of & 


a texts for students. 
physical analyses include measurements of soil 
density and volume weight, moisture content by straight- 
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forward gravimetric methods, shrinkage, stability of 
aggregation, and m i analysis in some detail. 
The author follows the American usage in identifying, by 
definition, texture and mechanical composition, which is 
at best an impoverishment of the language and at worst & 
source of confusion. Selected soil states for the measure- 
ment of moisture content are rather arbitrary, and soil 

ility is covered without mention of Darcy’s law. 
‘All this is conventional desoriptivo soil n which has 
little relation to the application of the laws of physice to 
soil. 

The translation of the sections on soil morphology &nd 
mapping has evidently been difficult and some interpreta- 
tion is still left to the reader. The elements of profile 
description are familiar eno but here the wealth of 
illustrative examples drawn from & wide experience of 
soils representative of the great world groups is quite 
fascinating. The description of soil structure is very well 
illustrated, although not everyone would limit the defini- 
tion of structure to the shapes and sizes of aggregates. 
If this part is more appropriate to a general textbook of 
pedology than to  prectical manuei the tase and 
tored by the chapter on field survey procedure and 


. Marshall has been one 
of the leading contributors to our understanding of the 
ysical chemistry of colloidal materials in the soil. 
Physical Chemistry and Mineralogy of Soils cistils the 
essence of his experience of that fleld and ite appearance 
is a notable event. 

The various chapters summarize the basic physico- 
chemical concepts and methods applicable to soil constitu- 
enta; discuss m some detail the orystal structures of 
mmerals which characterize the clay fraction and the 
coarser fractions; but necessarily are reduced to more 
empirical descriptions of organic matter. They go on to 
d the molecular adsorption of gases and liquids, 
principally water; the electrochemistry of clays and the 
closely allied subjects of the exchange and fixation of ions 
from extraneous solutions; and conclude with & discussion 
of the electrokinetic and physical properties of cata- 
phoresis, ion, viscosity and swelling. 

Let it be said at once that this is not a course text-book : 
Much of the groundwork is taken for granted or the reader 
is directed to the standard works. Rather little is worked 
out in detail and fully developed. This 18 essentially & 
coverage of & wide range of diverse kinds of experimental 
work described in just sufficient detail to enable the author 
to place each item in the general picture which emerges. 
The wealth of references makes this a source book and a 
launching pad for further researches. 

It is Dr. Marshall’s particular difficully that he has to 
try to reconcile two concepts which are in some ways 
mutually incompatible. On the one hand the Stern and 
Gouy layers, which are at the foundations of modern 

is, are regions of non-uniform distributions of 
electric potential and ionic concentration. On the other 
hand, the conventional terminology of ionio activities, 
degree of dissociation, membrane potential, Donnan 
ium and go on imply uniformity of these quantities. 
Success in his task is not aided by some hasty composition, 
as when he tells us that ‘‘the arithmetical average of tho 
electrostatic potentials becomes the logarithmic average 
of the ionio activities’’. 

The outlines are again blurred late in the book when the 
author contrasts what he alleges to be a surface tension 
model of clay swelling with the Gouy layer picture. The 
latter does, of course, account physically for a swelling 
pressure, while the former proves to throw no light what- 
ever on the mechanism of swelling. 

These are small criticisms to put against the great 
service that the author has rendered in putting & little 
order into this heterogeneous fleld and in particular for 


reproducing for a wider public some truly a d 
electron photomicrographs. E. C. 8 
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Blackwell Boientiflo Publications, Ltd., 1964.) 147a. 


many cases a prominent niche on the deak or laboratory 
bench. + 


Dr. 8. M. Selby and Prof. C. D. Hodgman, embodies a 
number of major changes, not the least of which is the 
change of format. The increase in material presented can 
be realized from the fact that not only has the page size 
been doubled, but also the volume has maintained the 
same thickness as the forty-fourth edition. 

Concomitant with the increase in pago sire are the 
greatly enlarged tables of physical constants of organic 
compounds and of inorganio compounds, and it is olaimed 
that data for approximately 5,000 more compounds have 
been added to this edition. The table dealing with isotopes 
has been completely revised and brought up to date, and 
the section on the elaments, by O. R. Hammond, has 
been greatly i 


es of the old sizo 
side by side on the new . It ia to be hoped that in 
later editions all tables wil be preented fe the ton 
style, as it is & great aid to clarity. 

The old system of presenting the material in ten major 
sections has been completely revised, and it now appears 
iau ur ste Tables ; Ule Elements and 

lo pounds; (C) Organic unde; (D) 
General Chemical; (E) General Physical Oondiuid: 
(F) Miscellaneous. All in all, this, along with tho binominal 
code system, leads to considerable ease in references from 
the index or contents. 

The Handbook of Chemistry and Physics in its lateat 
edition should be within easy reach of all scientista, 
whether they work in Government, industrial, acedemio 
or privato institutions, and whatever their discipline or 
nationality. Dr. Weast and his colleagues, along with the 
publishers, the Chemical Rubber Oo., are to be oon- 
gratulated on this production. 147s. is a small Price to 
pey for so much information so readily available. 


Encyclopedia of Chemical Technology 
By Kirk-Othmer. Vol. 5: Chlorine to Colors for Foods, 
Drugs and Coametios. Second completely revised edition. 
EP. xiv--884. (New York and London: Interscience Pub. 
i & division of John Wiley and Sons, Ino., 1964.) 3385. 
"DER publication of each volume of the second edition 
of ‘Kirk-Othmer’ is eagerly awaited by every user of 
the Bnoyclopedia of Chemical T - Once again the 
editors are to be congratulated on their presentation of a 
further series of reviews, of the expected high standard, 
covering subjects ranging from “Chlorine” to “Colors 
FD&O". 


It is worthy of note that the articles on “Chlorocarbans 
and Chlorohydrocarbons", ‘Chocolate and Cocoa”, and 
"Coal' are reviewed ‘by experts working in the United 
Kingdom. It is to be appreciated that these articles are 
intended for use mainly by American technologists. The 
articles on ''Chlorocarbona and Chlorohydrooarbons" are 
particularly informative and contain many references to 
synthetic processes, chemical reactions, uses and toxicity. 
The quoted threshold limit values (TLY), also referred to 
as maximum allowable (or permissible) concentrations 
(MAO or MPC) for chlorinated hydrocarbons, are up to 
date, and, although the fact is not mentioned, are 

accepted as international standards. The broad 
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spectrum oyolodiene insecticides of the aldrin, dieldrin, 
endrin series are 
logical point of view, 


covering 
FD&O". 


In the medical field, interesting articles deal with 
“Choline” and with '"Coagulants and Anticoagulants”, 

Other subjects reviewed include “Claye”, important to 
80 many industries; ‘Coal’, where we are reassured that 
during the next generation there will be many develop- 
ments in coal production and utilization; and “Coated 
Fabrice",. an article dealing with the use of plastics in 
industry. : 

For the technologist seeking information on analytical 
techniques, there are adequate reviews on “Chromato- 


Finally, I must mention the oomprehensive review on 
"Color Photography", an article that includee many 
references to the chemical processes and materials in- 
volved in this subject. The article closes with special 
references of colour photography in colour television and 
in infra-red aero applications. K. Frgmnp 


Current Aeronautical Fatigue Problems 

i of a ium held in Rome, 23-25 April, 
1968. Edited by J. Schijve, J. R. Heath-Smith and E. R 
Welbourne. Pp. viii+499. (New York and London: 
Pergamon Press, 1964.) 1205. 


HIS symposium was the third of a series concerned 

exclusively with fatigue problems, Organized jointly 
by the International Committee on Aeronautical Fatigue 
and the Advisory Group for Aeronautical Research and 
Development—organizations ively and more 
familiarly known as LO.A.F. and A.G.A.R.D. A total 
of seventeen papers is presented, representing the United 
x id the United States, France, Germany, Italy and 
the Netherlands 


h section is 
helpfully introduced by a short technical preface; while, 
according to the custom for such records of P i 

the discussions which followed the individual papers are 
fully reported. The contributions are very variable in 
regard to bibliographio references; but in the volume as a 
whole more than 170 references are listed—in the main to 
d recent work. 

o review a symposium of pa 
unsatisfactory task; but on this occasion the work is 
eased by the careful standardization of the form of the 
reports. This is an authoritative volume that will be 
indispensable to all concerned with the elimination of 
fatigue failures, for much of the work rted ig licable 
to other fields than the aeronautical industry alone. It 
is no reflexion on the other two sections to single out for 
special mention the section on crack propagation: this 
records a remarkably detailed and increasingly accurate 
understanding of the basic mechanics of the phenomenon 
and & number of elegant experimental procedures are 
reported. B. N. Cora 


is in many ways an 


s 
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A NEW CLASS OF FAULTS AND THEIR BEARING ON 
CONTINENTAL DRIFT 


By Pror. J. TUZO WILSON, O.B.E. 
Institute of Earth Sclences, University of Toronto 


JqEANSTOAMS and half-shears. Many geologists’ have 
maintained that movementa of the Earth’s crust are 
concentrated m mobile belta, which may take the form of 
mountains, mid-ocean ndgee or major faulta with large 
horizontal movements. These features and the seismic 
activity along them often appear to end abruptly, which is 

sling. The problem has been difficult to investigate 

use most terminations lie in ocean basins. 

This article suggests that theee features are not isolated, 
that few come to dead enda, but that they are connected 
into a continuous network of mobile belts about the Earth 
which divide the surface into several large rigid plates 
(Fig. 1). Any feature at ite apparent termination may be 
transformed into another feature of one of the other two 

For example, & fault may be transformed into 8 
mid-ooean ridge ae illustrated in Fig. 2a. At the pomt 
of transformation the horizontal shear motion along the 
fault ends abruptly by being changed into an i 
tensional motion acroas the ridge or rift with a change in 
seismicity. 

A junction where one feature changes into another 
is here called & transform. This type and two others 
illustrated in Figs. 2b and o may also be termed half-shears 
(a name suggested in conversation by Prof. J. D. Bernal). 
Twice as many types of half-ahears involve mountains a8 
ridges, because mountains are ical whereas 

i have bilateral This way of abruptly 


endi largo horizontal shear motions is offered ae an 
explanation of what has long been recognized as & puzzling 
Andreas. 










Fg 1. Sketch illustrating the present network of mobile belts, comprising the act mountains and island 
Ia rien mag Tart ing the pret network of pob SS o Mi ld oneri Haga i (eam (heavy Gast 


In this article the term ‘ridge’ will be used to mean mid- 
ocean ridge and also rise (where that term has been used 
i Menard! in the Pacific 


or concave depending on which face is first reached when 
ing in the direction indicated by an arrow depicting 
relative motion (Figs. 2 and 3). 
mean a system of several closely related faults. 
Transform faults. Faults in which the displacement 
suddenly stops or changes form and direction are not true 
transcurrent faults. It is proposed that a separate class of 
horizontal shear faulta existe which terminate abruptly 
at both ends, but which nevertheless may show great 
displacements. Each may be thought of as a pair of half- 
shears joined end to end. Any oombination of peirs of the 
three dextral half-shears may be joined giving rise to the 
six types illustrated in Fig. 3. Another six ginistral 
forms can also exist. The name transform fault is pro- 
posed for the class, and members may be described in terms 
of the features which they connect (for example, dextrel 
transform fault, ridge-convex aro type). 
The distinctions between types might appear trivial 
until the variation in the habits of growth of the different 
types is considered as is shown in Fig. 4. These distinctions 
are that ridgea expand to produce new crust, thus leaving 
residual inactive traces in the topography of their former 
positions. On the other hand oceanio crust moves down 
under island aros abeorbmg old crust so that they leave 
no traces of past positions. The convex sides of aros thus 
advance. For these reasons transform rd sae b 
and d in Fig. 4 grow in total width, type f inishes and 
the behaviour of types c and e 18 indeterminate. It is 
signifloant that the direction of motion on transform 
faulta of the type shown in Fig. 3a is the reverse of that 
required to offset the ridge. This is a fundamental differ- 
ence between transform and transourrent faulting. 


com pression. 
dashed lines) 
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Many examples of these faulta have been reported 
and their pro ies are known and will be shown to fit 
those ired by the constructions above. If the clase ag 
& whole has not heretofore been reoognixed and defined, 
it ia beoauss all discussions of faulting, such as those of 
E. M. Anderson, have tacitly assumed that the faulted 
medium is continuous and conserved. If continenta drift 
this assumption is not true. Large areas of crust must be 
swallowed up in front of an advancing continent and 
re-created in its wake. Transform faults cannot exst 
unless there 1a crustal displacement, and their existence 
would provide a powerful argument in favour of oontin- 
ental drift and a guide to the nature of the displacements 
involved. Thess proposals owe much to the ideas of 8. W. 
Carey, but differ in that I suggest that the plates between 
mobile belts are not readily deformed except at their edges. 

The data on which the ensuing accounta are based 
have largely been taken from papers in two recent sym- 
poeia' and in several recent books**" in which many 
additional references may be found. 

North Atlantio ridge termination. If Europe and North 
America have moved apart, an explanation is required 
of how so large a rift aa the Atlantic Ocean can come to 
a relatively abrupt and complete end in the cul-de-sac 
of the Arotio Sea. Fig. 5 illustrates one possible 
explanation. 


OR 
Ji MID—OCKE AN t TRANSFORM dfu ISLAND 
MDOE OR RiKT FAULT MOUNTAIN: ARC 
Q*:down, u*up 


Fig. 3. illustrating the ax possible types of dextral transform 

fanita. a Mig ge ie A eee transform 

AIO, d, concave aro to 00DOR YO aro; 6, conoave aro to convex aro; f, convex 

aro to convex arc. Note that the direction of motion in a ls the reverse 
of that required to offset the ridge 


d 
div 

4. the appearance of the ax of dextral 
Cien tasitashows In Fie 8 after a period of of former 
pontons now inactive, but still 1n the topography, are shown 
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5. Sketoh map of the termmation of the Mid-Atlantio ridge b two 
and De Geer faulis) and by tenalorm 
Verkhoyansk Moantams 


Wegener* suggested that the strat between Greenland 
and Ellesmere {sland waa formed by a fault, here postu- 
lated to be a sinistral transform fault (ridge—ridge type). 
Wegmann’ named another between Norway, Spitsbergen 
and Greenland, the De Geer line, which is here regarded 
88 a dextral transform fault (ridge—ridge type). The exten- 
Bion of the Mid-Atlantic ridge across the Siberian basm 
was traced by Heeren and Ewing’, while Wilson! 
proposed its transform into the Verkhoyansk Mountains 
by rotetion about & fulcrum in the New Siberian Islands. 
In accordance with the expectations from Fig. 4a earth- 
quakes have been reported along tho fall line of the 
De Geer fault in Fig. 5, but not along the dashed older 
traces between Norway and Bear Ialand and to the north 
of Greenland. The Baffin Bay ridge and Wegener fault 
are at present quiescent. W. B. Harland!’ and Canadian 
geologists have commented on the ammilaritiea of Spits- 
bergen and Elleamere Island. 

Hquatorial Atlantic fracture zones. If a continent in 
which there exist faults or lines of weakness splita into 
two parta (Fig. 6), the new tension fractures may trail and 
be affected by the existing faulta. 

The dextral transform faults (ridge—ridge type) such as 
AA’ which would result from such & period of rifting can 
be seen to have peculiar features. The parte AB and B'A’ 
are older than the rifting. DD’ is young and is the only 

now active. The offset of the ridge which it reprosenta 
18 not an ordmary faulted displacement such as a trans- 
current fault would produce. It ıs independent of the 
distance through which the contanenta have moved. 
It is confusing, but true, that the direction of motion 
along DD’ is in the reverse direction to that required to 
produce the apparent offset. The offset is merely a 
reflexion of the shape of the initial break between the 
continental blocks. The sections BD and D'B' of tbe 
fault are not now active, but are intermediate m age and 
sre represented by fracture zones showmg the path of 
former faulting. 
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Already familiar sight 
in hundreds of laboratories 


The Perkin-Elmer model F.11 Gas Chromatograph, introduced 
as recently as March 1964, Is already established as the Ideal 
Instrument for everyday analysis. Successful applications with 
compounds as diverse as waxes, phenols, fatty acids and 
amines prove Its versatility. 


Deslgned and built at Beaconsfleld, the F.11 offers the user 
all the latest operating features, such as temperature pro- 
gramming, dual column base-line compensation and capillary 
column resolutlon. 


Make sure to write or ring for details of the Perkin-Elmer 
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Fig. 7 shows that tho Mid-Atlantio ridge and the 


facture zones in the equatorial Atlantic may well be a 
more complex example of this kind. If so the apparent 
offsets on the ridge are not faulted offsets, but inherited 
from the shape of the break that first formed between the 
coasta of Africa and the Americas. Fig. 7 is traced from 
Heezen, Bunce, Hersey and Tharp" with additions to 
the north from Krause. The fracture zones are here 
held to be right-hand transform faults and not left-hand 
transcurrent faults as previously stated. If the fracture 
zones can be traced across the Atlantio and are of the type 
postulated, then the pointe where intersect the 
opposite coasts are conjugate pointe which would have 

It seams possible that the old fault in Pennsylvania 
and the offset of the Atlantic Coast described by Drake 
and Woodward!‘ are of the same nature, although it is 
suggested that it is not usual for a fracture zone to follow 
a line of seamounts, and that the fracture zone may 
extend eastward, not south-cast. 

A possible explanation of the termination of the Carlsberg 
ridge. Another type of transform fault is found in the 
Indian Ocean (Fig. 8). If the Indian Ocean and Arabian 
Gulf opened during the Mesozoic and Cenozoic eras by 
the northward movement of India, new ocean floor must 
have been generated by spreading of the Carlsberg ridge. 
This ends abruptly in a transcurrent fault postulated by 
Gregory?! off the east coast of Africa. A parallel fault 
has been found by Matthews'* ae an offset across the 
Carlsberg ridge and traced by him to the coast immedi- 
ately west of Karachi. Here it joins the Ornach-Nal 
and other faults!’ which extend into Afghanistan and, 
according to such descriptions as I can find, probably 
merge with the western end of the Hindu Kush. This 
whole fault is thus an example of a sinistral transform 
fault (ndge-oonvex arc type). 
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At a later date, probably about Olgocene time &ooord- 
ing to papers quoted by Drake and Girdler!*, the ridge 
was extended up the Red Sea and again terminated in & 
sinistral transform fault (ridge-convex aro type) that 
forms the Jordan Valley! and terminates by joining 8 


‘large thrust fault in south-eastern Turkey (Z. Ternek, 


private commnnioetion). The East African rift valleys 
are a still later extension formed in Upper Miocene time 
according to B. H. Baker (private communication). 

The many offseta in the Gulf of Aden described by 
Laughton!* provide another example of transform faults 
adjusting a rift to the shape of the adjacent coasts. 

Possible relationships between active faults. off the west 
coast of North America. This tendency of mid-ocean ridges 
to be offset to adjacent coasts is thought to be 
evident again in the termination of the East Pacific ridge 
illustrated in Fig. 9. The San Andreas fault is here 

to be a dextral transform fault (ridge—ridge 

type) and not a trenscurrent fault. It oonnecta the 
termination of the East Pacific ridge proper with another 
short length of ridge for which Menard* has found evidence 
off Vancouver Island. His explanation of the oonnexion— 
that the mid-ooean ridge connects across western United 
States—does not seam to be compatible with the view 
that the African rift valleys are also incipient mid-ooean 
ridges. The other end of the ridge off Vancouver Island 
appears to end in a second great submarine fault off 
British Columbia described by Benioff? as having dextral 
horizontal motion. 

In Alaska are several large faults described by Bt. 
Amand", Of the relations between them and those off 
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Fig. 9. Sketch map of the west coast of North America mek labbe tranaficsn felt (after amo end a aU along the Aleutian trench, 
the Donal! faults (after Bt, Amand), the Ban Andreas and anoi jargo raDaform fault poe Demat ) and pirt of. the Paafio ridge 
another mid-ocean ridge (after 





the coast he writes: “If the two systems represent one 
consistent system, some interesting ilities arise. 
One that the San Andreas and Complex is a 
gigantic tear fault, along which the Paciflo Basin is 
being slid, relatively ing under the Alaska Mamland, 
and the Bering Bea. On the other hand, if the whole 
system is a -lip fault having consistent right-lateral 
offset, then the whole of the western north Pacifio Basin 
must be undergoing rotation". 

Bt. Amand was uncertain, but preferred the latter 
atternative, whereas this interpretation would favour 
the former one. Thus the Denali system is considered to 
be predominantly a thrust, while the fault off Britiah 
Columbia is a dextral transform fault. 

At a first glance at Fig. 9 it might be held that the 
transform fault off British Columbia was of ridge—concave 
aro type and that it connects with the Denali system 
of thrust faults, but if the Paoiflo floor is sliding under 
Alaska, the submarine fault along the Aleutian aro that 
extends to Anchorage is more signifloant. In that case the 
Denali faulte are part of a secondary aro system and tho 
main fault is of ridge-convex aro type. - 

Further examples from the Hasiern Paoifio. If the 
examples given from the North and Equatorial Atlantio 
‘Ocean, Arabian Sea, Gulf of Aden and North-west Pacific 
are any guide, offsets of mid-ooean ridges along fracture 
zones are not faulted displacements, but are an inheritance 
from the shape of the original fracture. The fracture 
zones that oroes the Hast Paciflo ridge** are similar in that 
their seismicity is confined to the offset parts between 
ridges. An extension of this suggests that the offsets in 
the magnetic displacements observed in the aseigmio 
facture zones off California may not be fault displacements 
as has usually been supposed, but that they reflect the 
shape of & contemporary rift in the Pacifico Ocean. More 
complex variants of the kind postulated here seem to 
offer & better chance of explaining the different offsets 
noted by Vacquier’ along different engths of the Murray 
fracture rone than does transcurrent faulting. If the 
California fracture zones are of this character and are 
related to the Darwin rise aa postulated by Heas, then the 
Darwin rise should be offset m & similar pattern. 

The southern Andes a to provide an example of 
compression combined ih shearing. The compressional 
features are obviotis. Thè existance of dextral i 
is also well known?*. It is that the latter may 
be due to the transformation of the West Chile ridge into 
a dextral transform fault (ridge-oonvex aro type) along 
the Andes which terminates at the northern end by thrust- 
ing under the Peruvian Andes (Fig. 10). 

The observation that there is little seismicity and hence 
little movement south of the point where the West Chile 
ridge intersecta the Andes can be explained if it is realized 
that the ridge system forms an almost complete ring about 
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Antarctica, from which expansion must everywhere be 
directed northwards. This may explain the absence of an 
isthmus across Drake Passage. . 

It would also appear that the faults at the two ends of 
the South Antilles and West Indies aros are examples of 
dextral and sinistral pairs of transform faults (concave— 
concave arc types). According to Fig. 4 both these arcos 
should be advancmg into the Atlantic and inactive east- 
weat faults ahould not be found beyond the arcs. 

This article began by suggesting that some aspects of 
faulting well known to be anomalous ing to tredi- 
tional concepts of transcurrent faults could be explained 
by defining a new class of transform faults of which twelve 
varieties were shown to be possible. 

The damonstration by a few examples that at least six 
of the twelve types do appear to exist with the properties 
predicted justifies investigating the validity of this con- 
cept further. 

It is particularly important to do this because transform 
faults can only exist if there is crustal displacement and 
proof of their existence would go far towards establishing 
the reality of continental drift and showing the nature of 
the displacements involved. 

I thank the Departmenta of Geodesy and Geophysica 
naa or Co aan OE ee University of Cam- 
bridge, for opportunity to write this article, those 
whose data I have used, and colleagues—especially Sir 
Edward Bullard, W. B. Harland, H. H. Hess, D. H. 
Matthews and F. J. Vine—for advice; and Sue Chappell 
and Sue Vine for assistance. This is & contribution to 


NATURE 


347 


the Vela Umform programme and to the Canadian Upper 

Mantle Project. 
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ACTIVATION ANALYSIS 


INCE the first international meeting on activation 
analysis, held in Vienna six years ago, the technique 
has been vigorously develo for practical use in many 
areas of science and technology. A ENE reviews 
of recent progress and current research were provided at 
two large gatherings which were held in April 1965. More 
than sixty papers were read at the Seoond International 
Conference on Modern Trends in Activation Analysis, 
sponsored by the Texas Agricultural and Mechanical 
University, the United States Atomic Energy Commission, 
Euratom and the International Atomic Energy Agency. 
This meeting, which was held at College Station, Texas, 
during April 19-22, attracted 500 participanta. The 
Advanced Seminar on Activation Analysis, organized by 
the General Atomic Division of the General Dynamics 
Corporation, met in San Diego during April 20-28 and 
was attended by 280 research workers. The programme 
i 45 invited papers, with emphasis on practical 
applications. In the report which follows, an asterisk 
is used to identify papers given at the San Diego 
meeting 


Activation analysis is basically a simple process, in- 
volving the examination and assay of the radioactivity 
induced in & sample after bombardment by neutrons or 
other missiles. Its potentialities are limited by the 
imagination of the experimenter, who may not find it 
easy to devise or interpret an experiment making full use 
of the extraordinary sensitivity of & method which, for 
some elements, reaches 1,000 or even a million times 
beyond the limit of achievement by other means. 

Sensitivity is not all-im , even in the estimation 
of trace impurities. A. A. 8males (Atomic Energy Research 
Establishment, Harwell) emphasized the superiority of 
emission spectroscopy and spark source mass spectro- 
metry where (as is often the case) & general survey of all 
poesible impurities is desired. If the offending trace 
element can be nominated, activation analysis and mass 


trio isotope dilution analysis are preferable. At 
the ultimate limit of sensitivity, activation analysis has 
the important advantage of freedom from reagent con- 
tamination errors; even so, fluorescent X-ray spectro- 
metry will be chosen when it is necessary to discover 
the location of a smell quantity of impurity within a 
specimen. 

Neutrons are commonly uscd for the activation of the 
sample to be analysed, partly because they are readily 
available at low cost, but also because of their indifference 
to the potential barriers which limit the acoess of charged 
particles to the target nuclei. The ibilities offered by 
thermal neutrons and by 14-MeV neutrons (from a 
deuterium-tritium discharge tube) have been fairly 
thoroughly explored, but interesting work remains to be 
done at intermediate energy levele, aa E. L. Steele (General 
Atomic, San Diego) explained. 

By careful choice of neutron energy, the selectivity of 
fast neutron activation analysis may be greatly increased. 
It is, for example, difficult to distinguish oxygen from 
fluorme when 14-MeV peutrons are used, since both 
elements yield the same product, by the reactions 
1SF(n,a)!N and 1!*O(n,p)!*N. The first of these 
has & threshold (for neutron energy) ab 1:5 MeV and the 
second at 10 MeV. For energies between these limite, only 
fluorine will form !*N. ‘Threshold differences may be 
exploited for the estimation of magneatum in the presence 
of aluminium, amoe the reaction MMg(n,p)*Na has & 
threshold at 4:7 MeV, while the interfermg process 
"UAl(na)*Na has a threshold at 8-1 MoV. Selection of 
neutron energy also permite the estimation of silicon in 
the presence of phosphorus, chromium in the presence of 
manganese and in the presence of chlorine. 

Steel uses a 8-MeV Oockcroft-Walton generator to 
accelerate positive ions (p,d,*He or a) which are used to 
bombard & target; Li, Be, B, C, Al, V and others are 
being investigated. By appropriate choice of particle, 
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accelerating potential and target material, approximately 
monoenergetic neutrons are produced in useful quan- 
tities and with energies in the range from a few keV to 
20 MeV, allowing many reaction thresholds and resonance 
absorptions to be utilized. 

For the estimation of elements with Z < 10, thermal 
neutrons are of little value. Fast neutrons sre more 
serviceable, but interferences from neighbouring elements 
are often troublesome. Activation analysis with *He iong 
is attractive; because of the large bindmg energy, many 
useful reactions occur ab relatively low incident energies, 
from 12 MeV downward. E. Ricci (Oak Ridge National 
Laboratory) reported a sensitivity of 3 x 10-1! g in the 
determination of oxygen by the reaction !*O(*He,p)!*F, 
using a 25-yamp beam of *He** ions. E. L. Bteele* dis. 
cussed the difficulty associated with the poor penetration 
of heavy ions, and suggested that vaporization of the sample 
under bombardment (in a suitable container) might be 
tolerated. He quoted excellent sensitivities for the deteo- 
tion of several light elements, but pointed out that the 
products are mostly ponon emitters all producing 
annihilation radiation of energy 0-51 MeV. ently, 
identification of the desired activity must be by 
resolution of complex decay curves rather than by pulse- 


ae analysis. 

. Engelmann (Centre d'Etudes Nucleaires de Saclay) 
used, ve protons and a-particles ab energies up to 
40 MeV for the determination of light elements (C, N, O, F) 
in reactor materials, by non-destructive methods with 
sensitivities better than 10-" g. 

Although thermal neutrons are not effective in the 
activation analysis of light elementa, secondary proceases 
oocurring in a nuclear reactor may sometimes be pressed 
into service. H. J. Born (Institut fur Radiochamie der 
Teobnischen Hochschule, Munich) explained how the 
successive reactions *Li(n,a)t and !*O(tn)!*F may be used 
for the determination of oxygen or lithium in & system 
containing both elements. Knowledge of the oxygen 
content of lithiumbutyl (a polymerization catalyst) is 
signifloant in the manufacture of plastica and the exact 
measurement of the lithium content of many substances 
is important both for geochemical problems and for 
checking the purity of reactor materials. 

Most of the samples submitted to activation analysis 
display & complex pattern of induced radioactivity after 
neutron bombardment. In rare instances the desired 
activity oan be separated by simple instrumental means, 
as, for example, in the estimation of oxygen in steel, 
where the (n,p) reaction on !*O gives !*N. The y-radiation 
emitted by this isotope is of such high energy (6-13 and 
7-18 MeV) that it oan be detected without interference 
from any of the other activities induced in the steel 
specimen. 


More often & detailed separation must be attempted, 
either by chemical means (after irradiation, when oon- 
tamination from reagente is no longer & hazard) or by 
fairly elaborate y-ray spectrum analysis. Chemical 
separation is necessary to achieve the ultimate sensitivity, 
but instrumental techniques are sometimes convenient. 
M. D. Cohan (Armed Forces Radiobiology Research 
Insttute, National Naval Medical Center, Bethesda) 
described a counting system incorporating an electronic 
computer to provide immediate calculation of analytical 
resulte, with appropriate graphical or digital presentation 
to the user, during the course of the experiment. Several 
laboratories record lex y-rey spectra on magnetic 
tape for subsequent ution with the help of electronio 
computers. > 

Present applications of activation analysis fall into four 
mam categories. In science the main interest is in geo- 

i and in cosmochamistry, inferred from analysis 
of meteorites. Knowledge of trace elament concentrations 
both in the Earth's crust and in extra-terrestrial material 
has been radically altered during the past ten years by 
the use of activation analysis. The determination of 
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major constituents in meteorites by fast neutron activation 
analysis is of growing importance for the study of the 
rarer meteorites, where the limited supply of material 
makes non-destructive analysis particularly attractive. 
J. R. Vogt (University of Kentucky) described methods 
for the rapid estimation of oxygen and silicon in 
meteorites. An IBM ‘1410’ computer is used to 
handle the experiment data and to calculate the results, 
allowing complete analyses to be performed at the rate 
of 60/h. 

The most widely useful industrial application of 
activation analysis is the estimation of oxygen in steel. 
With automatic equipment now available, a complete 
analysis can be made in 2 min or leas, with accuracy 
better than 2 per cent. D. E. Wood (Kaman Nuclear, 
Colorado Springs) reported a careful comparison with the 
commonly used vacuum fusion method, concluding that 
activation analysis with 14 MeV in the reaction !*O(n,p)!*N 
is more reliable, since it &ooounte for the whole of 
the oxygen in the sample, regardless of chemical 
form; in vacuum fusion the oxygen may not be fully 
extracted. : 

Technical &dvanoes made possible by the development 
of relatively cheap and simple neutron generators were 
typified in the nuclear analysis system for coal, described 
by T. O. Martin (Texas Nuclear Corporation, Austin). 
This equipment measures the carbon, oxygen, silicon and 
aluminium content of coal on & conveyor belt, using a 
neutron generator and monitor, two scintillation spectro- 
meters and & four-channel system for date analysis. The 
carbon and oxygen contents are measured by the inelastic 
Scattering of fast neutrons, using & y-ray spectrometer 
positioned near the generator. Aluminium and silicon are 
estimated by activation analysis, with the help of a second 

r placed about 40 seo downstream. The 

calorific value of the coal can be estimated with reasonable 

from the carbon content. The percentage of 

moisture is related to the oxygen content, especially in 

wet coals, and the proportions of aluminium and silicon 
are a guide to the ash content. 

The compactness of fast-neutron activation analysis 
equipment has already been exploited in building appar- 
atus which, when delivery can be effected, will help to 
determine the composition of the lunar surface. Additional 
information can be gained from the direct or indirect 
examination of various capture and scattering reactions, 
not necessarily associated with the induction of radio- 
activity. 

An ingenious example of this approach was discussed 
by R. L. Caldwell * (Socony Mobil Oil Co., Dallas, Texas) 
in relation to the analysis of oil-bearing rocks. A small 
generator, with suitable detection equipment, is lowered 
into a borehole, where & 20-200-usec pulse of 14-MeV 
neutrons is delivered. The aftermath of this pulse is 
revealed by measuring the thermal neutron flux (using & 
boron trifluoride counter) or the promptly-emitted y-rays 
from various nuolei after neutron activation. 

The production of thermal neutrons depends on slowing- 
down by collision, mainly in oil or water. The rate at 
which the burst of thermal neutrons dies away is influenced 
by the presence of elements such as sodium and chlorine, 
with large capture cross-sections. The die-away measure- 
ment technique can be made to yield a remarkable 
amount of information on the presence of oil, fresh water 
or salt water and has the advantage of being able to work 
effectively through the iron pipe that normally lines the 
borehole. 

In clinical science the principal application of activation 
analysis is in the determination of trace elements. The 
experimenter’s task 5 often mado difficult by the presence 
of interfermg elements. Sodium is the most significant, 
because of ite abundance in biological material and of ite 
large neutron capture cross-section. Ion exchange tech- 
niques are effective in the removal of sodium, but may 
also ramove, in whole or in part, the trace elementa which 
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it is desired to measure. M. P. Menon and R. E. Wainerdi 
(Texas Agricultural and Mechanical University) described 
& simple procedure based on the precipitation of carrier 
and active sodium by a mixture of n-butanol and 
hydrochloric acid, removing the “Na (and, incidentally, 
most of the chlorine activity) but having little effect 
on the remaining trace elementa in the irradiated 


Tho metabolism of manganese offers many problems 
illustrating the potentialtties—and pitfalls—of activation 
analysis. -levels in biological fluids (blood 
gerum, cerebro-spinal fluid, bile, saliva) are seldom above 
1 pg/100 ml. Attempta to remove sodium by dialysis 
before neutron irradiation have been criticized with some 
justification, because of contamination with manganese 
from the buffer solution. 

To estimate the error involved in this procedure, E. 
Kanabrocki* (Veterans Administration Hospital, Hines, 
Illinois) exposed buffer solution to neutron bombardment 
before dialysis of unirradiated samples of various bio- 
logical fluids. Corrections of up to 25 per cent were found 
to be necessary. In the estimation of manganese in urine, 
the contribution made by the buffer solution to the final 
result was found to be as high as 72 per cent; some 
workers would put this figure at 100 per cent, since it 
has been asserted that the mammalian kidney does not 
excrete manganese at all. 

Determination of tissue concentrations is the first step 
towarda elucidating the physiological or biochemical role 
of an element. Discussing the homeostasis of manganese, 
G. Ootzias* (Brookhaven National Laboratory, Upton, 
New York) reported animal experiments showing that 
dietary manganese-levels can be inoreased by & factor of 
180-200 before the tiasue-levels will be doubled. The 
mechanism for this very effective control is not known, 
but there is evidenoe—as yet inconcluaive—that the 
adrenal hormone influences excretion of manganese. 

Another unsolved problem was illuminated by E. D. 
Bird (University of Florida) in an investigation of trace 
elements in urine. Hypertrophic j from rachitio 
rata can be mineralized in viro by incubation in urine 
from patients actively forming kidney stones, but not in 
urine from normal patients. Minute amounts of rino, 
manganese or cadmium are found to inhibit mineralization 
in viro. Bird reported, however, that patiente with kidney 
stones generally excrete abnormally large amounts of zino. 
In most cases, caloium-levels in urine were also elevated. 
It was noted that zino excretion increased when the 
dietary intake of calcium was increased. Since most of 
the zinc in the body is incorporated in bone, it is not 
surprising that the metabolism of xino is closely involved 
with that of calcium, but further work is needed to obtain 
& convincing picture of the relationship. 

The intact human subject has been used in activation 
analysis, by exposing the body to a broad beam of fast 
neutrons and studying the induced activity with a whole- 
body counter. J. M. A. Lenihan* (Western Regional 
Hospital Board, Glasgow) that the total 
quantity of iodine in the thyroid gland (& matter of great 
interest to the physician) might be determined by irradi- 
ating tho organ with thermal neutrons and assaying the 
induced activity due to 1*I, by external scintillation 
counting. Sodium and chlorine, the main interfering 
activities, are rapidly cleared, but iodine is trapped in 
the thyroid—though some loss might occur as & result of 
the Sxilard-Chalmers process. A total dose of 10'* n/cm?, 
corresponding to 10 rems, should be te. 

Forensic science offers scope to the activation analyst, 
since the investigation of material traces is frequently 
decisive in linking the suspect with the crime—or, what 
is jusb as satisfying, in dissociating him from it. Small 
samples of paint may be examined for evidence of common 
origin by estimation of trace elements (such as manganese, 
indium or ) which are present at such low levels as 
to be of no obvious importance to the user and are there- 
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fore not controlled in the manufacturing process. For 
this reason, the concentrations usually vary considerably 
(or even one batch) to another. 
V. P. Guinn (General Atomic, San Diego) suggested that 
gun might be deliberately labelled with minute 
amounts of elements such as dysprosium &nd europium, 
readily determined by activation analysis. Collaboration 
among manufacturers would make it possible to determine 
not only whether a suspect has recently fired a gun (from 
the presence of powder traces on the hand or cheek) but 
also to identify the brand and calibre of tbe ammunition 


and Drugs Administration for a scheme to label all nar- 
cotics produced in the United States; 16 elements will 
be available as markers and three will be used for each 
drug, allowing 560 combinations. Trace element analysis 
has been used succeasfully to identify whisky from an 
illicit still.- Age claims (up to 100 years) in a consignment 
of imported brandy were refuted without the need for 
activation analysis by estimating the tritium content of 
the liquor. 

Several groups are now examining the possibility of 
personal identafication by trace element analysis of hair. 
W. 8. Lyon* (Oak Ridge National Laboratory, Tennessee) 
considered that positive identification was not yet possible, 
mainly because of differences in chemical composition 
among samples from the same head—or even from tho 
same hair. R. F. Coleman* (Atomic Weapons Research 
Establishment, Aldermaston) gave a preliminary rt 
of investigations now being made to assess these diff- 
culties and to develop a statistically reliable arterion for 
the identity of origin of two samples. J. P. W. Houtman * 
(Reactor Institute, Delft) discussed tbe influence of diet 
on the composition of hair. In samples from 16 Trappist 
monks, for whom diet and environment were strictly 
controlled, concentrations of bromine, gold and rino in 
the hair showed little variation from one individual to 
another, but considerable differences were found in the 
levela of arsenic, chromium and mercury. 

Houtman also described work on activation analysis of 
pigments as an aid to the detection of false attribution 
of painting. White lead is a suitable material for in- 
vestigations of this sort, since it has been used by painters 
for more than five centuries. Ita major constituents are 
not appreciably activated by thermal neutrons, but a 
number of impurities, including silver, copper, antimony, 
zino and bromine, are readily made radioactive. i 
tion of these and other trace elements gives useful 
information as to the period in which the pigment was 
manufactured. 

These two meetings gave evidence of the rapid spread 
of ideas and practical collaboration from the relatively 
small number of laboratories now engaged in activation 
analysis. The technique has not penetrated effectively 
into veterinary science or agricultural chemistry and is 
clearly capable of greater usefulness in biochemistry, both 
in the examination of trace element metabolism and in the 
determination of oxygen and nitrogen. Industrial appli- 
cations, depending on the rapid analysis of raw materials 
or manufactured products, are also likely to grow with the 
increasing availability of modeetly-priced neutron gener- 
ators and pulse-height analysers. 

The methods of activation analysis will not be fully 
exploited in scientific research and in industry until the 
subject finds a place in the undergraduate curriculum. 
The i tal principles are well within the grasp of 
the able student and can be taught in a relatively short 
time with simple equipment. There is also an evident 
need for a greater amount of systematic instruction at the 
postgraduate level, to meet the needs of research workers 
and teachers. J. M. A. LENIHAN 
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THE LONDON MATHEMATICAL SOCIETY 


By Pror. H. DAVENPORT, F.R.S. 
University of Cambridze 


r Tee year the London Mathematical Society completea 

one hundred years of existence, and the occasion was 
marked by a Centenary Meeting during July 13-15. 
There were seven lectures by ominent mathematicians, 
pure and applied, inoluding two of the honorary members 
of the Society: Prof. Cartan of Paris and Prof. Nevanlinna 
of Helsinki. The lectures were delivered at University 
College, London, and a reception was also held in the 
rooms of the Royal Society on the evening of July 13 
and a dinner at Goldsmiths’ Hall on July 15. 

It was particularly appropriate that the Centenary 
Meeting should have been held at University College, 
London, for it was there that the Society came into being. 
The proposal to form a mathematical society was first 
put forward by a small group of students there, and in 
the circular letter which invited attendance at a pre- 
liminary meeting on November 7, 1864, it was called the 
University College Mathematical Society. One of the 
students was George de Morgan, a son of Augustus de 
Morgan, professor of mathematica at the College during 
1828-1831 and 1886-1866. Prof. de Morgan took a keen 
interest in the proposed Society, and it was duo largely 
to his influence that it becam» a national learned society 
and not a College society. He was a mathematician with 
a broad range of intereste, though not in the first rank 
83 a discoverer, and was widely known for his writi 
(especially his Budget of Paradoxes), for his long connexion 
with the Royal Astronomical Society, and for his public 
service. (He was a prominent member of the Government 
Committee which reported on decimal coinage in 1868 in 
much tho same terms as a similar Committee in 1968.) 
De Morgan’s rolo in the foundation of the Society is 
commemorated by the De Morgan Medal, awerded every 
third year for distinguished contributions to mathematioal 
knowledge. 

The inaugural meeting of the London Mathematical 
Society, with twenty-seven members, was held on January 
16, 1865, with Prof. de Morgan, the first president, in the 
chair. His address can still be read with mterest. After 
stating the aims of the Bociety &nd giving his views with 
regard to the best policy by which to pursue them, he 
went on to urge the importance of a deepar study of the 
relationship bstween mathematics and logic. He also 
attacked (with good reason) the Cambridge exaniination 
system of the tims. 

The first vice-president was Dr. Thomas Hirst, who had 
studied at Marburg, Gottingen and Borlin, and was 
therefore, for & British mathematician of that period, 
unusually familiar with current mathematical develop- 
ments on the continent. He was then professor of mathe- 
matical physics at University College, but succeeded de 
Morgan as professor of mathematics after the latter had 
resigned in 1866, in protest against an appointment made 
by the College Council under the influence (as he believed) 
of sectarian considerations. 

The speed with which the Society attracted the support 
of leading mathematicians was remarkable. It must be 
attributed partly to the influence of de Morgan and Hirat 
and partly to the fact that the new society met a real 
need. The next two presidents after de Morgan were 
Sylvester and Oayley, the two greatest British pure 
mathematicians of the century, and a few years later 
H. J. B. Smith of Oxford served aa president, and was 
followed by Lord Rayleigh. Rayleigh (then the Hon. 
J. W. Btrutt) had joined the Society as a young man in 
its early days, and served for a long time oa its Council. 
Another young mathematician of great original:ty, who 


joined the Society while still a Cambridge undergraduate, 
waa W. K. Cliffard. Among other active members in the 
1870’s were Clerk Maxwell and William Thomson (later 
Lord Kelvin). There was a good deal of overlap between 
the membsrahipa of the London Mathematical Society 
and of the Royal Astronomical Society, and some (for 
Instance, Oayley) were active in both*. 

The aim of the Society has been constant from the day 
of ita foundation: “the promotion and oxtension of 
mathematical knowledge". This aim has been mainly 


_ pursued by the publication of original papers; the Society 


has now published 104 volumes of the Proceedings and 89 
volumes of the Journal. In addition there have always 


meeting each year, held in a university 
city other than London). The meetings served a somewhat 
different purpose in the early days of the Sooiety than they 
do at present. ‘They attracted men who were pursuing 
mathematical reeearch, often of real origi ity, in 
isolation, while earning a living in some profession; and 
brought them into contact with the leadmg mathemati- 
cians of the country and with one another. A good deal 
of informal discusaion occurred at the meetings, not 
always related to the papers that had been read. In 
recent times the meeting is usually givon over to a lecture, 
often by a visiting mathematician from abroad, though 
occasionally there is a group of short talks on related 
topics instead. 

The Society’s publications have naturally reflected, in 
the character of their contents, the ing intereste of 
the mathematicians of the country, and these have gener- 
ally corresponded (though sometimes after a delay) with 
the interesta of the mathematical world as a whole. 
Until the 1890's, there was a preponderenoe of papers on 
algebra and geometry. Then began tho reign of analysis, 
which may be said to have continued, with variations of 
emphasis, until after the Second World War. In the 
1980's and 1940's there were also many papers on number 
theory, and in particular on the geometry of numbers. 
In recent years, topology has loomed large, and algebra, in 
ita various abstract forms, perhaps even larger. This is to 
speak only of pure mathamatios; in applied mathematics 
the Booiety's publications, although contaming many 
important papers, cannot now be conmdered to be fully 
repræsentative of the tend noies of current research. This 
is mainly & consequence of the gradual evolution of 
various branches of applied mathematics into independent 
sciences with their own journals. 

The scale of publication has had to be increased steadily 
over the years, and even now, with about 1,600 pages & 
year in the Proceedings and Journal, it barely keeps pace 
with the flow of good papers. The editing, printing and 
publishing of so much diffüioult mathematical material 
esoh year make heavy demands on the timo &nd energy 
of the secretaries and editors, particularly aa each paper 
involves with one or more referees, and 
consid sration of referees’ re 
Journal Committee. The 
full-time paid staff. 

Indeed, the Socicty has always been run with financial 
resources which were small in relation to its potential 
commitments, and has depended heavily on the devoted 
services of its officers. Dr. Glaisher (president 1884-86) 
recalled in his reminiscences on the occasion of the 


* Moro about the history of the Soelety will be found m Bir Edward 
‘a arücle in. New Solentiat, 85, 04 (1065). 


by the Council or the 
ociety has never had any 
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better A 

One of the most eminent, and mos devoted, members 
ety was G. H. Hardy, who was twice president 
(1926-28 and 1989-41) and twice secretary. He took on the 
gecretaryship 


to carry on the Booiety's work. Ths bip pe 
of 1928 he said: ye meant much 


(and possibly more readable) papers than the Proceedings. 
appointed x 
present producing Hardy's Collected Mathematical Papers, 


and it is ho that the first of the seven volumes will 
be publish by the Clarendon Press this year. The 
Society has just published an extra volume of Proceedings 


in honour of the eightieth birthday of J. E. Littlewood, 
whose long and extremely fruitful collaboration with 
-Hardy is without precedent in the history of mathematics. 

The Society received its greatest benefaction to date 
under the will of Hardy’s sister, Misa G. E. Hardy, who 
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survived him and died in 1968. This, like Rayleigh’s 
benefaction, has been of great value, in that it has en- 
couraged the Society again to expand ita publications and 
to embark with greater ce on further activities in 
of ita aims. One of these is the organizing of 
instructional conferences of two- or three-week duration, 
at which courses of lectures on some important branch of 
mathamatioa in which current research is active are given 
by leading experts from Britain and from overseas. Bo 
far there has been one such conference on functional 
analysis and one on probability theory, and the third, on 
algebraic number theory, is to be held at the University 
of Sussex in September. Other recent developments are 
the foundation (jot with other Societies) of the 
Journal of Applied ility, and the publication (with 
rt from the Science Council) of Russian 
Mathematical Surveys. 

The London Mathematical Society of to-day, with ita 
eight hundred members, is on & larger scale than could 
have been antici ted by its founders, but it is stall 
animated by their spirit. The deeire to help one another 
in the advancement of mathematical knowledge is still 
gtrong. This applies not only to the offloers but also to 
the many members who share in the work (which is often 
onerous) of refereeing papers. There can be few British 
mathematicians who have not, at some time, profited 
greatly from the comments and oriticiams of referees of 
the London Mathematical Society. In this way, as in 


oe 


OBITUARIES 


Dr. J. W. S. Marr 


Jamas Worm Brmsexn Mann, who died on April 29 
in his sixty-third | year, made outstanding i 


part in the Shackleton-Rowett Expedition of 1921-22 in 
the 


South Georgia, the expedition failed to achieve its main 
objective, but much was lished over & wide 
scientific field, notably on the islands of South Georgia, 
Elephant, Gough and Tristan da Cunha. He returned to 
Aberdeen to complete his studies and was awarded the 
M.A. d in classics in 1924, and the B.Bo. degree in 
zoology in 1925. : 
Marr then took part in the British Arotio Expedition with 
F. A. Worsley and G. Algarseon, and described the planta 
of West Spitzbergen, Northeast Land and Franz Joseph 
Land, and the resulta of dredging in 78°-82° N. After 
& year 88 Carnegie Scholar at the Marino Laboratory 
Discovery Investigations. 
During 1928-29 he worked in the R.R.8. William Scoresby, 
mainly on oceanographic surveys of the South Georgie 
whaling grounds but also on a winter trawling survey of 
the Patagonian shelf within a few days steaming of the 
Falkland Islands. His next voyage (1920-30) was in the 


baleen whales feed. He experimented with new m 
of sempling, fishing deeper and. deeper nets to catah tho 


eggs and early larval stages, and doing his best to measure 
the extent to which adult krill avoid the ship and towed 
nets in daylight, and to find æ practical method for 

itative sampling which would overcome the patchi- 
nees of the krill, which occurs in shoals or swarms. 

He deals with these questions in his Natural History 
and Geography of the Aniarctio Krill, He shows that the 
krill population is maintained principally by spawning on 
or near the Antarctic ooastel sh where the current 
follows the prevailing east wind. The west-wind zone 
farther north has relatively few krill except where there 
is a marked northerly outflow of water from high latitudes, 
the great exception being in the Atlantio sector, where 
the west-wind zone, being fed by a massive outflow from 
the Weddell Sea, is the area where krill is most abundant. 
It is there that they are largest and most numerous, the 
whales fattest and the oil of highest quality. But this 
area of great abundance is not & successful spawning 
area. Female krill ready to spawn are taken in the neta 
and found in the stomachs of whales, and krill eggs can 
be collected by keeping the gravid females alive m 8 
tank until they spawn, but very few eggs, nothing liko 
enough to support & pulation, are taken from the sea. 
Study of the vortioal distribution of krill larvae in the 
ocean shows that krill eggs hatch at great depths, prob- 
ably below 2,000 m if the water is deep enough, and the 
batched larvao rise stage-by-stage, reaching the surface 
as first Calyptopis larvae. This. developmental ascent 
is seen to take place successfully near the Antarctic shelf, 
but not in the weat-wind drift, and the rich population 
east of South Georgia is seen to be maintamod not by 
eggs hatched locally but by larvae rising from the Weddell 
drifte which brings them from successful hatching rogions 
farthor south. What happens to the eggs leid in the rich 
cast Atlantic sector—whether they are carried beck to 
the south, or lost to the north—remains a mystery. 

_ Tt was to be expected that such remarkable conclusions 
would cause a stir, and Marr was extremely careful about 
puttang forward all points of vicw, and very thorough in 
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Teasoning those which seamed to him best to fit the 
evidence. His conclusions are based on an unprecedented 
number of observations, an enormous collection of all 
stages in the life-history, copious fleld notes on habite 
and behaviour, counts, measurements, sex determinations, 
and information on developmental conditions to which 
moet Di scientista had contributed over 95 years. 
lt has & very wide coverage in place, time and depth, 
though not so critically distributed as it could be now 
that the work is done. No one is likely to collect as much 
agam; but we can now see what to do next, where to 
look and what to look for. To have made this possible is 
& very great achievement since the krill occupies & supreme 
position in the economy of the Antarctic seas. 

Marr wrote a fascinating account of the history of the 
South Orkney Islands, and of the scientific work done 
during the Discovery’s survey of the group, taking great 
pains to give a olear account of what earher explorers 


had done. His collecting was done with tremendous 
enthusiasm and he no effort in recording and 
preserving the material. He wrote on the preservation of 


marine animals and was so outstandingly suocesaful in 
collecting and keeping them in good condition that visitors 
to the ahip, whether eminent scientista or gracious Oom- 
monwealth Governors, were always charmed with what 
they saw. His last major work was on the natural history 
and distribution of the unstalked arinoida of the Antarctic 
shelf. He always wrote with a reet for his subject that 
makes it a pleasure to read. 

During the Second World War he served in Iceland, 
the Far East and South Africa, and in 1043 he was given 
the special taak of organizing and land bases 
in the Grahamland region of Antarctica. He was three 
times awarded the Polar Medal, and he also received the 
Bruce Memorial Prize of the Royal Soottish Geographical 
Em and the Back Grant of the Royal Geographical 

ety. 

Worsley, writing of the voyage in 1925, said Marr was 
the strongest man on board and their champion at stowmg 
any sail, square or fore and aft. 
However hard and unpleasant the work, he never spared 
himself, and his failing health durmg the past few years 


remarkable sum of knowledge and experience of Antarctic 
biology: an American reviewer has described it as natural 
history at ita best. G. E. R. DzAOON 


* Discovery Reports, 89, 33 (1962). 


Prof. V. F. Hess 


Tae work during the years 1911 and 1912 of Prof. 
Victor Heas, who died at the age of eighty-one on Decem- 
ber 18, 1964, has been recognized 88 that which clearly 
established igi 


took his doctorate in 1910, ho worked for some ten years 
Vienna before 
returning as professor to Gras. In 1931 he was appointed 
professor and director of the newly founded Tratate of 
Radiology at Innsbruck, and there founded the famous 
Hafelekar Cosmic Ray Observatory at an altitude of 
2,300 m, one of the earliest stations for the continuous 
observations of cosmic-ray intensity. In 1938, moving to 
the United States, he took a professorship at Fordham 
University, which he held until his retirement to an 
emeritus professorship in 1956. He was a member of the 
Academy of Sciences at Vienna, of the Pontifical Academy 
of Sciences in Rome and a Fellow of the American 
Physical Society. 


NATURE 


July 24, 1965. von 207 


Before Hees undertook his classical experiments, con- 
Biderable attention had already been directed to the 
‘reaidual ionization’ which was always found to be present 
in the gas of an ionization chamber, and speculation had 
poasbility of an extraterroetrial 
origin. The 'rendual ionization! varied remarkably little 
from one place to another, on the surface and under it, 
over land and on water, and the absorption recorded 
when the chamber was surrounded by lead shields was 
unexpectedly slight. Early attempts to move away from 
the influence of the condensed Earth by ascending the 
Eiffel Tower and in the first balloon experimente were 
inoonclusiv since the effect is not well marked 
st the heights of ascent which were reached because of 
the real attenuauon of terrestrial radiation, partly because 
of inadequate instrumentation. 

Hess based his work on a detailed investigation of the 
absorption of y-rays m air and, for he was & man of coon- 
spicuous experimental ability, on greatly improved 
ionization chamber techniques using hermetically sealed 
chambers. In 1911 and 1912 he made a number of balloon 
ascents, finally reaching a height of 5,800 m. He estab- 
lished that while there was a decrease of ionization with 
increasing altitude up to about 1,000 m, at greater alti- 
tudes the observed intensity of ionization increased go 
that at 5,000 m it was twice that at the ground. Later 
work was to exhibit & much more striking increase at 
still greater heights. Since there waa no significant 
difference in the observations by day and by night, nor, 
on one occasion, during the short period of a solar eclipse, 
Heas concluded that the postulated extraterrestrial 
radiation waa not of solar origin. 

Although this work and the conclusion which Hees 
drew from it were to become recognized as sound, they 
did not at first go unchallenged. This waa particularly 
80 because of the confusion which surrounded apparently 
direct absorption measurements in, for example, water, at 
a tme before there was any understanding of transition 
affecte, and it was not until about 1926 that all doubts 
sbout an extraterrestrial origin of the penetrating radiation 
were resolved. l 

During his work at Vienna, Hees had already become 
aware of apparent fluctuations of intensity, and over the 

ing years these were to be the subject of many 
series of observations by different groups of workers, 
specific features of which only too often were not supported 
by subsequent work. The Hafelekar Observatory was 
set up in 1931, and it played a leading part for many 
years of sustained and reliable intensity monitormg. In 
addition to important work in the interpretation of the 
atmospheric effects (including the identifloation of the 
negative temperature effect for which an explanation. 
only became ble some years later), the true solar 
diurnal variation was established. During this period 
also, Heas considered that an extremely small sidoreal 
variation had been detected, which might be linked with 
the Compton-Getting analysis of galaotio rotation. 

In recent years the main advances in the physics of 
the cosmic radiation have come from high-altitude 
and extraterrestrial observations, on one hand, and 
from an ever-widening range of continuous monitoring 
systems, on the other. Toward both these areas of 
investigation Heas was responsible for pioneer work of 
conspicuous excellence, and his death breaks one of the 
last links with the earliest observations and the identifica- 
tion of the coamic radiation. J. QG. Wirisox 


Mrs. L. W. Jones 


Mrs. L. W. Jones, known to her family and friends 
as ‘Joan’, died after a sudden two-day illness at Adden- 
brooke’s Hospital, Cambridge, on June 6. The wife of 
Mr. Lawrence W. Jones (who is a long-serving executive 
and director of Pys, Ltd., of Cambridge), she came in 
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close contact with the radio and electronica industry in 
the late 1920's. At the outbreak of wa: in 1089, Mrs. 
Jones started an engineering shop in the garden of her 
home as her contribution to the national War effort. 
She led this operation tireleaaly throughout the War years, 
finding additional premises, plant and personnel to keep 
pace with Britain’s desperate need for radio and radar 
equipment. ‘Lebgear’ was the name ultimately chosen 
for this business, because of the nature of ita products, 
When the War was over, Mrs. Jones had to make one of 
her most difficult decisions, whether to terminate the 
activity or to continue as a manufacturing business for 
posee uude requirements. Her sense of adventure and 
oyalty to the staff who had helped her make such a 
success of the war-time endeavour soon led her to decide 
to continus. 5 
The immediate post-war years were diffloult ones; it 
was a period of change. Many new companies were 
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formed; some succeeded, many failed. However, under 
the guidance of Mrs. Jones, as its founder-director, 
Labgear, Ltd., prospered and, from its humble beginnings, 
to-day employs more than four hundred ple and is 
now a member of the Pye Group of Companies. 

Mrs. Jones was loved and respected by her colleagues 
and every employee of the Company. No ono did more to 
ensure a happy relationship between management and 
work-people, and she waa regarded aa a specialist in person- 
nel and production management. Apart from her main 
business responsibilities she did much to organize welfare 
and social activities in which she personally participated. 

Some five years ago Mr. and Mrs. Jones moved to a 
country residence and but for Mra. Jones’s untimely death 
she would have retired from business life this year to 
enjoy the rewards of her full and active career. Mrs. 
Jones leaves a widower and two sons who are directors of 


engineering businesses. 


NEWS and VIEWS 


Lord Florey, O.M., F.R.S. 


As announced from Buckingham Palace, H.M. the 
Queen has graciously awerded the Right Hon. Lord 
Florey the Order of Merit. Lord Florey is president of 
the Royal Society and provost of Queen’s College, Oxford. 
It has alao been announced that Lord Florey is to receive 
the 1965 John Soott Award from Philadelphia, awarded 
to “ingenious men who make useful inventions". The 
award consists of £700, a medal and a citation. 


Royal Institution: Sir Lawrence Bragg, O.B.E., F.R.S. 


Sin Lawnanog Beaae will shortly be retiring from his 
position as director of the Royal Institution—a post 
which inoludes the titles of Fullerian profeasor of chem- 
istry (held by Sir Lawrence since 1958) and resident 
profeasor and director of the Davy Faraday Laboratory 
(since January 1954). This year also he celebrates the 
jubilee of the award of the 1915 Nobel Prize for Physica 
to his father, Sir Henry William Bragg, and himself jointly, 
for their work on X-rays and crystal structure. Only a few 
months previously they had been jointly awarded the 
Barnard Gold Medal of the U.S. National Academy of 
Sciences, an award made only once in five years (previous 
recipients having been Ernest Rutherford, William 
Ramsay and Wilhelm Ròntgen). It is mteresting to note 
that W. L. Bragg was only twenty-five years old when 
these awards were made and that he had studied no 
physics at school and only a very little in the Honours 
Mathematics course at the University of Adelaide. His 
serious study of physica only began when he was twenty 
and in his second year at the University of Cambridge. 
Two years later, while still studying, he began that 
fruitful collaboration in research (mainly in vacations) 
with his father, which effectively founded the science of 
the structural analysis of solids. After several years in 
the Armed Forces during the First World War, he was 
elected a Fellow of the Royal Society in 1921 and was 
awarded the Hughes and Royal Medals in 1981 and 1946, 
respectively. He had been made a Fellow and lecturer 
in natural aciences at Trinity College, Cambridge, in 
1914. After demobilization in 1919, he was appointed 
Langworthy professor of physics, Victoria University, 
Manchester, where he built up a famous research school 
concerned with fundamental problems of X-ray diffraction 
by crystals, and in particular with the structure of the 
silicates. In 1987 he became director of the National 
Physical Laboratory, but in 1988 he left Government 
service to become for fifteen years Cavendish professor of 
experimental physics in the University of Cambridge. 


Here he resumed his earlier researches into the structure, 
texture and properties of metals and he became especially 
interested in the determination of the structure of protem 
molecules; both these interests he has maintained in 
directing the work of the Davy Faraday Research 
Laboratories. 

As reaident professor of the Royal Institution he has 
introduced several brilliantly suoceesful innovations. The 
popularity of the Christmas Lectures for children, & set 
of which he himself had given in 1934-35, persuaded him 
that fourth-, fifth- and gixth-form scholars would benefit 
by having similar courses throughout the year. These 
could be aimed at a more homogeneous sudience and 
illustrated by demonstrations involving apparatus too 
large or too costly for school resources. Many thousands 
of young people have now been interested and inspired by 
such Royal Institution lectures. Other schemes have 
involved science teachers and classically trained Civil 
Servants. While the subjects of the Friday Evening 
Discourses have been broadened somewhat in interest, 
the social side of the Royal Institution has also been 
extended, a responsibility very fully shared by his dis- 
tinguished wife, and by the preeidente of the Royal 
Institution under whom he has served, the late Lord 
Brabazon and the present preeident, Lord Fleok. 


Prof. G. Porter, F.R.S. 


Por. G. Porras has been appointed to the directorship 
of the Royal Institution in succession to Sir Lewrenco 
Bragg. After graduation from the University of Leeds, 
where he was Ackroyd Scholar, Prof. Porter served in 
the Royal Navy in the Western Approaches. He then 
went to idge, and pioneered the technique of flash 
photolysis for which he received his Ph.D. in 1949. He 
then became a demonstrator in physical chemistry in the 
University of Cambridge, and was made an sesistant 
director of research a Fellow of Emmanuel College 
in 1952. In 1954 he Jomed the British Rayon Research 
Association as assistant director. Ho was appointed to 
the newly created ohair of physical chemistry in the 
University of Sheffleld in 1955, and became Firth professor 
and heed of the Department of Chemistry in 1963. Prof. 
Porter has received world-wide recognition for his 
researches into free radical , chemical kine- 
lios, energy transfer, and the physical and chemical 
properties of aromatic molecules in triplet states. He 
was awarded the Corday-Morgan Medal in 1955, was 
Tilden Lecturer of the Chemical Society in 1958-59, was 
elected to the Royal Society in 1960, was Peter C. Reilly 
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leoburer of the University of Notre Dame in 1961, and 
delivered the Remsen Memorial Lecture of tho Amarican 
Chemical Society in 1962. Prof. Porter has & deep interest 
in scientifico education aa well aa in scientific research, and 
ia well known for his lectures on chemistry to school 
children. The professo in chemistry at the Royal 
Institution was revived for im in 1963, and he has given 
many lectures in this capacity, both to saientiste and 
non-scientista, while also leading the Department of 
Chemistry in Sheffleld. It is to be hoped that this new 
appointment will give him the maximum opportunity for 
the &dvanoement of ecientiflo research education. 


National [nstitute of Agricultural Botany : 
Establishment of Systematic Botany Branch 


A Naw Branch has been established within the National 
Institute of Agnoultural Botany. This will be known as 
the ‘Bystematio Botany Branch’ and will consohdate work 
on the description and identification of plant varieties, 
which is at present undertaken by Trials and Seed Pro- 
duction Branches. Another funotion of the new Branch 
will be to undertake teats on new plant varieties which are 
required under the Plant Varieties and Seeds Act, 1064. 
The Branch will form part of the Variety Classification 
Unit of the Plant Vanety Righta Office and will provide 
information on varietiea which have been submitted 
either for & grant of rights or for inclusion on the Index 
of Varieties. The Branch will also supply the rest of the 
Institute with information about the identifloation of 
varieties. This information will be particularly valuable 
in the planning of future trials to test the merits of 
varieties, and later for the purpose of the various seed 
certification and seed crop approval schemes, 


Mr. A. F. Kelly 


The first head of the new Branch will be Mr. A. F. 
Kelly, who is transferring from his present post of head 
of Seed Production Branch. Mr. Kelly has been at tho 
Institute since June 1945, when he assisted with tho 
establishment and recording of the renewed programme 
of variety triala after the Second World War. Later he 
was in charge of the Institute's seed multiplication work 
and the production of basic seed of varieties from the 
official Plant Breeding Stations from 1947 until 1964. In 
1954 he waa seconded to the Organization for European 
Economie Co-operation for two years to assist in the 
development of variety trials of grasses and olovers, and 
of an international agreement on seed certification 


methods. 
- Mr. G. Finch 


Mr. G. Finch, who hsa been appointed acting bead of 
Seed Production Branch, is probably better known to 
vegetable growers than to farmers in general. He joined 
the National Institute of Agricultural Botany in 1946 and 
has been speoially concerned with the development of 
trials on varieties of vegetables throughout England and 
Wales. In his earlior yeara at the Institute he was 
responsible for the seed produotion side of the work e8 
well as the variety trials and is consequently well known 
to most producers of root and vegetable seeds. 


The Shirley Institute 


_ Arras forty years at Shirley Institute, Mr. L. H. C. 
Tippett and Mr. W. A. Richardson retired at the end of 
June. Both joined the staff on the same day and have 
seen the Institute grow from small beginnings to an 
organisation with world-wide reputetion. 
Mr. L. H. C. Tippett 
Mr. L. H. C. Tippett, assistant director in charge of 
physics and mechanics) processing since 1951, haa become 
internationally known for his work on operational research 
and statistics. He was a pioneer in the statistical investi- 
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gation of process operations in the textile industry. He 
has served on numerous committees concerned with 
statistics and allied topics. He was the first chairman 
of the Committee of Statistics in Industry and Teoh- 
nology of the International Statistical Institute and also 
the first chairman of the Textile Institute's Quality 
Control Group. He 1s now president of the Royal Btetist- 
ical Society. During the course of his career he has 
received a number of awards for his work, moluding the 
Guy Medal in Silver of the Royal Statistical Society and 
the Textile Institute's Warner Medal. In 1902 the 
American Society of Quality Control presented him with 
its Shewhart Madal for “his outstanding leadership in the 
field of modern quality control". 

Mr. W. A. Richardson 


The other member of staff retiring is Mr. W. A. 
Richardson, whose work as & senior finishing lisison 
officer ainoe 1058 has brought him into contact with many 
people in the industry. During the first twenty years of 
his Institute career hia research work on starch resulted 
in a notable contribution to the technology of warp 
sixng. From 1943 until 1958 bo was head of the Rayon 

and became concerned in the ever-widening 
field of man-made fibre ing. He has served on 
several international and Textile Institute committees 
concerned with the standardisation of chemical methods 
to analysis of fibre mixtures. 


Royal Soclety Research Appointments 


Tma Royal Society has announced the following 
appointments to fellowships, dated from October 1, for 
two in the first instance: A Mr. and Mrs. John 
Jaffé Donation research fellowship, to Dr. R. ¥. Griffin to 
enable him to continue his work on (1) direct photoelectric 
measurement of atellar radial velocities, (ii) photometric 
surveys of stellar spectra at high resolution at the Observa- 
tories, University of Cambridge; The Mackinnon research 
studentship, to Dr. P. E. Baker to enable him to carry out 
etrological investigations 
on island-ares and mid-ooean ri at the Department of 
Geology and Mineralogy, University of Oxford; A Stothert 
research fellowship, to Dr. C. L. Nobbe to enable him to 
continue his work on the determmation of the mode of 
attachment of oxygen to myoglobin of the sperm whale 
at the Medical Research Council Laboratory of Moleoular 
Biology, Cambridge. 

The frat Bruno Mendel travelling fellowship hae been 
awarded to Dr. R. Whittam, of the Department of Bio- 
chemistry, University of Oxford, to enable him to work 
in the Department of Biophysios of the Weizmann Insti- 
tute, Rehovoth, during the avademio year 1965-06. This 
appointmant has been established with a gift from Mrs. 
Hertha Mendel to enable & travelling fellowship to be 
awarded in successive years to British, Dutch and Israeli 
candidates to enable them to work abroad in the United 
Kingdom, The Netherlands or Israel. 


Medical Research Coundl 


Tum Secretary of State for Education end Science, 
Mr. A. Crosland, in consultation with the Medical Research 
Council and the President of the Royal Society, has 
appointed the following to the Medical Reeoarch Council 
from October 1: Prof. D. G. Evans, De ent of 
Bacteriology and Immunology, London Schdo of Hygiene 
and Tropical Medicino; Prof. W. Melville Arnott, Depart- 
ment of Medicine, University of Birmingham; Prof. J. L. 
Gowans, Henry Dale professor of the Royal BSooreby, 
Department of Pathology, University of Oxford. These 
members have been apported in succession to Prof. M. M. 
Swann, who resigned from the membership of the Council 
on his appomtment to the Council for Scientific Policy, 
and to f. Wilson Smith and Prof. M. L. Rosenheim, 
who are retiring on completion of their term of office. 
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Advisory Committee for Scientific and Technical 
Information 
Tra Secretary of State for Education and Science has 
appointed the following to the Advisory Committee for 
Scientific and Technical Information, the setting up of 
which he announced in the House of Commons on April 27 
(Nature, 206, 665, 1065; 207, 234, 1965): Sir James 
Cook, Vice-Chancellor, University of Exeter (chairmen) ; 
Dr. N. F. Astbury, director, British Oeramio Research 
Aseocdi&tion; Dr. J. W. Barrett, research director, Mon- 
santo Chemicals, Ltd.; Prof. J. D. Bernal, professor of 
physica and of crystallography, Birkbeck College, Univer- 
sity of London; Dr. G. M. Dyson, consultant; Prof. 8. 
Gill, professor of computing science, Imperial College of 
Science and Technology, London; Prof. 8. P. Hutton, 
head of Mechanical Engineering Department, University 
of South Wales and Monmouthshire, Cardiff; 
Dr. R. M. research manager, Imperial Chemical 
Industries Fabrics, Ltd.; Prof. G. A. Smart, professor of 
medicine, University of Newcastle Tyne; Mr. B. C. 
Vickery, librarian, Manchester ologo of Science and 
Teohnology. 


Mond Chemical Products 


Tua name ‘Mond’ has become so closely associated with 
nickel as to be practically synonymous. We think of 
Mond nickel in terms of various types of nickel steel pro- 
duction, nickel crucibles, tubes, modern coinage, ‘nichrome’ 
electric resistance furnaces and hoaters, eto., but the 
diverse applications of this metal in the form of oxides 
and salts are perhaps not so generally appreciated and do 
not necessarily recall the name ‘Mond’ in this particular 
context. If such omission has indeed existed, it has now 
been well and truly repaired by the recent issue of a 
booklet entitled Mond Chemical Products (Pp. 10. London: 
International Nickel Co. (Mond), Ltd., 1965). Apart from 
nickel oxide and ite salta, the ‘Mond’ range of compounds 
summarized in this publication includes cobalt oxides and 
salts, selenium compounds and tellurium. In an accom- 
panying Prees release note it is stated that: ‘Mond chem- 
icalg . . . are used in one form or another in such differing 
places as the kitchen and the paint pot, the machine shop 
and the farm, the plating shop and the pottery". This 
great range of uses obviously ımplies a common factor, 
namely, & high degree of uniformity and purity in the 
several chemicals themselves. In this booklet each of the 
commonly available compounds of nickel, cobalt, selenium, 
and the tellurium product, are described under the 
headings: product and formula, approximate content of 
nickel, cobalt, eto., appearance (form and oolour), trade 
in which used, and purpose of such use; it is in the last 
category that the wide use of these ohemicals is realized. 
Nickel compounds find uses as alloy additions, active 
materials for storage batteries, catalysts, colours, fungi- 
cides, plating solutions, etc.; cobalt oxides and salta are 
used as catalysta, colours, for correcting cobalt deficiency in 
farming, driers, moisture indicators and mordanta ; selenium 

are used as colours, catalysts, deoolorizers, 
electrical rectifiers, oxidizing agents, stainless steel, eto., 
tellurium finds ita chief use in the metal industries as an 
addition element for machinability or, in the case of cast 
iron, as a carbide stabilizer. A short list of publications 
dealing with the use of these ‘Mond’ chemical products, 
and a list covering world-wide distributors of them, 
complete the useful date to be found in this booklet. 


The Albright and Wilson Group 

Toa name of Albright and Wilson has been 
associated with the manufacture and marketing of 
phosphates on a world-wide scale, but in the past few 
years there have been some major changes in product 
range, brought about partly by the absorption of other 
man 


facturing companies concerned with both fine and 
heavy chemicals. To-day, the Albright and Wilson Group 
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embraces more than thirty-five companies operating 
predominantly in the chemical field; it manufactures m 
eleven countries, employs about 11,000 com- 
mands asseta now exceeding £45 million, and has & sales 
turnover of more than eer To bring the pullo ap 
to date with the present expanding activities o 
Group, there has recently been published a small ilus- 
trated brochure which provides & succinct acoount of its 
contemporary activities (Pp. 28. London: Albright and 
Wilson, Ltd., 1965). Detergent and ahampoo raw 

have, according to this booklet, been the greatest angle 
factor in the growth of Albright and Wilson during the 
past fifteen years, because heavy-duty powder detergenta 
contain at least a third by weight of sodium tripoly- 
phosphate as an easential water-softening and dirt-disposal 
agent. Marchon Producta, Ltd., joined the Group m 1955 
and this led to further contmbutions to detergents, notably 
surface-active agente such as alkyl aryl sulphonates, fatty 
alcohol sulphates, and other iali ilaries such as 
hydrotropes and foam stabilizers. The Group is one of the 


phosphate, phosphatic solutions and feed-grade dicalcium 
Phosphate. Thi hates, long 
Wilson for insecticides, continue in demand, but with the 
recent addition to the Group of Stafford Allen and Sons, 
Ltd., the range is now supplemented with the important 
pyrethrum and derris extracts. Sodium chlorate continues 
as a weed killer, but the tendenoy is now towards the use of 
organic herbicides such as ammonium ‘sulphamate; for 
fungicides and bactericides, organo-tin chemicals manufac- 
tured by the Group (for example, tributyl tin oxide) &re of 
increasing importance. Another important fleld concerns 
flavours and fruit extracts, involving production of 
essences, eemential oils, juice compounds, and powders; 
spices are included. Fruit juices, extracts and concentrates 
are produced by the Group in eight countries, the most 
important being derived from lemons and oranges. Other 
interesta lie in metal-fimishing chemicals and processes, 
manufacture of and cosmetic products, pharma- 
ceutical producta, plastics piod sid chemicals, silicones, 
sodium chlorate and paper p cte. The brochure qon- 
cludes with brief notes on other products of the Group, 
on sales and marketing organizations of the member 
companies, technical service, research and development, 
and on the work of its engineering departments ble 
for design and construction of most of the new planta and 


factories required. 


City of Gloucester Museums 


Tum report of the City of Gloucester Museums for the 
year ended March 81, 1964, issued in an attractive format, 
gives some idea of the extremely munificent bequest 
received under the will of the late Mr. Samuel Stanley 
Marling (Pp. 16+4 plates. Gloucester: The Museums, 
1985). It comprised eighteenth-oentury furniture, English 
domestic silver, Bristol and Nailsea glass, period baro- 
meters, clocks and watches, early treen, English gold 
coins, and eleven oil-paintings attributed to Richard 
Wilson (1713-83). Outstanding objects include an ivory- 
cased stick barometer by Daniel Quare (1648-1724), & 
month long-case clock Christopher Pinchbeck (1670— 
1782), and an exceptio: fine silver-gilt inkstand in the 
form of a celestial globe, made by John Robbins in 1792. 
A token exhibition of the bequest was staged in 1963, 
but the remainder must await the building of two addi- 
tional galleries as extensions to the City Museum. These 
will be constructed over the present single-storey section 
of the Brunswick Road buildings. Six further cabinets 
have been constructed to house the herbarium, and the 
Upton Collection of land and freshwater molluscs has been 
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re-catalogued. Ten type specimens of fossil brachiopoda 
and a crushed specimen of Liparoceras cheltionss from the 
lower Lias of Battledown Brickworks, Cheltenham, have 
been transferred to the British Museum (Natural History). 


City Museum, Sheffield 


THE annual rt of this progressive Museum for 
1963—64 oade that work has pensais on the long- 
term project of compiling a card-index of all published 
references to the natural history of the Sheffield region 
(Pp. 23--8 plates. Sheffield: The City Museum, 1965). 
Even in ite early stages it is proving valuable to the 
Museum staff in dealing with enquiries, and eventually it 
should prove equally valuable to research workers and 
members of local societies. An unusual feature in an 
annual report is a chronological survey of table cutlery. 
The compendium covers the typology of cutlery, especially 
knives, from the tenth to the twentieth century. It is 
fully illustrated and the dating will be of interest for ita 
‘own sake and for the light which it may shed on the date 
of associated items or structures. Sometimes, an estimate 
of the date of manufacture of a knife which is featured 
Bee PUDOR UP NIAE TOBY MEUSE Oi lering: the 
age of the pictare. Likewise, the representations of knivea 
sometimes found carved on wood or stone, engraved on 
metel, painted on ceramics or even embroidered on 
textiles, may help to date the objects themselves. 


Serotine Bats 


Taa Earl of Cranbook has reported that, during late 
June, serotane bats were obearved to be moving in a more 
or lees discrete group up and down e two-mile stretch of 
road and feeding on summer chsfers (Transactions of the 
Suffolk Naturalists’ Sooteiy, 13, Part 1; February 1965). 
A small number were captured in mist nets. When in 
pursuit of their prey the bate showed & remarkable 
facility in avoidmg the relatively dense motor traffic 
along the road; no casualties were observed. AI the bate 
captured were lactating females, although they were 
identiflable aa juveniles by weight and tooth wear. A 
few noctulea flew with the serotines in pursuit of the 
same prey. The serotines seemed to be affected more by 
the weather than were the nootules. 


Fruit and Vegetable Dehydration 

Amona the methods of preserving and processing food, 
that of dehydration occupies an important position. It 
turned out to be particularly valuable during the Second 
World War, and there was an outburst of technical and 
scientific activity to cope with the demands at that time. 
After a post-war recession of interest in dehydrated 
produsta, they are now one of the moet rapidly developing 
sections in the flald of food technology. A good deal of this 
i8 due to the pioneering work carried out at the Ministry 
of Ágriculture, Fisheries and Food factory at Aberdeen, 
especially in developing methods of freeze-drying of foods. 
The publication of Ths Dehydration of Fruits and Vege- 
tables—A Review of Methods, by L. P. Hall, is to be 
weloomed; this is published as Technical Bulletin No. 9 by 
the Fruit and Vegetable Canning and Quick-Freezing 
Research Association, Chipping Oampden. (The word 
“Dehydration” could now well be included in their name, 
or perhaps “Processing” could be substituted for Oanning, 
Quick-Freezing, and Dehydration.) This is & short and 
competently written survey of existing methods of 
dehydration. It ia sufficiently up to date and compre- 
hensive to include tumbling freeze-drying, as well as fluid- 
bed and belt-trough drying; and explosion puffing as a 
means of pre-heating foods to speed up the actual i 
process. The excellent descriptions in the booklet (Pp. 16) 
might have been shortened and improved by & number of 
diagrams showing tho principles of the various processes. 
There are useful sections on bacteriological and nutritional 
aspecta of dehydrated fruits and vegetables. The review 
as a whole ia a model of brevity and olarity. and will be a 
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useful short guide to the subject even after a fuller and 
more comprehensive account of dehydration methods has 
been produced. 


Descriptions of Pathogenic Fungi and Bacterla 


Toa Commonwealth Mycological Institute, Kew, began 
in 1964 to issue a series of loose-leaf sheeta "to provide 
standard descriptions of pathogens for use by pathol- 
ogista, particularly those isolated workers with restricted 
library facilities". Those have now reached a very sub- 
stantial volume of aix sets of ten sheets each (price ba. 
per set, post free) and ib is obvious that they fill a long- 

want not particularly related to restricted library 
facilities. The first Bet, moreover, dealt with ten rust 
diseases of warm region crops, but subsequent seta have 
described pathogens found over a much wider range of 
climate. Set 2 considered ten bacterial diseases; Bot 3, 
Fusartum spp.; Set 4, Phytophthora and Pythium spp.; 
Set 5, another ten bacteria; and Set 6, rust diseasea of 
temperate and tropical crops. Workers at the Institute 
seem to have selected for description pathogens which 
present some difficulty in practice, and their treatment is 
invariably concise yet comprehensive. Each pathogen is 
described in detail, with cultural information where 
applicable, with host range, symptoms, geographical dis- 
tribution, references to literature and most useful mis- 
cellaneous notes. Descriptions of fungi are illustrated by 
at least two half-tone illustrations which are excellent for 
the purpose. These sheeta save much time in the day- 
to-day diagnosis of plant pathogens and have a remarkably 
wide application. 


Development and Genetics In Higher Plants 


Tux success of modem research is very dependent on 
the choice of & suitable experimental material, especially 
in the fleld of development and genetics in higher plants. 
In this respect the amall annual cruciferous plant Arabi- 
dopsis thaliana (L.) Heynh. bas many advantages, for 
example, high variability in natural habitate, little space 
requirement, low demands in culture, rapid generation 
succession, abundant seed production, readiness for 
experimental hybridization and &utogamy, a polymorphic 
spectrum of induced mutations, vigorous growth in sterile 
culture, availability of clear phenotypic marker genes and 
low chromosome number. Therefore in the past decade 
Arabidopsis has gained special attention as a model plant 
in Jaboratories throughout the world. This fact was 
confirmed at the first international symposium on ‘‘Arabi- 
dopeis Research’, held in Gottingen during April 21—24. 
The symposium was arranged in five sessions: (1) tax- 
onomy and variation (including ecological distribution, 
interspecific hybridization, polyploidy and embryology); 
(2) development (genetic control of differentiation and 
morphogenesis, seed dormancy, vernalization and flower- 
ing); (3) genetica (genetic basis of segregation, linkage, 
non-meiotie recombination and plastom mutation); 
(4) mutant analysis (isolation and analysis of biochemical 
mutants, chlorophyll formation and plastid fne structure 
in leaf colour mutants); (5) mutagenesis (X-ray-induoed 
embryonic malformations, chimerical structure of M,- 
planta, heterologous trtiated-DNA- and thymidine- 
analogue incorporation, induction of recessive lethals and 
action of various chemical mutagens). The versatility of 
Arabidopsis was thus well demonstrated by this broad 
spectrum of subjects as well as by some particularly out- 
atanding expermmental resulte, such as the first proof of 
mitotic recombination in higher plants, or a detailed 
insight into the mechanisms of vernaliration or the 
pathway of thiamine biosynthesis by meens of nutritional 
mutants. The symposium was especially valuable for the 
exchange of methods and general experiences dealing with 
the dengn of experimenta with this ‘botanical Drosophila’. 
This was implicit in the twenty-nme papers snd the 
discussions that followed them from the thirty-five 
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research workers who took part ın the symposium. Thus 
the Proceedings of this symposium should serve as a good 
intaoductory guide for the utilization of Arabidopsis in 
scientific expemments (they are available from the 
editor, Dr. G. Róbbelen, Institut für Pflanzenbau und 
Pfanxenrüchtung, Universität Göttingen, von Bieboldstr. 
8, Deutechland). 


Clean Alr 

Tra thirty-first annual Clean Air Conference, spon- 
sored by the National Society for Clean Aur, was held at 
Harrogate during October 90-28, 1964, and the Pro- 
ceedings have recently been published (Pp. 132. London: 
National Society for Clean Air, 1965. 25s.). The opening 
addreas was given by the Rt. Hon. Lord Sherfield, until 
recently chairman of the Atomic Energy Authority; his 
benediction was appropriate: ‘If you want to have cheap 
power with clean air, go nuclear”. Dr. Albert Parker 
delivered his presidential address, which the 
opening in the Exhibition Hall of the largest “Clean Air, 
Fuel Efficiency and Domestic Heating Exhibition” in the 
Society's history. The subsequent proceedings covered 
&moke-oontrol area reporte from various perte of Britain; 
papers on the rarely discussed topio of air pollution and 
town planning; on smokelees fuela—the future supply 
position. Dr. J. 8. Carter gave the Des Voux Memorial 
Lecture, entitled “A Century of Achievement, referenoe 
the Alkali Act". Another subject discussed was road 
vehicle pollution, dealing particularly with black smoke, 
some causes and possible methods of control. The im- 
portant document concerning the menace of sulphur 
dioxide, the Sulphur Dioxide the ‘work of a special 
technical committee, as presented by Dr. J. S. G.-Burnett, 
is available as a separate publication; although not 
included in this volume, the discussion on it followed 
that on “Road Vehicle Pollution”, and is given in detail. 


Announcements 


Tux» fifth International Seaweed, i wil be 
held in Delhousie University during August 25-28. 
Further information can be obtained fram Dr. E. Gordon 
Young, National Research Council, 1411 Oxford Street, 
Halifax, Nove Scotia. 

Taa fourteenth North American Clay Minerals Con- 
ference will be held in the University of California during 
August 28-20. Further information can be obtained from 


Olay Minerals Conference, Engineering Extension, Uni- 


versity of California, Berkeley, California. 
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Tum seventh international oonferenoe on "Phenomena 
in Ionized Gases" will be held in Belgrade durmg August 
99 97. Further information oan be obtained from the 
Seventh International Conference on Phenomena in Ion- 
ized Gases, P.O. Box 689, 16/C/IV, Studentaki trg, Beo- 
grad, Yugoslavia. ms 

‘Tus thirty-eighth congress of the Australian and New 
Zealand Association for the Advancement of Science will 
be held in Hobart, Tasmania, durmg August 16-20. 
Further information can be obtained from Mr. H. L. 
Freeman, Science House, 157 Gloucester Street, Sydney, 
New South Wales. 


A SYMPOSIUM on “Insect Behaviour", arranged by the 
Royal Entomological Society of London, will be held 
at the ial College of Science and Technology during 
September 23-24. Further information can be obtained 
from the i , Royal Entomological Society of 
London, 41 Queen's Gate, London, B.W.7. 

AN international on ‘‘Microchemical Tech- 
niques”, o i by the American Microchemical 
Society, will be held at the Pennsylvania State University 
during August 22-27. Further information can be obtai 
from Mr. H. J. Francis, jun., Pennsatt Chemicals Corp., 
900 First Avenue, King of Prussia, Pennsylvania. 


Aw international conference on “Luminescence”, spon- 
sored by the International Union of Pure and A li 
Physics, will be held in Budapest during August . 
Further information can be obtained from Dr. G. Bxigeti, 
Research Institute for Technical Physics of tho Hungarian 
Academy of Sciences, Budapest, POB : Ujpest 1. 


Tug annual meeting of the Plant Phenolics Group of 
North America will be held in Albany, California, during 
August 23-25, and will include a symposium on ‘Phenolic 
Compounds as Metabolic rs". Further informa- 
tion can be obtained from Dr. V. O. Runeoklee, Imperial 
Tobacoo Company of Canada, Ltd., P.O. Box 6500, 
Montreal, Quebeo. : 

Ax international conference on “Electron Diffraction 
and Orystal Defects”, red by the Australian 
Academy of Sciences, ihe Tasemntianel Union of Crystal- 
lography and the International Union of Pure and Applied 
Physics, will be held in Melbourne during A 16-21. 
Further information oan be obteined from Dr. R. I. 
Garrod, Aeronautical Research Laboratories, Box 43931, 
G.P.O., Melbourne, Victoria. 


THE NIGHT SKY IN AUGUST 


Moor 
New Moon 26d 10h 
Full Moon 12d 06h 


Venus 29d O6h 4° B. 
Mars 2d 09h 5° B.; 31d OBh 4^ B. 
(1:80* X. of Spica 8d 10h) 


J 1123 07h T’ B. 
ned 144 10h 3* N 
PLANETS 
Tones of Rising (FR) and Setting (5) during the month 
Name RIS Beginning Middle Bnd Mag. Dg (10* mbes) Zodiacal position 
Mercury R Unfavourably placed 3h 30m 
Venus fih 00m 20h 25m 19h 50m —$*4 124 
Mars 8 2th 00m 21ih 10m 20h 30m +12 153 Virgo 
aor R dh 30m 23h 50m wah 00m -17 513 Taurus 
R tih 00m 20h 10m 19h 20m +09 811 Aquarius 
D is the distance of planet from the Harth on the 15th of the month. 
OOOULTATIONS OF STARS BRIGHTER THAW MAGEITUDAR +6 AT GEENNWIOH 
Btar RID Time Mag. 
$8 Aud R 10d 00h 54 6m 52 
z Gem D 23d 03h 34 2m 3-2 
s Gem R 234 05h 57-8m 52 
(D, disappearance; R, reappearance) 
MOTBRORS 
Name Active period Date of maximum Radiant Remarks 
ô Aquarid July 15-Aug. 10 July 29 230° BA. —17* Dec. Observation favourable 
Persekd July 29—Aug. 17 Aug 11 46° B A. +58* Dec. Observation 
at maximum due to full 
i moon 


OTHER PHENONXXL: None = 
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GAS CHROMATOGRAPHY 


ADM symposium organized by the Ministry of 
Technology was beld on May 31 at the Pauley 
College of Technology, Paisley, with Mr. A. F. Williams 
in the chair. The participants were welcomed on behalf 
of the Oollege by the principal, H. N. Henry. . 

Pods Chica of iei Qin ok ce G. R. Jamieson 

(Paisley Oollege of Technology) on “‘Gas-Solid Chromato- 

hy using Adsorbenta with Modified Surfaces’. He 

fost pointed out that the advances in gas-solid chromato- 
graphy had been much lees spectacular than those in gas- 
liquid chromatography but, during the past two years, 
an increasing number of investigations using gas-solid 
chromatography had been reported in the literature. 
Possibly one of the main reasons for this renewal of 
interest was that with the advent of sensitive ionization 
detectors, there was now no major difficulty in o ting 
in the linear range of the adsorption isotherm. then 
went on to say that although gas-liquid chromatography 
was, at the moment, more versatile than gas-solid 
chromatography, the latter method had two potential 
advantages: (1) the great potential selectivity of the 
adsorption process; (2) the sharper resolution that should 
be attainable and thus the greater speed of separations. 
Various illustrationa of these advantages were given: (1) 
ol ean of methylpyridines on alkali metal nitrate 
columns; (2) tions on various inorganio salt columns 
operated at 88° O; (8) separations on porous layer glase 
beads—metel oxide columns; (4) separationg of quater- 
phenyls and hexaphenyls on lithium chloride and caesium 
chloride columns. 

Mr. Jamieson next described some separations which 
he bad carried out on various alumina columns. He 
showed how the retention indices of benzene and alkenes 
varied depending on the pretreatment temperature of the 
alumins, and also how, using small sample sixes, well- 
shaped peaks were easily obtainable. The affect on the 
retention indices of the foregoing compounds of modifying 
the surface of the alumina with different sodium halides 
was described, and he showed that column. characteristica 
could be altered by the anion, by either slurrying 
the alumina with the or by mixing dry, and by 
varying the pretreatment temperature of the alumina 
before modifying the surface with the halide. The affects 
of using silica instead of alumms were next described and 
also the resulta obtained by butylating the silica. 

The final point made by Mr. Jamieson was that the use 
of liquid orystals as stationary phases offered a fleld of 
investigation. Liquid crystals behave mechanically - ag 
liquids, but they preserve some of the order of 
solids. T. p-aroryanisole as an example, he said that 
this compo in the nematio state would be expected to 
show & selective affinity for linear molecules and on a 
4 ft. x 0-25 in. column of p-asoxyanisole on ‘Celte’ he 
was able to seperate the isomeric bromotoluenes, the 


expected order of emergence, ortho, meia, pora, being 
realized. 


Mr. Jamieson then took the chair for the second paper, 
which was given by Mr. A. F. Williams ial Chemical 
Industries, Ltd., Nobel Division) on echniques for 
Quantitative Gas Chromatography; the Analysis of Oellu- 
lose Ethers and Nitroglycerine”. Mr. Williams first 
discussed quantitative gas chromatography in terms of 
sample addition, the detector and the use of peak heights 
or areas for calculation of resulta. The katharometer 

flame ionization detectors were considered to be the 
most widely used detectors for quantitative work in the 
general field of organic analysis. When the katharomoter 
was used for detection, careful control of the amount of 
sample going on to the column was essantial because the 
detector is linear only over a limited range of concentration. 
This degree of control was much more important when 


nitrogen was used aa carrier gas than when helium or ~ 
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the sample and ite type. It was therefore usually 
necessary to carry out two determinations if accurate 
resulta are required, although this depends to some extent 
on the nature of the sample. When the flame ionization 
detector was used, considerably more latitude concerning 
the amount af load may be taken, although the amount 
of sample used for analysis is the order of a factor of 
100—1,000 times less than that used in conjunction with 
katharometers. No evidence was obtained to show that 
the use of peak areas instead of peak heights led to more 
accurate resulta. A detailed examination of the resulta 
obtained using both types of detector for the analysis of 
a simple benzene, toluene and xylene mixture has been 
carried out and the effects of load, using a splitting pro- 
cedure and changes in electrode gap, were illustrated. 
It was concluded that the flame ionization detector was 
more useful than the katharometer for quantitative work. 

Mr. Williams concluded his paper by illustrating the 
applies of the flame ionization detector to the analysis 

mixtures of nitroglycerine, ethylene glycol dinitrato 
and nitrotoluenes, and also to the rapid determination of 
alkoxy groupe both in simple ethers and also in cellulose 
ethers. 


A considerable amount of discussion followed Mr. 
Williama’s paper about the relative merits of. the use of 
‘peak heights’ and ‘peak areas’ for quantitative analysis 
and of the problems which arise in the quantitative 
analysis of mixtures of biochemical origin when the 
components oan be identified, but no pure standards 
are available for quantitative calibration 

The third paper waa given by Dr. F. L. Mitchell (Royal 
Infirmary, Edinburgh) on ‘‘Gas Chromatography of Radio- 
active Bubstances”. He said that with the increasing use 
of radioactive isotopes in chemistry and biochemistry, 
it is important that such a powerful analytical tool as gas 
chromatography should incorporate a sensitive device 
for the detection and measurement of radioactivity. 
Various techniques have been tried, including scintillation 
counting of continuously collected zones from the column, 
and gas-flow proportional counting, working at both 
column and room ture. 

A technique based on that of James and Piper (1961) 
has been developed commercially and has proved very 
satisfactory for the counting of carbon-14 and tritium. 
Before passing through 4 gas-flow counter at room 
temperature, the column effluent is first subjected to 
oxidation and reduction by passing the gas at 800° over 
cupric oxide followed by iron filings. The argon then 
contains only hydrogen and carbon dioxide from the 
organic material originally present, and 4—5 per cent of dry 
carbon dioxide is added to the stream to produce a suitable 
ges for proportional counting. The gas-flow counter 
consists of a metal tube of approximately 10 ml. capacity 
with a fine stainless-steel wire stretched longitudinally 
from end to end. After amplification, the output from the 
counter is fed to a ratemetor which displays on the recorder 
either the rate at which the pulses are arriving, or the 
integral of their total. By using the integrator 5 myc. 
can easily be detected and measured. The gas stream fram 
the column may be split, one part peasing through the 
normally used detector while the other is directed through 
the counter, or the whole may be pesed through the 
counter after passing through a conventional closed de- 
tector such as that using argon ionization. 

Separation by gas chromatography, with simultaneous 
detection of the zones by both normal techniques and 
radioactive measurement, has proved useful to the 
biochemist in the examination of biosynthetic pathways, 
to the isotope manufacturer for establishing the purity of 
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labelled compounds, and to the chemist whenever informa- 
tion on the fate of a particular compound during a complex 
chemical reaction is required. - 

Mr. J. Wight (University of Strathclyde) read a paper 
on “The Examination of Food Volatiles by Gas Chromato- 
gre '. Hoe said that what we term ‘flavour’ is a com- 
bination of taste, amell or aroma, and the ‘feel’ of the food 
in the mouth. Of these the aroma is by far the most 
important and, since this depends on the co— 
usually in minute amounte—of certain volatile compounds, 
the advantages of gas chromatography in aroma investiga- 
tions become apparent. There are few gas-chromato- 
graphic techniques special to these investigations, and the 
main difficulties lie with the collection and concentration 
of the volatiles and with the identification of the com- 
ponenta. Where large quantities of food have to be 

. stripped of their volatiles, for example, by distillation, 
steam. or nitrogen stripping, care must be taken to avoid 
loss or change; high-temperature treatment will almost 
certainly result in the production of artefacts. 

Separation and identification are licated by tho 
large number of components present, resenoe of 
chemically dissimilar classes of compounds and the 
wide range of retention times. Use must be made of 
techniques other than gas chromatography, and recently 
the mass has proved to be a most powerful 
aid to identification. 

There are many distinct applications of gas chromato- 


. graphy, for example, the general study of aroma volatiles, 


the production of aroma by cooking or processing, the 
investigation of flavour defects of stored foods and the 
quality control of materials such as essential oils. 

It must be remembered that the resulta obtained by 
gas chromatography are essentially analytical and that 
these results have still to be interpreted in terms of 


NATURE 


359 


aroma. In the absence of sufficient data on threshold 
values both of pure substances and of mixtures, it 18 
t that the analytical work be supported by 
flavour panels. The aroma as sensed by the nose 18, after 
all, the final criterion. Mr. Wight concluded his paper 
by showing chromatograms obtained from the volatiles 
of various common foodstuffs. ; f 
The final paper was read by Mr. J. Craig Higgins 
(National Coal Board) on “Developments in the Technique 
of Mine Air Analysis by Gas Chromatography’. Mr. 
Higgins first of all pointed out me na problems 
involved in mine air analysis, no ial gas chromato- 
graph had been found suitable and a gas chromatograph 
had been designed and constructed at the laboratories of 


In using this system a 
could be recorded on the one chromatogram. 

Mr. Higgins ended by showing how these chromato- 
graphs were used in the National Coal Board’s mobile 
laboratories, and he pointed out that wherever poasible 
duplication of equipment was essential to obviate any 
breakdown or failure of components in these mobile 
laboratories. 

The ium concluded with an addrees by Mr. A. C. 
Low of the Ministry of Technology. G. R. JAMIBSON 


CNIDARIA AND THEIR EVOLUTION 


f ee Zoological Society of London organized & sym- 
fre ee te ee 

idaria aa well as many diverse aspects of this plastic 

Opening the symposium, Prof. C. F. A. Pantin (Cam- 
bridge) gave æ stimulating address on ‘Homology, 
Analogy and Chemical Identity”. To the first two, he 
added “chemical identity’, that is, resemblances which 
can be traced to the absolute similarity of each set of 
isotopes in the Periodic Table and of the molecules built 
from them. He indicated that chemical identity can give 
i i as in orystals, creating well- 


level, which are, or 
selection. The independent sap 
classes of molecule such as are found in pigmente and 
other ‘chemical building stones’ arises from chemical 
identity. Much caution should therefore be adopted in 
using features of this kind as evidence of evolutionary 


Ho regarded the longitudinal musculature 
of cnidarian polyps a8 an example of & weak i 
E many solutions. On the other h rigid and 
specifications like those 
similarities in complex eyes are not evident in the Cnidarie. 
Homologies of parte account for the most characteristic 
resemblances between animals, these homologies depend- 
ing on & plan or archetype to which the structure of all 
species in the class may be referred. This (which 
is not an ancestor) and its homologies he i as 8 
network of tiasue relationships. Further, he thought the 
system aa & whole met an engineering requirament and 


that natural selection acted strongly against any serious 

from the network of tissue relationships. How- 
ever, this network could be distorted to meet the needs 
of adaptive radiation, and as exemples he quoted the 
different mesenteric of the Anthozoe. 

Dr. L. E. R. Picken and Dr. R. J. Skeer (Cambridge) 
id review of researches on nematocyste and 
dealt i with the subject. Among other 
interesting items, the authors discussed a new aspect of 
nematocyst chemistry — phosphatases, 5-nucleotidase and 
cholinesterase. Several amino-acid analyses of nemato- 
cysta isolated in bulk are now available and something is 
known of certain other chemical components. 

There was also & very interesting demonstration, from 
electron, microscope investigations, that the wall of the 
undischarged thread in isorbizas of Oorynactis viridis is 
pleated to form a triple screw and that the undischarged 
capsules have a ‘notional’ osmotic preasure up to approx- 
imately 140 atm eres. 

The authors ieve that onidoblasts may still be 
regarded as i t effectors although the excitation- 
threshold of the cnidoeil-onidoblast unit may be under 
nervous control in some instances, d ing on the 
physiological condition of the animal. It also emerged 
that taxonomic investigations on the different kinds of 
nematocyste, based on the light microscope, are not 
are essential. 

Dr. David Chapman (Halifax, Nova Scotia) developed 
some interesting ideas regarding the origins of the 
Scyphozoe from an examination of the anatomy of the 
soyphistoma of Awrelia. He was inolined to regard the 
fosil conulariids aa ancestral to this group, basing his 
conclusions on certain posing features in the anatomy 
of the scypbistoma which could be explained by adopting 
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this evolutionary concept. A new notion that mesoderm 
found in polyps in the form of & surface epithelium was 
linked with the formation of podocysta and like structures. 
Dr. Chapman concluded from the behavioural investiga- 
tion that the polypoid preceded the medusoid stage ‘in 
the evolution of the Scyphozoa and further suggested 
seyphopolyp was the simplest onidarian polyp. 
The development o the strobil& was regarded as an 
aeration device for developing gametes. Dr. Chapman 
concluded his paper with a discussion of the modifications 
of the scyphistoma in the class, in which he regarded the 
rhizostome scyphistoma aa & very simple cnidarian polyp 
possessing & complex medusa. This would, in effect, be 
an example of mosaio evolution although Dr. Chapman 
did not &otually call it so. 

From & review of the five orders of Scyphozoa, Dr. 
Hjalmar Thiel (Hamburg) concluded that the scyphozoan 
stem form was a tetraradiate polyp with four tentacles, 
four peristomial prta and four septa, which anoestrally 
also possessed four or eight gonads on the septa. He 
derived the metagenstic development of the meduaa from 
the transverse fission of the scyphistoma in which the 
producta of the flasion were originally deu Poe 
evolving by way of a planktonio life into medusae. 
Steuromedusae, a group that combines id and 
medusoid characteristice, he regarded as having originated 
through the fusion of the two generations (scyphopolyp 
and medusa), or in other words an arrested metagenetio 
developmant. 


two aotinula-like forms which he called Halommohydra in 
1927, a further two and a new genus, Otohydra, have been 
investi at Roscoff by Dr. B. Swedmark and Prof. 
G. Teisaier (Kristineberg and Roscoff). In their contribu- 
tion to this symposium they reviewed these 

forms (combining the characteristics of polyp and medusa, 
as well as possessing larval features). Theee they have 
placed in & new order, the Actinulida. In their com- 
prehensive survey of these aberrant forme, Dr. Swedmark 
and Prof. Teissier consider that the Actinulida have arisen 
from an ancestral actinula which colonized the interstitial 
environment very early on and there &oquired stato- 
cysie—a type of organ very common in many different 
organisms in this environment. In other words, vague 
suggestions made over tho years that the Aotinulida are 
reduced Naroomedusae that have adopted an interstitial 
habitat are rejected, but, in the discussion that followed, 
Dr. B. Werner indicated his adherence to the older oon- 
cept. This paper was followed by a film of Halammohydra 
made at Roscoff. 

The evolution of the Actiniaria was discussed in a 
controversial and stimulating paper by Prof. Cadet Hand 
(California), who waa i 
puzzling pattern of development of mesenteries, first as 
couples and later as paire, to consider the origins of sea 
anemones. He pomted out that coupling hae an adaptive 
value in preserving symmetry round the mouth axis 
but that the pairmg of mesenteries does not have this 
significance. However, in contrast to the situation in the 

the 


madrepores, of mesenteries was demonstrated 
to be án adaptive and funotiomd character. Accordingly, 
Dr. Hand suggested that the Actiniaria have been derived 
from corals and, furthermore, that the so-called primitive 
anemones (Áthenaria) may be better considered as 
secondarily derived forms—thus reversing present ideas. 
From this new hypothesis the thenarian anemones would 
be the most generalized and most closely related to corals, 
and from these a course of evolution to the acontiate 
anemones and to the athenarian forms was traced. 
Prof. Garth Chapman (London) reviewed the structure, 
function and what is known of the origin of the meeo- 
gloea. In many species the mesogloea is of a fibrous 
nature, and, from its amino-acid composition and 
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X-ray diffraction pattern, may be oalled a collagen. It 
was pointed out that the scyphomedusan oes 
would probably be represented as a simple polymeric gel, 
whereas the mechanical properties of the actinians may 
be best represented ag a parallel crogs-linked and a non- - 
cross-linked polymeric system. It emerged that tho 
functions of the meeogloea are diverse, being neither clear- 
cut nor uniform, but include acting as antagonist 
to muscle, flotation and as a possible nutritional 
reserve. 

Dr. Maxwell Braverman (Pittsburgh) reviewed his 
work with Dr. R. 8. Schrandt on the development of the 
athocate hydroid Podocoryne carnea by culture from single 
individuals on microscope slides and gave a fascinating 
account of an attempt (in collaboration with Dr. Robert 
G. Behrandt, of Los Alamos Scientific Laboratory) to 
simulate this development on an electronic computer. 
He demonstrated how the co generates a relatively 
complex pattern as a mathematical model of the i 
system by the iteration of a set of simple rules of growth. 
This growth, which consiste of a connected network of 

mts in a two-dimensional net, can be followed generation 

generation and selected parameters of the generated 
pattern compared with those of real colonies. Dr. Braver- 
man also suggested that the ability of simple recursive 
rules to generate complex tterns may mean that 
genetic instructions of developing systems may be 


of a similar nature. From the discussion that followed 
it also emerged that the production of uctive 
hydranths is stimulated by an increeso in carbon 


dioxide in the stolons that give rise to them. 

The various theories concerning the origin and evolution 
of the Hydrozoa were discussed by Dr. W. J. Rees 
(London), who attempted to rore &n explanation of 
the origin of esis ( alternation of a fixed 
benthic hydroid phase with a imming medusa 
phase). Many early authorities were disposed to regard the 
tetraradiate polyp as a basic cnidarian, but this is too 
specialized an organism. It was suggested that the proto- 
coelenterate was & gastrula and that the ancestral 
cnidarian was a fertile actinula. The actinula possesses 
all the basio features which through radiation could give 
rise to all three classes. In this way, the adoption of a 
pelagic habit probably led to the evolution o Trachy- 

with a direct life-cycle (egg-planulge-adult 
medusa) and to the Narcomedusae also with a direct life 
cycle. In the latter, however, some forms such as 
Peganiha exhibit the beginnings of a metagenesis,- while 
the Hydromedusae living to-day possess a well-developed 
Mea ved m the moat primitive femüy, the 
iidae. In the hydroids and medusae the trend is 
towards the elaboration of the hydroid and the gradual 
suppression of the medusa. This trend would not appear 
to be the other way round, as Hadži would have us 
believe in his Turbellaria theory of the origin of the 
Cnidaria. 

The mushroom corals (Fungiidae), both recent and 
fossil, ware reviewed by Prof. J. W. Wells (New York), 
who discussed their present status from the stratigraphio, 
biogeographic and systematic aspecta. It was shown. that 
they well illustrate an evolutionary trend (which is 
common to most living and extinct xoantharian corals), 
a tendency towards colonial or polycentric forms from the 
basio monostomstous condition found in Fungia. Prof. 
Wells, who also provided & key and synopsis of genera 
(including several new ones), considered that this evolu- 
tionary trend in fungiids is in full spate ab the present 
time, whereas in most soleractinian groups it has already 
reached ita full development. Cycloseris appeared in the 
early Tertiary, and by Miocene times the central form 
Fungia had evolved from it. _Radiation in Fungia gave 
rise to several sub-genera which by the late Miocene had 
given rise to simple polystomatous types, and Prof. Wells 
thought it probable that by the Pleistocene times all 
eight of the so-called colonial genera had probably 
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developed, although three of these are so far known only 
from the Recent. 

In his &oocunt of pathways of excitation in Ctenophora, 
Dr. G. A. Horridge (St. Andrews) analysed the conducting 
systema principally in Beroó and Oestwm, referring also 
to other species he had investigated. He recognized four 
conducting systems and, without going into details here, 


multiply in primitive nervous systems 
without the establishment of functional contacta with the 
neurones of other pathways. This he regarded as & neces- 
sary formula for the development of a oentral nervous 
system. 


M. Yves Bouligand gave a comprehensive review of all 
known ectoparasitic and endoparasitio copepods associated 
with Anthozoas. Most of these are ectoparaaitio, belonging 
to the families Asterocheridae and Lichomolgidae and 
to the Xariflidae. This third family has numerous species 
associated with Madre 

All the endoparasitic cope belong to the family 

ippi in the sexes exhibit a marked 
degree of dimorphism. There is a considerable amount of 
deformity, but the characteristios of the integument and 
of the musculature enable the metamerio plan to be 
worked out. The ultrastructures of the cuticle seam to 
show that this is mvolved in nutritional functions in 
several species. Various aspecta of hoat-parasite relations 
were also discussed. 

A contribution from Dr. J. H. Barnes (Cairns, North 
Queensland) dealt with three species of venomous Cubo- 
medusae; these were: & small and as yet unidentified 
carybdeid (the cause of the Irukandji sting), Chiropsalmus 

Haeckel and Chironex Bouthoott; the 
last of thaee being identified as the only lethal form and 
the probable cause of at least fifty deaths in North 
Australian waters. Chironex fleckeri, probably the most 
venomous marine invertebrate known, may kill bathers, 
in cases of massive envenomation, in 3 minutes or leas. Dr. 
Barnes’s lucid and comprehensive paper may be regarded 
as an interim report on present progress in identifying the 
eee on treatment and on investigations in train. 

Elaine Robson (Cambridge) reviewed the evolution 
of the swimming habit in the Actiniaria—a process which 
she believes originated independently in the Goniactinidae, 
the Boloceroididae and the Actinostolidae. In all, the 
swimming reflecta the temporary excitation of pacemaker 
elements in the nervous system, and ite evolution in at 
least three separate groups may partly be attributed to 
the fundamental properties of the ooelenterate neuro- 
muscular system. Dr. Robson suggested that adaptive 
features auch as the presence of well-developed ectodermal 
neuromuscular elements and weak basilar musculature, 
in forms that use the tentacles, and of well-developed 
perieto-basilar muscles in those that bend the oolumn, 
may bo significant. It is further suggested that oom- 
paratively minor quantitative changes m neuromuscular 
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and reoepto may have far-reaching effects in 
nui e geil ss Sales 

Prof. Demorest Davenport Mage reviewed recent 
rogress in the study of enidarian 0868, giving & 
lively aocount of work on the behaviour, inter alia, of the 
sea anemone Oalliacss in relation to ita normal sub- 
stratum (shells ied by hermit crabs}. In particular, 
he discussed the unique sensory discriminatory power of 
the tentacles of the anamone to recognize the 
of the shell. This work (with which Prof. D. M. Ross is 
also associated) was illustrated towards the end of the 
meeting by some remarkably revealing colour films of 
Oalliactis behaviour and also of the swimming behaviour 
of Stomphia exhibited by Prof. Ross. 

The phylogenetic and evolutionary value of skeletal 
formations in atheoete hydroids was discussed by Dr. 
W. Vervoort (Leiden), who was concerned with the family 
Solanderiidas. It was demonstrated that the idea of a 
meaogioeal skeleton of the Solanderiidae was no longer 
Se cee ign. Un cus hydroids the akeleton 
was ectodermal in o ervoort also demonstrated 
that the genus Rosalinda should be placed in this family,” 
being able to acoept neither Picard’s placing of this genus 
in the Zanoleidae nor his concept of ‘Pteronematoidea” 
88 & -family. Yt was aleo his opinion that too much 
stress uld not be laid on the value of nematoayuts in 
classification without adequate support from morpho- 
logical evidence. 

Growth in the hydroid Tubularia crocea L. Agassiz was 
discussed by Dr. Q. O. Mackie (Edmonton, Alberta). 
This species was cultured for ten weeks at Villefranche in 
clean. sea-water at ie C; a diet of Artemia was found 


many new hydrenths. Dr. Mackie recorded the patterns 
of growth for an established colony and for settled 
&otinulae. It appears that hydranths retain full regener- 
ative ability, and although shedding of hydranths was 
sean, most of them were never shed during the period of 
investigation. Contrary to some prevailing assumptions, 
there is no evidence that hydranths become senescent, 

iring to be replaced periodically. ^ Hydroeaulino 
growth does not depend on such replacements and it 
was suggested that hydranth shedding is associated with 
poor water conditions, and that, given favourable ones, 
hydranths probably live indefinitely. Dr. Mackie’s 
results thus question earlier conclusions that periodic 
DAS MINIS A Don peu arte 


M. "AU Theodor (Banyuls) exhibited a remarkable 
series of clear underwater photographs of cnidaria which 
he had photographed in sit: in the Mediterranean and in 
the Pacific. There was also a damonstration of living 
polyps by Dr. B. Werner (Heligoland), 
returned from eè oruise in the German 
ateor. W. J. Rass 


who had recen 
research vessel 


INVERSION AT 6149 A IN THE 
ION LASER 


By Dr. D. J. DYSON 
Valve Department, Ferranti Ltd., Edinburgh 


EnS the first report of the mercury ion lager 
eh several further reports have been 

Apart from some tentative suggestions Be Ball eral * an 
definite conclusions as to the mechaniams of selective 
population of the upper laser levels have been put forward. 
This article desoribes some results of the obsarvation of 
the time-variation of the spontaneous emision from the 
helfum—meroury discharge which appear to olarify the 


mechanism responsible for excitation of the 0149 A lasser 
transition in this system. 

Fig. 1 shows the intensity, as a function of time, of 
some spontaneous emission lines from a heliam—mercury 
vapour mixture, following the discharge through it of & 
condenser of a few hundred picofarads charged to 5-10 kV. 
These excitation conditions are favourable for laser action 
at 6149 A. The 5400 A line showed & time variation 
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Fig. 2. Decay curves of the logarithm of the 6149 A emission intensity 
d for & series of temperatures 


typical of most of the HgI lines, and the 5677 A line, 
which is also & laser line under suitable conditions, showed 
& time variation typical of most HgII lines. The 6149 A 
line, and lines ing from this, were unique in showing 
& amooth decay following an initial rapid rise during the 
relatively short current pulse. 

The decay rate characterized by the decaying edge of 
the 6149 A emission pulse was found to be sensitive to the 
discharge tube temperature, controlling the mercury 
vapour pressure, rather than to the helium pressure. 
Fig. 2 shows plots of the logarithm of the emission intensity 
as & function of time for & series of temperatures, the 
curves having been normalized to the same initial intensity. 
These measurements were taken with & discharge tube 
of 2-8 cm internal diameter and of approximately 1 m in 
"idem The discharge condenser was 1,000 picofarads 

the charging voltage 8kV. The helium pressure was 
about 5 torrs. A mercury pool, with a continuous aro 
running to & nearby auxiliary anode, formed the cathode. 
In making the measurements care was taken to observe 
only emission from the near-end of the discharge tube so 
88 to avoid distortion effecta due to the finite optical 
gain. 

The curves shown in Fig. 2 are characteristic of what 
would be observed if the 6149 A emismon resulted from 
excitation of the mercury ground-state atom by collision 
with some excited species formed durmg the discharge. 
Writing the concentration of this excited species as cm, 
and the concentration of the mercury ground-state atoms 
as y, then the intensity of the emission at any instant is, 
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neglecting the small effect of tho temperature on the 
diffusion velocities, proportional to ay, the product of the 
concentrations. If y is predominant, it can be considered 
to be & ximately constant throughout the emission 
time, and the emission intensity is proportional to z. 
The rate of decay of the logarithm of the intensity is 
therefore: 
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3, 2.1 1,% 
dp 8” = 3303 2d 
dz 
If: di ^ T kry + ky) 


where kyy represente the rate of disap of z due 
to collisions with mercury atoms, and k,r the rate of 
disappearance af z in the absence of mercury atoms, then: 


Homer = gal. (by + hs) (a) 


The curves A and B of Fig. 8 are plote of the alopes of the 
curves in Fig. 2 against the oo ing mercury atom 
concentration y, taken ab times of 2 psec and 15 usec 
respectively. They are approximately in agreement with 
equation (1) if k; is made time-dependent. 

If the initial value of x were independent of y, then 16 
would also be expected that the imitial intensity of the 
emission would be proportional to y. Fig. 4 shows & 
logarithmic plot of the initial intensity against y. Approxi- 
mate proportionality is obtained for the lower values of y 
where tho effect of thison theinitial value of «would beleast. 

The curve O of Fig. 3 was obtained in the same way as 
curve A, but using a discharge capacity of 500 pioofarads 
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Fig. 3. Decay rate of the 6140 A emission as a function of the mercury 
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rather than 1,000. The slope is the same ae that of 
curve A, which shows that the destruotion rate of z due 
to the mercury vapour is nob dependent on the discharge 
energy, and is therefore not associated with some excited 
state of the mercury atom, such as & metastable level or 
the ion, formed by the discharge. 

The only excited species capable of raising the ground- 
state mercury atom to the upper level of the 6149 A 
transition is the halium ion. This i retation is also 
consistent with the observed time-dependence of k, of 
equation (1), since the rate of loss by ambipolar diffusion 
is a funotion of the electron temperature, and the rate of 
loss by ion-recombination is a function both of the 
electron temperature and of the eleotron density. 
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The laser action at 6149 A must, therefore, be due to 
the process: 


Het + Hg — He + Hg* * + 0-15 eV 


where Hg* * denotes the 54*°(LS) 7p3/2 level of HgH, the 
upper level of the laser transition. The cross-section for 
this (derived from the slope of the curvee in Fig. 3) 
is 1-3 x 10-4 am’. 

This work was supported by the Ministry of Defence. 
1 Bell, W. 3, App. Pkys. Letters, 4, No. 2, $4 (1904). 
ba A. L., Bell, W. H., and Lopez, V. O., Phys. Ree., 185, No. 8A, 578 
* Heard, H. G., and Peterson, J., Prec, IEEE, Bl, No. 9, 1040 (1964). 
* Gerritaen, H. J., and Goedertier, P. V., J. App. Phys., ES, 3000 (1904). 


EFFECT OF ROTATION ON THE STABILITY OF VERY MASSIVE STARS 


By IAN W. ROXBURGH* 
High Altitude Observatory, Boulder, Colorado 


To well established that a by sear sees symmetrio 
massive star, of order 10* — 10* , becomes unstable 
before the central ture has risen to the 6 x 107 °K 
needed for nuclear reactions to provide the energy which 
is radiated away. An approximate analysis of Fowler’s! 
ives the same resulta as detailed investigations by 
Chandrasekhara, so I shall here follow the approximate 
method of Fowler to examine the effect of rotation on the 
stability of masive objecta. 

With masses of order 10* — 10' Mo, radiation preasure 
is muoh greater than gas preasure, the star is convectively 
unstable, and the structure of the star is that of a poly- 
trope of index n, where n approaches 3 as the ratio of 
specific heata, T, epproechea 4/8. The virial theorem 
applied to such & system gives: 

xT -1)0-QO=—0 (1) 
where U is the internal energy and Q the gravitational 
binding energy, reckoned as & positive quantity. With 
radiation preasure dominant we have?: 

4 
T= 3 + K (2) 
where B is the ratio of gas pressure to total pressure. The 
total energy of the star is then: 
z2U-üe-bus-fao (3) 
As B — 0, Æ — 0, and the classical massive star approeches 
neutral equilibrium. For massive object 8 is given by 
Eddmgton's equation‘ which approximates to: = - 
im 


M 
e= 86E (4) 


When general relativistic effeote are included equation 
(3) for the total energy is replaced by: 
38 GAD G'M* 
B=- a R Te Pls (5) 


where we have substituted for O the value for a polytrope 
of index 8, and the extra term is the leading relativistic 
correction as given by Fowler. As the star oontraote the 

will ultimately become itive and the star will 
then be unstable. In fact, the mstability occurs aa soon 
as RJAR < 0 as the ster is then unstable against con- 
traction; instability will therefore occur for any radius 
leas than : ^ 


Bp = &1 Ge) E c 08H, an) (8) 


* On leave of absenee from the Department of Mathematics, King’s College, 
University of London, , 


where B, is the Schwarzschild radius. (This formula is 
only valid for M > Mo.) 

If we neglect relativistic effects for the moment, the 
star would contract, drawing on its internal energy to 
provide the luminosity, until the central temperature 
reaches 6 x 10" °K when nuclear reactions will provide 
the energy. The radius of the star can then be caloulated 
from stellar structure theory, and isë: 


Rus ~ 104 Gas) e 5 x 105 mo (7) 


The star will only reach this hydrogen burning stage if 
Rua > Ry and this gives: 


(Ges) <6 x 10 (8) 


None of the massive objects with M > 10" Mo will 
achieve an equilibrium configuration where hydrogen 
burning at the centre balances the energy logs by radiation. 

During the stable contraction phase, the luminosity 
of the star is given by the surface boundary condition 


ast: 
L = 2 x 10" (05) orgs seo- (9) 


This energy loss ia balanced by the change of the total 

energy of the star. If the time required for the star to 

contract from a very large radius to the radius of instability 

is t, we have: 

38G M* 
8R; 

giving & contraotion time: 


t= 2 x 10% (319) 200 (11) 


This contraction time is only of order 10 years for M = 

10* Mo, and is much shorter than the estimated life-time 

of the optical phase of radio stars which is some 10%’ — 10° 
LI 


Ir=- Em ~2x Moe (10) 





The estimated life-time of the optical phase of radio 
stars is of the same order as the nuclear time-scale of 
hydrogen burning, and if we oould find an effect which 
would stabilire the star we could call on the theory of 
massive stars, a8 proposed by Hoyle and Fowler*, to explain 
this optical emission. One such effect is rotation. 

The primary effect of rotation is that the classical 
polytrope n — 3 is stable when rotation is included. 
This is quite easy to see. The virial theorem for & gas 
with motion, but in a steady state, is: 


sT—-0)U-Q-ssT20 (13) 


864 


where T is the kinetio energy, © the gravitational energy 
(reckoned positive and U the internal energy. For T = 
4/3, a polytrope of index 8, the total energy is: 

ESU-ün-T--Tc«0 
The system is therefore stable. 
dominant we havo: 


(18) 
With radiation pressure 





(4 —39'(y 1 . 4 B 
Te + eye nae tate (9 
since y = 5/8 for stars. The total energy is then: 
Ba-fu_-r<o (18) 
The reason that the total energy is now nogative definite, 
even when B — 0, is that the contribution of the rotational 


distortion terms to the gravitational energy, and the 

decrease of internal energy due to reduced preasure force, 

more than compensate for the added kinetic energy term. 
So far as order of magnitude estimates are concerned 

since B is small, the U in equation (15) can be replaced by 

ko unperturbed value, U,, and the binding energy is 
en: 





4 R -à (16) 
where I is the moment of inertia and w the angular 
velocity. The moment of inertia can be evaluated. from 
the theory of rotating polytropes, and for uniformly 
rotating polytrope of index 8, rotating with maximum 
possible speed (centrifugal force balancing gravity at the 
surface) we have: 


GM GM: 
dual gg - an 


where the number of 0:02 comes from a detailed inveetiga- 
tion of rotating polytropes'. For massive stars P103 
and the energy is decreased by a factor of order 80. 

The stability of the objecta when general relativity is 
included is now changed. As the rotation will only be a 
slight perturbation over most of the star, we can neglect 
rotational effects in the relativistic oorrection, so that the 
total energy is: 

38 GM? GM?! GM* (GM 
Dacar C00 7g (517g (ua) as) 
The massive star will become unstable when OF /OR = 0 
which gives: 
Ry, ~ 250 R, (19) 
independent of the mass of the object provided B is small. 

Now the radius of main sequence massive objecta is 

given from the structure of the star as*: 


M Nn 
Rus = 1:5 x 108 (sr om (20) 
This is slightly larger than the non-rotating value due to 


the expansion of the equatorial regions by the centrifugal 
foroe*. In terms of the Schwarzschild radius, this is: 
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-1/8 
(21) 





(22) 


M 
Rus = 7:5 x 105 ( ) 

s B, Mg 
Hence we have: 

Rus _ (+ iia 

m 8 x 10! =) 
This brings the instability right into the interesting region 
where M ~ 107 Mo. Stars smaller than this can reach 
the main sequence configuration, burn hydrogen and then 
collapse. 

The rotation will also affect the time-scale of the Hayashi 
type evolution prior to hydrogen burning or gravitational 
collapse. With a luminosity: 

M 
L^-5x10 (uz) Lo (23) 
which draws on the internal energy, the time required to 
contract to the radius of instability, t, satisfies : 


1 GM! 
sustain EE (24) 
which gives: 
t ~ 10t years (25) 


for any mass. This eatimate is not accurate, as we have 
neglected the energy carried away by mass loss during 
oont?action. This will reduce the life-time by a factor of 
two’. 

If the star is rotating non-uniformly, with the central 
regions rotating faster than the surface layers, this will aid 
stability. An inward increase in w by a factor of 6 would 
permit a star af 10!* Mo to reach tho hydrogen-burning 
phase. Such an inward increase may be ible in 4 
convective star with very large turbulent velocities where 
each turbulent eddy 18 oo: ing its angular momentum. 
This possibility will be considered elsewhere’, as it requires 
an examination of the convective energy transport in 
massive objects and ig outside the scope of the present 
article. 

It should be noted that the stabilizing effect of rotetion 
is due to the presence of 27 in the viral theorem. Con- 
sequently any other form of kinetic energy, such as that 
in the turbulent convection, could also exert a stabilizing 
influence. 

This investigation arose out of discussions with Prof. 
W. Fowler at Second Texas Symposium on Relativistic 
Astrophysics held at the University of Texas, Austin. 


1 Fowler, W. A., Res. Mod. Phys , 28, 2 (1964). 

* Chandrasekhar, B., E. Ræ. Letisre, 18, 114 (1904); 18, 487 (1004); 
Astrophys. J., 160, 417 (1064). 
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COOLING OF NEUTRON STARS 


By Da SACHIKO TSURUTA 


Smithsonian dubia isis Observatory, 
Cambridge, Massachusects 


"TAE discovery of discrete sources of X-rays in the 
sky haa led to much speculation aa to the mochaniams 
responsible for the X-ray emission’ Among these sug- 
gestions has been the thermal emission of X-rays from 
the hot surfaces of neutron star remnants of supernova 
explosions!~. Caloulations of the cooling of such a neutron 
ater following ite formation have seamed to indicate that 


"AND 


Pro. A. G. W. CAMERON 


Institute for Space Studies, Goddard Space 
Fight Center, New York 


the temperature would still be several million degrees et 
an age of several thousand years. Such cooling caloulations 
have been based on estimates of photon emission from the 
surface and of neutrino-antineutrino pair emission by 
the plasma process from the interior. There have recently 
been new suggestions regarding other possible mechanisms 
of neutrino emission from the interior’, and this has led 
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to the impression that neutron stars might oool too 
rapidly to be observable as celestial X-ray objects’. We 
believe this view to be too pessimistic, and we give here 
a brief summary of some of our cooling calculations for 
neutron stars. 

The neutron star models we have used in our caloula- 
tions have been based on composite equations of state 
with nuclear forces included. The details of the con- 
struction of the equations of state have been described. in 
a thesis’, and will be published in due course. At the 
lowest dengities, but still at substantially high tempera- 
tures, the composition was aesumed to be iron. As the 
density increases, the mam coatribution to the preasure 
comes from the degenerate electrons, and the mean 
molecular weight per electron gradually increases as the 
high Fermi level of the electrons forces the nuclear com- 
position of the material to change toward higher mass 
number. At denaties between 104 and 101 g/om? the 
heavy nuclei gradually dissolve into neutrons. The 
system then consista of degenerate neutrons, protons and 
electrons. Near and above 104 g/am?, many other particles 
appear m the mixture, commencing with the » meson and 
the E- hyperon. In constructing our equations of state, 
the degeneracy pressures of all the individual fermions 
were added, and nuclear foroe terms were also included. 

Nuclear forces are attractive at large-inter- 
nucleon distances and repulsive at small internucleon 
distances. In this work we chose forms of the potential 
interactions between neutrons suggested by Levinger and 
Simmons’. Their potentials Vs and V, were utilized. 
Both these potentials are attractive at low denatties, 
although V, 18 somewhat more attractive than Vg. At 
high densities V, rapidly turns repulsive, while Vs only 
slowly turns repulsive. For our neutron star equations 
of state, we have applied these potentials between the 
baryons without distinction as to the type of baryon. At 
densities leas than, or equal to, nuclear densities, the 
character of nuclear forces is reasonably well known, and 
is given to & rough approximation by either of theee 
potentials; and the composition of the matter is mostly 
neutrons, for which the potentials were originally oon- 
structed. At much greater than ordinary nuclear densities 
many different types of baryon are present, and the 





Log central density (g/om") 





10 15 
Mass (MMO) 


—— and proper (y) mates of tho ren aad 
constructed with bo composite oguations of state 
saturation 


and 
‘arent models resulting 
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rapidity with which nuclear forces turn repulsive is very 
speculative. Henoe the two potentials n V, tend to 
span & range of posable behaviour of nuclear forces 
at high densities, and the differences in the neutron star 
models which result from the adoptioa of one or the other 
potential will give an indication of the uncertainty due 
to lack of knowledge in this area of physics. 

In the case of a perfect fluid there is a general relativistic 
lmitation on the such that ıt cannot exceed 
one-third of the proper energy denmty*. In 8e fluid with 
suitable anisotropic properties, this condition may be 
violated; but the ultimate relativistic condition still 
remains that the pressure cannot exceed the proper energy 
densityl!*. If this were to be violated the speed of sound 
would exceed the speed of light in the medium. Accord- 
ingly, the composite equation of state constructed 88 
already described was out off with one of these two 
pressure saturation conditions. 

Tho general relativistic equations of hydrostatic equi- 
librium were derived by Oppenheimer and Volkoff. For 
& given assumption about central density, the numerical 
integration of the differential equations of hydrostatio 
equilibrium gives models with uniquely determined 
mas. The gravitational and proper masses determined. 
in this way as a function of central density for the two 
composite equations of state are shown in Fig. 1. Several 
interesting comments follow from this figure. It is evident 
that the details of the structure of the neutron star models 
are very sensitive to the uncertainties in the rates at 
which nuclear repulsive forces enter in the baryon mixture 
at high densities. For each equation of state the mass 
rises with moreasing central density toward & principal 
peak, beyond which it falls and then oscillates. It 18 
interesting to note that the gravitational mass 18 leas than. 
the proper mass over the entire range of neutron star 
models, thus showing that such models are gravitationally 
bound. This is contrary to the behaviour of modele con- 
structed with non-i ing neutron gases. A more 
detailed discusion of the stability of the models beyond 
tbe main peak will be given separately™”’. It may also 
bo noted that pressure saturation does not got in until the 
vicinity of the principal peak has been reached. Hence 
uncertainties in the pressure saturation effects play no 
significant part m the discussion which follows. 

Tn order to calculate representative cooling curves for 
neutron star models, three models were chosen 80 that 
ope was of low mess at the low-density base of the prin- 
cipal peak, one was half-way up the peak, and the other 
was near the top of the peak. To these models were fitted 
hot &tmospheres oo ing to & series of surface 
temperaturos. These atmospheres were composed of both 
iron and magnesium; the resulta were nearly the same, 
and only the neutron stars with iron envelopes are dis- 
cussed here. It was typically found that the temperature 
rose by about a factor of 50 between the photosphere of 
the neutron star and the interior where the high thermal 
conductivity of the electrons assured & flat temperature 
distribution. The atmospheres were constructed with the 
help of opacities calculated from the Los Alamos opacity 
code of A. N. Cox ef al. The atmospheric structure was 
determined by requiring that the luminosity should not 
change from one layer to the next. 

The heat capacity of the neutron ster models is & 
function of their temperature’. The presence of nuolear 
forces in the equation of state will modify the heat 
capacity by an amount which typically can be of the 
order of & factor 2, according to rough estimates which 
we have made. We did not take such modifications into 
account in making the actual cooling calculations. 

The cooling of the neutron stars 1s due to the oom- 
bination of neutrino emiasion from the interior and photon 
emission from the surface. The construction of the 
envelope automatically provided us with the photon 
cooling rates. Three neutrino cooling rates were taken 
into account, as follows: 
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(1) Newirino pair emission from the plasma process. 
These neutrinos arise from the decay of plaamons in the 
degenerate electron gas in the interior of the neutron 
star, The rates have been given by Adams, Ruderman 
and Woo! and by Inmam and Ruderman?*. 

(2) The UROA process. Bahoall and Wolf have recently 
given an estimate of neutrino emission from this process! 
in which neutrons decay into protons and protons capture 
* electrons. The rate is somewhat greater than that of the 


have kindly provided us with the following approximate 
preliminary expression for this process : 
(ZZ) = 10 za ™ (m 
for By > me! 

where Z is the effective charge of the electron scattering 
centres, n, is the number density of such centres, and. 
we take here to be the baryon number density. Ruderman 
and Feste have suggested that there may be proton 
clustering in neutron star interiors in the reeenoe of very 
large numbers of neutrons, so that the ective charge of 
scattering centre might be 2. However, it may well be 
that under conditions of interest in the interiors of neutron 
stars there will also bo a large number of E- hyperons, 
which may hinder the al ing process. Consequently, 
we have chosen to take the effective charge of a scattering 
centre equal to unity and to count as the scattering 
centres both the protons and the X- hyperons. This 
process is less important than the URGA process at high 
temperatures, but it is more important at low temperatures. 

The oooling curves for the six chosen neutron star 
models as a function of age are shown in Fig. 2. It may 
be seen that the rate of ing has a signifloant 
on the mass of the star. © low-mass stars cool quite 
rapidly, but ee gran have 
temperatures exceeding 2 x 10* or times of the order 
of 104 or 10* years.  Hemoe it is evident that thermal 
emission of X-rays from neutron star surfaces should 
continue to be regarded aa candidates for identifloation with 
some of the X-ray sources which are being found in the aky. 

Bahcall and Wolf” have raised the question of neutrino 
cooling from pion decays in neutron star interiors. Such 
pion oen ooour only if pions should have a small 
effective mass in the presence of a largely neutron gna. 
Both Bahoall and Ruderman have indicated to us (private 
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The remarkable NRL rocket experiment carried out 
during a lunar occultation of the Crab Nebula has shown 


energy electrons 

accelerated m the magnetosphere of a vibrating neutron 
star*. Similar nan-thermal processes may well be associ- 
ated with other X-ray sources, if thoy are neutron stars, 
and hence non-tharmal components to X-ray spectra may 
be common. Hence we believe that many more highly 
refined experiments will be before the true 
nature of the celestial X-ray sources will be determined. 

We thank Dr. M. A. Ruderman and Mr. Q. Festa for 
communicating to us in advance of publication their 
preliminary resulus on neutrino emission by the brems- 
Strahlung process. 
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INTERSTELLAR EXTINCTION BY GRAPHITE GRAINS 


By De. N. C. WICKRAMASINGHE 
Jesus College, Cambridge 


AND 


M^ observations] data have recently accumulated 
on the law of interstellar extinction in the galaxy!-*. 
The general trend of the new resulta appears to be a 
consi ble variability in the extinction law. The 
‘unique extinction law’ hitherto believed to be generally 
valid now appears to hold only in limited regions of the 
sky. The resulte of a recent in igation by Johnson* 
indicate different extinction curves for Cygnus, Orion, 


Miss C. GUILLAUME 
Institut d'Astrophysique, Lidge, Belgium 


Perseus, Cepheus and NGO 2244 (Fig. 1). Dr. K. Nandy 
also obtains different extinction curves for Cygnus and 
Perseus. The observations of Johnson* are normalized 
to gt eeu dM ne M ahs 5470 A. 

a theoretical point of view the present situation 
is in fact quite satisfactory. To understand a unique 
extinction law one has to impose very stringent conditions 
on the sizes of interstellar particles. For a physically 
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Tig. 1. Regional extinction curves from data of Johnson 8). 
1, Persons; 2, Orion Belt; 3, 

radius has to be specified to within a few per oent in order 
to fit the reddening curve for Cygnus. The physical 
accident required to produce this precise mean size in 
every part of the galaxy is very difficult to understand, 
and is perhapa the most unsatisfactory feature of the 
traditional explanations. 

With graphite grains the situation appeared to be 
somewhat better. For the original model proposed by 
Hoyle and Wickramasinghe', the ‘unique reddening law’ 
then appeared to arise quite naturally from the 
extinction formula for very small particles. The redden- 
ing law was thus determined easentially by the assumed 

tive index of graphite, provided the grains were all 
sufficiently small. 

The data on the refractive index of graphite available 
at the time of the Hoyle-Wickramasinghe paper were, 
however, very . A constant conductivity o = 
1:2 x 104 sec, and a dielectric constant K = 2, was 
assumed on the basis of old reflectivity measurements 
limited to a few optical wave-lengths. The refractive 
index m of graphite was therefore taken to be given by: 

miu K — 2or/on2 — 83 (1) 
with Ain microns, over the whole of the relevant wave- 
length range. 

In a recent paper, Ergun and MoOertney* reported 
measurements of the abeorptive index at wave-lengths 
between 2100 À and 5500 À, of single graphite crystals. 
Their observations, which indicated a sharp peak near 
2600 A, appear to be inconsistent with the earlier assump- 
tion of a constant conductivity’. More reoently Carter, 
Huebner, Hamm and Birkhoff* and Taft and Philipp’ 
have reported direct measurementa of the real and 
imaginary parte of m! from 1100 A in the ultra-violet 
into the far infra-red. The resulta of Taft and Philipp’ 
aro in general accord with the Ergun-MoCartney results 
for the region of overlap of their investigations. 

Let us denote the real and imaginary parte of m! by 
&, £, respectively. For our present investigation we shall 
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4 (a3) i t ^ b 
047 4 213 3-588 2078 
0 86 4 116 1:852 2-034 
119 4 84 2-579 1-620 
186 4 7 2456 1-425 
1-73 4 7 1:450 1425 
183 4 7 2 456 1425 
195 4 7 1456 1452 
1:26 4 7 2 456 1-452 
230 4 7 1:456 1-452 
2-40 4 7 2-456 1455 
1-68 4 7 2456 1425 
2-78 2-8 7 2-425 1443 
3-01 23 7-5 2-252 1-65 
3-85 -34 7 1480 2:305 
4654 -1 28 0-840 1-649 
500 -1 1 0 786 1172 
667 12 06 1-127 0 206 


adopt the values of t, c, extracted from the graphs of 
Taft and Philipp (TP*) and Carter, Huebner, Hamm and 
Birkhoff (OHHB)*. Fig. 8 of CHHB gives t,, t, 88 func- 
tions of wave-lengths in the rango 1100 A < à < 3000 A. 
For à > $000 A e, remains approximately constant into 
the far infra-red; t, remains approximately constant until 
A= 7000 A and thereafter begins to rue ND (TP, 
Fig. 2). For ìà > 7000 the case of a constant oon uctivity 
is realized (TP, Fig. 6) so that «€, = — 202/c, creases as 
A. Tho values of tı, ex n and k emerge as given in Tablo 1. 
These data probably represent the available at the 
present moment and apply for light polarized with eleotrio 
vector parallel to the basal planes. 

Using these values of m = n — tk, the efficiency factors 
for extinction of light by spherical graphite grains may 
be calculated from the Mie formulae. A detailed account 
of these computations will be published elsewhere; only a 
summary of the more important features of our results 
will be given here. 

For grains of a single radius a in the line of sight of a 
star, the resulting extinction in magnitudes is related 
to the efficiency factor Qext for a single grain by: 

Am(2) = 1:086 N za! Qexi() (2) 
where N is the number of grains in the line of sight. For 
oo i with observations a normalized extinction 
E(A) is defined by: 

X 

EQ) = EE (3) 

where A» = 5470 A. The normalization adopted is the 

same as that of Johnson? and is such that H(A) = 1 mag 
at à = à (Fig. 1). 
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The theoretical curves of #(4) for various graphite 
grain radii are plotted in Figs. 2 and 8. The open omroles 
plotted in Figs. 2 and 8 represent the extinction curve 
given by Boggeas and Borgman’ including their ultra- 
violet observations. 

It is seen that the shapes of the theoretical curves 
for 4-1 < 8 (Figs. 2 and 8) bear a general resemblance to 
the observational curves in Fig. 1. There seams to be 
little doubt that any of the observational curves reported 
by Johnson, with the possible exception of Cepheus and 
NGO 2244, cannot be reproduced by & suitable mixture 
of graphite grain sires. The curves for Cepheus and 
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NGO 2244 have been plotted from observations of 5 and 3 
stars respectively. Data for more stars are required before 
we can accept the curves reported for these two regions. 
The distinctive feature of graphite absorption, 
howevér, occurs in the ultra-violet. Very small graphite 
particles are able to produce a sharp quenching effect 
in the ultra-violet near 2200 A (Fig. 2). For a grain of 
radius 0-018564, Qext(2200)/Qext(5470) = 12-3; the extinc- 
tion thereafter decroases until at 1500 A, Qext(1500)/ 
Qexi (5470) = 2-41. The quenching effect decreases in 
absolute value for larger but the maximum at 
2200 A and a minimum at 1500 A remains (Fig. 3). There 
is & strong possibility that this is 1n fact the effect observed 
by Boggees and Borgman’. On the basis of graphite 
tion one would also expect a fairly sharp drop in 
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' the extinction curve towards 1500 A. This is in fact the 


remarkable outcome of a preliminary investigation by 
Dr. J. Borgman'*. Such result, if confirmed, would give 
strong support to the graphite grain theory. On the 
basis of pure ice grains it does not seem possible to explain 
the ultra-violet measurements‘. 

Moreover, recent attempts to isolate certain infra-red 
interstellar absorption bands to be expected on the basis 
of ice or dielectric absorption have produced negative 
resulta. Although the acouracy of the rocket experi- 
ments might be questioned, the absence of these banda if 
further eeteblished would provide additional evidence 
against ice absorption. 
> Jobneon, H. L., and Borgman, J, B.A N , 17, 115 (1068). 

' Boggess, à., and Borgman, J., Astropkys. J., 140, 1636 (1964). 

* Jotmaon, H. L., Astrophys. J.,141, 023 (1965) 
Br rry ees , Ray, W. D., and Wyid, C., Mon. Not. Roy. Astro. 


ETa rai Mon Not. Roy. Astro Soc., 194, 
Dui Be xn MAREE: J.T., Proc. Fifth Conf. Cardon, 107 (Pergumon 


UW D; Mon. Not. Roy. Astio. Soo (in the presa). 

* Carter, He ae T Hamm, B. N., and Birkhoff, R D., Phys. 
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GENETIC INVESTIGATIONS OF AUTOIMMUNE DISEASE IN MICE 


By SR MACFARLANE BURNET, O.M., 


F.R.S., and MARGARET C. HOLMES 


The Walter and Eliza Hall institute of Medical Research, Melbourne, Australa 


R several years we have had under intensive study 

the unique mouse strain pied mi developed by 
Buelschowsky et al... These mice develop an autoimmune 
type haemolytic anaemia which, in almost all respecte, 
presenta close analogies to the human disease, i 
haemolytic anaemia and, in particular, to the ‘warm’ 
antibody type of Dacie. Investigations of the natural 
history of these mice and of the haematological characters 
of their disease have been published both from the Otago 
laboratory in which they were developed** and from 
Melbourne**. One paper on the behaviour of the Fl 
cross NZB x O8H has been published’ and a good deal 
on the NZB x AZW FI hybrid which has a strikingly 
high incidence of kidney disease’ *. 

With the partial completion of studies on NZB x O8H 
and NZB x AKR F1 and back-crosses and less-complete 
resulta from NZB x NZW, NZB x 057 BL and NZB x 
T6 F1’s, a considerable amount of material has now been 
obtained. In this article we wish to discuss the behaviour 
of the Coomb test as an index of the autoimmune 
process in the various F1 hybrids and back-oroes popula- 
tions. 

The test involves the detection of incomplete antibody 
on the surface of the animal's red cells. Technical details 


are described elsewhere’ but, in outline, mice are bled 
from the tail at monthly intervals, the red cells washed 
four times in warm saline and then tested for slide agglutin- 
ation with two dilutions 1:5 and 1:50 of a standard 
antiserum. The test sera were p in rabbits im- 
munized with mouse globulin (almost wholly Ig. G) and 
absorbed before use with normal mouse red cells. In this’ 
way, large numbers of resulta roughly quantitative in 
character, since the intensity + to + ++ of agglutination 
for two dilutions was noted, became available. From 
the raw data arranged according to nominal months 
(28 days) each mouse was allotted a time, for example, 
11-5 ‘months’ as representing the first time it was definitely 
positive. As it was not always possible to test all mice 
every 4 weeks, when necessary a value was interpolated. 
Normally, if the first positive reaction from a mouse 
showed +++ agglutination with both dilutions of 
serum and the mouse had not been tested d the 
previous two months, ita conversion was pre-da one 
month. 


rtion positive at any month was calculated in 
eng eI total number ee ualy converted 
plus those ing during the month plus the number of 


still negative mice present throughout the period. Once 
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a mouse had given a definite positive reaction (DO+) 
it was counted as positive throughout the calculations 
irrespective of whether it had reverted to negative or not. 
This gave a cumulative parcentage which could conveni- 
m be plotted on probit paper 

The strains concerned, N ZB, '"INZW, OSH, AK R and 
057 BL, are maintained in the Institute by brother-mster 
mating. T6 males were obtained by the courtesy of 
Dr. Peter Ibery. The standard Fl crosses were made 
by mating NZB females with males of the other parent 
strain, and, for the back crosses, F1 females were mated 
with a male of the appropriate parental strain. 

Small numbers of each of the parent strains, other than 
NZB, have been shown to be Ooombe-negative at + one 
year of age and, in the absence of reporte to the contrary, 
we have assumed that they are uniformly Coombe-negative 
throughout life. In the case of C3H and AKR, this 
assumption is almost completely validated by the resulta 


' with the back-crosses described here. 


NZB x AKR hybrids. In the NZB-AKR series the 
results (Fig. 1) indicate an approximately normal distribu- 
tion of the times of conversion, but in the F1, and particu- 
larly in the females, there is a persistent failure to convert 
a mgnificant proportion. The median times of conver- 
sion supply most of the information but, in addition, 
there are differences in the slope of the curve (oorre- 
sponding to the size of the standard deviation) and in the 
poe of positive reactions which afterwards 

negative. These are not shown in Fig. 1, which 
is concerned only with the time of the first recognized oon- 
version from & negative to a positive direct Coombe test. 

NZB mice show a median age of conversion of 160 days 
for males, 188 for females’ (see Table 1). 

The Fl AKR x NZB strain shows a marked difference 
between male and female, but in the opposite direction 
from NZB, the female converting earlier and showing a 
steeper slope than the male. 

Exoept when lymphoid tumours develop, the great 
majority of N ZB conversions are permanent, but in all 
the hybrids we have studied there has been some irregular- 
ity in the results of successive Coombs testa, and it may 
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Table]. MXDIAK AGE FOR OOONBS CONVERSION IN DAYS 

Male Female 

NIB 160 188 
NSB x OH F1 — 540 
Fix NZB BO 310+ 810+ 

‘ Fi x OH BO — — 
NSB x AKR F1 454 342 
Fix NEB BO 310 310 

Fl x AKR BO — — 
HSB x O87 F1 425 425 
NZBxT6Fi 730i 510 
NEB x NZW F1 — 320 

Table 2. IRRIGULARITINS IX COOMPS HmePONSRIN NSB x AKR Fi Mion 


Type of respanse Male Female 
A Positive pemusting in all later teats 6 2 14 H% 
Barly regularities with final stable pomtrve 4 17 0 
O Various irregularities ending as positive 6 35 6 23% 
D Definite pomtave for at least 2 months, 
al 2i 
Table 3. DINTRIBUTZIOK OF COOMBS'S RESPONSES IN RELATION TO THE 


PxmexxC» oF LYMPHOID TUMOURS AND TO PROLONGHD BURYIYAL 


Lympbold tumour 800 Overall 


Type of response 
M F ar x F 
Standard AB 0 2 0 10 14 
CD 3 6 4 1 9 
Negative E 0 1 8 3 3 


be desirable to give same detail of the resulta with the 
NZB x AKR Fl hybrids. Table 2 shows a division 
into the several types. of response that followed the first 
ce of & ive Coombs reaction. Altho 

proportion giving at least one positave is essentially 
the same (88-90 per cent) for both sexes, females not 
only show earlier change but are leas prone to show irregu- 
lar responses, 54 per cent as against 25 per cent in malos 
showing persisting positive reactions once Coombe 
conversion had occurred. 

Of the 50 mice studied in detail and recorded in Table 2, 
3 males and 9 females died with unequivocal lymphoid 
tumours while 7 males and no females survived more than 
800 days (Table 3). 

Tt ia clear that, as might be expected, tho development 
of & lymphoid tumour was y associated hee 
irregularity of the Coombs reaction. It is Paan a 
mone oe 

Coombs test survived 800 days while the 

y 3 male mice which were consistently negative from 
lá 3nonths Onward all survived more than 800 days. 

The beck-cross to AK B produced a considerable number 
of cases of lymphoma/leukaemia which will be described 
elsewhere, and the Bu low incidence of Coombs conver- 


Iz. Fi NZB/C3H 


Jag Ee H 
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Fig. 2. Times of Coombs conversion for NSB, O8H Fi kybnds and 


-crosses 
Legend as L BONER back-cross (Fl WEB x apes x N£B; 
icin -ross (F1 NSB x C3H) x 
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sion may be related in part to early death from leukaemia. 
However, when tested at 350—400 days, 1/45 males and 
1/56 females were DO +, both reactions persisting, while 
of testa made between 450 and 550 days when many had 
died of leukaemia, 2/24 males and 2/19 females were 
positive. It is not legitimate to give a definite figure for 
the percentage of Coombe converters, but it is unlikely 
to exceed about 10-15 per cent. 

It is clear from Fig. 1 that in both back-crosses the 
Coombs behaviour shows no resemblance to what would 
be obtained from a population of equal numbers of F1 
and parent. The difference between the capacity to allow 
& positive DO+ test at any time during the life of the 
mouse and ita absence cannot therefore be produced by 
& single gene change. 

NZB-C83H orosses. The results of F1 and of the baok- 
croes to NZB have already been published‘. Fig. 2 is 
drawn from the same data used in that paper with addi- 
tional results from 50 mice baok-croesed to O8H. It will 
be seen that there is a greater difference between male and 
female for the F1 results than is shown in the NZB x 
AK B series. The baok-oroes to NZB showed conversion 
to DO-- at an intermediate period between NZB and 
Fl. The number of mice involved was small (male 20, 
female 23) and, in view of the considerable scatter of the 
male values, it is not poesible to say that there is a 
igni male-female difference. In the b&ok-aroes 

1(NZB x O8H) x O8H there were only two typical 
DO- teste, both in old males. Two females out of 25 
tested at about one year of age gave a weak positive 
(but well controlled and definite) test which afterwards 
became negative. Twelve females surviving two years 
were all negative. 

Other N ZB orosses. Three other strains have been used in 
crosses with NZB, namely, NZW OS7BL and 7'6, and in 
each case about 50 mice were studied by serial Coombs 
teste. The Fl resulta for NZB x OS7BL and NZB x T6 
are shown in Fig. 8. The first series differs from the others 
in showing no significant differences beteen males and 
females. The NZB x T6 F1 mice show the usual greater 
activity of females reaching 50 per cent conversion in about 
500 days, while there were still 10 males alive beyond 
750 days which had never given a positive test. 

The chief interest of the NZB x N ZW croes is the very 
high mortality from kidney disease and this has the effect 
of eliminating all females before 400 days and greatly 
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Nominal! months 
Wig. 4. Times of Ooombe oonvermon for NZB x N£W Fi brids, 
Ta e ma dus e ey e, 
depleting the numbers of males available far Coombs 
test at later stages*. However, the trend was clearly 


similar to the other crosses and most of the surviving 
females more than 300 days of age were positive, while 
there were only two males for whom a late DO+ was 
reoorded (Fig. 4). 


Discussion 

For several years wo have regarded the ‘forbidden alone 
hypothesis’ as the most satisfactory way of co-ordinating 
the facta of autoimmune disease. The availability of the 
present results from genetic experiments offers now 
material for an attempt to disprove or modify the hypothe- 
sis. In broad terms, the forbidden clone hypothesis of 
autoimmune disease is an almost corollary of & 
clonal selection approach to immunity. It assumes that 
abnormal suto-antibodies or pathogenio immunocytes 
are the product of clones which have been allowed to 
develop by the failure of some homoeostatio process to 
prevent the emergence of lymphoid (immunoeyte) stem 
cells with immune patterns that oan react with antigenio 
determinants present in accessible body components. 
Formally, the homoeostatio process in question might 
fail either because the process itself was ineffective or 
because a stem oell resisting the process had appeared 
by somatic mutation. From such a cell a descendant 
forbidden clone of immunocytes could arise with patho- 
genic potentialities. It must be emphasized that the 
mutation producing a forbidden clone is not in virtue of 
the appearance of an immune pattern which reaote with 
& body component via one of ita antigenic determinants, 
but because of its resistance to a homoeostatic process, 
possibly active in the thymus, which should normally 
destroy all cells with such as they arise. 

In the homozygous NZB mice the appearance of a 
positive direct Coombe test is a convenient indicator 
that a population of pathogenic cells has developed to a 
demonstrable level. ropriate transfer experiments!’ 
have’ shown, that's call population of adequate site is 
present only in the spleen of mice already Coombs-positive. 
Transfer to young isologous mice will regularly produce 
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a temporary DO+ reaction (sometimes isting) and, 
in addition, enlargement of spleen possibly analogous to 
Simonsen’s graft-versus-host reaotion!'. These reactions 
are absent in young recipient mice given control material 
and in mice that will not &ooept NZB oals, that is, 
all except isologous animals or Fl mice with one parent 
NZB. 

If such cells arise by somatic mutation, the regularity 
of their ap ce needs to be accounted for. For one 
cell to have 10° descendanta, which seems likely to be the 
order of the number of oells ‘giving antibody capable of 
coating all the red cells of the body, 20 binary generations 
are needed. Having regard to the unlikelibood of prolifera- 
tion at maximal speed of such a clone, we can probably 
allow 20 days from the emergence of the mutant stem 
seascape ROADS or a gig reaction. The time of 

ce of such & mutant cell would then be, for male 
NZB, 80-220 days, and for females, 108—248 days, based 
on a median time for appearance of the DO + reaction of 
male 160 days, female 188 days. The general resemblance 
of this time-scale with that for the emergence of leukaemia 
in strain AKR mice’ suggests that, if somatic mutation 
is the rate determining in AKR leukaemia, it is 
equally likely to be so for NZB haemolytic anaemia. 

Our approach to an interpretation of data that have 
been presented will be to assume, following Burch", that 
both an appropriate genotype and a process of somatic 
mutation are necessary for the manifestation of haemoly- 
tic anaemia in NZB mice. In the absence of compelling 
reasons to the contrary it is simplest to assume that the 
initiating somatic mutation allows a cell to eacape the 
normal homoeoetatic by which i 
capable of reacting with accessible body components are 
destroyed or inhibited, and that this change Rt to E may 
oocur in any breed of mice. The emergence of descendants 
of such cell in sufficient numbers to produce the pheno- 
typio expression of Coombs conversion will obviously 
be influenced by many factors. A further somatic mute- 
tion or sequence of mutations may be needed and, on 
Burch’s view, would probably be the dominant rate- 
controlling process. results we have reported here, 
however, suggest strongly that phenotypic expression of 
the (final) eomatio mutation both as regards timing and 
intenmty depends on the nature of a gene complex B 
which is present in a specially favourable form in male 
NZB mice. 

The complexity of B is evidenced by the resulta of 
back-oroeses shown in Figs. land 2. Back-crosses to the 
‘normal’ parental strain gave less than 10 per cent showing 
Coombs conversion but in each set there were one or 
two strongly positive reactors. If we take the simplest 
possible assumption, this would indicate that 3—6 unlinked 
genes were included in the complex. Similarly, in the 
beck-croases to N ZB, the timing of the change to DO + is 
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intermediate in character between N ZB and F1 but is not 
interpretable as a mixture of the two types. In.the recon- 
struction of the B complex in the various Fl's and baok- 
crosses there will be possibilities of influence on time of 
conversion as well as of determining whether conversion 
can or cannot oocur. The influence of sex is clear in 
nearly all the populations studied and obviously some of 
the components of the gene complex B are carried on the 
X chromosome. We hope to look for more direct evidence 
of this by appropriate reciprocal matings. Results, 
however, may difficult to interpret since we have 
shown that in homozygous NZB mice the earlier and 
more active change to DO+ is in males, while in most 
Pl's the females carrying one X chromosome derived 
from NZB and one foreign X convert earlier than the 
males with only the NZB X in their genome. 

` The findings are in general accord with the hypothesis 
of a specific type of somatic mutation the results of which 
depend on the rest of the genetic environment. They 
would be equally in accord, however, with an appro- 
priately developed hypothesis that the somatio genome 
was actively modified by the incorporation of part of 
a virus genome giving a heritable somatic genetic change. 
So far there is no evidence from any other direction 
for the presence of a virus, but, if it is postulated that the 
virus is tranamitted vertically by sperm as well as ovum. 
and can demonstrably affect only animals of a strictly 
limited range of genotypes, it becomes very difficult to 

i ve the virus hypothesis experimentally. 

the course of these experiments a large amount of 
data on mortality with special reference to leukaemia- 
lymphoma and lethal kidney disease was accumulated. 
The incidence and type of proliferative lesions in the 
thymus have also been recorded. These findings and their 
relationship to the distribution and age incidence of 
Coombs conversion will be discussed elsewhere. 

This work was by grant 4J—05767 from the 
National Institute for Allergy and Infectious Diseases, 
U.S. Publio Health Service. We thank Miss J. Watson 
for carrying out most of the Coombs testa. 
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EXAMINATION OF THE MECHANISM OF ANTIBODY FORMATION USING 
NUCLEIC ACID AND PROTEIN INHIBITORS 


By Pror. R. S. SPEIRS 
Downstate Medical Center, State University of New York, Brooklyn 3, New York 


ECENT experiments have demonstrated that anti- 
body production can be considered as a form of 
protein synthesis which is regulated by nucleic acids 
and follows metabolic pathways similar to those utilized 
for other types of protein. It is formed on ribosomes! 
from & pool of free amino-acids." ing to mRNA 
which is coded fram chromosomal DNA‘. However, 
high antibody titres have been obtained during the 
anamnestic to antigen in the presence of nucleio 
acid inhibitors*. These observations suggest that RNA 


necessary for antibody synthesis must be capable of 
being stored, and that this accumulated RNA can be 
rapidly activated even i the presence of DNA inbibitors. 
It would sppear that the primary e to antigen 
resulta in an inactivation of RNA coded for antibody 
synthesis, while & later re-expoeure to specific antigen 
produces a reactivation of the RNA and & rapid synthesis 
of antibody’. . 

In view of these considerations, attempts were made to 
modify the degree of immunization by altering the 
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quantity of nucleic acids present in the cells at the time 
of primary exposure to antigen. Three 1 tal 
approaches were used: (a) cells were treated with nucleic 
acid and protein inhibitors at the time of primary exposure 
to antigen, and antibody production was measured during 
the anamnestic response; (b) the inhibitors were added to 
a ae to determine whether repeated injections would 

t in & prolonged suppreasion of mnmunity; (c) the 
inhibitors were added to &ntigen and then injeoted into 
immunised animals to ascertam whether a decrease in 
antibody response would occur. 

The affect of antibiotios on the immune response was 
determined in adult BDF, mice. : 

In the first experiment, each of 60 mice was given 2 
injections of Freund's adjuvant plus tuberoulin (Difco), 
spaced 10 days apart, in order to produce a localized 
population of peritoneal inflammatory cells. Four days 
after the second injection of adjuvant, the animals were 
given & primary injection of fluid tetanus toxoid (Lederle). 
Antibiotics were administered intraperitoneelly at 12-h 
intervals for a total of 5 days beginning 12 h prior to 
the primary antigen injection. In group A, the mice were 
re-injected with the water-soluble or fluid tetanus toxoid 
at bi-weekly intervals. In group B, the mice were injected 
with a precipiteted antigen consisting of tetanus toxoid 
adsorbed on slummium phosphate (Lederle). 

„In the second i t, the antibiotics were oom- 
bined with fluid tetenus toxoid and administered to 
40 mice. A total of 8 weekly intraperitoneal injections 
of 0-4 ml. each were given. The animals were then 
allowed to recover for a 3-week period before bemg given 
further injections of tetanus toxoid. . 

In the third experiment, 40 mice were first immunized 
by 2 intraperitoneal mjections of tetanus toxoid incor- 
porated into Freund’s adjuvant. They were then given 
5 weekly intraperitoneal mjections of tetanus toxoid 
combined with the antibiotics. 

The inhibitors used were actinomycin D (Merck, 
Sharpe and Dohme), chloramphenicol (Parke Davis), 
methotrexate (Lederle), streptomycin, and puromycin 
(Nutritional Biochemical). These inhibitors were sus- 
pended in pyrogen-free saline and injected into groups of 
5 animals aa indicated in Tables 1—8. 

All mice were bled at weekly intervals and the anti- 
toxin titres determined. 0-1 ml. of blood wes removed 
from the tail van and immediately diluted with 2 ml. 
distilled water to lyse the oells. Blood from a pool of 5 
animals was serially diluted against equal perte of a 
standardized tetanus toxin solution The antitoxin 
titres were determined by biological aseay. Duplicate 
assays wero run after the diluted blood had been frozen 
and stored for 4 or more weeks. In this manner all the 
sera from a particular experiment oould be re-assayed 
together and the titres compared under nearly identical 
conditions. Once antitoxin production was initiated, the 
titres moreased progroasively following esoh succeeding 
injection of antigen. Therefore, in order to simplify 
the presentation of the data, only bi-weekly titres are 
included in Tables 1-3. 

The degree of primary immuniration obtained after 
a single injection of a water-soluble antigen was too low 
to be measured by the assay procedure used. However, 
followmg each re-injection of the toxoid, ive 
inoreases in titres were obtained (Table LA). the 
fourth injection, the control animala and the animals 
injected with puromycin, chloramphenicol, erythromycin, 
and streptomycin had antitoxin titres varying between 
45,000 and 90,000 units/ml. blood. Animals receiving 
3250 ug methotrexate had antitoxin titres of 10,800 unite, 
rand anirsals injected with 10 ug actinomyom D had titres 
cof only 2,400 unite. All animals challenged with alamintum 
phosphate adsorbed tetanus toxoid (Table 1B) had 
-onsigbently higher titres than animals challenged with 
fluid tetanws toxoid. The animals previously treated 
-with methetrexate or aotinomycin D had markedly 
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Table 1. HrFBOT oF TXHIBTTORS ADMINISTERED DURING PRIMARY [XJBOTION 
OF TwTAXUS TOIOID ON THE ÀNAMNNERTIO 


Anütoxin dires 7 days 
injection 


after nmn Mice 
Total dose of mhibitors * Beoond Fourth surviving 
injeehon Injection Injection 
(A) Tind tetanus i 
(no iInbibitars) ost 5-2 45-0 5/6 
img 0 10 450 5/5 
500 xg obloramphentool 03 24 90-0 bib 
paccm $1 dd S oH 
ri 
250 xg pape andae Ü 51 10-8 £5 
ad aciinomyan D 0 os 22-0 6/5 
100 mg 0 0 24 3/5 
a Tetanus (eturations adsorbed) 
Spr ieee | ae ee Hr 
ny Bender: 8? oi 900 is 
xg $ 
eotincmycin D 0 24 102 2/6 


* Inhibitors were injeoted intraperitoneally twice dally for 5 days beginnmg 
12 h before the primary injection of antigen. m 
T No. x 10* equals antitoxtn titres/ml. whole blood. 
Table 2. ANTITOXIN TITRES PRODUCED BY WEEKLY INJECTIONS OF FLUID 
TETANUS TOXOID asp NUCLEO ACID INHIRHTTORA 


180-0 5/6 
»1,0000 14/15 
5/5 
2 5 

0 5 

0 1/5 

1 week after myection of torold. 
SUN aAA added to 0'2 m PME BUENO, 
were 


of taxold pius inhibitor, the animals 
weeks and then re-mjected with tetanus toxoid at 


$ Number x 10° equals antitoxm ttrea/mL of whole blood. 


Table 3. ANTTITOXIN TTTRER IK HIGHLY INMUXIKED MICE RBRORIYING FITE 
WEEKLY ÍXJBCTIONR a Frum TETAXUS TOXOID PLUS NUGLEIO AGID 


à 
i s 


Antitoxm tires at bi-weeldy mtecvals 


after tnitlal Infechon of angen = 
flood rs Fini Third Fifth surviving 
per 
Infection injection 
Oontro (no Inhibitors) 220 450 > 1,000 6/5 
EM ea 220 900 » 1,000 14/15 
2:5 eg 110 45-0 > 1,000 5/5 
50 xg 110 450 340 0 5/5 
10 0 sg 61 220 180-0 4/5 
"s 24 450 180 0 5/6 
* Inhibitors were dilated in seime and added to 0 ml tetanus toroid, 
making & total volume of 0 4 ml. 


T Number x 10° equals antitaxin tdires/ml. whole blood. 


reduced titres, compared with titres of the oontrol 
animals. 

In the second experiment, the nucleic acid inhibitors 
were added to tetanus toxoid and then injected into mice 
at weekly intervals for a total of 8 mjections. These 
results are shown in Table 2. It may be seen that during 
the 8 weeks of injection, the additaon of 10-40 ug per week 
of methotrexate had no sigazficant inhibitory effect on 
antitoxin titres. On the other hand, weekly doses of 
5-0 ug or more of actinomycin D had a marked inhibitory 
effect on antitoxin titres during the entire 8-week period. 
When re-mjected with the toxoid only, these animals 
were found to respond by producing antitoxin titres 
typical of a primary response. The animals treated with 
methotrexate had consistently higher titres than the 
controls. 

In the third experiment, the nucleic acid inhibitors 
were added to tetanus toxoid and then injected into 
highly ummunized mice. Table 8 presents the antitoxin 
titres obtained. It may be seen that all animals showed 
progressive increases in antitoxin titres in spite of the 
presence of mhibitors. In the oontrol animals and in 
animals receiving methotrexate, titres of more than & 
million unite/ml. blood were obtamed. Similar results 
were obtained in animals injected with 2-5 pg of actino- 
myoin D. However, titres of only 180,000 and 360,000 
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unita were obtained in animals injected with 5-20 ug 
&ctinomyoin D. 

The data obtamed in these experiments indicate that 
injections of actanomycm D, given at the time of primary 
injection of antigen, markedly reduce the antatoxin 
titres obtained during the anamnestic response. Treat- 
ment with a total dose of 10 pg or 20 ug actanomycin D 
resulted in markedly reduced antitoxin titres when the 
animals ware later subjected to ted challenging 
injections of either fluid tetanus toroid or the aluminium- 
adsorbed toxoid. Moreover, when 10 or 20 pg actinomycin 
D was combined with antigen and the. injected weekly 
for a period of 8 weeks, no measurable antitoxin titres 
were obtamed, com with 45,000 units in the control 
animals (Table 2).' When allowed to recover from the 
actinomycin D poisoning they were found to be capable of 
becoming immunized. Although sotinomycin D did not 
prevent antibody synthesis in immunized animals, it did 
produce a reduction of titres when repeatedly injected 
along with the antigen (Table 3). 

These results differed somewhat from resulta reported 
by Wust e£ al.*, who observed thatactinomycin Dinjeotions 
in rate delayed the uotion of antibody to hetero- 
logous red blood , but did not inhibit the total 
amount of antibody produced. In our experiments, 
the 10 ug actinomycin D produced & temporary inhibition 
of immunity, but the mice were capsble of responding to 
later injections of the fluid toxoid (Table 1). Further- 
more, the mioe which had complete inhibition of antitoxin, 
produced by 8 weekly injections of toxoid plus actinomycin 
D, later showed a primary response to the toxoid when 
injected without the inbibitor (Table 2). It would there- 
fore & bable that in the experiments of Wust 
et al. injected red blood cells remained in the rata 
and acted as & continuing stimulus after the inhibitory 
effecta of actinomycin D had worn off. 

Actinomycin D is a polypeptide antibiotic which blocks 
the synthesis of RNA by oombini i with the 
guanine base of the DNA mol , without markedly 
inhibiting DNA synthesis! It would appear that 4 
reduotion in RNA synthesis at the time of primary 
antigen injection diminishes the capacity of the cells 
to become sensitized to the antigen, since rapid high 
antitoxin titres, indicative of ‘immunological memory’, 
did not occur following & re-injection of antigen. ted. 
simultaneous injections of antibiotic and antigen resulted 
in prolonged immunological unresponsiveness. 

Methotrexate is a folic acid antagonist which binds to 
folic acid reductase, eventually inhibiting nucleic acid 
synthesis. Its action appears to be primarily on DNA, 
resulting in irregular chromatin masses, and an inhibition 
of DNA synthesis!!, Injections of methotrexate reduced 
the amount of primary immunization (Table 1), but 
appeared to have no inhibitory effect on antibody pro- 
duction when repeatedly injected with the antigen 
(Tables 2 and 8). 

In the doses administered puromycin, streptomycin, 

t yon and chloramphenicol bad no marked 
inhibitory effect on primary immunization (Table 1). 
Since these substances inhibit provein synthesis without 
preventing the synthesis of RNA!-'5, it would appear 
that a blockage of protein synthesis per se does not 
prevent immunization to a promary mjeotion of antigen. 
This is further substantiated by experiments of Weis- 
berger e£ al.1*, who demonstrated that doses of chloram- 
phenicol which completely blocked measurable protein 
synthesis during the primary response did not inhibit 
the anamnestic response to a later re-exposure. 

In the experimenta reported, there was & marked loss 
of weight and a high death rate in animals reoei doses 
of nucleic acid mhibitors sufficiently high to bl anti- 
toxin synthesis to & primary injection of antigen. Since 
the reduction in the anamnestic response produced by 
actinomycin D was still apparent long after the toxic 
affects of the antibiotic had worn off (Table 1), it was 
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evident that failure of primary immunization rather than 
temporary inhibition of response must have occurred. 
Failuro to induce an ‘immunological memory’ doee not 
appear to be due to an inhibition of protein synthesis, 
since protein inhibitors per se do not produoe this effeot. 
However, the lack of primary immunization may be 
due to a reduction in the available RNA imvolved in 
protein synthesis. Binoe actinomycin D poisoning 
inhibita RNA synthesis, there would be è gradual reduo- 
tion in messenger, and transfer RNA within 
the cella‘. The evidence at present available suggests 
that it is the decrease in amount of free mRNA, or the 
mRNA. which is newly formed and unattached to ribo- 
somes, which results in & failure of antigen to induce 
immunity dunng the primary to antigen. This 
is indicated by the speciflo menner in which actinomyoin 
D produces its inhibitory effect. Antitoxm production 
durmg the anamnestic response was inhibited only if the 
antibiotac had been given during the primary exposure 
to antigen (Tables 1 and 2). Since RNA extracts from 
immunized animals have been used to stimulate antibody 
synthesis in non-immune cells both in vivo! and in virot, 
ib appears quite possible that the mRNA synthesized 
during the primary was utilized as & template 
for antabody synthesis during the anamnestic response. 

Geller and Speirs* treated immune mice with daily 
injections of actinomycin D and were able to demonstrate 
a rapid high production of antitoxin to 4 challenging 
injection. They concluded that the specifically coded 
mRNA necessary for antitoxin synthesis must have been 

t in an inactivated form, soe in their animals 
very little circulating antitoxin was present prior to the 
challenging injection. Fan et al. demonstrated that 
several substances, includmg chloramphenicol, can im- 
activate mRNA without resulting in its breakdown", 
and it would appear quite possible that some component 
of the antigen could also combine with speciflo mRNA 
and thereby temporarily inactavate it. The inactivated 
mRNA would then be released and re-activated during 
the evente which follow the challenging injection. It is 
therefore of interest to consider the relationahipe between 
antigen and the inactivation and re-activation of RNA. 

It has been demonstrated that following injections of 
radioactive antigen, components of the antigen persist 
in cella for long periods". Garvey and Campbell’ noted 
that the antigen was complexed with RNA and that the 
complexes retained the capacity for initiating antibody 

uction. Fishman end Adler"! were able to initiate 
antibody production ın normal rabbits with a ribo- 
nuclease-sensitive material extracted from macrophages 
treated with antigen in vitro. These experiments indicate 
that some antigenic component complexes with RNA 
resulting in a change in the status o immunity of the 
cells. Moreover, antigenic material persisting from a 
primary injection has been shown to undergo degradation 
during the anamnestic reeponse”?. This degradation of 
antigen would presumably cause a release of the complexed 
RNA, which in the absence of RNase could become 
attached to ribosomes and induce specific antibody 
formation. It would seam possible that the period 
immediately following relecae of mRNA from antigen 
complexes, and prior to attachment to ribosomes, would 
be a vulnerable period. In this regard, it is interesting to 
note that injections of RNase administered simultancously 
with antigen have been found to be an effective suppres- 
sant of immunity’. 

Cells containing radioactave componente of antigen 
participated in the inflammatory reactions produced by 
later re-injections of a non-radioactive antigen and 
appeared to be responsible for the specificity of the 
reactions". Primary exposure to antigen could cause an 
inactivation of the mRNA merely by binding to it and 
preventing its attachment to ribosomes. Since re-exposure 
to antigen results in a degradation of the original antagen™ 
followed by rapid antibody production’, it must be 
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presumed that the mRNA ia released and attaches to 
ribosomee thereby initiating antibody synthems. Tho 
failure to detect radioactive amino-acid uptake into 
antibody during the early stages of the anamnestic 

" indicates that antibody syntheais does not 
begin immediately but 1s delayed for a few days. This 
delay could be explained by the complexmg of the antigen 
with the mRNA freed during the cellular interactions. 
When all the antigen within the inflammatory cells 
becomes neutralized or degraded, the mRNA could then 
attach to ribosomes and initiate antibody synthesis. 
Smoe these reactions do not necessitate new synthesis 
of mRNA, an explanation is obtamed for the failure to 
find an u take of RNA precursors into plasma oella™ or 
for the failure of actrmomyoin D to block antibody produo- 
tion during the anamnestic response**. It would &ppear 
that the complexing of antigen with mRNA would account 
for many perplexing 1mmunological phenomena. 

The concept that antigen inactavates mRNA oan also 
be extended to include immunological unresponsiveness, 
if one assumes that mRNA-antigen complexes cannot 
&ooumulate in such cells. The capacity to metabolize 
completely antigen would be characteristic of tolerant 
and immature oells**. Cell multaplication, accompanied 
by cellular differentiation and specialization, would result 
in the formation of new types of mRNA, a loas of capacity 
to detach antigen from RNA, and a transition from toler- 
ance to intolerance. These considerations are important 
since most theories of immunity cannot satisfactorily 
explam auto-immunity, or changes in tolerance and 
immunity to a particular protein? 

This work was supported by the Atomic Com- 
mission. I am a career scientist of tho Health 
Council of New York. The antitoxin assays were carried 
out under the supervision of Dr. S. Reid and Mr. E. 
Gentleg. 

Note added tn proof. Additional evidence involving 
preformed RNA in ‘immunological memory’ and the 
anamnestic response has become available since sub- 
mitting this paper for publication. Askonas and Rhodes 
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(Nature, 205, 470; 1965) noted that following & pri 

exposure to antigen, both antigen and Ryle 
In Immunogenic extracts of macrophages. In an exam- 
ination of the seco response, K th e£ al. (Exp. 
Ocll Res., 87, 650; 1965) demonstra that increased 
protein synthesis was not preceded by an increased Byn- 
theais of RNA. Further work in our own laboratory 
indicated that proper timing of the actinomycin D 
mjection could produce complete inhibition of rimary 
immunization at less toxic doses. The maximum inhibitory 
affect appears to be 1 and 2 days following the antigen 


injection. 
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STRUCTURAL (TRANSLOCATION) HETEROZYGOSITY OVER THREE 
SUBSEQUENT GENERATIONS IN MAN 


By Dr. A. GROPP and Dr. W. MARSCH 
Pathologisches Institut der Universitat, Bonn 


YTOGENETIO studies during the past few years 
C have disclosed various states of balanced or nearly 
balanced structural heterozygosity in man, leading to 
unbalanced chromosomal sete in the offspring. Up to 
now one of the best-known examples is the apparently 
balanced translocation between one small and one large 
acrocentric chromosome! or between two small aoro- 
centrica’ and the transmission of this abnormal chromo- 
some to the following generation giving rise to the trans- 
location type of trisomy, No. 21 m Down’s syndrome. 
Edwards et al.* reported two families with a balanced 
reciprocal translocation moet probably involving the 
chromosomes No. 4 and No. 9 in one case and No. 1 and 
No. 6 in the other, both leading to unbalanced karyotypes 
and abnormal phenotypes in the progeny. Further 
observations of familal translocation were made by 
Moorhead et al.‘, Gustavson ef al.', and recently by Lee 
et ai.*. The latter authors described a reciprocal trans- 
location in two subsequent generations concerning one 
chromosome No. 2 and one No. 8 as well as an unbalanced 
karyotype associated with multiple malformations in the 
third generation. In all these cases rather large trans- 
located fragments are involved m the balance as well as 
in the derived unbalanced karyotypes of the offspring. 


Cr. J. BRODEHL 
UniversitatskInderkilnik, Bonn 


The report of Schmid’, however, on the familial ocourrence 
of a probably translocated additional chromatin Piece 
at & No. 21-22 chromosome, associated with repeated. 
misoarriagos, indicates that—depending on the chromo- 
some affected—the exchange of very small fragments 
can also lead to unbalanced karyotypes with deleterious 
and lethal effects. Considering that only such chromo- 
somal aberrations as involve clearly identifiable parte of 
chromosomal material can be detected with our present 
methods, it may be assumed that structural hetero- 
zygosity and ite transmussion by phenotypically normal 
carriers, a8 well as the subsequent origin of unbalanced 
karyotypes, represents a very important mode of inherit- 
ance in man’. 

Investigating a large family, Walker and Harras’ 
provided evidence for the transmission of a translocation 
between two chromosomes of the No. 18-15 group by 
phenotypically normal carriers through three subsequent 
generations. A similar translocation had been described 
earlier in certain single cases of developmental abnor- 
mality**-* as well as in & randomly selected male subject}. 
The present report refers to a family with tranamission of 
& structural heterozygosity of a further type through 
three generations. This condition is present in apparently 
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I [el no translocation 
[e] translocation 
EB traasLocation (Propositus) 
I 4 miscarriage 
1 2 3 
Wig. 1. Pedigree of the family 


healthy carriers through two generations and in an affected 
child in the third tion. 

The pedigree of the family studied is represented in 
Fig. 1. Our interest was drawn to this family by the 
finding of a chromosomal aberration in cultured lympho- 
cytes of a 8-year-old boy (ILL, 2) showing features of v. 
Recklinghausen’s disease (neurofibromatosis) and marked 
kyphoeooliosis. He was the first living ohild of a 25-year- 
old mother (IL, 1) and a 33-year-old father (QI, 2). Previ- 
ously the mother had had a miscarriage with an abortion 
in the third month (III, 1). The weight at birth was 
3,750 g, the length 57 om. Kyphoscolioais was first noted 
when the boy was 6 months old. Later on this alteration 
grew worse. There were no signs of rickets. At the age of 
15 months many café-au-lait spota ofthe akin were visible. 
This suggested the diagnosis of neurofibromatosis (v. 

i 's disease), but nodular neurofibromatous 
lesions were absent. 

The later course was characterized by a marked retarda- 
tion of mental and statio development and by insufficient 
body-weight. The child appears old compared with others 
of his age-group. He suffers from repeated infections of 
the respiratory tract. 

Lymphocyte cultures were carried out on two different 
occasions using a modification of the basic method 
described by Moorhead et al. Chromosome counts (Table 1: 
IO, 2) revealed a modal number of 46 chromosomes. 
Detailed analysis of metaphases indicate a normal XY 
sex chromosome complement but in all metaphases two 
abnormal chromosomes, noted as T, and T, are very 
prominent (Figs. 2 and 8). Replacing No. 3 chromosome 
there is a submetacentric chromosome (T), resembling 
the No. 2 chromosome in size and, to some extent, in the 
location of the centromere. In the 6-X-12 group from the 
non-paired &utosomee one (T,) seams to be abnormal. 
It is characterized by a pronounced metaoentricity and 
by a small size, scarcely exceeding that of chromosome 
No. 16. 

The same groas chromosomal anomalies were found 
in the boy’s mother (Table 1 and Fig. 3: IL, 1), hie aunt 
(Table 1 and Fig. 3: IL 3) and his maternal grandfather 
(Table 1 and Fig. 8: I, 2). All three are free of any physical 
or mental disorder. 

Chromosomal ` is performed on the boy's un- 
affected younger sister (Table 1 and Fig. 1: III, 3), father 
(Table 1 and Fig. 1: IL, 2) and maternal grandmother 
(Table 1 and Fig. 1: I, 3) gave normal results. At the 
present time the mother (IL, 1) is in an advanced stage 
of a so-far uneventful pregnancy. 

Both abnormal chromosomes 7', and T4 probably origin- 
ated by rvciprocal translocation, possibly involving 


Table 1 
Counted .phases— Xo. af metaphases 
No of ebromosomes analysed in detail 
45 45 46 47 Total 
L1 1 — 56 3 60 25 
I, 3 2 2 53 — 58 16 
IL 1 — — 53 1 54 16 
IL, 2 — = 46 — 46 10 
IL 3 3 = 31 1 25 pal 
L2 — — 50 1 5a 9 
L3 3 1 27 — 31 6 
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com n 
of the abnormal chromosome 7', with the normal No. 3 


to the propositus’s í, 2). 
sister of this anoestor oould not be investigated. His 
three deceased brothers were presumably free from de- 
velopmental disorders. 

The transmiseion of structural heterozygosity in the 
same, apparently balanced and rather stable combination 
of the abnormal chromosomes T', and T', seams remark- 


able. It can be assumed that the carriers of the anomaly 
may produce four types of gametes, one of which will be 
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Fig. 2. Karyotype from cultured lymphocytes of the propontus (III, 2) 
demonstrating the two abnormal chromosomes T; and T, 
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. Abnormal ehromosomes T, and 7. Oompere size with the 
chromosomes Nos. 2, 3 and 16 
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normal, one abnormal but genetically balanced, and two 
unbalanced. It 18 of interest to notice that in the third 
generation different patterns occur: abnormal karyotype 
(IH, 2), normal karyotype (IIT, 8) and an unidentified 
(ILL 1). This family, however, is too small for investiga- 
tion by segregation methods. 

It is doubtful whether the olinical features of the 
propositus, who by the finding of the chromogomal 
anomaly stimulated the family study, can be directly 
related to this cytogenetic disorder. It is conceivable 
that the balance of the abnormal karyotype in this boy 
was disturbed by an additional factor, not detectable 
eytogenetically. But it is also poemble that the oo- 
incidence of the cytogenstic abnormalities and the 
clinical picture of neurofibromatogis and kyphoscoliosis 
was by chance. Other cases of v. Recklinghausen’s 
disease do not show chromosomal anomalies (among others, 
two personal observations). There is a certain analogy 
between the family described here and reported cases 
of heritable structural anomalies of chromosomes in 
healthy or randomly selected persons'#-1", 

Balanced autosomal aberrations, either rather stable or 
occasionally leading to unbalanced karyotypes in the 
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offspring, may be more frequent in phenotypically normal 
human groups than has been 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. 
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SERUM PROTEIN FORMATION OF DONOR TYPE IN 
RAT-INTO-MOUSE CHIMAERAS 


By Dr MILDRED E. PHILLIPS and Dr G. J. THORBECKE 
Department of Pathology, New York Untversity Schoo! of Medicine 


E has been ghown by various authors that serum pro- 
teins of donor origin may appear in the sera of lethally 
irradiated mice protected by heterologous!-* or homo- 
logous** bone marrow. Among the proteins which have 
been identified are y-globulin!+.*, transferrin‘ and the Se 
substance‘. Grabar et al." demonstrated several other pro- 
teins of rat origin in sera from rat-into-mouse chimseras, 
but the immunoelectrophoretic patterns were not inter- 
preted with respect to identification of individual proteins. 
The work recorded here was undertaken in an effort to 
identify further the donor serum proteins in such chimaeras 
and to determine their sites of origin. It had previously 
been found that haematopoietic and lymphoid tissues of 
mice** and rats’ incorporate C-labelled amino-acids 
into & few serum proteins including the known immune 
globulins, transferrin, Bic, c4,-ma&oroglobulin and, in the 
case of haema ietio tissues, the haptoglobin-haamo- 
globin complex (HpHb). The technique used to demon- 
strate such C-amino-acid incorporation into individual 
serum proteins by tissues tn vrro involves the combination 
of immunoelectrophoresis with autoradiography*-* aa 
&pplied to concentrated tissue culture fluids. 
Rat-into-mouse chimaeras were produced by intravenous 
injection of 2-8 x 10’ Sprague-Dawley rat bone marrow 
oella into OBA or A mice within 4 h after 750—1,000 r. 
whole-body X-irradiation. The X-irradiation was admini- 
stered by a Picker therapeutic unit. The dose rate was 
42 r./min, at a distance of 45-5 om from the eentre of 
the animal body. Other conditions were as previously 
deecribed!*. Starting a few days before X-irradiation the 
mioe received neomycin in their drinking water, or aureo- 
mycin (6 mg/kg/day) in their food. Blood samples were 
taken at weekly or bi-weekly intervals from the retro- 
orbital plexus. Sera were analysed by micro-immuno- 
electrophoresis" using absorbed anti-rat sera as described 
here. 
At intervals of 3-7 weeks after irradiation, mice were 
killed and their livers and spleens removed aseptically. 
Approximately 50 mg of each spleen or 100 mg of each 
liver was cultured for 24-48 h at 37° C in roller tubes with 
1-2 ml. of medium as previously desaribed*:*. 1*O-Iabelled 


lysine and isoleucine (750 gy0o.-1,000 uo./mg, Schwarz 


Biochem.) were added to a concentration of 1 oc./ml. 
each. After the culture period the culture fluids were 
dialysed against 0-015 M phosphate buffer, pH 7-2, for 
48 h, lyophilized, and redissolved with 0-1 or 0:15 ml. of 

Identification of the labelled rat proteins was acoom- 
plished by the use of unlabelled rat carrier serum, which 
was added to the antigen well of the immunoelectro- 
phoretio slide prior to the addition of the concentrated 
culture fluid. The immunoelectrophoretic precipitation 
pattern was developed with rabbit antisera against rat 
serum and against rat complement, which had previously 
been extensively absorbed with lyophilized mouse serum 
and tissues (liver and spleen), and with fresh mouse serum. 
The anti-rat complement was prepared by immunization 
of rabbits with a washed immune complex of bovine serum 
albumin (BSA) and rabbit anti-BSA, which had been 
incubated with fresh rat serum and then washed again 
before mixing with complete Freund's adjuvant. For 
identification of mouse proteins, a mouse serum carrier 
was used and the patterns develo with a rabbit anti- 
mouse serum, similarly absor with rat serum and 
tissue powders. 

Anti-rat sera absorbed in this manner did not precipi- 
tate any serum proteins from sera of normal or irradiated 
mice. Furthermore, when these anti-rat sera were used 
to develop an immunoelectrophoretic pattern of rat 
serum in the presence of highly labelled culture fluids 
from normal mouse liver or spleen tissue cultures, no 
labelling of rat serum proteins was obeerved with the 
exception of a,-macroglobulin in both liver and spleen, 
and of HpHb in the spleen. This ‘non-specific’ labelling 
of a,-macroglobulin has been noted repeatedly in previous 
studies. It occurs with cultures of virtually living 
tissues tested, and in all species examined'-*. This observ- 
ation that au labelling was seen with mouse cultures even 
in patterns developed by completely absorbed anti-rat 
sera, strengthens the previous suggestion that the labelling 
of a in many tissues is due to a binding to qam of other 
tissue products, and not to a real synthesis of this protein 
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by all theee tissues. Labelling of HpHb in this system is 
very difficult to interpret since rat Hp or Hb may bind 
mouse Hb or Hp, respectively, and thus carry these 
labelled mouse proteins into the ipitetion lines in 
spite of the use of absorbed anti-rat sera. No such 
‘non-specific’ labelling was observed for Bici», trans- 
ferrin, or y-globulin, which are the three major proteins 
to be reported here. 

No sera from mice obtained during the first week after 
irradiation and bone marrow transfer showed any 
evidence of containing rat proteins. During the next week, 
however, most sera began to show an a, line, which aome- 
times extended into the B-region, giving the typical double- 
are appearance of HpHb. This line showed a positive 
benridine reaction™ and could not be demonstrated by 
antisera which had been absorbed with rat haemoglobin. 
‘When used to develop immunoelectrophoretic patterns 
of normal rat sera, the anti-rat sera were able to reaot 
with rat Hp after absorption with rat Hb, and yet they 
did not show an HpHb lex in the chimaeric sera. It 
can, therefore, be Sonoloded. that tho HpHb line seen in 
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the chimaeric sera consisted of a complex between mouse 
Hp and rat Hb. The appearance of this line was variable, 
probably depending on the level of haptoglobin in the 
serum and on the degree of haemolysis. 

Another rat protein, which appeared within 2—3 weeks 
after the experimental procedure and which could be 
readily identafled, was transferrin (Fig. 1). Incubation of 
serum with **FeCl, (2 uo./ml.) resulted in specific labelling 
of rat as well as of mouse transferrin in the same serum. 
The serum of 10 animals was specifically examined for 
the presence of rat transferrin, and positive resulta were 
obtamed in each case. No rat transferrin was detected 
in sera taken a fow weeks earlier from the same animals. 

The majority (18 of 20) of those chimaeras surviving 4 
weeks after irradiation had significant quantities of rat 
Yı- and y,-globulin in their sera (Fig. 2). No evidence was 
obtained that B,c-,5 of rat origin, the major hne shown 
by the absorbed anti-complement sera, occurred in any 
of the mouse sera up to 7 weeks after irradiation and 
bone marrow protection. 

During the fourth week after the experimental procedure 
many of the animals sucoumbed to secondary disease!’ 
Most of the animals surviving the secondary disease past 
the fourth week were killed for tissue culture examination; 
four mice at 5 weeks, one at 6 and one at 7. Fig. 8 shows 
the various labelled protems observed in spleen culture 
fluids from chimaeras killed 6-7 weeks after irradiation. 
Among them are y,- and y,-globulin, transferrin, 6,c-1p, 
a,maoroglobulin and HpHb. The latter two will not be 
considered as rat proteins for the reasons already dis- 
cussed ; but the other four proteins appeared to be of rat 
origin since none of them was labelled when developed 
with specific anti-mouse sera and mouse serum as the 
carrier (Fig. 3). One other protein was detected both in 
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This protein’ cross-reacted with y-globulin and had a B, 
mobility, but needs more precise identification. 

Tho occurrence of rat transferrin and rat y-globulins 
in the sera of these chimaeras agreos very well with their 
production by spleen tissucs. These proteins are appar- 
ently formed in the mouse spleon by descendants of the 
transferred rat bono marrow oells. It séems certain that 
in species such as the mouse and the rat, transferrin is 
formed by spleen tiasue as well as by tho livor****, whereas 
in other species, such as the monkey, human, guinea-pig 
and sheep, the liver but not bone marrow or spleen m- 
corporates !*C-amino-acids into transferrin’ 4.4, Examin- 
ation of cattle chimaeras also failed to provide evidenoe of 
B-globulin (transferrin) production by haematopoietic 
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calls, Other inveetigations*:!! indicate that in the mouse 
and the rat the synthesis of transferrin by spleen, peri- 
toneal macrophages, end various other tissues, is not 
correlated with y-globulin synthesis. 3 

Further work is needed to determine the factors in- 
volved in this species difference and the cell type respons- 
ible for transferrin production in the spleen. 

The specific lal of rat Bio by the spleen cultures 
agreed with previous findings on the site of B,o forma- 
tion*-*, but could not be substantiated by the presence of 
rab Bio-,p in the mouse sera. Ib seams le that the 
rate of formation of Bio by spleen tissue is too low to lead 
to detectable serum-levels. Moreover, the oe of 
secondary disease might have resulted in binding of a 
portion of newly synthesized Bio by antigen-antibody 
complexes, since fic (0’3) belongs to the complement 

11», Tho ia of tissue culture fluida from 
liver did not reveal the presence of any specific rat serum 
protein synthesis, whereas various mouse serum proteins, 
including Bic, were Pasties synthesized by the livers of 
most ohimaeras stu 
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TURNOVER OF NUCLEAR AND CYTOPLASMIC RIBONUCLEIC ACID AT 
THE ONSET OF INDUCED AMPHIBIAN METAMORPHOSIS 


By Dr J. 


R. TATA 


Nationa] institute for Medical Research, MIII HIH, London, N.W.7 


FOUND and repid alterations of the structure and 
function of almost every type of cell oocur when 
amphibian metamorphosis is precociously induced with 
exogenous thyroid hormones’. Artificial induction of 
metemorphosis therefore lends itself as s convenient 
system for age ave And sequential steps involved in 
the regulation of oell synthetic process during the 
later stages of embryonio development. The induction or 


of several proteins, much as adult 
haemoglobin, serum albumin, hydrolases and urea cycle 
enzymes following the administration of L-thyroxine or 
triiodo-L-thyronine (T,) to American bullfrog tadpoles 
(Rana catesbeiana) has now been well established. There 
is in this species of the frog, however, a lag period of 
€0-80 h following hormone administration before newly 
formed protein or morphological changes can be detected. 
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Finamore and Frieden! observed an increased rate of 
synthesis of total RNA in the liver of Rana catesbetana 
tadpoles one day after induction of metamorphosis. In 
view of the distinct roles of the cell nucleus in RNA syn- 
theais, on the one hand, and of ribosomal RNA in protein 
synthesis, on the other, I have examined separately the 
turnover of each of the major types of RNA at the onset 
of induced metamorphosis. It will be shown in this 
article that an accelerated synthesis of RNA 1n the liver 
cell nucleus and the sequential appearance of newly 
synthesized RNA in the cytoplasmic ribosomes anticipate 
the morphological and enzymatic changes in Rana cates- 
beiona tadpoles. The appearance of newly syntheswed 
RNA in cytoplasmic ribosomes is acoompanied by an 
inorease in the size and number of polyribosomal aggre- 
gates and a more tenacious attachment of the latter to 
the microsomal membranes. We have also found that & 
breakdown of of existing ribosomal RNA &ooom- 
panies or es the appearance of new RNA molecules. 

Metamorphosis was preoooiously induced by the injeo- 
tion of 0-2-0-6 pg of T, into Rana catesbeiana tadpoles, 
6-9 cm long, maintained at 18?-20? in batches of eight 
animals per 2 1. water. The progression of metamorphosis 
was followed morphologically by ing the increase m 
hind-leg length and, decrease in tail length, and biochemi- 
cally by the increase or appearance of adult haemoglobin, 
serum albumin, liver pics as Phosphate synthetase and 
cytochrome oxidase. At ing time-intervals after the 
induction of metamorphosis, livers were pooled and 
homogenized in a medium containing 0-38 M sucrose, 
0-01 M iris-HCl, pH 7:5, 0-05 M KOI and 0-0015 M MgCl,. 
Nuolei were isolated by the method of Widnell and Tate’, 
and mitochondria, microsomes and the soluble fraction 
separated from the nuolei-free homogenate by differ- 
ential centrifugation in the same way as for mammalian 
tissues‘. Ribosomes were normally obtained by treating 
the mitochondna-free supernatant with 0-4 per cent 
sodium deoxycholate before centrifugation, and in some 
experiments the concentration of the detergent was varied 
between 0.1 and 0-5 per cent. 85-45 per cent of total 
DNA was recovered in the nuclear fraction and 65-80 per 
cent of total rotan and RNA in the cytoplasmic frao- 
tions. Polyribosomo profiles were obtemed by centri- 
fugabtion of ribosames through a 15-80 per cent sucrose 
density gradient’, layered over a cushion of 60 per oent 
sucrose and containing 0:02 M t#ris-HCl, pH 7-0, 0-05 M 
KCl, 0-0015 M MgOl, in the SW 25 or No. 80 rotor at 
22,000 r.p.m. for 100-150 min. Only ribosomes or RNA 
adhering to microsomal membranes could sediment 
through the cushion of 60 per cent sucrose. 

: RNA synthesis and turnover were exammed by the 
incorporation of 10-15 uo. of uniformly labelled tritiated 
uridine (1,220 mo./mM), 2 po. of orotic a&eid-*O (32-6 
mo./mM) or 30-60 po. of carrier free **PO,-- into the 
different subcellular RNA fractions. RNA was extracted 
from the 0:4 N orio &oid-insoluble residue with 
2 M sodium chloride at 90° after waahing with ethanol 
and ether. It was separated from DNA by alkaline hydro- 
lysis and ethanol extraction and the Aoao riy in the 
ribonucleotides was measured in & Packard “Tricarb’ 
liquid scintillation spectrometer for tritium, in & Nuclear 
Chicago gas-flow counter for carbon-14, and with an end- 
window Geiger counter for phosphorus-32. Chemical 
estimation of RNA and DNA was performed according 
to Burton‘ and Ceriotti’, protein by the method of Lowry 
e£ al.* and phosphorus by that of Fiske and Subbarow’. 

Table 1 shows that the time that elapsed between the 
administration of T, and the first observation of some 
morphological and biochemical changes which charac- 
terize metamorphosis under our experimental conditions 
is of the order of 65-100 h. A similar lag period preceding 
the morphological or increase in enzyme activity 
has also been o by other workers in precocious 
T, or thyroxine-nduced metamorphosis in Rana oates- 
beiana tadpoles!'", During this period there was little or 
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Tabie 1. Lag PERIOD HETWHEE T, INJECTION AMD APPEARANON OF SOMA : 
CHANGES IXORRASED 


MORPHOLOGICAL AXD SYNTHESIS OF PROTEINS AND 
Lag period (hb) 
Adult haemoglobin appearance 92112 
Serum albumin increase 105+10 
Liver carbemy! phosphate synthetase Ti+ T 
Tall acid phosphatase 654+ 6 
Tall resorption 68+ 8 
Hind-leg growth 75410 
Cytochrome oxidase in Iver mitochondria, 88+10 


‘Tome that elapsed before a 10 per cent Inerease or abange relative to 
control values was observed. 


no change in the woight, or totel protem and DNA content 
of the liver. 

Preliminary investigations with phosphorus-82, tritiated 
uridine and orotic acid-1C showed that all these precursors 
were incorporated more slowly into all types of RNA of 
tadpole liver than m mammalian tissues. Optimal labelling 
of the ‘rapidly labelled RNA’ in the nucleus, with little 
radioactivity in the cytoplasmic RNA, was obtained only 
at 70-120 min after the administration of the labelled 
precursors. Virtually no label was found to be inoor- 
porated into liver DNA of either control tadpoles or up 
to 10 days after the induction of hosis. Fig. 1 
shows that the specific radioactivity of ‘rapidly labelled’ 
RNA in nucleus was considerably enhanced in those 
animals in which metamorphosis had been induced 25-80 h 
before the administration of tmtiated uridine. If the 
animals were killed st later time-intervals after the 
administration of the radioactive label, RNA of increasing 
specific radioactivity was recovered in the mitochondriad 
and microsomal fractions with a fall in the radioactivity 
of nuclear RNA. Tho effect of duction of metamorphosis 
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on the ‘slowly labelled’ RNA waa to enhance the incor- 
poration of the precursor not only into nuclear but also 
into cytoplasmic RNA. This is illustrated in Fig. 2 for 
an experiment in which animals at differant stages aftar 
induction. of hosis were killed 10-5 h after 
phosphorus-32 was administered. The failure to observe 
the enhanced synthesis of all species of RNA 5 or 6 days 
after T, administration was due to the dilution of phoe- 
phorus-82-labelled precursor by the rapid release of 
nuoleotidos, eto., from the regressing tail and intestine. 
Otherwise, all isotope experiments have shown that the 
first signs of induced metamorphic changes in the liver 
are preceded by 20-30 h by an enhanced synthesia of 
nuclear RNA which is soon followed by the appearance 
of newly formed RNA in the cytoplasm. 

There was no substantial net accumulation of nuclear 
RNA during the first 140 h after metamorphosis was 
induced and only a alight accumulation of ribosomal RNA 
after 75 h, thua ing an accelerated turnover of 
RNA in view of the increased specific radioactivity. The 
following are the actual values: 0:25—0-40 mg nuclear 
RNA/mg DNA, 1-08-1-62 mg ribosomal RNA/g liver, and 
an un tein ratio in ribosomes of 0-18—0-24. Fina- 
more ieden! had also reported no change in total 
liver RNA under oom ble conditions. 

iere ines the increase in RNA synthesis at the 
early stages of induced metamorphosis was acoompanied 
by an &ooelerated breakdown of ‘old’ ribosomes was - 
vided by an experment in which ribosomes were le 
with tritiated uridine 5-8 days before induction. Adminis- 
tration of T, to lea with pre-labelled mboeomes was 
followed 24 h later by a 20-80 per oent drop in the radio- 
activity recovered in ribosomal RNA, compared with a 
rate of loss of 2-5 per cent of the label/24 h 


during the first 2-3 days after the 
induction of metamorphosis. 

With regard to the nature of newly syn- 
thesized RNA appearing in the cytoplaam at 
the seme time as the degradation of ‘old’ 
ribosomes, we have separated the 789 ribo- 
somes from the polyribosomal aggregates by 
sucrose density gradient centrifugation’ in 
experiments in which the RNA was labelled 
after mduction of metamorphosis. 

The resulte of a typical experiment (Fig. $) 
illustrate the following features: (1) The 
relative fraction of total ribosomes recovered. 
ba polysomes from the livers of metamorphos- 
ing tadpoles is about twice that from those 
of control animals. This finding suggests an 
increase in messenger RNA content, size or 
stability during metemorphoeis*:!* (note, how- 
ever, that tadpole liver preparations contain 
& higher amount of monomeric 78S ribosomes 
than mammalian liver preparations’). (2) In 
control animals (Figs. 34 and C) the speaztio 
radioactivity of RNA recovered in the poly- 
somes was greater than in the monomers both 
after short (4-5 h) and long (20 h) periods of 
labelling, suggesting that prior to metamor- 
phosis messenger RNA msy appear more 
rapidly than ribosomal RNA in the oyto- 
plasm. However, during metamorphosis the 
specific activity of the monomers and aggre- 
gates increased in a parallel fashion, especi- 
ally as sean after long to tm 
tiated uridine (Fig. 8D). 


*H (e.p.m.) 


"H (6.p.r.) 


This pattern 


NATURE 


layered over 


July 2A, 1965 VoL. 207 


was seen over & wide range of time-intervala after induction 
of metamorphosis, and one explanation of this may lie in 
the possibility of new ribosomes being ‘pre-coded’ with 
messenger RNA before being released into the cytoplasm 
as has been suggested by Nirenberg". Extraction of RNA 
from ribosomes and analysis by sucrose density gradient 
centrifugation gave compatible resulta, except that a much 
ribosomes and analysis by sucrose density gradient osn- 
trifugation gave compatible results, exoept that a much 
higher fraction of RNA in all cases waa recovered asa low 
molecular weight components (45-105) than that reported 
for mammalian Hver!*. (8) A greater fraction of mbosomes 
was recovered m the membranes sedimenting through 
the dense 60 per cent sucrose after induction of meta- 
morphosis, when the same amount of d b was used 
per unit RNA to release ribosomes from microsomes. A 
higher concentration of deoxycholate was necessary to get 
almost complete release of ribosomes and polysomes in 
preparations from metamorphosing anonals and, after 
correcting the extinction at 200 my for the higher protein 
content of the membranes, a substantial part of the 
membrane-bound RNA was newly synthemzed. Thus, 
during metamorphosis there ocours a firmer attachment of 
ribosomes to the endoplasmic reticulum-or an enhanced 
synthesis of the latter, which is interesting in view of 
Histt’s'* suggestion that the site of cytoplasmic protein 
Synthesis $^ vive is the polyribosomes attached to the 
membranes of the endoplasmic reticulum. The a&ocelerated 
synthems of new ribosomal RNA at the onset of biological 
actions of developmental hormones, such as oestrogen, 
testosterone and thyroid hormones, has also been reported 
in mammalian systems’. It is possible that the formation 
of new ribosomes may be important for the expression of 
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newly synthesized messenger RNA necessary for producing 
the developmental changes that are hormone-dependent. 
In conclusion, these 
biochemical and morphological changes of thyroid- 
hormone induced metamorphosis in Rana catesbeiana are 
anticipated by 24 h by an enhanced synthesis of RNA in 
the nucleus of the liver which is actively engaged in the 
synthesis of several new proteins. Activation of nuclei is 
followed by an accelerated rate of formation of cytoplasmic 
ribosomal and polyribosomal RNA and & more repid rate 
of degradation of ribosomes that were present before the 
induction of m is. A firmer binding of ribosomes 
to the membranes of the endoplasmic reticulum also accom- 
panied the a in the cytoplasm of newly syn- 
thesized RN. There is, however, & relatively long lag 
period of 25-80 h between the time of induction of 
is and the acceleration of RNA synthesis in 
the nucleus. The mechanisms ing RNA synthesis 
and turnover during this initial period, and which respond 
to the hormonal stimulus for metamorphosis, still remain 
to be identified. 
I thank Mr. A. J. Bell for his assistance. 
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PROPERTIES OF HORSE SERUM GAMMA INHIBITOR 


By Dr F. BIDDLE, D. S. PEPPER and Pror. G. BELYAVIN 
Department of Bacteriology, University College Hospital Medical School, London, W.C.1 


ORSE serum has been shown to be capable of inhibit- 

ing the haemagglutanatang action and infeotivity 
of the Asian influenza viruses'?. Attempts have been 
made to separate the active material (y-mmhibitor) fram 
horse serum. and preparations have been obtained which 
vary in their electrophoretic mobility and in their sedi- 
mentation properties. Thus Krifanová-LauNEová e£ al.*, 


by ipitetion with ‘Neokal’ and sulphosalioylio acid 
ond by phenol extraction, obtained two inhibitory prepara- 
tions, one component moving electrdphoretically with 


the a-globulins and having an Sy of 3-66 and two oam- 
ponents movmg just ahead of the y-globulin and having 
S,, values of 14-7 and approximately 5-0. Later Križanová 
and Leeko* reported the isolation of three componente 
moving on electrophoresis with the a-globulins and with 
Sı, values of 8-6, 3-4 and 2-8. Boretti e£ al.', using a 
sequence of precipitation methods, also obtamed three 
components with inhibitory activity, and Sz values of 
8:7, 17-53-21, and 39.8. 

Although none of theee sedimentation constants appears 
to be an extrapolated value, the variation seems sufficiently 
great for it to be diffioult to reconcile all the results so far 
reported, with the ips he uen Y-inhibitor is ane aingle 
substance or group of . Recent work in this 
laboratory* makes it olear that the method used in 
fractionating the serum determines the ap t distribu- 

. tion of inhibitory activity; where relatively mild methods 
are used the inhibitory activity is confined exclusively 
to the a-globulin fraction of the serum. In the present 
article it is shown that 1f separation is cerried out with due 
regard to the correct ionic strength and pH, the majority 
of the inhibitory activity appears to be carried by a single 
fast-sedimenting component (extrapolated Sı» = 18-0) 
with the electrophoretic mobility of an a,-globulin. 

Fifty-mL quantities of freshly clotted horse serum were 
spun on a Spmco model L centrifuge at 40,000 r.p.m. 
(40 rotor) for 20 h. The supernatant was removed and 
the sedimented pellets frozen. The frozen pellets could 
be easily removed from the ‘Lusteroid’ tubes by slicing 
and were transferred to e dialysis sac and dialysed against 
0-15 M barbiturate buffer pH 8-6. The final volume was 
adjusted to 10 ml., transferred on to an inert cellulose 
column 42 om long (LKB column electrophoresis model 


3340) and electrophoresis carried out in 0-15 M barbiturate 
buffer pH. 8-6 using a current of 60 m.amp and a potential 
of 410 V, for 22 h. The column was then eluted with the 
same buffer and 5-ml. fractions were collected and tested 
for inhibitory activity against 8 agglutinating doses of 
influenza A, virus by the standard ttern' method, 
and for protein content by measuring extinction at 280 my. 
Although the column was groesly overloaded by the 
quantities used, the inhibitor could be well localized. 
All fractions giving an inhibitor titre > 80 were pooled, 
dialysed against 0-15 molar saline and concentrated by 
dialysis against 20 M ‘Carbowax’. The final volume of 
concentrate was adjusted to 8:6 ml., and on sedimentation 
in a Measuring and Scientific Equipment analytical ultra- 
oen: at a total protein content of 0-5 per cant showed 
two major (Wig. 1), which were calculated to have 
Sy values of 6-08 and 14-70. 

In the next stage, 2 ml. of the concentrate from eleotro- 
phoresis was layered on to a sucrose density gradient 
(45 per oent-9 per cent in 0-15 M sodium chloride solution) 
and centrifuged in a Spinco SW 25 rotor at 25,000 r.p.m. 


CRUS 





—————— —— —— 4 





Fig. 1. Schlieren pattern from analytical ultracentrifugation of eleetro- 
phoreala peépataton: 28 min after ree ne a apoo of Sao Rok 
Ange, . Total protain soris AMO. 0 percent, Sedimentation 
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for 30h. Two distinct bands (Fig. 3) were produced and 
I-ml. fractions were collected by tube puncture and tested 
for inhibitory activity and protem content. The resulta 
(Fig. 8) show that up to 80 per cent of the inhibitory 
activity recovered on the gradient 18 carried with the 
‘fast’-sedimenting band. The fractions corresponding to 
the two bands were pooled, dialysed against 0-15 M sodium 
chloride again and re-run in the analytical ultracen: 

after concentrating with ‘Carbowax’. Fig. 4 shows the 
appearance of the material from the ‘fast’ -sedimenting 
band. It will be seen that apart from the expected ‘fast’ - 
moving peak (extrapolated Sie = 18-0) there 18 also a 
small, slowly sedimenting peak (S,,* = 0:33 at a single 
concentration of 0-5 per cent total protein). This is 
probably due to incomplete resolution on the gradient. 





. Distibuùon of inhibi activity and protem extinction in 
iet rona Ker ie iei ea 


NATURE 


July 24, 1965 


VOL. 207 


rf US 
EAE 3 


Fes 


^ 
aa 





10 


5 
Fraction No. 
Distnbotion of mhibitory activity and protein extinction in 
original horse 


Fig. 5. 


density gradient fractions of serum 


Table 1 gives the resulta of one experiment in which 
the peroentage recovery of inhibitory activity at each 
stage is calculated with reference to the original serum, 
and also shows the specific activity in terms of haemag- 
glutination inhibiuon (H.L) titre per mg of nitrogen. 
In nine subsequent experiments the recovery of inhibitory 
activity in the ‘fast’-moving band ranged from 55 to 80 
per oent of the total activity in the serum. 

In connexion with the foregoing, certain pointa are of 
great importance. First, the authors quoted here used 
fairly drastic methods of separation and attention has 
already been directed to the problems of using such 


Table 1. INHIBITORY ACTIVITY REOOYERND AT BACH PREPARATIVE STEP 
Specific acüvity Recovery of inhibitory * 


Materia (H.I./mg nitrogen) ty (per emt) 
Ort 30 — 
Cen! concentrate 70 20t 
Hlecirop prep 100 120 
‘Fast’ peak 1,600 87 
* Referred to ori serum 
T Hrror of test +25 per cent. 
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methods. Secondly, previous workers dialysed their 
products against water at some stage in the procedure. 
It haa been established in this laboratory that if solutions 
of « 0-08 ionic strength are used the inhibitor precipitates 
out and cannot be completely recovered. Furthermore, 
there is often a fall in inhibitory activity of the recovered 
material and this is then very liable to undergo irreversible 
precipitation. It has also been found that ionic 

>3 caused a similar effect. In the present work care was 
taken to work with electrolyte solutions about 0-10-15 
ionic strength. 

It seems likely that the 'slow'-moving components 
obtained by other workers re t breakdown produote 
of the naturally occurring 188 material, and in our investi- 
gations we have seen such & breakdown occurring when 
potassium tartrate gradients (40-8 per cent) were used. 
In these cases carly denaturation waa indicated by a 
‘fast’ -moving band which had intense light-scattering 
properties and in some of these preparations biological 
activity was found distributed throughout the length of 
the gradient. 

Thus ib appears that the bulk of the y-inhibitory 
activity of horse serum is associated with a ‘fast’ -sediment- 
ing molecule having the electrophoretic mobility of an 
a,-globulm. The subsidiary shoulder of inhibitory sotivity 
seen on density gradient centrifugation of the electro- 
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phoreeed portion seems to represent a second molecular 

ies which is present in the original serum and is 

ibly generated by breakdown of the larger molecule. 
Denat -arediont centrifugation of the orignal serum be- 
fore se tion of the active components gave the resulta 
shown in Big. 5. The greater part of the inhibitory activity 
will be seen to be ahead of the mam protein band, but 
there is again a shoulder of activity similar to that seen. 
after separation. It appears that unless operations are 
carried out in solutions of ionic strength about that of 
physiological saline such breakdown is considerably 
accelerated. 

We thank the Welloome Trust and the Fleming 
Memorial Fund for the of essential equipment. 
We also thank Mr. F. Clothier (Medical Research Council, 
Carshalton) for help with the analytical ultraoentrifuga- 
tion, and Measuring and Scientific Equipment, Ltd., for 
allowing us the free use of their analytical ultracentrifuge. 
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ROLE OF A STRUCTURAL GLYCOPROTEIN OF CORNEAL STROMA IN 
TRANSPLANTATION IMMUNITY 


By Dr. L. ROBERT, P. PAYRAU, Y. POULIQUEN, J. PARLEBAS and B. ROBERT 
Centre de Recherches Allergiques et Immunologiques, 96, rue Didot, et Fondation E. de Rotschild pour l'Ophtalmologle, Parts 


SOLATION and characterization of the so-called ‘trans- 
plantation antigens’ are among the major tasks for 
those studying the problem of histocompatibility. Most 
effort’ has been directed towards imtracellular proteins 
isolated from different tissues". It appeared interesting 
to us to explore the possible role of the structural proteins 
of connective tissue. Gries raa OAE aes tod legate 
because of the relatively high percentage of healing 
(‘take’) of homo- and even hetero-grafte and because of 
the abundance of experimental work that has been 
reported on keratoplasty*:*. 

We recently isolated æ ‘structural glycoprotein’ from 
cornea, keratoglycosaminoglycan-I (KGAG-I), which is 
associated with the insoluble collagenous network of the 
corneal stroma®*, An immunochemically identical protein 
is present in the soluble extracts (pro-K GAG) and accord- 
ing to labelled amino-acid incorporation data it behaves 
as a metabolio precursor of the structurally linked KGAG. 
Though the isolation procedure first used is & rough one, 
the preparation obtained from insoluble stroma still 
behaves as & good antigen and seams to be identical with 
one at least of the organ- and species-specific antigens of 
corneal stroma’. 

It could be shown by the immunofluoresoent method 
that this glycoprotein is exclusively localized in the 
stroma, no detectable amounts being present in the 
cellular layers of the cornea’. Pure KGAG as obtained 
by the urea extraction procedure’ gives rise to antisera 
(in rabbits and chicken) showing sometimes extended 
cross-reactions between different species’*. The e i- 
mo aod hace BEKE (Al edule. Paral 
can be established between in vitro immunochemical 
cross-reactions and the in vivo reactions observed in pre- 
immunized animals grafted with homologous and hetero- 
logous tissues. They indeed show & iam between 
circulating antibody titres and the intensity of the reaction 
against the graft. Rabbits were immunized with different 


preparations of calf and rabbit oornee as follows. 5 mg 
of protein was injected with Freund’s incomplete adjuvant 
8 times & week for 2 weeks. Then 10 mg of protein was 
injected with the same adjuvant 3 times @ week for 2 
further weeks. After 1 week of interruption a booster 
shot was given (10 mg protein). Blood was taken weekly 
from the ear vem and the anti-KGAG antibody titre 
established by passive baemagglutination sa described’. 
The preparations used for immunization were’: (1) pure 
KGAG prepared from the insoluble corneal stroma by 
urea extraction, after removal of the collagen by hot 
TCA*; (2) the ‘crude soluble collagen’ obtained by pre- 
cipitating it from the calcium extracts of cornea by 
dialysis; and (8) the soluble proteins of the cornea (CIC- 
extract), the supernate of the dialysed calcium extract. 

One week after the last injection the animals received 
grafte. All the grafta were of the intralamellar we 
The epithelium of the corneal grafte was scraped in 
order to eliminate the reaction to the epithelial ing*. 
The behaviour of the grafts was then closely followed by 
daily obeervation using a slit lamp and photographic 
recordings. Table 1 shows the resulta obtemed. 

In the third row of Table 1 are given the circulating 
antibody titres determined at the end of the immunization 
period, on blood taken before the day of grafting. The 
anti-KGAG titres vary according to the antigen used 
for immunization’, the highest titres being obtained when 
pure KGAG is used as an antigen. 

In the control animals the homografts were accepted, 
without any reaction, within the 8 weeks of observation. 
The heterografts also gave good resulta, though in four 
animals a slight vascularization and transitory opecity 
was seen during the fifth week after grafting. 

In all the animals immunized with calf corneal prepara- 
tions there was a strong reaction against the heterograft. 
The time of onset varied from 1 to $ weeks. Heavy 
vascularization, pannus formation and severe opacity 
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Table 1. EAACTION OF RABBETB TO OORNBAL HOMO- AND HNTEERO-QRAYTS 
OaALF OOXNJ3A) 
Effect of Immunization with corneal extracts. Homograft on left eyo and 
heterograft 


titre — eur af 
x10+ reaction graft reaction graft 
1 No 2 0 + BD 
2 Wal 0-0% 2 2 0 0 + +(5 
Freund's adjuy 4 2 0 0 0 
E 
4 t 2 = 1,600- 0 0 ++ +4 (8) 
of calf cornea an 
5 OBO $ of calf 2 1, 0 0 ++ ++ (3) 
6 KGAG of calf 3 3,200- 0 x0) +++ +++ (8) 
7 OBO of rabbit 3 128- + + (1) + + (2) 
cornea 1,024 
8 RA OF ADB 2 5,100- 0 tQ ++ ++ (1-8) 
10,200 


& Detsethod on Biol deren the day Detur pfe with red cells coated 
with calf-KEGAG. The figures represent axtremes ot hacmaggiutination- 


Fee ae proteins of is corneal siroma, extracted tn Ga-trisctrate (OTO) 
$ 'Orude soluble collagen’ of corneal stroma. 


of the heterografta were always observed. The homo- 
grafts were unaffected. except for two of the animals 
treated with calf-KGAG. In these animals & transient 
and light opacity of the homograft was observed on the 
third week after grafting, which eor Uno in 5-10 days. 
This contrasted with the strong and definitive opacity 
observed in the heterografte. 

The rabbits immunized with homologous oorneal 
extracta did not produce antibodies against rabbit KGAG, 
except in one case where the titre rose to 1/160. There 
appeared, however, circulating antibodies detectable 
with red cells coated with calf-KGAG (see Fig. 1). This 
phenomenon was observed with all the rabbits ia erie 
with homologous corneal preparations (both crude soluble 
collagen (OSC) and pure KGAG). In the control animals 
treated only with Freund’s incomplete adjuvant no such 
reaction could be observed. The timation gave 
low but comparable titres with red coated with 
either rabbit or calf KGAG (see Fig. 1). 

In agreement with the serological observations (see 
Table 1) strong reactions were obtained i the 
calf-grafta in these rabbita treated with rabbit corneal 
extracts with' early opecity of the grafts (1-8 weeks). 

No reaction, or only & mild and transitory one, could be 
observed on the cornea that received the homografts. 
These reactions were somewhat stronger than those 
observed in the unimmunized control group where transi- 


Weeks after fmmunizafon 
6% 1 6 
f Í | | ad avant: 


before 
Immurusaton 


8 
complete 
Freund 
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sotuble colldgen -KGAG 
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L antLEGAG antibodies in the blood of rabbits tmmunixed with 
t cornea! dons. The is 





Tlasmagglutination titre (colog) 





quema indicated on the 

Tani abis of ph. The antibody tltres (as obtaligd. by 
nation) are as their negativo ORDIN on left of 
the ga sm wr ad vod -oola 


were 
coated Dh rabbit-K GAG and with calf-K GAG. Unshaded 
rahbit EGAG antibodies, shaded areas. anti-calf KGAG 
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tory inflammatory reactions with opacity could be 
observed on the first week in some animals, which disap- 
peared on the second or third week. 

These resulte suggest the following interpretation. 
It is now generally recognized that late clouding of corneal 

is & result of an immune reeotion!'*. Though many 
antigenic components were demonstrated in cornea’, 
those directly responsible for such reactions bave not yet 
been isolated and identrfied. Our e show that 
the structural glycoprotein, KGAG, probably has an 
Important role as & mesenchymal antigen in ‘immune- 
Tecognition-reactions’ which occur after keratop 
The presence of circulating antibodies against this protem 
produces & highly accelerated immune reaction against a 
been tissue implanted even in such an avascular 
site as the cornes (all the grafts were of the intralamellar 
type). The highest titres of antibodies and the strongest 
reactions are obtained when pure KGAG, extracted from 
the insoluble stroma, ia the immunizing antagen. The CTO 
extract, which has many other soluble proteins beside 
the precursor-form of KGAG (pro-KGAG), produced 
antibodies of a low titre and a milder reaction than either 
the ‘orude soluble collagen’ fraction (CSC) or the KGAG 
extracted from insoluble stroma. 

The very existence of the phenomenon of late clouding 
of corneal grafts suggests the importance of insoluble anti- 
genic componenta. The soluble proteins must have disap- 
peered from the graft by the time the late clouding seta 
im?. A slow solubilization of structurally linked compon- 
ents such as KGAG, however, might well explain the late 
onset of the immune reaction. When rabbits are immun- 
ized with calf or horse cornea pre i the antisera 
obtained react with rabbit-KGAG also*. In spite of this 
we could not obtain high-titre antisera against rabbit- 
KGAG by direct immunization of rabbits with homologous 
corneal preparations. The appearance of antibodies 
detectable with calf-KGAG-coated red cels oan be 
explained in several ways. A plausible hypothesis would 
admit that antibody production takes place when immun- 
izing with rabbit cornea, but those antibodies strongly 
specific to rabbit-KGAG are adsorbed on to identical or 
cross-reacting structures present in different organs”, 
Only those antibodies with a pronounced specificity to 

organ. sites would remain in the 
exp ion is in agreement with the 
known heterogeneity of the antigenic and antibody sites 
and with the presence of identical or cross-reacting 
structures, similar to KGAG in other organs as revealed 
by immunofluoreseenoe*. The slight but definite reaction 
to homografts and the strong reaction to the heterografte 
are also in &ooordanoe with such an explanation. The 
homograft would be tected’ in & way by the presence 
of cross-reacting (or identical) substances present in other 
meeenchymatous tissues. 

These reeults, as well as others obtained with pig 
corneaa!!, suggest the importance of KGAG as a specrflo 
antigenio component operating in species-recognition 
reactions. 

The accelerated rejection of intralamellar grafts 
obtained by immunization with a pure mesenchymal 
protein suggests that besides the intracellular ‘trans- 
plantation antigens’, connective tissue also carries species- 
specific antigens. Though the intracellular antigens may 
be predominant when highly cellular tissues are trans- 
planted, mesenchymal antigens can play an identical 
part when acellular and avascular tissue, such aa corneal 
stroma, is transplanted. It may be of importance in this 

that KGAG existe in a soluble, ‘precursor’ form!*:44 

also as an insoluble, linked compon- 

ent of connective tissue. The soluble form may be of 
major importance in producing sensitization in the host, 
and the insoluble form would then act as & target for the 
antibodies and for the sensitized cells. The part of KGAG 
and of related ‘structural glyoo-protems' in immune- 
recognition reactions in general is now being investigated. 
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DETERGENT-SPLITTING ENZYME FROM Pseudomonas 


Š By Pror YU-CHIH HSU 
School of Hyglene and Public Health, Johns Hopkins University, Baltimore, Maryland 


ACTERIA capable of splitting sodium dodecy] sulphate 
(SDS) have isolated! in a synthetic mmmum 
medium using detergent as both carbon and sulphur 
sources. All six strains of bacteria thus isolated belong 
to the genus Pseudomonas. An enzyme preparation from 
one of these strains released sulphate from sodium dodecyl 
sulphate without consuming any appreciable amount of 
oxygen, indicating that the enzyme action is & hydrolysis 
of the sulphate ester linkage. The enryme hydrolysing 
sodium dodecyl sulphate was formed adaptively and the 
enzyme induced by dodecyl sulphate was able to release 
the sulphate ion from octyl, decyl and tetradecy] sulphate. 
The enzyme has been pene Dd by ammonium 
fractionation and diethylaminoethyl (DEAE) 
cellulose oolumn chromatography separation’. At tbis 
stage of purification, 1 of enzyme protein was able to 
split more than 200 pmoles of sodium dodecyl sulphate 
in 1 h at a temperature of 32? O and at pH 8. 

In a previous report, cleavage of sodium dodecy] sulphate 
by & bacterial enzyme system was measured by following 
the accumulation of sulphate ion via the barium chlor- 
anilate procedure’. However, the sensitivity of this 
method was go low that several umole/ml of detergent 
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were required. At such concentrations of sodium dodecyl 
sulphate the detergent was strongly destructive to the 
enzyme. Although this destruction could be effectively 
controlled by the addition of bovine serum albumin, 
further investigations indicated a need for a more sensitive 
assay procedure. 

The present article describes an assay that is a thousand- 
fold more sensitive than that using barium cbloranilate. 
The barium chloranilate method, which is & measure of 
the free sulphate ions released from the detergent ae the 
result of the enzyme action, will also be described for 
comparison with the new sensitive method. 

lens blue complex method (complex 
method). The main procedure of this new method is the 
spectrophotometric measurement of the amount of methyl- 
ene blue released from a dye-detergent complex. (Fig. 1)*. 
Advantage is taken of the chloroform solubility of a dye— 
detergent complex to separate free, water-soluble methyl- 
ene blue from that portion of the dye still bound to the 
detergent. During enzymatic splitting of the detergent, 
an equivalent quantity of dye is released from the com- 
plex and the measurement of this released dye constitutes 
the basic parameter. This is shown schematically as: 


enzyme 
Dye-detergent complex ———- detergent product + free dye 
(CHCI;-goluble) (water-soluble) 
Barium chloranilate method. This method is based on the 
reaction shown in Fig. 2. Water-insoluble barium chlor- 
anilate (2,5 - dichloro - 8,0 - dihydroxy - p - benzoquinone 
barium salt), when combined with free sulphate ions in 


BARIUM CHLORANILATE 
(2,5 - Dichloro - 3,6- dihydroxy - p-benzoquinone Barlum Salt) 





Oo 
07 
+ oA] 
CI 
Oo 
non soluble water soluble (pink) 
Fig. An amay of sulphate from 
the detergent as the result of Each 1 


016. ml. of 57 pa in 0 05 M tru- 
d buffer (pH 8), the enzyme solution and 0-05 M éris- 
add buffer (pH 8) eontatnmg 0-14 M sodium. (tris 
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95 per cent The mixture was then heated in a water bath at 70° 
Ofor10mm. The tate was elimina on 
The supernatant was then to a 125-ml. and 20 of 
was added. After 15 mtn of incubation ma 
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Wig. 3. Comparison of the complex method with the berum 
method. 


complex inteomty of 
btue colour In water phase after extraction with chloroform was 
ata wave-length of 500 ma . 


the preseace of acid, releases water-soluble chloranilate 
ions. This results in a solution having & pink colour‘. 

Definition of unit and speoyic activity. One unit of 
enzyme is defined as: (a) that amount cube of forming 
1 pmole of sulphate ions by the barmm chloranilate 
method, or (b) the amount which will catalyse the release 
of 1 umole of methylene blue in 1 h at & temperature of 
82? C, and at pH 8 by the complex method. 

[6] of and barium chioranilate 
mie ri solution of partially purified enzyme! was 
assayed by the barium chloranilate method and found to 
contain 60 unite/ml. Various dilutions of this enzyme 
were assayed by the complex method. In & proper 
dilution of the enzyme solution, the curve showmg the 
amount of dye released with respect to the time was 
found to be linear. The activity of the enzyme was cal- 
culated from the linear portion of the curve. As shown 
in Fig. 3, 12 milliunite per ml. of enzyme assayed by the 
barium method were observed ae against 17 milliunits per 
ml. at 60 min observed by the complex method. The 
activity assay by the complex method tended to be 
slightly higher than that measured by the barium chlor- 
anilate method. This, could bé paris das: to: the High 
concentration of detergent used in the barium chloro- 
anilate method, which tends to destroy the enryme 
activity even though the destroying action was oounter- 
acted by using bovine serum albumin. 

Molar ratio of methylene blue to sodiwm dodecyl sulphate 
tn substrate. The molar ratio of sodium dodecyl sulphate 
to methylene blue waa varied from 1:1 to 2:1 end 8:1. 
The three mixtures were subjected to constent amounts 
of the enzyme action. The resulte ahown in Fig. 4 suggest 
that in the mixture having & ratio of one methylene blue 
to sodium dodecyl sulphate colour was released into the 
water phase immediately after reaction with the 
In the mixtures having more sodium dodecyl sulphate the 
release of the methylene blue colour into the water phase 
was delayed for & ane determined by the quantity of 
excess detergent. ppears that when excess sodium 
dodecyl sulphate was present either the enzyme preferred 
the excess free sodium dodecyl sulphate, or oF eine it digested 
the sodium dodecyl sulphate complexed with methylene 
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blue, thereby releasing the latter, which then re-formed 
additional complexes with unreacted sodium dodecyl 
sulphate. 

Although the new complex method has been used only 
to asesy sodium dodecyl sulphate splitting enzyme and 
intact oells, it might also be appli to the splitting of 
other anionic detergenta, such as alkyl benzene sulphonate. 

The advantages of the complex method over the barium 
chloranilate method are: (1) the complex method is very 
much more sensitive than the barium chloranilate method; 
(2) the contamination of the detergent by sulphate does 
not appreciably interfere with the complex method; 
(3) the assay by the complex method takes less time; 
(4) the increased sensitivity of the method permits the use 
of & much lower detergent concentration than in the 
barium chloramlate method, thereby reducing the 
destruction of the enzyme by the detergent and also 
reducing the need for protective bovine serum albumin. 

Sodium dodecyl sul: splitting activity of intact cells. 
An experiment assaying the detergent-splitting activity 
of intact Psewdomonas was conducted using the sensitive 
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complex method. The bacteris were cultured overnight 
in a synthetio minimum medium with sodium leuryl 
sulphate as the sole carbon and sulphur source with 
vigorous shaking at 86° O. The bacteria were collected 
by centrifugation and washed twice with 0-14 M. sodium 
chloride. Portions containing varying numbers of col- 
lected and washed bacterial cells were mixed with 0:088 
mM of + complex in 0-05 M iris-hydrochlorio 
acid buffer (pH. 8) solution containing 0-14 M sodium 
chloride (iris 8-8). The activity of intact cells can be 
obtained by dividing the rate m the linear part of the 
curves in Fig. 5 by the number of cells. It can be seen 
that 80 mymoles/ml. sodium dodecyl sulphate were split 
in 60 min with 1:7 x 10° bacterial cells per ml., whereas 
& concentration of 0:85 x 10' bacterial cells required 
120 min to &ooomplish the same degree of detergent 
degradation. The intact cell activity was found to be 
about 1:8 mumoles of sodium dodeoyl sulphate degraded 
per 10* bacterial cells per hour. This rate may also be 
expressed as 1-8 x 10-* umolæ of detergent split per 
bacterium per hour under conditions of 32° C and pH 8-0. 
With the use of the rame technique, & series of separate 
experiments was performed in order to confirm the 
estimated amount of sodium dodecyl hate split per 
bacterium per hour at a temperature of 32? C and at 
pH 8. The results are summarized in Table 1. In the 
t of January 20, the same lot of bacteria was 

used for the comparison of the rate of reaction at sf C 
and 22° O. The rate of reaction at 22? O was approx- 
imately half that at 82° C. The average activity from 
four separate experiments was 1-4 x 10-* pmoles per cell 
per hour at a temperature of 82° C and at pH 8. 


Table 1. ACTIVITY or INTACT CELL BY COMPLEX METHOD 


Viable vo Unitas u amoles/ React 
Dete OD. count o3 mL 5». v.o fh temp. 
Jan.10 7 6x10 0-88 x 10° 75 11 128x10 32'O 
Jan 20 45  b1x10* 11x10 90 20 17x10 3o 
45 6&1x10° 11x10* 39 09 076x10* 22°0 

Jan 23 6-0 T-8 x 10* 138x10 12-4 21 16x10? 382°0 
Jan 28 75 110x10 15x10 114 15 10x10? 82°0 
Average = 1:4 x 10-* arnoles/cell/h (at 32° O, pH 8). 

overnight in the synthetic with sodtum lauryl sulphate 
as sole carbon and sulphur source at 86° O were washed and 

The sodium sulphate Lia ee 
by the complex method with various of viable wn 
activity of in cella was calculated by the method text 
and with date from Fig. 5 


Substrate specifloity of intact bacteria. Varying amounts 
of sodium dodecyl sulphate and sodium dodecyl benzene 
sulphonate (DB8) were combined in proportions that 
maintained & constant concentration of total de t. 
The mixtures were mixed with constant amounts of the 
enzyme extracted from the sodium dodecyl sulphate- 
adapted bacteria. The results of the reaction are shown 





0 
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pb reas Bubstrate specificity of tntact cels. Varied molar ratios of 
dodecyl sulphate to sodium 


sulphonate, having 
bine and incube- 
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in Fig. 6. This experiment shows that the sodium, dodecyl 
sulphate splitting enzyme has no effect on dodecyl benzene 
sulphonate. 

It has been stated by several suthora':* that the 
secondary alkyl sulphates are not biologically degradable. 
Tn order to ascertain the specificity of the sodium dodecyl 
sulphate splitting bacteria on the branched secondary 


(‘Tergitol’) as the sole carbon and sulphur 
The enzyme extracted from sodium d 1 
sulphate adapted bacteria was found unable to release 
methylene blue into the aqueous phase from the oom- 
plexed branching secondary alkyl sulphate when assayed 
by the d t complex method. Attempts to 
jsolate bacteria which can utilize the branched secondary 
alkyl sulphates as their sole carbon and sulphur sources 
so far have not been successful. 

The foregoing results pone’ some interesting oal- 
culations. In order to split one per million (1 mg/l.) 
or 8-5 x 10 umolea/ml. of sodium dodecyl sulphate at 
32° O in 1 h, it was found that 2:5 x 10° cella/ml. of 
adapted bacteria are required. At a temperature of 22° C 
or lower, 5 x 10* or more cella per ml. would be required. 

As reported previously, the sodium dodecyl sulphate 
splitting enzyme is adaptive, and the enzyme adapted to 
dodecyl sulphate is also able to split decyl and tetradecy] 
sulphate. The micro-o i must be adapted to one 
of these alkyl sulphates in order to split the detergent. 
At present there is no way of knowing whether bacteria in 
Nature are adapted to sodium dodecyl sulphate. The raw 
sewage sampled at the influent to the timore Back 
River Sewage Treatment Plant was noted to contain 
about 10*-10* oella per ml. which could potentially 
utilize sodium dodecyl sulphate both as carbon and 
sulphur sources. Knowing the number of detergent- 
splitting bacteria in Nature, temperature, pH and the 
rate of detergent-splitting activity per bacterium per 
hour, one will be able to calculate the theoretical maximum 
load of detergent that can be destroyed completely 
within & given treatment period. 

From the point of view of degradability, the alkyl 
sulphates are Laieced to be superior detergents over alkyl 
benzene sulphonates. The following three reasons support 
this view: (1) alkyl sulphate splitting bacteria do exist 
in Nature; (2) the detergency can be destroyed even in 
an. anaerobic condition by hydrolysing the sulphate ester 
linkage; (8) the rate of splitting alkyl hates by 
bacteria is fairly rápid. 

The primary purpose of this artiole is to suggest that 
more detailed knowledge can be obtained on the extent 
of microbial-specific substrate interaction. It is acknow- 
ledged, however, that in Nature the derived rates could 
vary considerably from tho figures calculated from 
laboratory observations. Nevertheless, as factors oon- 
trolling the reaction are olarifled, a ter understanding 
will be gained with regard to the failures of conventional 
waste-treatment processes to degrade detergents bio- 
logically. Conosivably, there are several factors that 
could contribute to the present problem. Some of these 
are: (1) An adequate number of potential organisms may 
be present in the water but theee organisms may 
not be adapted to the detergent. (2) Ada organisms 
may exist, but the time provided is i ient for com- 
plete degradation under prevailing temperature conditions. 
(3) The detergent loading may be in excess of the amount 
that can be handled by the existing adapted microbial 
population. (4) There are large numbers of detergent 
isomers which antagonize each other and cannot be 
utilized by micro-organisms. (5) Certain synthesized 
chemical structures cannot be utilized by bacteria. 

This work was supported in part by a general research 
support grant from the Johns Hopkins University, 
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MYXOMATOSIS AND THE RABBIT FLEA 


By Dr PAUL J. CHAPPLE* and N. D. LEWIS 
Ministry of Agriculture, Fisheries and Food, Infestatfon Control Laboratory, Worplesdon, Surrey 


UIRHEAD-THOMSON (1954, unpublished) estab- 

lished that the rabbit flee (Spiopsylius ountouli 
(Dale)) is the major vector of myxomatosis in Great 
Britain, but very little work has been done since on 
the relationship of the virus with the rabbit flea. . 

In Britain over the past 10 years it has been observed 
that outbreaks of myxomatosis may occur several months 
after a previous outbreak in the same locality appears to 
have ended, although there is no evidence that tho virus 
has been re-introduced. We thought that virus might 
survive on & few infected fleas which lived-on in a burrow 
after leaving a myxomatous rabbit. This article deacribes 

iments done to teat this idea. . 

t is impossible to keep rabbit fleas under natural condi- 
tions and be sure that they have not had acoess to a host 
(either a rabbit or another mammal). Wo therefore 
devised the following technique. Fleas were put into 
3 in. x lin. glass tubes together with some rabbit fur, 
and the tubes were closed with a special polythene stopper 
(Fig. 1). These tubes were then put on & metal tray 
strewn with earth, and placed in an artificial burrow in 
euch a way that individual tubes could be removed without 
disturbing the others. 


Polythene cap 





Two experimente on the survival of fleas underground 
were carried out. Fleas were fed on a rabbit with advanoed 
myxomatosis, and immediately after feeding were put 
.underground, In the first experiment 9 of the special 
-tubes, each containing 10 fleas, were put d. 
As & oontrol 9 completely tubes without fur 
were put in the refrigerator at 4° O, as it has been reported 
'(Allan!; Rothschild, personal communication) that fleas 
may be preserved alive for many months in this way. 


* Present address: World Health Organization International Reference 
Gentre igi load Virus Daseases, Common Cold Research Unit, 


Table 1. SURVIVAL OF FLEAS UNDERGROUND AXD aT 4* O 


Bite Proportion of fleas still ahve when removed after days 
of Indicated 
storage 0 T 14 28 41 56 74 
Refrigerator 100% 100 80 20 0 0 0 
(4* O)- 10/10 100 8/10 2/10 0/10 0/10 0/40 
Underground 


0- 5 
0/10 %60 

Table 1 shows the numbers of fleas surviving in tubes 
sampled at various times up to 74 days It can be seen 
that underground storage preserves the fleas just as well 
as storage in the refrigerator. 

In the second experiment (Table 2) 2 tubes, each oon- 
tainmg 25 fleas, were put underground and removed at 
the end of 84 and 105 days, respectively. ‘There were 5¢ 
and 29 survivors after 84 days and 2$ and 29 survived 
for 105 days. 


Table 2. SURVIVAL OF FLEAS UNDERGROUND 


100 60 100 40 0 
10/1 6/10 10/10 4/10 0/10 


Days No. of ficas . No. of fleas alive 
examined g 
84 25 b 2 7 
105 25 2 2 4 


Having shown that some fleas could survive at least 105 
days without feeding, we wished to see whether myxoma 
virus could also survive. As a preliminary experiment to 
obtain information on this point, the fleas which had not 
been put underground or in the refrigerator (that is, the 
‘time 0’ sample of the first iment) were taken, 
together with the fleas whioh been underground for 
74 days. These pools were washed, with the aid of ultra- 
sonica, in tissue culture medium ‘199’ containing 5 per 
cent calf serum. The fluids were inoculated in 0-1 ml. 
quantities into marked sites on the shaved back of a 
healthy rabbit. After about 3 days all the aites showed 
& iflo reaction mdicatmg that virus was associated 
with some of the fleas. The next experiments were to 
determine how much virus was to be found on a flea 
after it had fed on an infected rabbit. A group of 5 
fleas that had been allowed to feed on a lesion of o 
myxomatous rabbit was washed twice in 9:5 ml. tissue 
culture medium ‘199’ with the aid of ultrasonics. We 
thought that virus released in this manner represented 
virus that was on the outaide of the flea. The washed 
fleas were then ground in a pestle and mortar with 1 ml. 
of medium '199'. The aim in this latter manoeuyre was 
to try to release virus inside the fleas. The 3 fluids 
obtained by this technique were titrated using doubling 
dilutions inoculated in multiple sitea on the shaved back 
of a rabbit. (This is the chessboard technique described 
by Fenner and Marshall‘.) Table 3 shows the resulta 
obtained. 


Table 3. AMOUNT OF VIRUS PRESENT ON FLEAS 


Total virus Average amount of 
Material from 5 fieas Virus/fiea 
RID 50* RID 50 
1st wash with U/Bt 80 16 
Ind wash with U/B 160 32 
Ground-up fleas 1,180 256 
* Rabbit mfeotion dose. 
T Ultrasonics. 
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f E] ist. wash; mean« 31 


2nd.wash; mean a 4.1 


We ooncluded that virus can be removed from fleas 
by washing and that there is a substantial fraction which 
can only be released by grinding. The next step was to 
see whether virus could be detected on all fleas removed 
from an infected rabbit. Two washings were given to 
each of 16 fleas, using 0:5 ml. quantities of ‘199’ for each 
wash. To titrate these samples embryonated hens’ eggs 
were chosen which, although not as sensitive as rabbit 
akin, were much easier to handle and permitted larger 
numbers of titrations to be done in a given time. Fig. 2 
shows the distribution of numbers of pocks obtained from 
individual fleas. It can be seen that something like 48 
per cent of the fleas examined did not have virus which 
could be detected by our washing followed by titration in 


ae 

t had now been established that virus was present on 
infective fleas even after 74 days, and there was some 
indication of how much virus was associated with an 
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next step was to soe whether virus, on fleas which had 
survived long periods of starvation, would be tranamitted 
to healthy rabbita by the fleas biting these hosts. In the 
second survival i t (Table 2) it was found that some 
fleas survived for 84 and 105 days. These survivors were 
put into glass tubes, and by inversion of the tube on to 
marked sites on the shaved back of a rabbit it was possible 
to see whether they fed. 
Table 4 shows what happened. 


Table 4 NUXBER or FIA318 IXFBOHY2 AFTER BTORAGE UNDERGROUND 
No. of live feas 
not 


Days Did ected 
feed yed & rabbit 


84 7 4 8 2 
106 4 1 2 1 


The significant finding in this experiment was that 
virus can be preserved on, and transmitted by, such 

The indirect evidence of previous workers on the vectors 
of myxomatoeis is that no multiplication of the virus 
takes place in the vector. This is certainly true in the 
moequitoes transmitting myxomatosis in Australia’. 
Andrewes eż al.‘ in Britain could not detect multiplication 
of virus in the mosquito Anopheles maoulstpennts airoparvus, 
and Muirhead-Thomson (unpublished) found no evidence 
of multiplication of virus in rabbit or squirrel fleas. We 
are therefore left.to conclude that the quite small amount 
of virus found on the rabbit flea is in & very stable form, 
probably protected by extraneous protein derived from 
the myxomatous lesion. 

From our experiments we conclude that floas can 
survive for very long periods without feeding and that the 
virus associated with the fleas can be removed by washing 
them with the aid of ultrasonics or by grinding them up. 
Virus acquired by feeding on infected rabbits can also 
survive on the fleas so that they are infective for healthy 
rabbita. 

1 Allan, B. M., Proe, Roy. Entomol. Soc. Lond., A, IL, 145 (1960). 

? Andrewes, O. E, Mutrhead-Thomson, R. O., and Stevenson, J. P., J. Hy. 
1 Tana Y. Day, M.F. and Woodrcofe, G. M., destral. J. Bap. Biol. ond 
Mad. tin, 86, 159 (1063). i» dE 

“Fenner, F., and Marshal, I. D., J. Hyg., Camb , 65, 149 (1057). 


INTERACTIONS IN THE SYSTEM GALENA — POTASSIUM ETHYL 
XANTHATE — OXYGEN 


E By Prot. A. M. GAUDIN . 
Department of Mineral Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts 
AND 


Dr. N. P. FINKELSTEIN 
Government Metallurgical Laboratory, Johannesburg, South Africa 


MPTED by the commercial importance of the 
flotation process in the recovery of sulphide minerals, 
numerous investigations have been carried out on the 
interaction between these minerals and the reagents used, 
particularly xanthates. Plaksin ef al.) have developed the 
idea that oxygen plays an important part in the reaction, 
and this is clearly and strongly supported by the infra-red 
spectrophotometric studies of Leja and Poling**. How- 
ever, the which mp y plays is by no means fully 
un Knowledge of the subject at the present time 
is entirely qualitative, and, indeed, even the fact of the 
essential nature of the action of oxygen is not universally 
accepted. Recent publications*:* suggest that some adsorp- 
tion of xanthate takes place on galena even when elaborate 
precautions are taken to reduce the oxygen content of the 
system. 


We have initiated an intensive programme of research 
work, aimed at resolving the conflict and providing & 
quantitative description of the interaction between 
xanthate, oxygen, and sulphide minerals. The present 

describes the resulta of & preliminary investigation 
using galena and potassium e xanthate. 

The flowmg reaction apparatus used was constructed 
entirely from glass and ‘Teflon’, and enabled deoxygenated 
solutions of different reagents to be passed successively 
through a bed of galena without being exposed td con- 
tamination from the atmosphere. The abstraction of 
xanthate from the solution during ita passage thro the 
bed was determined by a spectrophotometric analysis of 
the effluent. The galen& used was prepared from pure 
lumpe of natural galens, and had a specific surface of 
approximately 850 am!/g. Xanthate solutions were used at 
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& concentration of 3-2 x 10-* M and pH 8, and were prepared 
from repeatedly recrystallized potassium ethyl xanthate. 

From the outset, results that differed markedly from 
those of previous inveetigators*! were obtained. Those 
investigators had reported an mitaally low xanthate con- 
centration in the effluent solution, which increased with 
throughput until it became equal to the influent concen- 
tration; and they bad interpreted this as indicating an 
" adsorption of xanthate by the mineral, at first rapid, but 
then slowing, until finally 1t ceased. We found that the 
efluent concentration remained significantly different 
from that of the head solution for as long as the flow of 
solution was continued (up to several days), though the 
cumulative loes of xanthate was equivalent to many 
hypothetical adsorption monolayers. Furthermore, the 
effluent concentration was markedly sensitive to the flow- 
rate of the solution, which suggested that the difference 
might be due to our use of low flow-ratea (0-8—1-5 ml./min). 


July 24, 1965 


We learned from Dr. O. Mellgren* that considerably 
higher flow-ratea (100-200 ml./mim) had in fact been 
used dunng his work. This difference in the flow-rates ia 
equivalent to a two-hundred-fold difference in the 
reaidence time and hence in the senmtivity of detection of 
reaction. When our procedure was modified so as to bring 
the residence time more in line with that obtaining in 
Mellgren’s work, we were able to reproduce quite closely 
the behaviour that he reported. 

We proceeded to examine in greater detail the un- 
expected phenomenon of the continuing abstraction of 
xanthate from solution by galena. The introduction of an 
upward-flow column with ita more mobile bed did not 
eliminate the effect; thus it disposed of the possibility 
that it might be associated with a mechanical occlusion of 
part of the mineral surface. Similarly, little improvement 
resulted when the mineral was pretreated with dithionite, 
and chemical deoxidante (Bodrum hypophosphite, sodium 
phosphite) were dissolved in the rinso and xanthate 
solutions. The behaviour of the system was significantly 
changed only when the following procedure for the exolu- 
sion of oxygen was adopted. The mineral sample was 
pretreated with & sodium sulphide solution at a pH 
between 8 and 9 and then rinsed with water that had been 
deoxygenated by the passage of nitrogen for several hours. 
The xanthate solution used had also been thoroughly 
deoxygenated in the same way. This expedient was 
effective in reducing the long-term interaction to & rate 
well below the minimum detectable in the apparatus, 
namely, 10-1* mole am seo-!, and the total detectable 
long-term abstraction of xanthate to the order of 1 
cent of a hypothetical abeorbed monolayer, a level which 
is also of the same order as the experimental limit. The 
observations ahow that no interaction takes place between 
galena and xanthate solutions in the absence of oxygen. 
This conclusion is in complete agreement with the findings 
of Leja and Poling**, 

With the establishment of an effective technique of 
deoxygenatmg the system, we were in a position to begin 
investigating the effect of controlled additions of oxygen. 
In some experimenta these were made to both the rinse 
and xanthate solutions, but in others, to the xanthate 
solution alone. The major features of the behaviour 
observed are illustrated in Fig. 1. In all instances, the 
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system. eventually settled down to & continuing abstraction 
of xauthate from solution at e finite rate, which decreased 
slowly with time but did not become constant within the 
period of the experiment. The behaviour m the initial 
stages of the experiments depended on the oxygens- 
tion procedure. When the addition of oxygen was 
restricted to the xanthate solution, no strong interaction 
oocurred until the mineral and the solution had been in 
contact for some time (compare Figs. la and b). On the 
other hand, when both the rinse and xanthate solutions 
contained oxygen, the abstraction of xanthate began 
immediately the solution was placed in contact with the 
mineral (Fig. 1o). However, as the elution curves show & 
distinct maximum in the initial stages, it appears that an 
induction period is gtill required before the reaction attains 
ite full rate. 

Fig. 2 shows typical graphs obtained by plotting A, the 
total quantity a from solution, against the 
logarithm of t, the time for which the solution has been in 
contact with the mineral. After an initial period, during 
which the slope of the plot of A versus log ¢ increases 
steadily, the system obeys an equation of the form: 

A=Dint+O (1) 


where O and D are constants. The abstraction value 
equivalent to a hypothetical adsorbed monolayer is 
indicated in the figure, as are the times at which changes 
were made in the solution flow-rates. No change in the 
behaviour of the system is apparent at these pointe. The 
curves are influenced by oxygen concentration; but the 
relationships are not simple, and it is thought that a more 
precise control of the oxygen concentration will be neces- 
sary before they can be quantitatively defined. 

Equation (1) is of the same form as the direct logarithmio 
equation’ that has been used to describe the rate of growth 
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of onde films in the low-temperature corrosion of metals. 
It may be reduced to: 

dA/dé = D&AD (2) 
which is of the same form aa the Elovich equation’, which 
was developed to describe the chemisorption behaviour of 
gases on semiconductors. The similarity between the 
reaction kinetica of metallic and semiconductor surfaces 
with gaseous reagenta and with dissolved reagenta is of 
considerable interest. It suggests that there is a common 
rate-limiting mechanism that is dependent on the proper- 
ties of the surface. Both the empirical equations referred 
to have been justified theoretically** by assuming a 
gurface-energy barrier in which the rate-limiting step is 
the transfer of an electron between the adsorbant and the 
adsorbate. 5 

Continuing researoh on this topio ig aimed at confirming 
these indications on the mechanism of the interaction and 
quantitatively determining the effect of oxygen. 

This work was performed during the tenure by one of us 
(N. P. F.) of an appoi tment as visiting scientist at the 
Massachusetts Institute of Technology, sponsored by the 
Government Metallurgical Laboratory, J ohannesburg. 

1 Plakan, I. N., and Hhafeev, R. gh , Trans. I.M M., 78, 715 (1063). 

1 Poing, G. W. Porlanowaki, A., and Leja, J., Cenad. Min. end Met. Bul., 

59, b76 (1068). 

* Poltng, G. W., and Leja, J , J. Phys. Chem., &7, 3121 (1068) 

* Mellgren, O., and Subba Han, AL G., Trans I.M.M., 78, 425 (1903). 

* Burian, A. A. Rodgers, M. Y., end Faso, G. J. H., Proc. Seventh Intern. 
Processwg , 387 (1064). 

* Meligren, O. (personal communicatson). 
7 rars, U. R. The Corrosion and Oxidation of Meals (Edward Arnold, 

London, 1960). 

* ré B. Y., and Zbabrova, G. 3L, Skar. Fis. Kim, 13, 1761, 1776 
. E., Adoanos in Catalyras, 7, 218 (Academic Press, Ino., New York, 


1055). 
© Morrison, B. R., Advances in Oatalyris 7, 250 (Aca demio Press, Inc., New 
York, 1965). 


A COMPUTER PROGRAMME FOR PLOTTING A CRYSTALLOGRAPHIC 
FOURIER SYNTHESIS 


By PAUL CHERIN 
Fundamental Research Laboratory, Xerox Corporation, Webster, New York 


R. MADIGEN 
IBM Corporation, Huntsville, Alabama 
AND 


T. MARTIN 
Stevens Institute of Technology, Hoboken, New Jersey 


PROGRAMME known as plot orystallographic 

(which will be designated as ) has been written 
for the purpose of plotting the resulte of a Patterson 
section or two-dimensional summation, three-dimensional 
section or a two-dimensional orystall hic Fourier 
synthesis on the IBM 7090 Data Processing System and 
the X-Y plotter of the Electronic Associates, Ino., 
analogue computer. In addition, the positions of the 
maxima are determined by & parabolic interpolation by 
the method of Booth!. 

In view of the availability of computing time and of 
efficient programmes, it is no longer necessary to do 
Fourier summations manually. It would also seam advan- 
tegeous to circumvent the tedious plotting operation by 
utilizing p such as PO. There are many similar 
programmes where the results can be observed on the 
screen of an oscilloscope, but it is convenient to have the 
resulta printed directly on & chart with both the contours 





and maxima clearly marked. In addition, PC is suitable 
for non-orthogonal projections. 

This p e has been written in Fortran for the 
TBM 7090. It can be combmed with & e for 
carrrying out a Founer synthesis. The resulta of the 
Fourier summation are read into the memory directly 
from the tape. Tho PO programme examines the array 
positions in the memory and locates & set of contours of 
equal electron density and positions of the maxima and 
plota them on a chart. 

The chart may be divided into several perte by a sub- 
routine; as many 88 ei Fourier summations can be 
plotted on one surface. the chart has been divided, 
the X-Y plotter is instructed to draw the axes of the 
unit cell by ottng » = 0, y = 0, if the unit coll w 
orthogonal. y other line can be drawn just sa easily. 
The plotter places points al lines representing the 
axes. These paints are by & space represanting 
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1/60 of the unit cell edge (or whatever fraction is chosen). 
The spacing between the pointe is proportional to the 
length of the axes, so each co-ordinate of tho unit oell is 
represented by a specific position on the chart. 

The computer is directed to plot specific contours. 
Adjacent positions in the memory are examined for any 
included contour line. If such a line is found, & linear 
interpolation is carried out in order to determine its 
exact location. 

If the axes are not orthogonal, the array of contours 
must be transformed into ita natural configuration. If 
the projection of the two-drmenaional Fourier summation 
is on to the z-y plane and the angle between a and b 
axes of the unit oell is y, the new co-ordinates can be 
defined in terms of the old by means of the relationships: 


w = y CORY +a (1) 
y —ysiny 


Tho oo-ordinates of each contour point are tranalated 
into meaningful information for the analogue X-Y plotter. 
This information is recorded on tape by & sub-routine. 
Each row of the array is examined in this manner, and 
the entire process is carried out again on the columns. 

The calculated array is then re-examined to find the 
maximum value of electron density within the contours. 






x 
(x-1,y) (nel,y) 
GENERAL CONTOUR SHAPE 
(x,y-l) 
v! 
x! 
x 


TRANSFORMED 


Fig. 1. The general oese of a contour and the pomtion of maximum 
electron 


denarty within it 
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general case of a contour and the 
Position of maxmum electron density within 15. When 
the projection is on to a non-orthogonal plane, Fig. 1 
(top) 18 transformed into the figure shown in Fig. 1 
(bottom). 

The pomt Tiíz,y) is the array position on the tape 
having the maximum electron density within the contour. 
P and Q are the positiona of maximum density along the 
nes x’ and y', respectively. The co-ordinates of O relative 
to T(z,y) can be found by means of equations (2) and (8). 

Utilizing Fig. 1 (top) and & parabolic interpolation, 
it can be shown: 


e(z— Ly) — (2+ Ly) 
is 2[p(z—l,y) + e(z--l,y) — 2p(m,y)] à) 


where (x,y) is the magnitude of the electron density at 
(zy). Q can be determined in a similar manner. The 
position of O(z',y) can be determined from equation (3): 


Olx) = P(x) 
Oy) = Q(y) (3) 


When the unit cell is not orthogonal (Fig. 1, bottom), the 
position of the maximum must be transformed according 
to equation (1). 

co-ordinates of the maximum can now be determ- 

ined with respect to the origin. 
X" max = O(0') + T(x’) (4) 
Y'nax = Oy’) + Ty’) (5) 


The calculated values of X’max and Y’max are stored 
on tape to be plotted with the contours. All the 
elements within the original contour Ime are set equal 
to sero ao that this maximum will not be encountered 
again. Scanning by rows is continued until the entire 
array haa been examined. 

The result of such a plot is shown in Fig. 2. 
i specifically chosen electron denmty 
between two array positions in the 
memory. Their locations have been i stored 
on tape and plotted. The outermost contour represents 
5 eA. Each inner contour increases by 5 unite until the 
maximum of 25 eA is reached. 
of an electron density differen 


The programme is described in more detail in rof. 2. 


1 Booth, A. D., Fourie T in X-ray Orpenis Structure Analyvis, 
62-65 (Camb. Unrv. Press, 1048). 


* Chach, P. E., and Martin, T., Conf. Computing, Yorktown, 
1083. IBM No. 02-8254860 (1902). 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Barred Spirals and Formation of Spiral Arms 
by Galaxies 


So far the formation of spiral arms, especially regular 
arms, has not been satisfactorily explemed. The investiga- 
tion of this phenomenon can be facilitated by an analysis 
of similar, but more peculiar, objects—barred spirals. A 
characteristic barred galaxy has & straight bar, which at 
the ends transforms abruptly into spiral arms. The 
population of bars and arms belongs to type I. -For the 
bar to rotate and conserve ite straight-line form it is 
necessary that the gravitational field within the limite 
of the bar corresponds to solid body rotation, as, for 
example, inside & homogeneous sphere. Beyond the ends 
of the bar rotation is differential, that is, the density 
should decrease aharply with distance. The density 
distribution is not determined by the bar but by the old 
stars of low luminosity. Consequently the old stars in an 
SB should form either & homogeneous sphere or a disk 
with & very small concentration toward the centre of the 
galaxy and their density should suddenly decrease at 
some distance. 

i spirals and SB were formed durmg the con- 
densation of gas clouds. For some reason in 8B the 
gas, which had not as yet transformed into stars, was 
removed to some distance. A sharp boundary can be 
produced only by & shook wave. It is assumed. that 
powerful explosions, similar to that observed in M 82, 
occurred very frequently at an early stage of evolution 
of galaxies. Such an explosion sweeps the gas from the 
central region and concentrates it into a thin spherical 
shell, the motion of which is retarded by gravitation. 
If the energy of the logion exceeds 1097-10** ergs, & 
shell with M av 3-10!* Mo and R sw 10 kiloparseos can be 
formed. If the gas of a galaxy had time to form a flat 
disk before the explosion, the latter throws out same of the 
maæ along the minor axis. However, its influence on mass 
distribution in the diak should not be of great 1mportenoe. 
Therefore it is assumed that the explosion occurred in & 
spherical protogelaxy, that is, at the stage of formation of 
stars of the spherical sub-system. A thin gas shell (AR œ~ 
0-1 R) with R = 10 kiloparsecs can exist for about 5 x 107 
years. In this time the temperature of the should 
decrease to T < 5000°, which is sufficient for te- 
tion as the density in the shell is about 3 x 10-™ g om”. 
Clusters and stars with & relatively low angular momentum 
and high energy are formed. They move along elongated 
trajectories, and their spatial density is approximately 
uniform, increasing toward the oentre and periphery of 
the sphere. The concentration toward the centre depends 
on the momentum distribution. The density 
distribution at the distribution of momentum observed 
in our Galaxy is given in Fig. 1. The angular velocity 
c (r) differs only slightly from e,—the angular velocity 
at the edge of the sphere. 

A constant c is necessary but not sufficient for the 
straight-line form of the bar. First of all, o is not exactly 
a constant; secondly; the break at the ends of the bar 
should be amoothed rapidly by the tension of the lines of 
force of the spiral arms. Therefore, it ig necessary to 
assume that there are clusters of old stars with M > 
10* Mo at the ends of the bar. Inside each cluster there 
is a gas cloud with M > 10* Mo. At such values the 


magnetic forces cannot drag the gas out of the clusters 
and the deceleration of clusters during 10!* years is not 
very essential. The tension of the magnetic lines between 
the clusters and the centre straightens the bar and forces 
it to rotate with a constant angular velocity ws. The 
difference w—cw, accelerates the gas to the ends of the bar 
with & velocity of 20-30 km/sec and in the central region 
moves it toward the centre. Motion to the edge is ob- 
served spectroscopically and motion toward the centre 
explains the presence of gas and hot stars which are 
usually absent ip the centres of ordinary spiral galaxies. 
The formation of & bar can be assumed as follows. The 
gas of the shell, which did not develop into stars, loses 
energy and forms & disk with circular orbits. The fraction 
of gas with a low angular momentum concentrates 
toward the centre together with the tube of magnetic 
linee frozen in the gas (Fig. 2).. The magnetic forces in 
gach an over-tight tube tend to compress the neighbouring 
perte of the tube. These forces are small in comparison 
with the gravitational forces and the pressure ent. 
However, they serve as amall perturbations which develop 
due to gravitational instability. A condensation 18 
formed st each side of the central thickening and the 
process 18 re the magnetio forces stimulating the 
condensation of gas along the magnetic tube. A magneto— 
vitational wave propagates along the magnetic field. 

ta propagation is facilitated by the general instability of 
the gas disk. Deviation from axial symmetry leads to 
the condensation of gas at several radii. The process of 
condensation of the tube occurs simultaneously with the 
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f arms. The mechaniam of 
formation of ordmary spirals is also connected with the 


and spiral arms explains the fact 
that irregular 98, which have no central condensa- 
tion, do not have spiral arms. 

SB galaxies often have a ring, the diameter of whi 
18 & ber. Bemdea this ring there are spiral arms i 
from the ends of the bar and tangential to the ring. This 
ring 18 probably a remnant of the shell, which condensed 
to the galactic plane. The fraction of gas with & 
tively large angular momentum could, during contraction 
in the shell and t condensation to & plane, 
become a gravitationally stable ring, similar to a spiral 
arm. 


The magnetic lines of force extending from the semi- 
rings and bars are prolongated in the iral arms. At the 
places of exit they aro compreased by gas clouds of the 


The eoeeans of spiral ei ed several 





ng 3 


The relatively high percentage of SB and the short 
duration of the contraction phase of the sphenoal gub- 
system of à galaxy show that the oocurrence of powerful 
explosions was very probable at this phase. Consequently 
the development of superstars depends on the amount of 
gas with a low momentum in a , that is, it is appar- 
SUM oonneoted with the condensation of massive gas 

ouda. 

The magneto-gravitational wave can explain the bridges 
and tails of interacting galaxies. The condensation of a 
galaxy in a large gas cloud facilitates the condensation of 
the gas along the lines of force of the metagalactio fleld. 
When the wave reaches denser part of a cloud, & second 
galaxy is formed. The wave propagates further 1f gas in & 
state close to gravitational instability is present. 

So far the spiral arms have bean considered as tubes 
of parallel magnetic lines. However, if the angle between 
the magnetic field and-the axis of rotation is acute, Bpheri- 
cal contraction and subsequent flattening of the gas lead 
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to a fleld given in Fig. 4. 
detected fact: the rotation of the polarization plane of 


does not support the gas. Probably here interstellar olouda 
and associations are formed. 


B. B. PrxurNH&R 


Sternberg Astronomioal Institute, 
Moscow, U.S.S.R. 


ASTROPHYSICS 


Globular Clusters as Remnants of Quasars 


Iw the past two years many theories have been advanced 
for i 


have been brought out in an especially detailed form, 
namely, the gravitational collapse theory of Hoyle &nd 
Fowler! and the spherical galaxy formation theory of 
Field’. 

It 18 the purpose of this communication to direct 
attention to & class of objecta, the globular clusters, that 
may provide tangible evidence for quasar events in the 
past history of our Galaxy. If this connexion 18 proved 
to be true, astronomers will have & unique opportunity 
of investigating the stellar remnants of actual quasar 
cores. 


Here is outhned qualitatively a model for the formation 
of globular clusters which draws on some conceptual 
elements and resulte from the foregomg two theories, 
and at the same time some of the consequences of such a 
model for the explanation of quasar o istios are 
discussed. 


Woe identify the supermassive objecta of Hoyle and 
Fowler (M/M, = 10'-10*) with proto globular clusters, 
that is, nascent globular clusters, According to the best 
estimates at present’? the masses of globular clusters 
range from roughly 10* to 107 solar masses, and it is 
reasonable to assume that those of the proto globulars 
are somewhat larger. Representative globular cluster 
sizes are of the order of 10 parsecs, which incidentally 
is the estimated lower limit to the ee of tho HII region 
of the core of the quasar 3048, investigated by Greenstein 
and Schmidt¢, 

I propose that the evolution of the proto globular aluster 
proceeds along the lines of Hoyle and Fowler's super- 
massive objects up to the onset of nuclear burning. How- 
ever, the time for free-fall collapse is so short (7-5 x 10-5 
years for M = 10' M, and 25 years for M = 10° M, (ref. 5)) 
and the central tamperatures in the later phases of con- 
traction become so high (~ 10° °K) that we are led to 
postulate the occurrence of the Alpher, Bethe, Gamow 


beyond helium does not take place in the proto globular 
cluster, 1f the initial material 18 pure hy 

We then adopt the resulte of Michel’ regarding the 
collapse of the massive star after the exhaustion of nuclear 
energy. In this theory, the central core (Mo = 0-3 M) 
will collapse much more rapidty than the outer envelope 
and this resulte in a seperation of the two parte. The 
suggestion of Hoyle and Fowler 1s followed that a signifi - 
cant amount of energy is transferred from the core to the 
envelope, which leads to a rapid expansion of the envelope 
away from the imploding core. This expansion phase is 
analogous to the situation envisaged by Field in his 
‘rebound’-phase. However, Field assumes star-formation 
to take place before the ‘rebound’, but we prefer to place 
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this event after the ‘rebound’ and to assume that the 
(a, B, Y)-prooeas of elament formation takes place before 
maximum ion of the envelope. Incidentally the 
density, 10-“ g/om*, for which Field finds & maximum 
rate of star formation, is equivalent to the smeared-out 
density of a globular cluster with radius 10 parsecs and & 
mass of 10' solar masses. 

The reason for my choice of sequence of events reste 
on the observed element characteristics of the halo 
their well-documented metal 
deficiencies. In particular the results of O'Dell, Peimbert 
and Kinman’ show that in the halo globular cluster M15 
the helium to hydrogen ratio is 0-18 + 0-03, while the 
(a, B, y) non-equilibrium value is 0-15. The inference of 
the operation of the (a, D, y)-prooese in proto globular 
clusters is strengthened by the fact thab the 
same authors find M16 strongly deficient in oxygen 
(1/61 of the solar value). Accordingly, I propose that the 
(a, B, y)-burning phase of a proto globular ugter represents 
a quasar or a quasar element. 

‘A common origin in tme for the halo globular clusters 
in our Galaxy is suggestive in viewing their general metal 
defleienoy and comparable old age. Eggen, Lynden-Bell 
and Sandage' from an analysis of the space motions of 
221 dwarf stars infer that some 10!* years ago a collapse 
of a spherical gas mass took place rapidly in & time of 
about 10* years. This can be identified as the major 


mentation theory!*. 

The energy source of the quasars then resides principally 
in the nuclear burning of hydrogen into helium, eventually 
with gravitational energy added by the final implosion of 
the quasar core. The mass conversion of 0-15 M of 
hydrogen into helium in the (a, pei prode ee 
energy release of the order of 10> Mo’. If subsequent 
nuclear burning did take place, this would only add 
8 x 10- Mo! to the energy release. With æ mass for the 
proto globular cluster of 10'-10* solar masses this yields 
an energy release of some 10*!-10'* ergs. The estimated 
total energy output for a representative quasar is about 
10** ergs/seo. Thus the nuclear fuel content in a proto 
globular cluster lasta some 10'—10* years, which is com- 
mensurable with estimated life-times for quasers'!:*. 

It appears that the gravitational energy source is not 
strictly required even for the explanation of the more 
energetio quasar eventa, since in our model we admit the 
co-existence of several supermassive objects. The number 
of globular olusters in a given galaxy varies widely from 
possibly none to about one thousand in the giant elliptical 
galaxy M87 (rof. 13). In our own Galaxy more than 
100 globular clusters have been catalogued, but estimates 
run to a total of 500 (Allen loo. oi., p. 265). This implies 
that the energy storage i t of 10" ergs found by 
Maltby, Matthews and Moffet** for some radio sources 
can be met by the nuclear energy content available in 
the limit of 10° globular clusters of mass 10* M,. Such 
energetio sources should be relatively rare occurrences, 
restricted to giant galaxies like M87. 

If a limited number of globular clusters are formed at 
approximately but not exactly the same time, the 
observed light variations in quasars over short periods of 
time may be readily explained (2-10 years for 302 and 
80278 respectively). These light variations would merely 
be a consequence of the implosion of another proto globular 
cluster with 1ta onset of an (a, B, y)-process or the termins- 
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tion of one. Secondary light effects could remde in subse- 
quent star formation and/or supernovae displays. . 

The globular clusters in our Galaxy show & spread in 
age from roughly 10* to 10™ years acoompani by a varis- 
tion in metal oontent!'. This may indicate that after 
the initial massive quasar event involving the formation 
of a major number of globular clusters, subsequent milder 
quasar events, that is, the formations of individual or 
small groups of globular clusters, can occur. The repeti- 
tive quality of quasar eventa has been on other 
grounds by, for example, Hoyle and Fowler!* and also by 
Shklovsky!’. As & consequence of our model the (a, B, Y)- 
process will then operate on gradually enriched material, 
partly from heavy element creation in stellar interiors 
and partly from previous hydrogen conversion in earlier 
(a, B, y)-procesaings. The metal richer globular clusters 
should thus also be richer in helium and eventually become 
hydrogen-deficient. After ten repetitive (a, B, y)-proces- 
sings the helrum to hydrogen ratio becomes 0-81 if 15 per 
cent of the remaining hydrogen is always converted into 
denn and with no bellam further procsescd: 

The youngest gloublar clusters in our Galaxy are about 
10° years old. If we take this as representative of the most 
recent state of quasar events in our own and ‘neighbouring 
galaxies, we ahould have to go out to spatial distances of 
10° light years in order at present to witness quasar eventa. 
As we travel further out in space and back in time, the 
frequency and possibly intensity of quasar events should 
increase, particularly at distances of about 10% light 
years sway or events 10!* years ago, when presumably the 
most massive quasar event took place in our own Galaxy. 
Possibly such æ time-space-dependent frequency and 
intensity variation in quasar events could serve 88 & 
cosmological discriminant. At present it is inferred, from 
the red abifte of quasars, that they occur at great distances, 
invariably farther out than 10° light years. The nearest 
quasar, $0273, 1s 1-55 x 10° light years away according 
to estimates by Greenstein and Schmidt‘. 

Finally, I wish to reiterate the unique opportunity 
that our galactic globular clusters afford in the study of 

remnants. If the present model or some modifica- 
tion thereof holds true, the centre of a globular cluster 
will contain an imploded quasar core, which represents & 
significant fraction of the original mase in ‘hidden form"'*. 
This should affect the stellar spatial and velocity distribu- 
tions within the globular cluster. 

Likewise I wish to emphasize the importanoe of studying 
the hydrogen to helium ratio through possible discoveries 
of planetary nebulae in globular clusters of differing age. 
The observed hydrogen to helium ratio will have & decisive 
bearing on whether or not the (a, B, Y)-procesa has repeat- 
edly taken place in the material of the proto globular 
clusters. 

ARENE A. WYLLER 

Institute of Theoretical Astrophysics, 
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A Search for Low-energy Gamma-rays from 
the Quasar 3C286 


. These experiments used 
counters with little or no directional sensitivity, and their 
failure was due to the difficulty in distmguishing between 
an isotropic primary flux from the background of seoond- 
ary y-rays produced by cosmico rays in the atmosphere and 
in the apparatus iteelf. However, even in the presence of 
this & counter with directional sensitivity 
can detect y-rays from point sources by measurmg i 
Creases in the total flux 1n particular directions in the sky. 
We report here the resulta of observations made at 
balloon altitade on the quasar $0286. 

The detector used in this experiment was a 2-in. diam. x 
2-in. high sodium iodide scintillation. crystal; it was 
surrounded by & collimator with an opening of 
i5". The telescope was carried to an altitude of 100,000 
ft. by balloon on October 28, 1964. During the flight the 
attitude of the telescope was controlled from the ground 
by radio-command. Pulse height spectra were recorded 
from the direction of 30286 and from neighbouring 
directions; the spectra were taken frequently, and altem- 
ately from the source and from the 
systematio errors due to changes in the overall gain of the 
system. A caesium-187 source was carried on the 
to provide & calibration during the flight. 
resolution was ^ 0-5 MeV. 

The oombined reoorded from the direotion of 
30386, with the background subtracted, is shown in Fig. 1. 
The spectrum is not significantly different from zero at 
any energy. 

This result sete upper limits to the flux of y-raya from 
several possible processes on 30280. In each case, the 
95 per cent confidence limit is given. No allowance haa 
been made for a ible red-shift of 80286; the resulta 
may need i when the red-shift ia eventually 
moesured, but the changes in the limite will probably be 


(1) Electron-positron. annihilation. The limit to the 
flux of 0-51-MoV y-rays is 0-04 photons/am? geo at the top 
of the here. à 

(2) Neutron capture in hydrogen. The limit to the flux 
of 2-2-MeV y-rays is 0:18 photons/cm? geo. 

(3) Interaction of high-energy electrons with optical 
Photons through the inverse Compton affect. Ginzburg 
. € al.* have considered this process for the quasar 30278, 
the distance of which is already known. They have 
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with the mr ers spectrum recelved from the direction of 30286 
equal to one standard deviation are shown for each point P 
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shown that if the optical continuum is due to the synohro- 
tron radiation of high-energy electrons, then the same 
electrons ahould produoe low-energy y-rays in collisions 
with optical photons. If the optical radiation has a 
spectrum of the form: 
I(v)dy = I,y-e*1dy 
then the y-ray spectrum has the form: 
F(N)dE = F,H-dE 


The optical spectrum from 80286 is flat*, so the y-ray 

spectrum should have a = 1. The experiment described 

here seta a limit to F, of 5-5 x 103 photons/am! sec. 
The resulte of Metzger et al. indicate a prrmary flux with 


& spectrum of the form: 
N(B)H = N.H-dE 


The flux at 1 MeV, integrated over all directions in space, 
is 4 x 10-1 photons/am* seo MeV. Ifa similarly shaped 
spectrum is being emitted by 30286 the present experi- 
ment shows that the limit to the flux at 1 MeV is 3-6 x 10-4 
photons/om* sec MeV. 

We thank Prof. C. F. Powell for the hospitality of his 
laboratory. We also thank many members of the labora- 
tory for their asmstance, 1 Dr. K. G. Standing 
(now at the University of Manitoba), who initiated the 
Apam and Mr. J. H. Davies, who organized the 

oon flight. 
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GEOPHYSICS 


Continental Drift and the Rotation of Spain 


Siz EDWARD BULLARD et al.! have used a ‘least squares’ 
criterion for the geometrical fit of the continente around 
the Atlantic Ocean. They find that the best fits aro 
obtained when the 500-fathom submarine contours are 
used to define the continental margins. When all the 
continents are fitted, it is found on fitting Africa to eastern 
North America that Africa overlaps the position of 
southern Spain. To avoid this, Bullard e£ al. rotate 
Spain, cloaing up the Bay of Biscay as previously sug- 
gested for other 1easons by du Toit* and Oarey?. The 
appropriate part of the computer flt is shown in Fig. 1. 
It is clearly desirable to look for some independent 
evidence for the rotation of Spain. 

Irving* has noted that there is some palaeomagnetio 


evidence for such a rotation. The argument is that the 


declinations of the directions of remanent magnetization 
for rocks of Permian and Triassic ages from Spain are 
different from those of rocks of the same ages from 
France, Germany, Britain, Norway and the U.S.8.R. 
The latter are all consistent, ae ace that these regions 
all formed one unit. With the aid of some new resulta 
from the northern Pyrenees, this argument is followed up 
and the pal&eo-declinations for rooks from the north and 
south of the Pyrenees are compared and then related to 
the bathymetry of the Bay of Biscay. 


dr. 


V 
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8 sites) and the Triassic rocks have mean 
declination N. 29:2? E. (from means of 
7 sites). 

It is of interest to look at these results 
in relation to the problem of the rotation of 
Spain. Fig. 2 shows all the palaeomagnetio 
resulta for rocks of Permain, Triassic, and 
Jurassic ages for Spam, France and the 
southern part of England which are &vail- 
able at the present time. Some interesting 
features are noted: first, the deolinetions 
(diaregarding reversals) for Permian, Trias- 
gio and Lower Jurassic rocks from southern 


Tn view of the consistency of the declma- 
tions, it seems reasonable to take the mean 
declmation for rocks to the north of the 
Pyrenees and compare it with the mean 
declination for rocks from the south of the 
Pyrenees (Table 1). In doing this, one 
result, T', is omitted as ib is considered, 
suspect by the original author’. In Table 1, 
all the declinations are written in 
northerly sense, that ia, disregarding 
reversals. Tho mean deolination for rocks 
from the north of the Pyrenees is found 
to be N. 20° + 7° and the mean declination 
for rooks from the south of the Pyrenees 
is found to be N. 342° + 9°. The difference 


vector means gives & value of 40°. 
remanent veotors together with the veotor 
means are shown on an equal-area pro- 
jection in the inset to Fig. 2. 

The differenoe may be explamed by 
assuming a rotetion of Bpain, and the values 
are remarkably close to the rotation of 39° 
obtained from Oarey’s reconstruction. 
However, the closeness of these estimates 
seems fortuitous as measurements on the 
opening of the Bay of Biscay using the 
hydrographic charte suggest the rotation 
might be as amall as 30? or as large aa 40°. 
The computer fit of Bullard gives a rotation 
of 32°. All these estimates are within the 
experimental error of the ic 
resulta and it is considered that the avail- 
able palaeomagnetio data lends oonsider- 
able support to the rotation of Spain 
and the computer fit of the continents as 
proposed by Bullard. 
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Fig. L The fit of the continents of the Atlantio after Bullard et al., 1965. Spein has 
to be rotated clockwise 32° to obtain the best fit 


FRANCE 








^ CUM 
EN ee ^ 
i S 
Bay oF 
Brscar 
Fera 
Ere 








NORTH OF PYRENEES e 
SOUTH OF PYRENEES + 





Ng. 2. Map of southern Hngland, France and Spain showing the pelseo decisadens 

wi The bathymetry 

Offices Chart Mo. 7650-60 which was 
contours 


Siniy pide by. tbe Hie inim celis The are 100, 
, (en e fetis equa fathoms. The inset shows 


3 


area projection. The veotor means are Shown (*) and the 
tn the mean deciinations may be oompared with the opening of the Bay of Bucay 








398 
- Table 1 ` 
North of Pyrenees Bouth of 
No. Deal. Ref. Wo. Ref, 
J; 25 6 T, 853 8 
roe i E B 
16 
T, 25 5, 7,8 li 
T, ?9 5 Mean: 34319 
P 9 9,10 
P, 13 11 
P, 17 11 
P, 23 12, 18, 14 
Mean: 20+7 Difference $8116 


If Bpain has rotated with respect to Franoe, one might 
expect to see some effect m the phy of the ocean 
floor. One such effect may be seen ong the continental 
edge of France at latitude 47-5? N., longitude 12° W. Here 


general north-westerly direction of the continental edge. 
This is at the place where the north-west oorner of Spain 
would be if rotated back to its original position. 

it would be desirable to have more 


Spam with the structural 
geology of the Pyrenees mountaina!". It could be that 
pain, before continental drift, was not part of the 
European landmass and it would therefore be valuable 
to obtain and 
Spain with those from 
available. If Spain was at some time not part of Hurope, 
this would mean that the agreement between the bathy- 
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* Bullard, Sir Hdward, Hvereit, J., and Gilbert Smith, A, PAR. Trans. Roy. 
Goo A (in the prem). (Roy. Soc. Symp. on “Continental Daft Lando, 


“dn Tath A. L., Ow Wondering Continents (Bdmbargh: Olver and Boyd, 
"Carey, B. W., Proc. Hoy. Soc. Tamm., 89, 255 (1955). 


“THERE: Bi Palesomamnation and tts Applicaton io Geological and Geo- 
pkyswal Problems (New York: Wiley, 1064). 


* Girdler, R. W. (in preparation). 
* Girdler, R. W., Geophys. J. Roy. Astro. Soc., $, 358 (1050). 


ig 
i 
p 
E d 2 
i 
E 
A 
E 
E 
x 
t 
H 


n M. G., Mverdingen, R. O., 
19 203 (1957) 
= Schwarz, H. J., J. Geophys. Rør., 88, 5265 (1063). 
‘van der Langen, G. J , Betudios Geologicor (Bpatn), 18, 205 (1960). 


PHYSICS 


Effective Atomic Numbers of Heterogeneous | 
Materials 

Foz a single element, the three Y-Tay proceases— 

photoelectric, Compton and pair production, can be 

expreased as a function of photon energy Av and the 

atomic number Z of the element. At a given photon 
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energy, the interaction is proportional to Z* where n is be- 
tween 4 and 5 for the photoelectrio effect, 1 for the Comp- 
ton effect, and 2 for pair production". For the purposes of 
y-ray attenuation, a heterogeneous material, consisting 
of & number of elements in varying proportions, can be 
described as a fictitious element having an affective 
atomic number Z,;. In the study of the K-ray energy 
absorption of certain biological specimens Bpiers*! used 
the expression Zat = rx,71'", where Z: is the atomic 
number of the ith element and a, its fractional electronic 
content. More recent measurements‘ favour a value of 
8-1 instead of 2-94 for the exponent for Zey. Glassers, in 
Zy = ep Zi 


" but he oould obtain expreesiong only for the photoelectric 


and pair production processes as Zg = op, Zt, and Leyy= 
*p,Z,. It can easily be shown that p: and a, are very 
nearly equal’. The equations of Spiers and Hine may 
then be expressed as Ziy = ep,Zt^, where n has values 
of 4 to 5, 1 and 2, respectively for the photoelectric, 
Compton, and pair production processes. Hence, an 


expression for the effective atomio number for the Compton ` 


affect could not be obtained. In this communication the 
validity of these differing expressions is examined and a 
single effective atomic number is suggested for a hetero- 
geneous material. 

In 1 g of & heterogeneous material the number of atoms 
of the th element 18 Np,/A;, where N is Avogadro's 
number, p, the fraction by weight of the ith element in 
the material and A, the atomic weight of the + element. 
The total number of atoms in 1 g of material is Ne(p1/A1). 
The number of electrons of the sth element in 1 g of 
materialis Np.Zi/A. and therefore the total number of 
electrons in 1 g of material is Ns(p1Z,/A1). Then the 
effective atomic number and the effective atomic weight 
of a heterogeneous material are Zr; = 0(p1Zi/A,)/e(pi/Ay), 
and Assy = l/e(pi Ai) respectively. 

The values of the effective atomic number for seven 
heterogeneous materials (alloys, compounds and mixtures) 
are shown in Table 1. 


Table 1. BFFROTIYB ATOXIO NUMBERS oF HETEROGNNIOUS MATERIALS 


( y P;E Ap 
PASE apapap AM x 
Phin leaded brass 
(copper, 80; xino, 20) 2921 19 20 29 19 29-20 
3 (copper, 
80 75; tin, 10; 
0-25) 34-96 82-61 30-10 31-06 
carbon, 1 05) A 25-98 2591 25 08 25 79 
Monel metal (niekol, 60; 
copper, 6:5; iron, 0 5; 
27.22 2715 27-03 27 07 
Oonare 0 56; 
0 £4; sodium, 1:71; 
alumtnium, 4°56 goon, 
3135, sulphur, Ò 12; 
Pam, 192. calcium, 
28; iron, 1-22) 14 76 1818 930 11:52 
‘Perspex’ (carbon, 59-97; 
oxygen, 81 07, hydrogen, 8 06) 694 6-07 8-60 6 24 
oe ae 5-84; 
lodme, 84 66 5812 50 27 82 01 46 56 


The data in Table 1 show that for materials containing 
elements the atomio numbers of which do not differ 
greatly, all the expressions give similar values for the 
effective atomic number. For materials containing very 
light elements such as hydrogen (for e 
and for materials containing elementa o very widely 
differmg atomic numbers (for example, Nal), different 
values are obtained for the affective atomic number. It 
is observed that tho effective atomio number for the photo- 
electric effect is always greater than for pair production, 
in agreement with Hine’s suggestion. We conclude that 
for a heterogeneous material different effective atomic 
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numbers for different y-ray processes may be required; 
they can be approximated to a si effective atomic 
number Z, = e(p1:%Ad/e(pi/41). Since the Compton 
effect is the aminant process at intermediate 
energios, this single effective atomic number could be 
considered to represent the effective atomic number for the 

n effect. The expressions Zr e( 9121] A1)/ (epu As) 
and Ass = l/e(pi/A.) for heterogeneous materials are 
also useful in geophysical studies". 

R. C. Murty 
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Reduced Absorption of Light at High Laser 
Power Densities 


Ix experiments with pulsed lasers, methylene blue has 
been used frequently as & dye to abeorb the energy’. In 
conjunction with heating experiments we measured the 
laser energy (giant ruby pulse) transmitted through a& 
methylene blue solution and noticed a higher transmission. 
than is derivable from ordinary spectrophotometric data". 

To examine this photobleaching more closely we 
used the 633-my line of a He-Ne-CW-laser and oollim- 
ated ita output to ebout 0-1 mm’ along » light path 
of 10 mm in & quartz cell containing the solution. Con- 
vection and diffusion were reduced by enclosing the ex- 

volume in a cylmder. To assure linear response 
of the photodetector the density behind the cell 
was attenuated. A mechanical ahutter between cell and 
CW-laser initiated the illumination. The following solu- 
tions were investigated in some detail: (I) 2 x 10-* M 
methylene blue in 0-1 M triethanolamine, pH. 7:3; (0) 
4 x 105 M methylene blue in 0-1 X triethanolamine, 
pH 1:3; (III) 4 x 10-5 M methylene blue in 0-1 M acetate, 
pH. 5-0; (IV) solution II plus 0-01 M ferrohexacyanide. 

The transmissions of these solutions, S;/S,, measured 
on & Zeiss spectrophotometer at 633 mp and directly on 
tho described apparatus at & low light level, were 18-7 per 
cent for solution I and 3 per cent for the ming ones. 
When the shutter is opened at high light level, the signal 
increases from the initial level 8, to a new steady value 
S, (Fig. 1). Fig. 2 shows the (final) S,-vatuee as a function 
of Se, demonstrating clearly the effects of high-power 
densities. 





S/S, (per cent) 





0 04 0-8 123 16 20 
t (s66) 


Duon u (Tie imo 03 seo) , tho santa 1s DM Ebr D. jue are: 


meter J, represents the x 
(108 per cent tranemimion) is 
demonstration of the hnear response 


[die ipd A nexiral density filter 
alone for calibration and for 


NATURE 


399 





103 
> 
8 
E 
v 
1041 
10 
103 1 
Sa (Win) 
$. Tbe tranamitted power denmty final reached, S, (about 2 seo 
shutter was opened) as & funcion of Sho power dennty, Se- 
Two different 


are used (I and II). S/S,=1 corresponds to ‘no 
methylene blus’ 


In a later series of experiments (not included in the 
graphs of this communication), we increased the power 
density to about 6 W/cm’ and obtained for solution I & 
transmission change of S,/S, = 4 and for solution II 
one of S,/S, = 14 with rise-times of about 2 sec. When 
the illuminating power density was switched down to 
10 per oent by & neutral density filter, the transmitted 
signal decayed from 0-1 S, to a value which reached 0-1 S, 
within a factor of 1-3 + 0-2 (exp. fall-time 1-2 soo). 
Solutions II and IV showed S, — S; = 0, at all power- 
levels (€ 6 W/cm"). 

The experimenta show that triethanolamine is necessary 
for the of Sı — 8, #0. iru ema 
seem to indicate the presence of a long-liv complex 
intermediate, involving triethanolamine and appearing 
possibly (quenching by ferrocyanide) via singlet-triplet 
transitions*+ 


The appearance of this intermediate complex may be 
described by & differential equation, consisting of 4 
(first) generating term and & (gecond) decay term. If o^ 
representa the analytical (molar) concentration of methyl- 
ene blue, cr the (instantaneous molar) concentration of 
the intermediary compound X, and +, the time constant, 
with which X decays to the ground state, we may write: 

de 10°P ox 
SE c Wan: ap [aeuo] y (D 


when P, laser input power (W), =S yin; fin, crose- 
sectional area of light beam in solution (em); b, length 
of light beam in solution (am); Nahy, energy of 1 mole 
of light quanta in W sec mole-! ; am, natural molar extine- 
tion coefficient of methylene blue at 633 my (24-1 cm-*). 
Equation (1) considers only the reversible part of the 
photolysis, assumes quantum yield of unity, and neglecta 
concentration distribution (as well as the heating and the 
diffusion out of the constricted volume). 

Four limiting cases of equation (1) may be considered : 
(a) dex/ds = 0, oo i to the ‘steady state’- 
condition, in the horizontal portions of the 
curves in Fig. 1; (b) tpt allowing treatment of the 
‘linearized case’, presented in Fig. 1 by the curve with 
S, = 0:2 W/am!; (c) cx = 0, equivalent to the ‘starting 
condition’, giving the alope (in Fig. 1) of the curve at the 
intercept with the ordinate; (d) P,—- 0 at the moment of 
reducing the input power to non-photolytio levels, when 
the first term vanishes and +, is doily obtainable from 
the decay curve. 

Above, a type of photo-stationary method is described, 
which is new in so far as changes in the population of the 
singlet ground-state are directly observed. This type 18 
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quite different from that where TOcesses competing with 
fluorescence emission aro Obese SU 
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METALLURGY 


Influence of Pre-plated Coatings on the 
Morphology of the Intermetallic Layer in 
Tinplate 


IN the manufacture of eleotrolytio tinplate, & tin 
coating 18 electro-deposited directly on to steel. The 
plated strip is then heated to above the melting point of 
tan. (232° O) and quenched in water. During this treat- 
ment oyole a layer of the intermetallic compound Fe8n, 
(about 0-15y thiok) is formed at the steel-tin interface!. 

The intermetallic compound has been shown to have an 
important influence on the protective value of the coating, 
particularly with oertain canned foods’. Recent work‘ 
has also shown that protection 1s enhanced by more 
complete coverage of the steel by the intermetallic oom- 
pound and that the degree of coverage may be associated 
with the morphology of the FeSn, crystallites. 

The extent to which complete coverage is achieved 
depends primarily on the number of nucleation sites for 
the compound crystallites since, under normal manu- 
facturing conditions, the time available for crystal growth 
is leas than about 8 sec. Under such conditions tho 
crystallites ap as & network of prisms, generally 
arranged in colonies which correspond epitaxially to the 
grain directions of the ferrite substrate. 

G. G. Kamm e al.* have suggested that nucleation of 
compound crystallites 1s hindered by the presence of 
surface oxides on the steel prior to plating and have pro- 
posed reducing this by pre-plating with tin from an 
alkaline electrolyte. Complex heat-treatment cyoles 
may also have the effect of modifying the crystal structure 
of the compound. 

As part of an investigation in progreas at the Tin 
Research Institute, it has now been found that the 





Fig. 1. Intermetallic compound—no undercoat (x 6,000) 
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Fig. 3. Intermetallic compoand—steel pre-plated with niokel ( x 6,000) 


nucleation charaotermtios and the crystal habit of the 
intermetallic und on tinplate can be markedly 
influenced by pre-plating the steel with an extremely thin 
coating of another metal or alloy. Tho range of under- 
coating materials studied included iron, lead, tin-nickel, 
nickel and palladium, but the most significant resulta 
were achieved with eleotro-deposited tin-niokel alloy 
and niokel. 

In oontrast to the normal type of compound layer 
formed when no undercoat is used (Fig. 1), tho presence of 
& tin-niokel or nickel undercoat (0-025. thick) causes the 
intermetallic compound to grow in the form of rounded 
equi-axed crystals (Figs. 2 and 3). Tho coverage of the 
base steel seems virtually complete and scoelerated 
corrosion testa appear to indicate a four-fold improve- 
ment in corrosion resistance for the materials d 
with tin-nickel or nickel as compared with tinplate pre- 
pared without an undercoat. Both nickel and tin—nickel 
appear to be particularly potent in their influence on the 
morphology of FeSn,. 

Woe thank Dr. W. K. Armitage of Aeon Laboratories for 
the preparation of the electron mucrographs. 
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Interaction of Spinel Crystals and Chromium 
Nitride in Chromium 


Ir has been amply demonstrated that normally brittle 
metals exhibit substantial duotihty at low temperatures 
when interstitial umpurity-levels are extremely low. This 
is particularly true for interstitial poli in chromium!. 
As little as 15 p.p.m. mt&rogen has been reported to 
embrittle chromium’. 

A rather unexpected result occurs when a spinel- 
forming omde such as magnesium oxide is added to 
chromium. The oampoeite mixture exhibits ductility at 
room temperature after hot-working for densification”. 

X-ray experiments confirm that magnesium—chromite 
spinel forms as magnesium oxide combmes with oxygen 
and chromium in the powder mixture. We believe that 
the spmel formed ın this manner enhances duotility by 
absorbing nitrogen contained in the chromium. 

A composite containing 98-5 per cent electrolytic 
chromium, 0:5 per cent tatanium, and 6 per cent mag- 
neeium oxide haa been examined in an experiment 
involving exposure to nitrogen in order to investigate the 
effect produced by the spmel. The composite mixture 
was first fabricated by mixing powders of chromium, 
titanium and magnesium oxide, compacting hydrostatic- 
ally, sintering, and then extrudmg. 

The extruded composite mixture contains larger 
amounts of interstitials (120 p.p.m. nitrogen, for example) 
than the maximum allowable limite normally quoted for 
duoctihty. Nevertheless, this material demonstrates 
ductility in tension and in bending at room temperature. 
The physical properties of the material, including notch 
tensile results, have been previously reported‘. 

Smtered and wrought chromium 


nitrogen, quenched in water, metallo- 
graphically. The first electron micrograph ie. 1) shows 
the structure. Fine nitnde needles are epis 
matrix. The sample was then aged 1 h at 100? C, resulting 
in growth of the nitride particles, as seen in Fig. 2. The 
material was completely embrittled at this stage. It was 
then held ford Hat 186° O in maoderecs Vacuum. The 
resulting structure is shown in Fig. 3. The photomicro- 
graph demonstrates that the nitride has completely 
from the matrix. 

It would seem likely that the spinel orystala absorbed 
the precipitated nitride. The photomicrograph offers 
evidence to this effect. A very e amorphous material 
has collected around the ceramic grains. This material 
was removed in the process of replicating the polished 
and etched specimen for the electron microscope. No 





Fig. 1. Se ee ee 
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Fig. 3. Reaction product at oxide particle after 1,425° O solution troat- 
ment (etectron micrograph with extraction technique) 


electron diffraction pattern could be obtained from it, 
indicating that it wes amorphous or of very 
small crystals. The composite was ductile and could be 
bent at room temperature after this heat treatment. 

It is possible that the chromium nitride would break 
down at 1,425? C and go into solution, the nitrogen re- 
combming st the metal surface or simply subliming. 
Aooordingly, & sample of electrolytic chromium, 
containing no magnesium oxide, was fabricated, extruded, 
and exposed to nitrogen in the same manner. Nitrides 
were still present in quantity after the 1,425° C heat 
treatment, including heavily nitrided gram boundaries. 

In conclusion, then, it can be said that a dispersed 
spinel phase exhibits the important of chemically 
rendermg the matrix free from nitride precipitates. This 
effect further lowers the amount of nitrogen contained in 
the matrix to values low enough to promote room tem- 
perature ductility. 

I thank Mr. Conrad Herald for the electron micrographs. 
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CHEMISTRY 


Cation Distribution in Ulvóspinel Fe,TIO, 


RECENTLY we have considered it of interest to examine 
several spinel oxides containing iron, usin g the Mossbauer 
effect in the isotope iron-57, m order to determine the 
cationic oxidation state and site distributxon!. A case in 
which such information might be valuable is the oxide 
Fe,TiO,. Since the original X-ray intensity investigation 
of Barth and Posnjak® this spinel has been considered 
to possess the inverse arrangement Fe[ TiFe]O,. However, 
the determination of cation distribution for an oxide with 
cations of such simular scattering coefficients is not easy. 
In addition the calculated intenmty value for the 185 
reflexion given by those authors for the normal arrange- 
ment is in error by several orders of magnitude. The 
inverse arrangement is favoured for a 2-2-4 spinel on the 
basis of electrostatic considerations’, and the known 
ferrimagnetic properties of Fe,Ti0, (Curie point 120° K 
(ref. 4)). The normal arrangement Ti[FeFe]O, requires 
Ti ions on tetrahedral A sites. This is uncommon, 
but has been observed by Gorter’ in the material: 

[Fe,, Tio. ]4[ Ni, Fo, aTio 1]50, 
on the baais of saturation magnetization and g-faotor 
determinations. 

A sample of Fe,TiO, was prepared by calcining a T10,— 
Fe,0, mixture in a CO-CO, atmosphere as used by 
Kunnmann eż al.'. The lattice parameter was determined 
as 8:520 + 0-003 A in good agreement with the figure of 
8-58 A given by Akimoto‘. The X-ray diagram also indi- 
cated the presence of ~ 1 per cent ilmenite which, by the 
formation of a proportionate amount of FeO, could 
account for the sample ing an overall ferromagnet- 
ism. (We aro gra to Dr. T. I. Barry for the magnetic 
measurements.) The room-temperature Moesbauer spec- 
trum of this sample obtained with equipment described 
elaewhere', and using & source of oobalt-57 in stainlees 
steel, is shown in Fig. 1. The derived isomer shift and 

le splitting values are 1-08 + 0:06 mm seo- 
and 1-65 + 0-:06mm ageo-} ively. Within the 
limite of error these values are identical to those obtained 
earlier for FeAl,O, with Fe on tetrahedral A aiteg!. 
Since the inverse arrangement is favoured for Fe,TiO, 
(possibly with some of the Ti** ions on A aites), this result 
indicates that A- and B-site Fe** in Fe,T10, gives rise to 
identical isomer shifts and quadrupole splittings which 
may limit the use of the effect in similar situations. The 
presence of Fo le interaction in Fe,TiO, and 
FeAl,O, but not in FeV,O, and FeCr,O, indicates that 
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Wig 1. Room temperature Mossbauer absorption spectrum for Fe,T10, 
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the eleotrio fleld gradient at & nuoleus ab & given gite in 
& spinel is dependent on the magnetic nature of the 
cations at neighbouring sites. 
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Superficial lon-exchange Chromatography 


REGENTLY the techniques of gas chromatography have 
been applied to chromatography in tho liquid phase to 
separate amall quantities of mixtures very rapidly. Toch- 
niques have been described for adsorption chromato- 
graphy’. partition chromatography", and ion-exchange 
chromatography! where the inner surface of a capillary 
tube was coated with a liquid ion-exchanger. 

In this laboratory, beads of oroes-linked polystyrene 
which bear ion-exchange groups only in a shallow ‘surface’ 
layer have been used for superficial ion-exchange chromato- 
graphy. The ion-exchango groups are not limited to 
&mino-groupa, and resins with superficial sulphonio acid 
groups and with superficial quaternary ammonium groups 
have been used successfully. The resins are expected to 
be as stable as the normal polystyrene resins, and columns 
packed with them should last indeflnitely. 

In normal ion-exchange chromatography the beat 
results are obtamed with very small particles and very 
low flow rates‘, partly because the diffusion of ions into 
and out of the particles is slow. In superficial ion-exchange 
chromatography the distance the ions have to diffuse 
into the particles is greatly reduced, and rapid flow rates 
may be used with beads of convenient size. The beads 
used to obtain the elution curves shown in Fig. 1 had a 
mean diameter of 0-24 mm, and were surface-sulphonated 
to a capacity of 5-3 pequiv./ml. They were packed in & 
45-in. column, 6 mm internal diameter, and eluant was 
pumped through at a rate of 6 ml./min. Molar solutions 
of metals or 1 per cent solutions of dyes were injected in 
quantities of 1-10 ul. Curve A shows the elution with 
0-8 N hydrochloric acid of a mixture of copper and iron, 
and the tailing of the iron which occurs in this 
The tailing wus reduced by gradient elution (curve B), 
and the separation was complete in 14 min. These curvea 
should be with thoee obtained for the same 
metals on ‘AG 50X8' by elution with more concentrated 
acid’. Curve A was not appreciably altered by faster or 
slower flow rates, and the tailing was not improved when 
a 15-in. column packed with beads of diameter 0-08 mm 
was used. 

In practice, most ion-exchange separations depend leas 
on the efficiency of the column than on the choice of a 
surtable eluant, which ia often a complexing agent®. For 
the separation of metals 1t should be possible to prepare 
resins with superficial chelating groups and elute different 
metals with eluanta of different pH. In this way the 
main drawback of chelating resins, which is the slow 
diffusion within the particles, could be avoided. How- 
ever, the chief application of superficial ion-exchange 
chromatography is likely to be the rapid separation and 
characterization of organic acids and bases.  Curvo C 
shows the separation of two basio dyes, methylene blue 
(the first peak) and Janus green (the second peak). These 
dyes could not be eluted with the same eluant (5 N 
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hydrochloric acid in 6 per cant aloohol) from & normal 
resin (AG 50X2). Similarly, acid dyes have been separ- 
ated on & superficial anion-exchange resin. For the 
convenient separation of colourless substances a oon- 
tinuous method of detection would be required. Ultra- 
violet absorption of the effluent might be measured in 
many cases, or the type of detector described by Stouffer 
et al.’ might be suitable if interference from the eluant 
could be avoided. It is possible to increase the capacity 
of the beads and use correspondingty larger quantities of 
the mixture to suit the sensitivity of the detector. 
J. R. PARRISH 

National Chemical Research Laboratory, 

South African Council for Scientific 

and Industrial Research, 
Pretoria. 
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Low-temperature Cleavage of Ethers 


Tum cleaving of an ether usually requires the use of a 
vigorous reagent such as an anhydrous mineral acid, an 
organic acid halide or anhydride, a Lewis acid, or an 
organometallic compound. Frequently heating for pro- 
longed periods is necessary. 

In examining the chemistry of boron, it has been found 
that, in conjunction with & hal such as (by preference) 
iodine, boranes! and metal borohydrides* will destroy the 
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hydroxyl of alcohols, which are converted into 
organic i Although diborane on ita own does not 
no. 


react with ethers near room temperature, px 
possibly to form a very loose addition compound, in e 
presence of free halogen a comparable reaction occurs 
with ethers'. An oxygen-carbon link is the 
pipe aktankiig Gell te the bore wio te ode 
i up with halogen. Thus anisole gives methyl iodide 
and triphenyl borate, from which phenol is immediately 
obtained on subsequent hydrolysis in the cold: 


6PhOMe + 3I, -B,H, — 2B(OPh), + 6MeI + 8H, or 
3PhOMe -+ 21, + NaBH, — B(OPh), + 8Mel + Nel + 2H, 
followed by : 

B(OPh), + 8H,0 -8PhOH + H,BO, 


Attention is now directed to this reaction as & means of 
cleaving ethers under milder conditions than hitherto 
possible. By it, & rapid, smooth and complete cleavage 
can be effected, usually at room temperature or even 
below. The ether must be dry. The relative amount of 
diborane required is small, since one molecule cleaves six 
molecules of the ether. The reaction is moreover very 
widely applicable. The ether may be symmetric, unsym- 
metric, aliphatic, aromatic or cyclic. With cyclic ethers 
& boron ester is first produced which on subsequent 
hydrolysis yields the w-iodo derivative of an alcohol as 
the ultimate product, for example: 


BH. HO 
ba, jms © B(OCH,UH,CH,OH,4I), —> 1(0H,),08 
No - 


In this way 4-iodobutan-l-ol, was in more than 
90 per cent yield from furen. Its identity was 
confirmed, C, H and O analysis, both on the original 
product on ite p-nitrobenzoate derivative, which had 
an observed melting point of 104-5° C. 

In general, the cleavage reaction is efficient and rapid, 
and proceeds quietly to completion within minutes at 
room temperature. Higher boranes are molined to react 
more slowly than diborane. Metal borohydrides are com- 

le in reactivity to diborane, although sodium 
borohydride is less reactive than the lithium salt. Bromine 
and interhalogen compounds such aa iodine chloride react 
more vigorously than iodine, but are in general less 
convenient. Large excesses of reagente are unnecessary 
and should be avoided. 

The ready availability of metal borohydrides and henoe 
diborane implies that this method could become a useful 


tool in degradative organic chemistry. 
L. H. Lona 
G. F. Frusaquarp* 
Department of Chemistry, 
University of Exeter. 


1 Freeguard, G. F., and Long, L. H , Chem. and Indusi., 158% (1904). 
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Unusual Role of Dimers in Thermal 
Polymerization .of Chloroprene 


Tan dimerization products of chloroprene have been 
shown to consist princi of two substituted cyclo- 
bexenes and an eight-membered cyclic diene’. Carothers 
ei al: have noted the presence of a distinct oligomeric 
fraction in the polymerization producta of chloroprene, 
and more recently Klebanakii e£ al. have shown that this 
fraction contains both six- and eight-membered cyclic 
dimers. In previous kinetic studies of the thermal poly- 
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merization of chloroprene, no special account haa been 
taken of the formation of dimers; it has been tacitly 
assumed, for example, that the rate and the observed 
activation energy of the thermal polymerization‘ refer to 
a direct polymerization of the chloroprene monomer. 

Our present kinetic experimenta, however, lead us to 
the conclusion that the above assumption is not valid, and 
that the thermal polymerization proceeds by an unusual 
mechanism. 


The yiolds of polymer and dimers have been measured 
as a function of time in three chloroprene systems at 85° C: 
(i) pure monomer; (i) pure monomer containing excess 
inhibitor; (iii) pure monomer containing a amall quantity 
of inhibitor which is consumed during the early part 
of the reaction. reasing all rates of reaction in 
terms of the rate of disappearance of chloroprene monomer, 
it is found that, within experimental error, the rate of 
polymerization in (i) is equal to the rate of dimerization 
in (ii), whereas the rate of polymerization in (i) is rero. 

During the post inhibition period in (ii)) the dimer con- 
centration falls rapidly until it reaches a low steady value 
similar to that observed in (i), whereas the rate of poly- 
merization, initially large, eventually falls to a constant 
value comparable with that observed in (i). 

The simplest ier tent of the resulta is that polymer 
is actually formed by a process of dimer addition and that 
little or no monomer is involved in the propagation 
reaction. Experimente in which small itiea of 
monomer were added to bulk dimers at 35° C indicate 
that monomer, or a trace impurity aseociated with it, 
Plays an essential part in the thermal polymerization 
reaction, most probably in the initiation process. 


P. A. LuumeNa 
R. 8. LaHRLRH 
" J. C. ROBB 
t of Chemistry, 
rampe raity of Birmingham. 
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Inorganic Precipitation of Calcium Carbonate 
from Sea-water 


Reomnriy, Wells and Illing have 1 that the 
so-called ‘whitings’ in the Persian are clouds of 
calcium carbonate precipitated instantaneously from see- 
water that has become supersaturated with respect to 
calcium carbonate, ing to removal of CO, by the 
photosynthetic action of phytoplankton. 

In order to investigate this interesting phenomenon, we 
have compared the composition of a ‘whiting’ sample 
collected by A. J. Wells with that of bottom sediment at 
& locality near the place where the whiting had formed, 
and with that of artificial precipitates of 3. Artificial 
precipitation was brought about by removal of carbon 
dioxide both from Perman Gulf sea-water and from arti- 
` floial sea-water having the same major-element compoai- 
tion. The mineral composrtion of the various samples was 
then determmed. 

The sea-water sample was placed in the bottom part of 
a desiccator and was constantly and rapidly stirred by a 
magnetic stirrer. Supersaturation was obtained either by 
removal of CO, or by addition of Na,CO,;. Removal of 
CO, from the sea-water was brought about by placmg a 
strong sodium hydroxide solution in the upper part of the 
desiccator. The-.conditions of the experiments end the 
approxmate time necessary to form & precipitate are 
presented in Table 1. 
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Table 1 

Ap tame 

Experiment Type of Ohlorinity Prec. obtained 5 form 
sea-water Cy; by: a preapitate 

1 Doha Ba; 23-5 3 weeks 

1 Doe Bay P$  ulcOredhüun 1 weeks 

3 23 6 OO,-artracton 25 weeks 

4 Ditto $35 Ditto 2 weeks 

5 Ditto 25 Ditto $ weeks 


* Doha Bay xs located on the eastern side of the Qatar peninsula. 


Table 1 shows that formation of a precipitate is not & 
matter of minutes but of weeks. iment 2 was carried 
out in order to make sure that the removal of CO, from the 
sea-water by NaOH was not the rate-determining step: a 
concentrated sodium carbonate solution was added to the 
water until the pH of the water was 8-98. 

In experiment 2 the supersaturation of the water with 
respect to calcium carbonate is higher than the super- 
saturation obtained in the other rimenta, because the 
total carbonate content (CO, +HCO,’+CO,) was greater 
in experiment 2. In the other experiments the total 
carbonate content was decreased by extraction of CO,. 
Clearly the CO,’-concentration reaches a higher value 
either by Na,CO,-addition or CO,-extraction, since each 
process bri about the supersaturation with respect to 
calcium carbonate. 

In all experimenta the precipitation of calcium carbonate 
was nothing like fast eno to balance the increasing 
CO%-concentration, and the pH consequently increased. 
One should therefore expect an increase in pH before 
whiting formation starte and & in pH when precipi- 
tation starta. This drop in pH may be drfficult to measure 
if precipitation is slow. However, if & precipitate does 
form over a large area in a matter of mmute, the drop 
should be detectable. Field observations, however, gave 
no evidence of & change in pH durmg whiting formation. 

The precipitates which formed during our experiments 
were filtered, washed with a small quantity of distilled 
water and dried at 105° C. The whiting sample, the 
bottom sediment sample (fraction < 2) and the precipi- 
tates were examined under the microscope and analysed 
by X-ray diffraction. y 

X-ray diffraction analysis was carried out with & 
Philips X-ray diffractometer, using Cu-K« radiation. The 
relative amounts of the various minerals present were 
estimated by comparing the areas of the peaks in the 
diffractogram, account being taken of the poor reflective 
power of aragonite. The values grven are only semi- 
quantitative. As the amount of precipitate recovered m 
experiments 4 and 5 was too amall for diffractometer 
analysis, Guinier X-ray diffraction photographs of thee» 
samples were therefore made. In all preciprtates obtained 
in the laboratory only aragonite was found, except for the 
precipitate obtained by addition of Na,CO, to unfiltered 
Doha Bay water (see Tables 1 and 2). The trace amount 
of magnesium calcite was found to be originally tin 
suspension in the water supplied for this experiment. It 
is clear from Table 2 that the mineral compositions of 
whiting and bottom sediment are very similar, and that 
they differ appreciably from the compositions of the 
artificial precipitates. 


Table 2, RESULTS oF X-RAY DIFFRACTION AND HXIBSION BPBOTROQRAPHIO 
ANALYSIS 


pin) of Ara d 
Sample Descripton "wa gonite Calcite calate Quartz Dolomite 
(%) (90 (%) (%) (%) 
A Whiting — 70 10 15 5 5 
els, 1961) 
B — 65 10 20 trace trace 
mont (< 2) 
[^] Bottom — 70 15 10 trace 5 
sediment 
1 Pree, from $1.5 100 E = = = 
Doha Bay 
water made 
by 00 : 
2 Ditto 325 95-100 — trace — — 
3 Pree. from 65 100 = — = = 
atuf sea w. 
4 Ditto 130 100 = = = = 
5 Ditto 32 5 100 — — — = 


^ 


F 
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Table 2 shows that pure aragonite was the only type of 
calcium carbonate to precipitate from sea-water by CO, 
extraction. This finding has also been made by other 
workers’. Furthermore, the rate of ization of 
aragonite in these experiments was Bo alow (even at the 
unnaturally high supersaturation value achieved by 
adding sodium carbonate to make the solution pH. 9) that 
such crystallization can scarcely be used to explain the 
rapid formation of whitings seen in the sea off Doha. 


K. DE GROOT 
Konmkhjke/Shell Exploratie 
en Produktie Laboratorium, 
Rijswijk, The Netherlands. 
TW, A J., and Iing, L. V, tn Deselopmenis in Sedimentology, 1, 429, 
by L. MJ. U. van Biraaten (Amsterdam, 1064). 
* Btmioass, K, Nature, 801, 492 (1064). 


An Experimental Determination of the 
Photo-lonization Cross-section of Atomic 
Hydrogen 

AurHougH many theoretical calculations of the photo- 
ionization cross-section of atomic hydrogen have been 
performed (see review by Bates'), no experimental determ- 
ination of this quantity has previously been made. 
An experiment is being carried out here which has yielded 
a value for the photo-ionization cross-section of atomic 
hydrogen at 850-6 A. 

Atomic hydrogen is produced by flowing molecular 
hydrogen through a discharge tube in which an intense 
radio y discharge is run. This dissociates a large 
fraction of the hydrogen molecules. The mixture of atoms 
and molecules is then flowed quickly through an all-glass 
absorption cell which is attached to the ent slit of a one- 
metre normal-incidenoe vacuum monochromator. Radis- 
tion emerging from the exit slit passes down the absorption 
cell and is detected by & sensitized photomultiplier placed 
at the far end of the oell. The light source used to illumi- 
nate the entrance alit of the monochromator is similar to 
that described by Garton! and consists essentially of a 
short-duration high-current spark produced by dis- 
charging a capacitor bank. The light source is filled with 
low-preasure argon gas and the radiation produced by it 
consists mainly of emission lines of neutral and multiply 
ionized argon. 

The intensity of the radiation emerging from the 
absorption oell is measured under three conditions: 
(1) intensity I,, with the absorption cell evacuated; 
(ii) I, with the absorption oell filled with molecular 
hydrogen at pressure pı; (iii) Ia with partially dissociated 
hydrogen in the absorption cell at total pressure p,. The 
degree of dissociation a is determined by the Wrede 
.Harteock method’. 

From (i) and (ii) the photo-abeorption cross-section of 
molecular hydrogen, om, can be determined from the 
equation : 

273 
1, -1, exp ( -Nou SS T 1) (1) 
where N is Loechmidt’s number, 2:09 x 10!* particles/ 
c.c., T is the absolute temperature of the gas (^K), and i 
is the length of the absorption cell (am). 

From a knowledge of « and P, the ial preasures p4, 
pu of atomic and molecular hydrogen can be calculated. 
Thus, using (i) and (iti) and the result for om derived from 
(1), the photo-ionization cross-section of atomic hydrogen, 
c4, can be found from the equation: 


P, 278 Pu 273 
II orp (- [Noa e5 F + Now qa r)i) © 


Pı, P, and « are measured at each end of the absorption 
cell and a correction for the concentration gradient along 
the length of the cell is applied. 
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Due to the difficulty in obtaining sufficient intensity at 
the photomultiplier to make reliable measurements, initial 
resulta have been confined to a wave-length, 850-6 A, 
which corresponds to a strong emission hne of the light 
source and a very small absorption croes-seotion of mole- 
cular hydrogen. 

The mean value of the molecular cross-section (together 
with the probable error) at 850-6 A is (0-213 + 0-010) x 
10"om!, which is not in t with Cook and 
Metrger's* result of ~ 8-2 x 10am? at this wave-length. 
This may be due to & difference in the effective resolution 
of the two systems; as there is no continuous absorption 
in this region the measured value of ca will depend 
critically on the resolution. Cook and Metzger used & 
continuum light source in conjunction with a mono- 
chromator with a pase band of 0-5 A. Although our 
instrument has a similar bandpase, we used a line 
source and, as tho width of the 850-6 A A IV line is 
probably of the order of or leas than 0-1 A, our resolution 
is much better than the bandpess of the instrument. 

The mean value of the photo-ionization cross-section of 
atomic hydrogen at 850-6 A is: 

(5-15 + 0-18) x 10cm!" 

This is in good t with the most recently 
available theoretical value which is given in graphical 
form by Bates!. At 850-6 A the theoretical value lies 
between 5-1 and 5.2 x 10cm. 

This work was initiated by Dr. R. B. Cairns and I thank 
him for his during the ear 
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Structure of Catena-di-,-Fluorodifluoro- 
diaquohafnium(IV) monohydrate (HfF43H20) 


ALTHOUGE the trihydrate of hafnium tetrafluoride and. 
ita dehydration produote are stoichiometrically similar 
to the corresponding compounds of zirconium, it has been. 
shown! that they are not isostructural. In general, com- 
pounds of the two elements do show identical structure. 
(for example, the anhydrous fluoridee!), and the fluoride. 
hydrates must be particularly eg iran to differences 
in bond energy. The structure of ZrF,.3H,O has been 
reported previously*, and the hafnium analogue has now 
been investigated. 

Crystals were prepared, as previously described’, as an. 
apparently homogeneous sample of colourless needles. 
Single crystal studies have, however, demonstrated the 
existence of two distinct species. One of these is mono- 
clinic, a = 25-48, b = 7-51, c = 23-02 A, B = 150°, 16 
molecules per unit cell. Reflexions are systematically 
absent for all Akl when h + k is odd, and for hkl with k 
even, when b/2 + 1 is odd. Reflexions with b odd are 
weak and are markedly diffused along o*, thus suggesting 
that the structure redises id pero disordered. Our 
investigation has not further than the location. 
of the hafnium atom positions. 

The other modification is also monoclinic, witha = 6-70, 
b = 10-55, o = 7-71 A, B = 94°, 4 molecules per unit 
cell, space group Phe. The structure of these crystals 
had no such complications and has been solved by con- 
ventional methods. The current reliability factor, 
assuming isotropic thermal motion, is 0-14. 

All light atoms were assumed to be fluorine for the 
purpose of structure factor calculation. The peak electron. 
densities on & t Fourier synthesis were 11:6, 
10-7, 9-9, 9-4, 8-6, 6-7 and 6-5 electrons A+. The smallest. 
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Fig. 1 


atom is not directly linked to a hafnium. It makes four 
tetrahedrally disposed approaches of length 2:68-2:87 A 
to other light atoms and can be demgnated & water mole- 
cule. The remaining light atoms are co-ordinated to tho 
hafnium, forming lmear chain molecules as shown in 
Fig. 1. The bridging atoms are the largest peaks and by 
analogy with aimuar structure (for example, UF, (ref. 4) 
with which HfF, is isomorphous; ZrF,.3H,O (ref. 3); 
K,2rF, (ref. 4)) are assumed to be fluorine. The assignment 
of the remaining atoms, as shown, has been made solely 
on peak height and can only be regarded as tentative. 
The oo-ordmation polyhedron about each hafnium is a 
slightly distorted anti-priam, and is very similar to that 
observed for ZrF,.3H,0 (ref. 8). The two differ in that 
the latter is a dimer, with the metal atoms linked by one 
fluorme double bridge, whereas in this structure each 
hafnium is linked to two others by fluorine bridges, thus 
formmg & polymeric chain. It is then mere coincidence 
that the presence of an extra molecule of water of orystal- 
lization gives the two compounds identical stoichiometry. 


D. HarL 
C. E. F. Rioxarp 
T. N. WarHRS 
Department of Chomistry, 
Univermty of Auckland, 
New Zealand. 
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BIOCHEMISTRY 


Mechanism of Iron Stimulation of the 
Enzymatic Activity of Ceruloplasmin 


It is well established that certain metal ions stimulate 
the oxidase activity of the oopper-oonteining protein 
ceruloplasmin with aromatic diamines and drphenols!—, 
Using N,N-dimethyl-p-phemylenediamine as substrate, 
Curzon? observed stimulation of this activity by 
several transition metal ions, for example, Fe}, Nit, 
Zn**t, Co*t and Fe*. By far the most active metal 
ion was Fe**. Conspicuous by its lack of stimulatary 
effect was Cu**. Levine and Peisach‘ confirmed Curzon’s 
observation regarding the potent stimulatory effect of 
Fe* but felt that stimulation due to the other metals 
can be explained in terms of Fe** contamination. In 
further investigations of this phenomenon, Peisach and 
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Levine’ showed that Fe* stimulated ceruloplasmin 
activity when the functional groups of the substrate 
were para related (for example, p-phenylenediamine 
(PPD), hydroquinone, but not when the functional groups 
were ortho related (for example, o-phenylenediamine, 
catechol). Cu?*, on the other hand, was stimulatory when 
the functional groups of the substrate were ortho related 
but not para related. Peisach and Levine proposed that 
enzyme copper can form either an active complex with the 


To test this hypothesis, the effect of Fe** was measured 
in ceruloplasmin systems using PPD and several of ita 
derivatives as substrates. Experimenta were performed 
spectrophotometrioally uamg & highly purified preparation 
of pig oeruloplaamin* (Agie/Aase = 0-042). The medium 
contained 0-1 M sodium &oetate buffer, pH 5-5, 0-83 mM 
subetrate, 0-023 uM pig ceruloplasmin, and varying 
amounts of Fe(NH.), (80 5. Enzyme rates were determ- 
ined by following the increase in abeorbancy at 400 mu for 
PPD, at 550 mu for N,N-diethyl-PPD, and at 610 my 
for N,N,N',N'-tetramethyl-PPD. The resulta are shown 
in Fig. 1. For all three substrates, increasing the con- 
centration of Fe causes an increase in the reaction, rate. 
An optimum Fe* concentration is attained, and further 
Increases in metal ion concentration bring about an 
inhibitory effect. Inhibition at high concentrations hae 
been observed for most transition metal ions, 
of whether or not they are stimulatory at low concentra 
tions", Alkyl gubetituente on one amino-group of the 
substrate, such as in N,N-diethyl-PPD, decrease the 
maximum stimulatory effect of Fe, while substituents 
on both amino-groupe, such as in N,N,N',N'-tetramethyl- 
PPD, decrease the effect even further. There is leas Fe*+ 
stimulation of ceruloplasmin oxidase activity in thoee 
cases where there is steric-interference of Fett o 


were performed 
similar to the one illustrated in Fig. lin which varying 
amounts of Fe* were added to the reaction mixture. For 
each experiment a different PPD concentration was used, 
end the concentration of Fe required for maximal 
stmulstion was determined in each case. Within the range 
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Rati0 or Fm* OONOEETRATION TO PPD OONCENTRATIOR AT 


Table 1. 
BXDMULATION OF COERULOPLASMIN-CATALYSED OXIDATION 


PPD conemtratiion (Fe*+)/(PPD) 
(mM) at maximum simulation 
50 0-02 
30 0-017 
10 0 01, 0-006 
3 0-01 


of PPD concentrations reported here, the ratios of Fe* to 
PPD concentrations were in the same order of magnitude. 
This strongly implies that a specific Fo*-substrate complex 
is involved in the stimulation of ceruloplasmin activity. 
Ib is that & similar mechanism is operative for 
Cu** stimulated systems. 

This work was supported by U.8. Public Health Service 
grants HH-06450 and GM-10959. One of us (W. G. L.) 
is a career development awardee of the U.B. Public Health 
Bervioe, 5K3-GM-8102. 
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Effect of Alloxan-Diabetes on the Activity 
of Citrate Cleavage Enzyme In Adipose Tissue 


Ir has been known since the work of Stetten and Boxer! 
that gluooee is rapidly converted into lipid in tissues of 
well-fed animals, while lipogenesis is greatly depressed. in 
tissues of diabetic animals. Neither liver salices nor adipose 
tissue from diabetic rate can convert glucose labelled with 
carbon-14 into fatty acids?*. The rate of synthesis of 
long-chain fatty scids from glucose by isolated tissues 
removed from normal animals is actually more rapid in 

i tissue than in liver, whether expreased on a wet 
weight or & protein basist. The relatively high rate of 
lipogenesis in adipose tissue, coupled with ite abundance, 
has suggested that this tissue may be of predominant 
Importance in the $n vivo synthesis of lipid**. While there 
has been extensive work on the ic lesions in fatty 
acid synthesis in the livers of alloxan-diabetic rate, adipose 
tissue has not been so widely studied''*. 

Recent work has shown that citrate has an important 
He, oan fonction in both carbohydrate and fat meta- 

ism’-*, Citrate can provide a source of acetyl-coenzyme 
A (CoA) for fatty acid synthesis in the soluble fraction 
of the cell by means of the citrate cleavage enzyme: 

Citrate + ATP + Cod = acetyl-CoA + axaloactate + ADP + orthophosphate, 


In the livers of alloxan-disbetio rats this enzyme is 
decreased to approximately half the control value’. In 
ioe ee eee 
this enzyme is thought to play in the control of lipo- 
genesis’, it seamed of interest to investigate ita activity 
in adipose tissue which is specifically adapted to the 


formation of fat. An additional advantage m investiga- 
tions on adi tissue is the absence of such alternative 
pathways metabolism of acetyl-CoA as cholesterol 
synthesis 


The changes in the activity of citrate cleavage enzyme 
in the liver and adipose tissue of alloxan-diebetio rate are 
shown in Fig. 1. In agreement with the resulta of Korn- 
&oker and Lowenstein’, it was found that the citrate 
cleavage enzyme in liver fell in the alloxan-diabetio group 
to approximately half the control value. The differences 
were highly significant whether expressed aa aotivity/g 
liver, aa aotivity/mg protein or as total activity in the 
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whole organ. ETE E pese M ee M 
ever, even more striking. In the xan-diabetio rata the 
enzyme &otivity fell to only about 16 per cent of the 
control value. Similar results were obtained when the 
date were expreased as total activity in the two epididymal 
fat pads or as activity/mg tissue protein. In view of the 
very striking changes in the weight of the adipose tissue 
due to the depletion of the fat content in diabetes, the 
results are probably not meaningful when expreesed as 
activity/g tissue. 

The present observation that, in diabetes, citrate 
cleavage enxyme of adi tissue falls more i 
than that of liver may be considered in the light of the 
different functions of these tissues. While the main 
fanction of adipose tiasue would seem to be the formation, 
storage and release of fatty acids, liver has many functions 
in which acetyl-CoA is required. Among these functions 
requiring acetyl-CoA the formation of cholesterol is of 
importance and it has been shown that the rate of 
formation of this is not dimmished in alloran-diabetio 
rata". Consistent with this observation is that diroct 
measurements have shown that acetyl-Ood content of 
liver is almost unchanged in diabetio rate!!. Further, in 
the present experiments, parallel measurements of 
enzymes of the Phosphate pathway (glucose-6- 
phosphate deh and 6-phosphogluconate de- 
hydrogenase) in liver and adipose tiasue have shown & 
more marked fall in the latter tissue; again this may be 
correlated with the greater decline in reductive synthetic 
processes. The fall in citrate clea enzyme could be 
an important factor in the accumulation of citrate within 
the liver which is known to occur in alloxan-diabetes and 
starvation’. Accumulation of citrate within the cell can 
have & complex action on the control and direction of 
both fatty acid synthesis and carbohydrate metaboliam. 
Citrate, in addition to being a precursor for acetyl-CoA, 
can also activate acetyl-CoA carboxylase, the rate 
limiting step in fatty said synthesis fram acetyl-CoA 
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(ref. 12). In diabetes this stimulatory effect is, presum- 
ably, counteracted by the fall in activity of acetyl-CoA 
carboxylase and fatty acid synthetase and by the in- 
hibitory action of long-chain acyl-CoA derivatives’. These 
effects could also be related to the known action of citrato 
in inhibiting phosphofructokinase!*, The inhibition of 
enzyme, which is an important control point in the 

glycolytic pathway, could lead to a decrease in the rate 
of formation of a-glyoerophosphate and to the esterifica- 
tion of fatty acids. Howard and Lowenstein“ and Tzur, 
Tal and Shapiro" have pointed out the key role of a-gly- 
cerophosphate in the regulation of fatty acid synthesis. 

Many of these control mechanisms have been demon- 
strated only in liver. The very marked fall in citrate 
cleavage enzyme in adipose tissue suggests that a similar 
B3quenoe of events may also occur in this tissue. 

This work was supported in part by a grant from tho 
British Empire Cancer Campaign for 


JosrAH Brown * 
Patricia MOLEAN 


Courtauld Institute of Biochemistry, 
Middlesex Hospital Medical School, 
London. 
ed pecta] Yellow of the 0.8 Public Health Service, from the Department of 
, University of Oallfornia, Los Angeles. 

* Btetten, Jun , D , and Boxer, G. H., J. Biol. Chem., 186, 271 (1944). 
Oberniek, 8. 8., Ohatiroff, T. L., Masoro, H. J., and Isaeff, B , J. Prol. Cham., 
188, 5£7 (1980). i s 
' Hamaborger, F. X , Milstein, 8. W., and Batman, R, J., J. Biol. Chem., 808, 
* Frita, I. B., Phynol. Row., 41, 52 (1981). 
* Masoro, H. J., J Lig: Res., 8, 149 (1962). 
* Vagelos, P. R., Ann. Revs. Biochem., 83, 189 (1904). 
" Lowenstein, J. M , in Oxygen wi the Animal Organum, Intern. U Brot. 

Symp. Ser., 31,103 (Paga. Press, 1904). nd 
* Brere, P. A., Nature, $08, 766 (1065). 
* Kermecker, M. B , and Lowenstem, J. ML, Brochan. Brophy. Acia, 64, 400 
?* Kornacker, M. 8., and Lowenstein, J. I., Biochem. J., 94, 209 (1965). 
nw 0., 4* ds la F'édératvon wisraaiionals du Di Génbve, 
Ti GEdhüons &deorne ct Hygiène, Génbve, 1901). na 


Peau V raa Lowry, 
“Howard, O. P., and Lowenstam, J. M, Pick. Diophys, Acia, 84, 138 


= Tu, E., Tal, H., and Shaptro, B , Hock, Biopkye. Acta, 84, 18 (1064). 


Effect of Anionic Polyelectrolytes on the 
Formation and Composition of Plasma 
Euglobulins 

Ir is historically interesting that euglobulin, the fraction 
sponteneously precipitating from diluted acidified serum, 
was the first serum protein fraction to be inveetigated!. 
There is evidence that these fractions contain insoluble 
complexes resulting from electrostatic interaction between 
chondromucoprotein’, negatively charged above pH 2 
due to dissociated carboxyl and sulphate groups on the 
chondroitin sulphate moiety, and proteins positively 
charged at plasma pH values below their isoelectric points, 
dissociation into soluble components occurring at pH 
values above those at which they were precipitated®.4. 
The amount of euglobulins precipite depends on 
plasma chondromncoprotein concentration, while their 
composition and biological activities, notably their 
content of plasminogen and peroxidatic-active methaem- 
albumin’, are a function of plasma pH. 

Nucleic acids and other anionic polyelectrolytes also 
interact electrostatically with cationic plaama proteins’, 
and euglobulins precipitated at low ionic strength at 
certain pH values contain protein-protein complexes 
formed, for example, following interaction between basic 
Y-globulins and acidic a- and f-globulins'. OChondro- 
muooprotein, however, is of special interest since, unlike 
other plasma proteins, it is strongly anionic over a wide 
pH range. It is also the naturally ing form of con- 
nective tissue chondroitin sulphate, the blood and urine 
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concentration of which is raised in certain diseases and in 
rabbite rendered chondrolytic by papain and plaaminogen 
injections’. 

However, protein fractions precipitating from plasma 
following dialysis or salting-out procedures are also 
termed ‘euglobulins’, and the fo ing experiments were 
carried out to determine whether composition of 
these fractions was also affected by chondromucoprotein. 

Buglobulins precipitated by dialysis of plasma agains 
water at neutrality. Euglobulins precipitated from normal 
pimus by this method contain globulins insoluble at 
ow ionio strength near their isoelectric pointe’, in addition 
to complexes formed by interaction of y-globulins, 
positively charged above pH 6-5, with acidic a- and 
B-globulinsg!. 

Human plasma (2 ml.) and 0-9 per cent sodium chloride 
(1 ml.) were measured into two tubes (4 and B). Into 
tube A waa added 0-9 per cent sodium chloride (0-67 ml.) 
and into tube B was added chondromuooprotein dissolved 
in 0-0 per cent sodium chloride (0.07 ml., prepared aa 
described elsewhere‘, and oonteming 1:9 mg of chondro- 
mucoprotein expressed as chondroitin sulphate). Each 
mixture was dialysed in air-tight vessels for 5 days against 
15 changes of distilled water from which dissolved atmo- 
spheric carbon dioxide had previoualy been expelled by 
vigorous boiling. The final plasma pH was 7:0. Tho 
precipitated eugiobulins were measured turbidimetrically 
at 400 mu in a Unicam spectrophotometer (SP 500) 
in oells of 1 cm light path, extinction values for mixtures 
A and B being 0-294 and 0-070 respectively. 

These results indicate diminished euglobulin precipita- 
tion at high chondromucoprotem concentration. The 
reason for this is obecure, but may be related to a protec- 
tave colloid effect exerted by chondromucoprotein, a 
property shared by other mucosubstances!*. 

Buglobulens precipitated by dialysis of plasma against 
water containing dissolved atmospheric carbon dioxide. 
Plasma was dialysed against distilled water from which 
dissolved atmospheric carbon dioxide had not been 
removed by boiling. Under these conditions the plasma 
pH fell to 6-3. Euglobulin formation, assessed by measure- 
ments of protein, lipoproteins (as cholesterol), olotteble 
fibrinogen and sialoproteins (as aislio acid) in the pre- 
oipitetes, was inoréased in the presence of added chondro- 
mugoprotein 88 shown in Fig. 1, an effect observed previ- 
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ously in eugiobulins precipitated from diluted plasma by 
the direct addition of acid*-. 

Euglobulins preospitaied from plasma by neutral salts. 

_ Euglobulins were precipitated from plasma by adding 
sodium chloride or ammonium sulphate to 100 or 33 per 
cent saturation respectively. The amount and composition 
of these fractions, which contained fibrinogen and y-globu- 
lins*, were unaffected by variable plasma chondromuco- 
protein concentration. 

It is postulated that fractions precipitated from acidified 
plasma, whether by direct addition of acid or by dialysis 
of plasma against distilled water containing dissolved 

heric carbon dioxide, contain insoluble complexes 
fo: by electrostatio interaction between anionic 
chondromnooprotein and those plasma proteins cationic 
at pH values below their isoelectric points, their composi- 
tion. and biological activities depending on the precipitat- 
ing pH. In conformity with these conclusions, euglobulins 
precipitated on dilution and acidification of plasma 
collected from rabbits after papain injection, when the 
chondromucoprotein. concentration as a result of 
chondrolysis can be raised some 100-fold, are considerably 
bulkier than those precipitated from normal rabbit 
plasma‘. 

Euglobulins precipitated from neutral plasma, on the 

b other hand, whether by salt fractionation or by dialysis 
against distilled water free of carbon dioxide, were 
not increased in amount in the presence of added chondro- 
muooprotein. This result was expected since at neutrality 
most of the plasma proteins were negatively charged and 
therefore unavailable for electrostatic interaction with 
chondromuooprotein''*. 

It is evident that, in addition to the complex mechan- 
iams known to be involved in the aetiology of euglobulins 
precipitated from diluted acidified plasma, electrostatic 
interactions must be added, involving chondromucopro- 
tem, the presence of which profoundly affecta the amount 
precipitated, their composition and their biological 
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Labelling Rates and Detection of Intermediates 
In Mitochondrial Phosphorylations and other 
Sequential Reactions 


Usu of isotopes frequently provides & sensitive tool for 
detection of small concentrations of intermediates in 
metabolic sequences. Valuable information about the 
possible participation of an intermediate may often be 
obtained by measurement of rates of appearance of 
isotopic tracer in a possible intermediate and in & subse- 
quent metabolio product. Such approaches have recently 
been xi to the assessment of possible phosphorylated 
intermediates in the formation of ATP by mitochondria, 

Y- but important differences in the interpretation of the 
resulta have arisen’. 

Slater e£ al.t reased the view that the rate of labelling 
of any intermediate must equal or exceed the maximal 
rate of labelling of the product. In contrast, Bieber e£ al.? 
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felt that such a criterion was not applicable to many 
plausible metabolic situations. Later, Slater and Kemp’ 
objected to the interpretations of Bieber ei al.. Although 
other items were also presented by Slater and Kemp'?, they 
appropriately em i that: ‘The pomt dıs- 
cussion is the validity of kinetio criteria for disti i 
between posible reaction pathways in mitochondria.” It 
is toward this point that this communication is directed, 
in particular to a further assessment of the oriterion 
previously expressed’ and recently re-stated? as: “We 
wish to.reaffirm our view that the criterion that a given 
compound is an intermediate in oxidative phosphorylation 
should be that the initial rate of ite labelling from "Pj 
should not be less than the maximal rate of labelling of the 
product.” They assume that the initial rate will be the 
maximal rate of labelling of an intermediste, an assump- 
tion which will hold only under certain conditions. 

will be demonstrated here, however, the oriterion suggested 
by Slater et al? is invalid because either the initial or 
the maximal rate of labelling of an intermediate in meta- 
bolically plaumble sequences may be far lees than the 


phosphorylations but also to many other sequential 
reactions. 

As an dae ae system to demonstrate the lack of 
py seeded of the criterion suggested by Slater and 

p ae , & sequence of reactions 
might logically ocour in mitochondrial phoephory- 
lations may be considered. This sequence is one in which 
"P. from the reaction medium first enters a pool of 
intramitochondrial Pj, thence passes through an inter- 
mediate, present in much smaller amount than the intra- 
mitochondrial Pi, to form ATP. Such a system is indicated 
schematically in Fig. 1. Only unidirectional reactions 
need be considered because even such a simple system 
suffices for mathematical demonstration that the initial or 
the maximal rate of labellmg of an intermediate may be 
considerably lees than maximal rate of labelling of the 
product. 

The point to be demonstrated for the scheme icted 
in Fig. 1 is that the rate of appearance of tracer, added as 
P,, in the intermediate, P,, at any time will be oon- 
mderably leas than the maximal rate of ap oe of 
tracer in the product, P,. For derivation of the relation- 
ships governing such a system, leb the amount of radio- 
activity present in the various pools be C,, C,, Cs, and Ox 

ively, and the rate of formation of P, = r. Assume 
that synthesis of P, is preceding at a constant rate, and 
that a trace of isotope is added to P,, with a resultant 
specific activity of C,/P,. Then for appearance of isotope 
ın C,, the appropriate relationship is: 


d0, Qr _ 10 Í 
d RUE (1) 
which on integration gives: 
P 
C, = Q3 a — enm) (2) 
e 
For the appearance of radioactivity in C,: 
Bos uu e ct (3) 
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Substituting from equation (2) mto (3) and integrating 
giv eg: 
P, /1 — Pien, — Pretty 
a= = = P, — p ) (4) 
For the appearance of radioactivity in C,: 
oo (5) 
di P, 
_ Substituting from equation (4) into (5) and integrating 
gives: 
G Pife-UP, — Pjie-nP, 
= (w+ ERE ~P,-P) (9 


Alternatively, in & system in which the P, 1 18 
lacking, so that the sequence is simply P, — P, — P,, the 
appearanoo of label in P, would be given by tho relation- 

tp: 





B 
UR + (a = etm.) (7) 
and the appearance in P, by the relationship: 
O = (n —P, + Pew) e) 
To demonstrate the relative labelling rates which might 


ensue in such a system, assume that r = 1 (for example, 
1 umole of ATP being formed per second), P, = 10 moles, 
P, = 01 umole, and C, /P,, after addition of isotope = 1 
(for example, 1 pourie of *P per umole). Calculations from 
equations (2), (4), and (6) give labelling patterns ae 
illustrated in Fig. 24. Note that the curve for O, is multi- 
plied by 50, and thus that the maximal rate of ap co 
in isotope into P, far exoeeds the maximal rate of appear- 
ance into the intermediate, P,. Only at the very outset, 
where the rates and the extent of labelling of both P, and 
P, are very small, and thus would not be experimentally 
rate of appearance of label in the intermediate exceed the 
rate of appearance into product. 

If the 1 P, were not present, the labelling of P, and 
P, as es] from equations (6) and (7), would be aa 
measurable in most cmrcumstancea, does the actual 
illustrated in Fig. 2B. As contrasted to the situation when 
P, participates, of particular importance is the expected 
rapid initial rate of labelling of P, and the very amall lag 
in the labelling rate of P,. Such a system, in which P, is 
formed directly from P,, and P, does not equilibrate with 
any other l, fits the labeling pattern visualized by 
Slater and Kemp’, namely, the initial rate of labelling of 
the intermediate as the maximal rate and equal to the 
maximal rate of labellmg of product. 

In both systems depicted by Fig. 24 and Fig. 2B, the 
labelling of P, meets a quite separate criterion previously 
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suggested by Bieber ef al! for an intermediate, namely, 
that an intermediate should approach maximal i 

as soon as or before the maximal rate of labelling of ATP 
ooours. Plots of percentage of maximal labelling, con- 
trary to the suggestion of Slater and Kemp’, oen thus be ' 
quite useful. 

The disparity in labellmg rates for P, and P, in a system 
as depicted by Fig. 1 can be readily quantitated for the 
values used in calculating the curves of Fig. 24. The 
rate of labelling of O, is given by the derivatives of equa- 
tion (4), which is: 


aC, OP, 
“a 7 BP. PS (cx x enm.) (8) 


The time at which maximal rate of labelling of C, occurs 
corresponds to that at which the second derivative of 
equation 4 equals 0. The sppropriate relationship is: 


GO, _ Ot (er eth 
a 7 Be.— Pps P P, 


For conditions as in Fig. 24, this derrvative equals zero 
at t = 0-46 seo, and the maximal labelling rate of C, may 
be calculated from equation (8) to be 0-0096 unita of radio- 
activity per second, whereas the maximal rate of P, 
(ATP) labelling is r €, /P, or 1. Thus even though P, isan 4 
intermediate m P, formation, the maximal rate of labelling 
of P, would be only 0-96 per cent that of P, in the reason- 
able model under discussion. Slater, Kemp, and Tager! 
observed that the maxmal rate of labelling of bound 
phosphohistidme in mitochondria was 1:5 per cent of the 
rate of labelling of ATP. Clearly on this basis alone and as 
pomted out by Bieber et al*, bound phosphohistidme 
cannot be excluded as an intermediate in formation of 
most of the mitochondrial ATP. 

The important contributing factors to a slow labelling 
of the intermediate P,, as compared to the labelling of P, 
(ATP) from "P; in the scheme of Fig. 1, are the participa- 
tion of the relatively large pool, P,, as a precursor to PB, 
and the amall size and rapid turnover of P,. The latter 
features are quite plausible for any intermediate in 
oxidative phosphorylation. The occurrence of & lag in the 
labelling of ATP, well-demonstrated by the resulta of 
Slater et al! and of Bieber e£ al, gives strong evidence for 
the existence of & pool of considerable mze through which 
=P, must pass or with which P, may equilibrate during 
the synthesis of ATP. The extent of any lag ia an obvious” 
function of the size of this pool. This is illustrated by the 
very small lag m ATP labellmg exhibited when the syn- 
thesis of ATP is considered to involve only the amall 
amount of P, as an intermediate (Fig. 2B), as compared 
with the partierpation of an appreciable pool 
(Fig. 24). As mentioned previously, lag in 
P, (ATP) labelling and a slow rate of P, 
labelling would also result if P, were a pool 
which rapidly equilibrated with P,, rather 
than serving es & precursor. In such a case, 
no lag would be observed with labelling of the 
intermediate. 

The model system used in this communica- 
tion to illustrate the limitations of the 
labellmg data considers only a net flux of 
reactants in one direction, homogeneity of the 
reactant pools, and lack of other pools which 
the reactants equilibrate with or pase through. 
Much more complex relationships might exist 
in mitochondria, and labelling patterns with 
flux in both directions could be asseased by 
tracer methodology as elegantly discussed 
by Sheppard‘. jim ce complexity of 
systems would not relieve the limitations of =f 
the simple model, and could introduce ` 
additional limitations. 

The discussion of labelling patterns of inter- 
mediates is an outgrowth of experiments on 
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the metabolic role of bound phosphohistidine’’, and earlier 

ions from this laboratory that phosphohistidine 
appeared to be an intermediate in oxidative phosphoryla- 
tion. The most definitive information about the metabolic 
role of this substance in mitochondria has come, not from 
measurements of labelling rates, but from observations of 
the close association of bound phosphohistidine with suo- 
cinate thiokinase**. Much or all of the bound phospho- 
histidine of mitochondria may participate in the succinate 
thiokinase reaction, but participation of some of the 


reactant to a product, with addition of isotopic tracer 
to the reactant, a compulsory intermediste may show 
a much smaller maximal rate of labelling than the product. 
This is the case when the intermediate is present in small 
concentrations, has & rapid turnover, and is formed from 
& pool or substance of higher concentration initially 
labelled by the reactant. Similar considerations would 
hold if the intermediate were formed directly from the 
reactant but equilibrated with the other pool or substance 
before forming product. As applied to mitochondrial 
oxidative phoephoryletions, this means that & phosphoryl- 
ated intermediate might show a much slower rete of 
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Basan on his observation that mitochondrial protein- 
bound phosphohistidine becomes maximally labelled with 
added radioactive i io before maximum 
labeling of the i ATP ie reached, Prof. 
Boyer concluded in 1963 that protem-bound phos- 
phohistidme is an intermediate in respiratory-chain 
phosphorylation. By the summer of 1964, it was generally 
accepted that phosphohistidme is not on the mam 
pathway of is of mitochondrial ATP, but on the 
relatively slow side-path catalyzed by succinyl-CoA 
synthetase and nucleosidediphosphate kmase. We had 
already pointed out early in 1964 that the kinetics of the 
incorporation were inconsistent with Boyer’s theory and 
supported phosphohistidine as an intermediate on a slow 
side-path’. ; 

What are the lessons to be drawn from this experience? 
Our oonolusion is that the criterion for an intermediate of 
respiratory-chain phosphorylation used by Prof. Boyer is 
insufficient and that the more rigorous criterion empha- 
sired in our recent communication’ should be 
This is that the initial rate of labelling of the proposed 
intermediate should not be leas than the maximal rate of 
labelling of the ATP. Prof. Boyer now states that there 
are circumstances in which the maximal rate of labelling 
of the intermediate could be very much leas than the 
maximal rate of labelling of the ATP. 

ceca radar ea iU 
Boyer, this would be the case. However, I do not agree 
that these conditions are likely to apply. In the model 
P, —P,— P, > Ps, the transformation P, — P, representa 
the mixing of the medium inorganic phosphate with 
intramitochondrial inorganic phosphate, which is of 
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quite a different character from the chemical transforma- 
tions P, — P, and P, — P,. There is an important impli- 
cation buried in the ion that, bmmediately after 
adding radioactive inorganic phosphate, the rates of all 
transformations would be the same. This would only be 
the case if the rate-limiting step of oxidative phosphory- 
lation (or of the inorganic phosphate-ATP exchange 
reaction) were the tion of added imorganic phos- 

te into & mi ondrial pool of inorganio te. 

this likely? Is it not more likely that the rate of the 
transformation P, — P, will be greater than that of the 
other transformations, and that P,, and therefore C,, will 
rapidly decrease immediately after ing the radioactive 
phosphate? If this is the case, the tical treat- 
ments leading to equations 1, 2, 4 and 6 would be invalid. 

The linear kinetics of labelling of phosphohistidine up to 
almost maximum labelling, previously reported (Fig. 2, 
ref. 2), shows that this ing does not follow the model 
li sei o eon The initial rate of labelling may 

accurately calculated. Thus, the simpler assumption, 
which we made, namely that the mixmg of added morganio 
phosphate with a pool of mitochandrial phosphate is not 
Pato linaiting in phosphohistidine labelling, would appear 
to be justified. 

Prof. Boyer? argues that the in ATP labelling which 
we found shows the existence of a pool of considerable 
sixe through which radioactive phosphate must pase during 
the synthesis of ATP. Whether or not this is the correct 
explanation of the lag, it would not cause an over-estimate 
of the ATP labellmg and would not, therefore, affect our 
conclusion that the rate of labelling of the ATP was much 
greater than that of the phoephohistidine. 

Everyone agrees that there is now no evidence that 
ph istidme is an intermediate of respiratory-cham 
phosphorylation. 'The only ion at issue is: what 
criterion should we apply to the next claim, that a labelled 
phosphate component of mitochondria is the long-sought 
‘X~P’ of oxidative phosphorylation ? Prof. Boyer 
reiterates that his criterion is sufficient, and that a slow 
rate of labelling of the p X ^P can be accounted 
for by the considerations which he brings forward. I fear 
that adopting this criterion alane might lead once agam 
to an unfounded claim. I suggest that, instead of explain- 
ing away a slow rate of labelling, conditions be sought in 
which these considerations do not apply, as is the case 
with phosphohistidinme. For example, under some oon- 
ditions there is no measurable lag m measuring the in- 

ion of radioactive phosphate into ATP, so that a 
“pool of considerable size” is not always present. 

I agree that there are circumstances m which a phos- 
phorylated intermediate might show a much slower rate 
of labelling from radioactive phosphate than does ATP. 
An example where we bad to take this possibility into 
consideration comes from some recent work of Mr. A. 
Kemp, jun. and Dr. R. B. Tobin in this laboratory. 
They found that, in the same experiment, the relative 
rates of labellmg of phosphohistidine, Beyer’s phospho- 
protein! and ATP were 1:8:0-14:100.  Sinoe we 
have already excluded phosephohistidino as an inter- 
mediate, it might appear easy to exclude the still more 
slowly labelled Beyer phosphoprotein. However, there 
is a special feature of the labelling pattern in this 
case which precludes us from applying the same 
argument which we applied to the case of phospho- 


histidine. When the percentage of maximum labelling is - 


plotted against time (Prof. Boyer’s procedure), the curves 
for ATP and the Beyer protem fall on the same line. 
It is, in this case, possible that the rate of the reversible 
reaction X ~P + ADP = X + ATP is so much faster 
than the rate of formation of X~P that the measured 
rate of incorporation of radioactive phosphate into X ~P 
represents only the rate at which ATP reaches isotopic 
equilibrium, and nothing can be said about the rate of 
incorporation of inorganic phosphate into X~P. Thus, 
although Beyer’s phosphoprotem fulfile Prof. Boyer's 
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criterion, I am not yet p to accept it as an mter- 
mediate of respiratory-chain phosphorylation. However, 
although it does not fulfil my criterion, & special circum- 
stance does not allow us as yet to exclude 16 as an inter- 
mediate. Further experments are required. Incidentally 
there was no time lag of labelling of ATP in this e i- 


ment. 
E. C. SLATER 
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Carbamyl Phosphate as an Essential 
Component of the Flattening Factor for 
Cells In Culture 


A cOMPOUND of low molecular weight which causes 
attachment and flattening of cells in culture was prepared 
from the growth-promoting a-globulin'. The protein from 
which this low-molecular compound was isolated was 
prepared by chromatography on 'DEAE'.oelluloee!; in 
further experiments it was found that this protein could 
be imactivated by filtration through ‘Sephadex G-25'. 
Reactivation occurred after incubation of this protein 
with N&H,PO, or with NaHCO;; if not incubated with 
salts, the protem caused flattening of cells in 4—8 h, so that 
the process of flattening was prolonged. 

These findings suggested that the active factor contained 
a compound of low molecular weight, capable of binding 
an inorganic salt. For this reason, the active protein was 
chroma hed in & butanol-acetic acid-water mixture 
(4:1: 5) without deproteinization. ' Staining with 
bromocresol green disclosed two components, Rr 0-08 
yellow and Rr 0:16 blue; this active system also contained 
& protein which remained at the starting spot. On chro- 
matograms treated with ninhydrin one-colour reaction 
only was obtained. The same Rp-values and the same 
reactions were obtained with carbamyl phosphate pre- 
pared according to the method of Spector Janes and 
Lippman’. 

To mveetigate the significance of carbamyl phosphate 
for cultivation, HeLa cells were used. The cells were 
incubated in a synthetic medium‘ containing carbamyl 
phosphate in a concentration of 20-200 ug per ml. At 
37° O the cells attached to glass within 1 h and within 
20 h they were all flattened, but they did not flatten as 
well as in & medium with a-globulm. It was further 
observed that on supplementation of this synthetio 
medium with insulin the cells flattened well. 

These resulta were not unexpected, because the orystal- 
lme carbamyl phosphate prepared by direct crystallization 
from the active protein behaves in the same way. In 
contrast to the arystalline carbamyl phosphate, a low- 
molecular compound prepared from the same protein after 
incubation with erythrocytes, and cauamg a flattening 
of cells to the same extent as the growth-promoting 
a-globulin, contained at least ten ammo-acids in acid 
hydrolysate!. 

JikRf Mionr* 

Tissue Culture Department, 

Institute of Sera and Vaccines, 
Prague, 
Czechoslovakia. 
Serpe pst Sergent Taboa Sore Ce 
1 Miahl, J , Foha brologios (im the press). 
* Michl, J., Nature, 802, 1183 (1064). "e 
erdt tud J satan pea eto 
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Decomposition of Benzhydrol catalysed 
by Boric Acid 


Ix a recent investigation of the secondary decomposrtion 
mechanisms m the pyrolyms of esters, it was discovered 
that the borate of benzyl alcohol decomposes to anthracene 
and reamous substances’. This result supporta the con- 
tention of Chapman and Borden! that the elimmation 
involves an ianic mechanism. 

In an attempt to extend the synthetic capabilities of 
this reaction, the pyrolyms of benzhydrol was undertaken. 
Tho pyrolysie was conducted m the usual manner: the 
alcohol (1-84 g, 0-01 m) and boric acid (0-62 g, 0-01 m) 
were mixed in & ‘Pyrex’ tube and slowly heated to 140°. 
After 2 h the temperature of the heating bath was slowly 
raised to 280°-290°. Decomposition was complete after 
lh. The crude products were then dissolved in benzene 
and chromatographed on aluminis. Elution with benzene- 
petroleum ether gave three products; benzophenone 
(0-183 g), diphenylmethane (0-085 g) and s-tetraphenyl- 
ethane (0.248 g). Neither 9,10-diphenylanthracene nor 
other fluorescent derivatives were located. 

To explain the different pyrolytic routes of benzhydrol 
and benzyl aloohol, it was suggested that benzhydrol may 
have undergone ether formation rather than the ee aca 
borate ester formation as in the case of benzyl aloohol. 
This explanation is reasonable, smce benzhydryl ether 
does give rise to these producta under thermal conditions", 
and, theoretically, the rate of ether formation in the 
benzhydrol reaction would be expected to be faster than 
benzyl ether formation, amce the activation energy 
required for the formation of diphenylmethyl carbonium 
ion would be lower than the energy required for the 
benzyl cation. In an attempt to support this concept, the 
pyrolysis was repeated; however, in this experiment the 
degradation was conducted only at the lower temperature 
for 2h. At the end of this tame, the contenta of the tube 
were cooled and then extracted with ether. On evaporation 
of the solvent. crystals of benzhydryl ether (1:50 g, 85 
per cent) were deposited. The compound was identifled 

y infra-red analyms and mixed melting point determine- 
tions. 

Under these conditions, therefore, the pyrolysis of 
benzhydrol appears to involve the formation of benzhydryl 
ether, and the final producta are produced from the de- 
composition of this intermediate. 


Department of Biochemistry, 
Louisiana State University, 
Baton Rouge, 
Louisiana. 
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Pregnant Mare Serum Gonadotrophin Potency: 
Effect of Single and Multiple Injections 


lr has been demonstrated that a aingle subcutaneous 
injeotion of pregnant mare serum gonadotrophin (PMSG) 
is as effective as multiple injections of the same amount of 
PMSG on the weight increase of the immature rat ovary". 
However, it was later shown that multiple injections of 
PMSG were more effective in producmg an increase in 
testis weight cf three-day-old oockerels than a single 
injection of the gonadotrophin’. Because of these opposmg 
views, it was of interest to re-mvestigate the chick testis 

nge with & more sensitive assay method. 

m assay was developed that made use of the incorpora- 
tion of inorganic phoephorus-32 into testes of two-day-old 
cockerels as the end-pomt for gonadotrophin aotivity*. 
The phosphorus-32 end-point was more sensitive than 
gonad weight change, and the incorporation of this isotope 


+ 


both log-doee response lines were 
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Table 1. UPTAKE OF PHO&PHORUBR-33 BY CHIOK TESTER AFTER SINGLE AND MULTIPLE PHBG INJEOTIOKS 
n Three tnjections 
with PHBG o.p.m./mg + S.D Inerease o.p.m./mg + S.D Inerease 
av.) (2 vA 
0-625 43-48 4 19:88 48 24°88 + 6°25 15 
1°25 54:02 + 18°21 78 45-04 + 8-03 51 
2-50 02-16 + 15-21 106 56-54 + 12-20 86 
Low ta Middieua High ia Lowmk Middleonk Hughosk 
Dosages of PHBG (LU.) 0-625 1-25 f 0:025 1-25 2°50 
Sums (c.p.m./mg) T8374. 972-28 1,118-95 620-00 82-00 1,017-944 
Sums Mean r 
Sy 26,062-70 -58 1:46* 
vu. unknown 1,499-61 1,499-61 Ht 
Oombined 7,857-8b 7, 337-85 43: 
Lack of 41°16 41:16 0:24 
Oombtned 12-54 12-54 0:07 
Opposed curvature 5-26 5-28 0-08 
17,166-28 168-30 


W = Sry T 50°05 per cont 
[for groupe, 18; for sample, 108. „Control oe a oo Da Hach chok received 5:5 po. phosphorus-82. Blope, 33-64. 1, 0-8807. 


* Significant at greater fagntfioant at greater than 0-01. 


Table 2. UPTAKE OF PHOAPHORUS-32 BY OHICK TESTES AFTER SINGLE AND MULTIPLE PHBG IWJECTIONS 


‘Treatment Ons sae Three injections 
PHBG (L.v.) e.p.m./mg + S.D. Ios o-pm./mg + S.D. " 
1:25 87:78 + 5-12 00 27.35 + 4-33 16 
2 50 40-10 + 9:78 108 37-05 + 0-18 00 
5-00 56°83 + 6-06 140 47°76 + 5-79 102 
id Wid diaid Lowenk Middieank ok 
Dosage of PMBG (LU.) 1:25 2°50 1-25 2:50 5 
Sars (o. p.m. /mg) 755°70 983-50 1,186-52 546-07 758-07 99:17 
Tactonal analysts 
Sams F 
Sy 15,714:77 132 $e 3-18" 
v3. unknown 8,145°83 3,145°83 75:82* 
a 7,781:90 ,T81-90 18T7:60* 
Lack of 9-37 9-37 0-23 
Oombtned curvature 23-88 $3:88 0:82 
Opposed curvature 14-90 14-30 0-34 
4,729-49 41-49 


A Ts 
M = Sry c 07 per ont 


was linear for the log-dose response line with ug quantities 
of follicle-stimulating hormone and  mterstiti&l-oell- 
stimulating hormone. In addition, it has been shown that 
the uptake of phoephorus-32 is also linear with the log- 
dose of PMSG treatment between 0-625 and 20-00 Inter- 
national Unita (r.u.). The PMSG-chick testis response 
was re-investigated by the phosphorus-32 assay method, 
rather than gonad weight change, because of the greater 
sensitivity of the isotopic end-point. 

In Tables 1 and 2 the uptakes of phosphorus-32 by 
testes in chicks which received a single hormone injection 
36 h before autopsy are compared with theuptakes by testes 
in chicks which received the hormone im 8 injections 36, 
24, and 12 h before autopsy. Both experiments indicated 
that greater testicular stimulation (measured by incorpora- 
tion of phosphorus-32) occurred with the single PMSG 
injection. The two experiments cannot truly be compared 
because the quantity of phosphorus-32 injected into the 
assay chicks was not the same for both i ; how- 
ever, it can be noted that increasing amounts of PMSG 
caused an imereased uptake of phosphorus-32. The 
phosphorus-82 incorporation was linear when related to 
the log-doee of PMSG for both experimenta. : 

The data ın Table 1 indicate that amall quantities of 


effectivences of the PMSG, measured by the incorporation 
of phosphorus-32, was much greater when administered 
as & single injection. These data were analysed by a 
balanced factorial analysis’. The resulte indicated that the 
standard treatments (single injection) differed signifleantly 

from the unknown treatments (multiple injections), but . 


el. This response 


f for 20; N for sample, 180. Control o.p.m./mg. 38-64. Hach chick reoerved 8-0 bosphorus-3?. Slope, 82-77. 7, 0-1965. 
Bia iMan} af greater than 6-1. puer zs 


indicated that these p tions differed only in potency, 
and therefore the tive potency of the unknown 
treatments was calculated. It was found that PMSG, 
administered m three injections, was only 59-9 per cent a8 
potent as the same amount of hormone given in a single 
injection. 

To determine if this type of response could be dupli- 
cated, another experiment, using alightly greater concen- 
trations of PMSG, was performed. These data are presen- 
ted in Table 2, and the resulta are similar to those of the 
previous experrnent. The angle PMSG injection caused 
& much greater incorporation of phosphorus-32 than did 
the same amount of gonadotrophin administered in three 
injections. The relative potency was calculated, and ıt was 
found that the multiple injections of PMSG were only 48-7 
pen cent as potent as the single gonadotrophin injections. 

These resulta support the earler observations which 
indicated that a single PMSG injection was as effective as 
were multiple injections. The explanation for this phen- 
omenon is that the molecular size of PMSG, 68,000 (ref. 
T), is too large to be cleared by the ludney, and con- 
sequently, 1t remains in the circulation until utilized or 
degraded. This explanation would seem at present to be 
the best one for this phenomenon. 
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University of Utah, 

Salt Lake City. 
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Creatine Phosphokinase Isoenzymes 

Onrar phosphokinase (adenosine triphosphate: crea- 
tine phosphotransferase) has been shown y electro- 
phoretio separation on agar gel and starch gel to exist m 
multiple molecular forms (isoenzymes). This oommuni- 
cation describes a staining technique for creatine phospho- 
kinase (OPK) and ite application to the demonstration of 
OPK isoenzymes separated on cellulose acetate membranes. 

Tissue homogenates and sera (5 -) are separated on 
cellulose acetate membranes‘ in barbitone buffer pH 8-6, 
using a constant current of 0-6 m. amp/am for 1-25h. A 
staining solution the composition of which is based on 
ee method for OPK determination** ig prepared as 

‘ollows: 

Adenosine-5-diphosphate sodium salt (C. F. Boehringer 
and Bon), 2 mg; hexokinase (C. F. Boehringer and Son), 
10 ul. (28 rv.); gluoose-6-phoephate dehydrogenase 
(C. F. Boehringer and Son), 10 ul. (1-4 LU.); glucose, 
2 mg; megneeium sulphate (MgSO,.7H40), 7 mg; nicotin- 
amide adenine dinucleotide phosphate (NADP, or TPN; 
C. F. Boehringer and Son), 3 mg; MTT (8-(4,5-dimethyl- 
thiazolyl-2)-2,5-diphenyl tetrazolium bromide; (George T. 
Gurr, Ltd.), 1-0 mg 0-05 M iris buffer pH 7-5, 8 ml. 

This solution is divided into equal paris, and 5 mg 
creatine phosphate (C. F. Boehringer and Son) added to 
half to constitute the test solution, the ining half 
serving as & control solution. Immediately prior to use, 
80 ul. of phenazine methosulphate (N -methyl-phenaronium 
methosulphate; British Drug Houses, Ltd.) freahly 
dissolved in distilled water at a concentration of 1 mg/ml., 
are added to both test and control. 

Following electrophoretio separation, the cellulose 
acetate is divided longitudinally, and one half-strip is 
stained for OPK activity using the test solution. The 
remainmg half-strip is stained with the control solution. 
For staiming, a layering technique is used’, the half-strip 
being layered on to an additional cellulose einigen 
which has been allowed to soak up staining solution. 
strips are incubated in a moist chamber for 1 h at 87° C. 

Fig. 1 illustrates the resulta obtained by the examination 
of adult human muscle homogenates. Muscle was homo- 
genired at & concentration of 50-100 mg wet weight of 
tissue per ml. in distilled water, using a Potter-Elvehjem 
homogenizer. The homogenate was lightly centrifuged 
(2,000 r.p.m.) for 10 min, and the supernatant diluted with 
distilled water to yield a OPK activity of approximately 
2,000—4,000 1.U. per litre by Hughes’s method*. Two sera 
of activities 5,500 and 8,900 I.U. per litre, from patients 
with muscular dystrophy of Duchenne he (kmdly 
supplied by Dr. B. P. Hughes of the Nati Hospital 
London), were also examined. 

Cardiac muscle showed a major staining band with a 
mobility intermediate between that of serum B- and 
y-globulins. A mimor component with a mobility of that 
of an a-2 globulin was also demonstrable. No staining of 
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the control strips was observed. A similar isoenzyme 
pattern was obtained with three i of akeletal 
muscle shown by histochemical and biochemical means 
to be composed chiefly of ‘red’ muscle fibres’. Three 
specimens of skeletal muscle similarly shown to be 
composed chiefly of ‘white’ muscle fibres showed only the 
major isoenzyme band. The sera from the two patients 
with muscular dystrophy showed only the major compo- 
nent. 


B. B. RosALExI 


Bt. Mary's Hoepital, 
London, W.2. 
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Effect of Urea on the Cold Precipitation of 
Protein in the Lens of the Dogfish 


Wuan lenses of young rate are cooled below 10° C they 

become reversibly opaque due to the precipitation of a 
oold-precipitable protein. This fraction is prepared by 
homogenizing rat lenses in several volumes of water and 
coolng the 105,000g supernatant to 0° C. 
solubilization at 20° O and precipitation at 0? C serves as 
a means of purification’. The cold-precipitation phen- 
omenon is thought to be caused by changes in protein 
conformation due to a disturbance of the balance between 
hydrogen and hydrophobic bonding of protein chains at 
lower tures. 
Purified rat lens oold-preoipitable protein was found to 
be homogeneous in the analytical ultracentrifuge (with a 4s 
sedimentation rate at 20° C), but was shown to be hetero- 
geneous by means of acrylamide gel electrophoresis, agar- 
plate immunodiffusion, and ‘Sephadex G-100' gel filtration 
investigations’. Cold-precipitable protein was found to 
contain species similar to the a-, B- and y-orystallin protein 
fractions of the lens. Cold precipitation was dependent 
on the concentration of protein, the ionio strength and the 
pH of the solution containing oold-preoipitable protein. 

Further work indicated that a urea level of 0-25—0-8 M 
tended to inhibit the phenomenon of cold precipitation’. 
This observation led to the present investigation of the 
effect of the relatively high tissue concentration of urea 
(0-25 M) on dogfish lens cold-presipitable protein. 

Initial investigations demonstrated that intact dogfish 
(Mustslis canis) lenses did not become opaque on cooling. 
Preparation of the dogfish lens oold precipitable protein 
fraction therefore required extensive dialysis of the 
105,000g supernatant against water in order 
to remove urea and thus toallow cold precipi- 
tation to oocur. When 0:26 M urea was 
added back to & preparation of oold-precipit- 
able protein, cold. precipitation was preven- 
ted. 


Dogfish lens oold- ipitable protein 
exhibits characteristics similar to that of the 
rat lens. It decreases in concentration as the 
animal ages from a level of 17 per cent of the 
total soluble protein in the young dogfish and 
35 per cent in the foetal rat lens to 5-7 per 
cent in the lenses of older animals. In both 
species the cold-precipitable protein fraction 
contains 1:5 per cent (by weight) RNA. 
Ultr&oentrifugal analysis of the dogfish or rat 
lens cold-precipitable protein at 20°C (pH 
8.0) reveals & single peak with a sedi- 
mentation rate of 4S as compared to the 
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Fig. 2 ap ya ge a ba gp AA D the 

pattern per oent ookd-pridpitable protein of 
the dogiah The priní was made 2) min after rotation at 56,100 
r.p.m. 4 values of 18 and 3 were obtained for the first and second peaks 


19S, 135 and 8S values of both rat and dogfish lens a-, B- 
and y-orystalling (Fig. 1). At 4° O and pH. 8-0 the Enel 


* peak is replaced by # minor $5 and & major 185 peek for 


the dogfish (Fig. 2) as compared with a 3S and 175 peak 
for the rat p ion. 

Gel filtration of i dogfish lens cold-precipiteble 
protem on ‘Sep G-100' oolumns in 0-025 M iris 
buffer (pH. 7-4) separates two componenta as sbown in 
Fig. 8. The first contains two species of lens protem 
similar in sedimentation rate to that of a- and B-crystallins ; 
edd. Pee Gale oo Mab of roni (ks 
mentation ra i to t o i 
separation of beef lens soluble pepsi by ‘Sophader’ gel 
filtration was first reported by Bjork*) When the 
a-crystallin-type of the first peak were 
isoelectric precipitation of the «-crystallin at pH 5-0) and 


approximately 20 per oenb each 
remainder. 

The experiments so far show that the dogfish lens 
contains a oold-precipitable protein fraction similar in 
payee and chemical properties to that of mammalian 
enses. They indicate further that 0-25—0-3 M urea can in 
some way affect the interactions between lens proteins in 
solution. Finally, it appears that the relatively high 
concentration of urea in the lens is a factor m 
maintaining the clarity of the lens at environmental 

below 10° O. 
is work was supported by U.S. Publio Health Service 
grant B-8081, Fight for Sight Fellowship (8. Z.), from the 
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PHYSIOLOGY 


Evaporative Cooling in the Pig 


ArrHOUGH the pig has well-developed structures in the 
skin which conform morphologically with apocrine sweat 
glands, the animal does not appear to sweat. Measurements 
made by Moritz and Henriques and Ingram" showed that 
at temperatures below the critical temperature, cutaneous 
water-loes over the body surface, but excluding 
the snout, is similar to that in man and other animals. At 
high environment temperatures, however, even when body 
temperature is elevated, water-loes from pig skin is only 
of order of 80 g/m" h and oan be accounted for by the 
increased vapour pressure gradient consequent on the 
increase in akin temperature which occurs after vaso- 
dilatation. Confirmation of a low evaporative heat loss 
also derives from observation made on the new-born pig 
by Mount*, who estimated that the increased evaporative 
loss at high ambient temperatures could be accounted for 
by losses from the respiratory tract alone. ` 

Under very humid conditions water into the skin 
of pigs from the atmosphere against vapour pressure 
gradient‘, as it does in man*'*, but while in man, who 
sweata, there is a net loes of water, in the pig there is & 
net gain‘, As a result of this low evaporative loss, the pig 
is only slightly affected by changes in humidity and is not 
tolerant of high ambient temperatures‘. 

Under natural conditions, however, pigs wallow in any 
available mud or even their own urine and therefore 
achieve a greater evaporative loss than the above measure- 
ment would suggest. In order to obtain a measure of the 
effectiveness of this means of oooling, observations were 
made on the evaporative loes from the flank of the pig 
smeared with mud or made thoroughly wet with water. 
The rate of water-loss was measured by means of the 
ventilated capsule’ used previously on the pig™*. 

The results of an experiment in which a pig was exposed 
to 85? C dry bulb and 21° C web bulb, and water-loss was 
recorded continuously on & chart are displayed in Fig. 1. 
At first the capsule sampled room air (zero water-loas). It 
was then strapped on to the animal (A) to register an evap- 
orative rate of 30-40 g/m! h. When mud was smeared over 
the flank of the animal (B) the evaporation rate increased 
rapidly to about 800 g/m* h, and remained at this level for 
more than 1 h. The dotted line im Fig. 1 indioates the 
rise in evaporation rate after soaking the flank with water. 
In both instances the evaporation rate rome quickly, but 
using water the rate soon declined again, while in the 
experiment using mud the control value had still not been 
reached after more than 2 h, when the capsule was again 
allowed to sample room air (C). 

The behaviour of the pig thus transforms the animal 
from one in which evaporative heat loss is small (Table I) 
to one in which the evaporation rate is comparable with 
that of man. Moreover, since the evaporative rate remains 
high for & long period after the application of mud, the 
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Table 1. WAÁTER-LOAB FROM THE SKIN OF VARIOUB SPROTES (g/m* h) 
Speoles Below 30°O dry bulb Above 30*O dry bulb 


Pig’ 7-16 24-82, 
12 es 

Man fat restjieci “Sto ro 
a 150 
Man M morbus — 1,200 


animal is free to move some distance away from the mud 
wallow. Even sweating man must have access to water, 
but while man faces a problem of salt balance as & result 
of sodium chloride loss in the sweat, the pig avoids the 
problem. Ita bristle coat probably helps to retain mud on 
the akin; moreover, in domestic pigs at least, the coat is 
too sparse to prevent contact with the skin, with the 
result that the eva tive cooling can be expected to cool 
the akin directly. If, on the other hand, the coat was thick 
and close, the mud might not be in contact with the akin 
and hence the efficiency of the cooling would be impaired. 

Thus the pig, which at first appears to be unsuited to 
hot clmates, has potentialities of high heat tolerance by 
virtue of rte behaviour. 

D. L. INGRAM 
Agricultural Research Council, 
Institute of Animal Physiology, 
Babraham, Cambridge. 
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Chronic Thiouracll Feeding and Accumulation of 
wI in some Organs of C,H Mice 


For many years radioactive iodine has been used as an 
indicator of iodine metaboliam by the thyroid gland. 
Compounds such as thyroxine, labelled with I, have 
served not only for that purpose, but also to study the 
ppr metabolism of thyroid hormones. Gross and 

wartz! and Corey and Gross’ have found that radio- 
active thyroxine accumulates in the liver and mammary 
gland tumours of 03H mice. 

Thiourea compounds such as thiouracil (TU) and propyl- 
thiouracil (PTU) have been valuable tools in i 
thyroid physiology. There is abundant 
evidence to show that these goitrogens exert & thyroidal 
effect by blocking the synthesis of the gland’s secretions 
and also an extra-thyroidal action on the peripheral 
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metabolism of thyroxine. Escobar del Rey” in rate, and 
Slingerland end Burrows‘ in humans, have presented 
enough data to indicate that TU and PTU interfere 
with peripheral de-iodination of thyroid hormane(s). 

The expermente performed with rate by most of these 
researchers were done in animals given the goitrogens for 
periods not exceeding a few weeks. In our chronic ex- 
periments with O8H mice fed 0-3 per cent TU diet for 
periods of more than 11 months we investigated the 
astrocnemius muscle, liver and 
intestime, in the hope of some more evidence that 
would indicate the extra-thyroidal effoot of this goitrogen 
on iodine metaboliam. 

Three experimental and 3 stock-fed control animals 
were injected with ™I after 11 months on the TU dietary 

I Another 3 experimental mice and 3 stock-fed 
controls were similarly mjected 16 months after feeding 
TU. Each mouse received subcutaneously 83:6 ue. of 
carrier-free Y!I as Nal. The radioactivity of the organs 
was determined with a Geiger-Muller counter 24 h after 
injection. The tissue samples were washed with isotonic 
saline and, after bemg weighed and minced, were placed in 
amall, stoppered glass bottles for radioactivity readings. 
The amount of ™I recovered from each of the 9 organs 
studied is shown by Fig. 1. 

An analysis of variance of the resulta revealed a statisti- 
cally significant difference (P< 0-001) in the ™I retained 
24 h after injection between the different organs of mice 
given TU. There was a significant difference between 
muscle and intestino, and muscle and liver, but not 
between intestine and liver. The increasing iodine reten- 
tion was especially noticeable in liver and intestine. 

A i y significant difference was also found 
between the amount of ™I retamed by all organs in the 
control anmmals and in those given TU for 11 months and 
for 16 months. Likewise, the differenoe in the amount of 
mI in the organs after 11 months and after 16 months of 
treatment was significant. 

The foregoing results showed that 24 h after injection of 
wJ, 3H mice, chronically fed a 0-3 per cent thiourac 
(TU) diet for ll or 16 months, have & signifloantly in- 
creased retention of the ™I in muscle, 
intestine and liver when compared with control animals 
fed no goitrogen. This may represent a reduced utilization 
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of iodinated and/or & decrease in the rate of 
wI excretion in this strain of mice treated with.TU. The 
iodinated compounds may be in the form of thyroid 
secretion or in the form of unknown !!!I-labelled matenal. 
This work was supported in part by U.S. Public Health 
Service, Cancer Research Division, grant O-2217. 
Canmwen B. Casas 
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Effect of Rifamycin on Protein Synthesis 

In an earlier paper! we reported that mfamycins M,, 
(diethylamide of rifamycin B) and SV inhibited !*C r-iso- 
leucine incorporation by cell-free extracts of B. subtilis 
strain ATCO 6033. 

I-Isoleucine incorporation into protein was dependent 
on the addition of DNA to the reaction mixture, and tho 
results of our i ta did not allow us to decide 
whether the inhibition of the incorporation of amino-acids, 
caused by rifamycin, was connected with an effect of the 
antibiotic on the synthesis of messenger RNA or with an 
inhibition of protein synthesis at the ribosome level; 
activation of ammo-acids was not affected by rife- 
myoins!. 

We now report the effects of rifamyoin M, on !*O uracil 
incorporation into trichloroacetic acid (TOA)-insoluble 
material and on the $^ vitro incorporation of amino-acids 
into proteins in the presence of polyuridylic &ud (poly U) 
and of high molecular weight RNA from B. stearothermo- 
phus. 

B. subtilis strain ATOO 6633 was cultivated and the 
extracta as previously reported}. In all experi- 
ments of $n vitro protein synthesis the supernatant of 
centrifugation at 80,000g (S-80) was prepared by the 
method reported by Matthaei and Nirenberg’. 

Polyuridylio acid was & Mann product: stimulation of 
phenylalanine incorporation could be obtained only when 


; Q. [mg Percentage 
p.m. 
Additions protein inhibition 
Combe DERI 9 03 nM rifamyoin M E 
+ 
mixture 1 DEA, aoa ania] 
mL My 670 80 
Oomplete mixture T2 mami RNA 0:08 1,850 
Oompiete mixuro + +0-03 amoles/ 
Eig ere 420 81 


The reaction mixture contained the following, tn amoleajml.: 100 tris-HOL, 
PLI 12 magnesium acetate; 50 ammontum acetate; 6 meros 

ATP; & phosphoenolpyruvate; 20 “pyruvate Kinase; 0 OX each of 26 
L-amtno-acdida L-soleuoins ; 


Complete mtxture t 480 4r 0-03 amoles/ 

Some sar d. 2,670 40 

The recon mixture contained the following, tn pnoiea/ml.: 100 tris-H Ol, 
trud 12 magnesium acetate; 50 ammonium acetate; 6 meroaptoethanol 
5 phosphoenotpyruvate; A0 malin, pyrayats kineze: 0:0 cach ot FÒ 
1-amfso-aalda mivan T- phenyialantis: TP 
(wpeatfle actiytty 74 x 10* o.p.m./, );2 


gas-flow counter. 
* À Tor 5 rain ab room temperature ti the complete 


yon was 

Oy U eo da at temperature In the plete 
was ‘or room, oom: 

assay before addition of rifamyom. 
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Fig. 1. Hffeci of rtfamycin on “0 uracil Into TOA-tnsaluble 
material Cells were grown in medtum 4 (rer. 0) mippieinentod with 
be pcr ep O pm err m the culture 


at 400 mu 50 the culture was obflled, 
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5 per cent cold TOA and dissolved in 1:7 
was determined by a ee nghe E 
a. jmL of culture into TOA. material m the 

uini tend M., (8. @) without rifamyotn ; 

at 400 mg of oulture in the 
Mu; (A——A) without 


A---A)0 
this product was separated from fragmenta of low molecu- 
lar weight by precipitation from a solution in 0-5 M. KCl 
with half volume ethanol. 

uO 1-phenylalanine and !*O r-isoleucine were obtained 
from 8.0.R.I.N. (Vercelli, Italy) and "O uracil from the 
Radiochemical Centre, Amersham, Buckinghamshire. 

RNA from B. stearcthermophilus was a gift of Dr. M. 
Area. This RNA contained only two componenta of 17 
and 23 S as shown by ultracentrifuge sedimentation pat- 
terns’. 

DNA was prepared following the method reported by 
Marmur* 


In Tables 1 and 2 the effect of rifamyoin M,, on the 
incorporation into protein of “C L isoleucine and “0 
r-phenylalanine in the presence of high molecular weight 
RNA and of poly U is reported. 

To test the effect of rifamyoin on RNA syntheais, 
the incorporation of ™“C-uracil into nucleio acids was 
followed by the method described by Dubin e£ al.*. Resulte 
are reported in Fig. 1 as TOA-precipitable counts per ml. 
of culture. The same figure shows the optical density 
of the cultures. 

Fig. 1 demonstrates a strong inhibition of uracil inoor- 
poration into TOÀ-precipitable material in the presence 
of rifamycin. This inhibition, however, cannot be considered 
as direct evidence in favour of an action of rifamycin on 
RNA synthesis since rifamycin might cause a decrease 
of cell permeability (a decrease of cell permeability might 
be connected with the inhibition by rifamycin of the 
oxidation of exogenous substrates’). Alternatively, the 
decrease of RNA synthesis might be a secondary effect of 
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the strong inhibition of both xh RNA &nd poly U-dependent 
amino-acids incorporation into protein fully supporta the 
hypothesis that the ribosomes are the site of rifamycin 
action. The fact that the inhibitory action of rifamyoin 

decreases when ribosomes are pre-incubated with 
pos eee the Loy oe eee 
the interaction between ribosomes and messenger RNA. 
Some alterations in the ultracentrifuge sedimentation 
patterns of ribosomes fiom rifamycin-treated B. subtilis 
cells are now being investigated. 
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Intestinal Transport of Cystine Analogues 


Fon the intestinal transport of amino-acids, the carboxyl 
ene onono gr ung ORDe o deg Aii dad In 
the case of cystine, there has been evidence 
that the disulphide group might also play & part in the 
movement of the compound’*. We present here 
but compelling data on the partioipation of the disulphide 
epe ee eee There is shown to be $n vitro 
intestinal transport of cystine and homocystine against & 
concentration gradient, while 9 analogues which do not 
possess the —8—S— linkage are not transported. 

Everted sacs were from the small intestine of 
adult hamsters of both sexes (8 sacs per animal)‘. The 
serosal or inner portion of the sac waa filled with 1 ml. of 
solution identical in composition to the 5 ml. of outer or 
muoosal solution. Krebs-Henseleit pH 7-4 buffer was util- 
ized, containing the compound under study eb various 
concentrations to cover the range from 10-* to nearly 
10^ M. were first performed with 0-1 per 
cent glucose present in both mucosal and serosal solutions; 
they were then re-run in the absence of glucose. After 
gassing with 95 per oent oxygen + 5 per cent carbon 
dioxide, flasks containing the saos and fluid were stoppered 
and incubeted with gentle agitation at 37° C for 1 h. 
Following this, sacs were drained and weighed, and 
mucosal and serosal solutions centrifuged to remove 
sloughed tissue. Radioactive compounds were assayed 
by means of liquid scintillation counting and two distinct 
phosphor systems which utilized 1,4-bis-2-(5-phenyl- 
oxazolyl)-benzene and 2,6-diphenyloxazole (one based. 
on toluene, and the second on 1,4-dioxane; the latter gave 
leas change in counting rate with time, for these diamino- 
dicarboxylic acids, than the former). Simcoe the initial 
condition was the same concentration of cystine or its 
analogue on both aides of the sace, transport was expressed 
in terms of the quantity of compound gained in the serosal 
fluid per unit weight of intestine (the amount transported 
against @ concentration gradient). During inhibition 
studies, a cystine analogue was present ot epprommataly 
10? M, while radiolabelled cystine was at 107° M. 

ug (Schwarz) had carrier added as necessary. 
Diammopimelic acid in radiolabelled form was obtained 
from commercial suppliers (diaminopimelio acid-2,6-™0, 
tritiated compound, 
r1-Homooystine-*'B 
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was obtamed from Amersham. "Se-selenocystine was 
produced from the unlabelled material by neutron activa- 
tion followed by chromatographic checks on ita purity. 
r1-Djenkolio &cid-'*O was synthesized from formaldehyde- 
14 by a literature method’. Diaminosuccinic acid was 
kindly provided by the laboratory of Dr. K. Toi‘; at 
concentrations of the order of 10-3 M (in the absence of 
gincose) ita solutions were assayed by drying, adding 
0-1 per cent ninhydrin in glacial acetic acid, and reading 
the optical density at 610 my after 80 mm (controls were 
intestinal sacs incubated with buffer alone). Non-labelled 
samples of all of the above compounds, ea well aa the 
remaining cystine analogues, including n,1-homodjenkolio 
acid and 1-8,8- (Sanethy ethylene], 2-dithio)-dialanine 
provided by Prof. Virtanen’, were tritiated by Wilzbach 
tritium gas exposure. They were ponies Pe oe 
chromatography. Whatman No. 1 paper was in 
the ascending direction. The solvent system was water 
saturated with phenol; a second solvent system was 
water : butanol : acetic acid (1,600 : $40 : 60, lower phase). 
The Tho appropriate radio-labelled spot, ran alongside the 
compound for comparison, was eluted from 
paper run in each solvent system, and examined in separate 
transport ta. In these solvents the disamimo- 
dicarboxylic acids have an Ry of about 0-8; they were 
detested by their reaction with ninhydrin and with brom- 
cresol green. r-Oystine-"8 was chromatographed in identi- 
cal manner; when eluted from run in either solvent 
system, ib was transported. ollowmg transport investi- 
gations, aliquots of the mucosal and serosal solutions 
were rechromatographed. Only the original peek of 
radioactivity was observed in each case. 
penus af to eee p T nine ee 
Teble 1. Oystme and transported. 
agninst a concentration gradient by the emall intestine 
of the hamster. Within the limits of detection, none of 
the other analogues was transported. That is, replacing 
the —8—8— by other groupings resulted in 
cessation of transport. Initial studies have also been 
performed utilizing everted intestinal sacs from the rat 
and mouse. Resulta in these species are so far identical 
with those in the hamster for the three ds tested 
rb of cystine but not of di&minopimelio acid or 
djenkolio acid. Results of the studies on possible inbibi- 
tion of cystine transport by ite analogues are shown in 
Table 2. None of the compounds, including the trans- 
ported i-homocystine, inhibited L-cystine movement 
against & concentration gradient. Perhaps this is not too 
surprising; these compounds have limited solubility and, 
at the resulting low concentration, the transport system 
is probably not saturated. 
A review of the literature revealed that in a paper on 
the intestmal rt of amino-acids, Lin e£ al.1 had, 
included. djenkolio acid. Non-transport of the compound 


Table 1. TRANSPORT OF L-OYSTING AND ITS AWALOGURs (1 x 10 M) AGAUWET 
A OOXOENTRATION GRADIENT BY HAMETER NYEKRTED IWTEFTMAL 5108 
OO00H 


Eus 
Es 


NH, 


Composition o£ R Mame of compound pori* 
—O0H4—8—8—0H, L-oysiine 30 
1—CH,—8—8 —OH,—UH,— 1-homooystine 18 
—OH ,—86—HBs—OH4— D,I-seienocystine 0 
1—0B,— D,I-selenobomoacysine Ü 
— Ht 5— Ol OH. done Darbomodjenkois aoid 0 
—OH4—8—90H. OH4)—8—0H ,— I d 1, 0 
—OH,—OH alio-cystathlontne 0 
Oe i e e f mesc-lantblontus 0 
—OHi—CH,—4ÀH,— L+meeo-a,#itammopimeis 0 

ecid 

(fothing) Diamtnosucainis acid 0 
). 


* Amott gained in the serosal fiuid (10-* molea/400 mg intestinal sac 
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Table 2. HrrROT oF ANALOQUES ON THE IKTESTINAL TRANSPORT OF 
L-Orerors (1x103 M) ígírnsgst 4 CoxcamTRATION GRADIENT 


Per ceni inhibition of 

Addend at maxtmum solubility  1-cystine transport 
aad 0 
I-djenkollo aad 0 
L+meso-a,e-diaminopimelic acid 0 
D 0 
0 


L- 


was stated to represent interference, by the charge on the 
side-chain, with the system. The signi oe 
of this observation, and the relationship of the compound 
to oystine, were apparently not reported. A more recent 
paper, by Randall and Evered', indicated that the small 
Intestine of the rat did not transport diaminopimelio 
acid, at higher concentrations, against & concentration 


Reasons for the of cystine and homocystme, 
but not the analogues ing the disulphide grouping, 
must centre about the presence of the —S—S— linkage 
in the first two materials. A conjectural possibility is 
that the transported moiety is cysteine, with ite —SH— 
group. Small! amounts of cysteine might be in equilibrium 
with cystine, or perhaps cysteine can be formed from the 
—S—8— compound by the action of the gut wall. In- 
deed, an abnormality of cystine-cysteme interrelations 
has been postulated in oystinuria*. The occurrence of 
the disulphide of cysteine and ham ine in the urme 
of cystinuric individuals suggests an abnormal disulphide 
interchange*. One of the defects in cystinuria, or a result 
of the disease, may be an inability to cleave the —8—8— 
bond at the appropriate moment, leading to the eventual 
formation of inappropriate compounds. However, altered 
disulphide in or rotation of the groups at the 
—8—8— bond cannot be excluded at present. 

We thank Barbara Lutters, Francia Vishno and 
Bunardy Evans for their assistance and Dr. K. MoConnell 
and Dr. W. H. Gunther for their advice. 
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PHARMACOLOGY 


Inhibition of a Brain Protease by General 
Anaesthetics 


Wa described previously a protease in rat brain cortex 
the activity of which in after electrical stimulation 
of afferent nerves'. Further investigations have shown 
that this enzyme, besides being active on the synthetic 
substrates N-acetyl-t-tryptophan ethyl ester (ATrEe) 
and N-ascetyl-L-tyrosine ethyl ester (ATyEe), is also 
capable of hydrolysing casein and that it is activated by 
the addition of cysteine. Ita optimum pH is 7-1. A 
similar enzyme was extracted from rat brain by Guroff*. 

The activity of this protease waa found to be modified 
by various drugs ini in vwo’. It was noted, 
particularly, that ether and chloroform prevented the 
increase of enzyme activity induced by stimulation of the 
brain. More recently a systematic study of drug action 
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on the brain protease waa undertaken in vitro. This 
report deals with the effects of the following anaesthetic 
agents: diethyl ether (DE), chloroform (CHOL), trichloro- 
ethylene (Cl,Et), halothane (Hal), methoxyflurane (MeOF), 
ethylvinyl ether (EVe) and divinyl ether (DVe). 

The protease was by adding 20 vol. of cold 
acetone (—20° C) to freshly collected rat brains. After 
homogenization ın & Waring blender and stirring for 2 h 
at low temperature, the precipitate was collected. After 
drying, the precipitate was ground up in 0-15 M sodium 
chloride and extracted at room temperature for 6h. After 
centrifugation, the enzymatic activity of the supernatant 
was 3—4 umoles of ATyEe hydrolysed/h/g wet brain. 
Addition of 5 x 10-3 M cysteine increased the activity to 
7-8 umolos/h/g. Tyrosine released by hydrolysis of casein 
was estimated by the fluorometric method‘ which allows 
measurement of a few nmoles of the amino-acid. The 
enxyme released 150-200 nmolee of tyrosine/h/g tissue 
without cysteine and 500—700 nmoles/h/g in the presdnce 
of cysteme. 

The an&esthetio agente were used in saturated aqueous 
solutions. Varying amounts of these solutions were 
incubeted with the quantity of enzyme corresponding to 
100 mg of brain, 5 x 10* M oysteme and 0-6 ml. of a 
1 per cent casein solution at pH 7-1 (0-025 M iris buffer), 
in a total volume of 2 ml. After 1 h at room temperature, 
the protems were precipitated with trichloroacetic acid 
( concentration 6 per cent) and tyrosine waa estimated 
in the filtrate. An identical sample was treated with 
trichloroacetic acid at rero time and ite filtrate waa used 
as blank. Control samples were incubated without 
anaesthetics. 


Table 1. Prorssse INHIBITION AND AKANETHETIO POTENCY 


ION AD, 
mhofmé "mami men. (eo) 
Diethyl ather 0-287 20 00 2:16 
Dtvinyi other ?:500* 77 = 
0-804 * 4-75 = 
0 225 1:40 = 
Chloroform 0 054 1-07 0-167 
Halothane 0-150 0 56 0 0758 
Moethoryfiurane 0-183 043 0-0575 
* Firtrapolated values. 


Each agent was tested at several concentrations and the 
concentration necessary to inhibit 50 oent of the 
enzyme activity was determined. Table 1 shows the 
resulta in terms of ml. of the saturated solution, and in 
mg/mL, calculated from the solubility of the agent in 
water at 20° O and from ite specific gravity. For DVe 
and EVe, which have low solubility and low inhibitory 
action, the 50 per cent inhibition had to be extrapolated. 

The significance of these findings depends y on the 
correlation between enzyme inhibition and anaesthetic 
potency. The literature contains few reliable data on 
the potency of general anaesthetics. The most accurate 
values have been liahed recently by Cherkin and 
Catehpool on DEe, Cl, Hal and MeOF, determined in 
goldfish’. Fig. 1 shows the correlation for these agente 
between the concentration required for 50 per cent pro- 
tease inhibition (I0,,) and the concentration which caused 
anaesthesia in 50 per cent of the goldfish (AD,,). No 
accurate values are available for the other three ansesthe- 
tios, but DVe and EVe are believed to have an activity 
of the same order as DEe and Cl,Et similar to that of 
CHCl. 

This remarkable correlation (r = 0-091 + 0-010) would 
add one more to the many physical and chemical proper- 
ties of the anaesthetic agents associated with 1r 
P ical activity. Protease inhibition can pro- 
bably be understood best in the context of the recent work 
of Paulmg* and Miller’, which pointe to & combmation of 
anaesthetics Sibi thoskeastared water surrounding protein 
molecules. This combination would probably include 
protein side-cbains* and, by involving active gites of 
enzymes, could result in their inhibition. My efforts are 


r= 991+ O10 





-1 0 1 


Log IO, (mg/mL) L 
is. L P amaya. gongenicauen, inking’ 80 per oeni of saaye 
prre Inhibiting 50 per cent of enxyme 

Oa} ordinato: anacathetin po to Oherkin 
ont Ont Ga Both on jog scale. Ho, diethyl ether; Hal, 
halothane; MeOF, methoryfiurans 


now being directed towards the purification of the enzyme 
and the analysis of other drug actions on it. These investi- 
gations may su farther information on the functional 
significance of enzyme and its possible role in ansesthe- 
tic action. 
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Peri-renal Sarcoma induced by Cellulose 
Wrapping 
EXPHBIMHNTAL, perinephritio, renal hypertension may 
be produced by wrapping the kidneys in a variety of 
inert substances such as silk)’, latex’, plastic solutions: 
and cellulose material. 
An attempt was made to produce h 


ion in Wistar 
rats by wrapping the kidneys with ‘Vi i 


D oen ha bui were Men Eled boss oe ATA 
swelling causing respiratory distress. Post-mortem 
. examination revealed bilateral, firm, white tumour 
masses enclosing both kidneys in all animals and in one 
case (Fig. 1) invading the renal hyma. Two out of 
4 rate showed blood-stained ascites with numerous small 
tumour nodules covering the peritoneum and the under 
surface of the liver. Microscopically the tumour was a 
fibro-sarcoma (Fig. 2), consisting of intertwining bundles 
of spindle-shaped cells, having round or oval nuclei. 
Mitoses, both normal and abnormal, were frequent and 
occasional bizarre, multinucleate giant cells were seen. 
Sections of the liver showed direct invasion of the paren- 
chyma from the capsule. 

eimer et al.^* reported the development of 
tumours in 8 out of 23 animals similarly treated, and stated 
that the shortest time taken for the production of a 
tumour measuring 8 mm in diameter was $62 days from the 
time of kidney wrapping. The carcinogenic action of the 
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L Kidney with surrounding tumour showing direct invasion at 
xs lower pole ( x 1:5) 





cellulose wrapping has been confirmed in this series, 
but the time of development.of the tumours has been 
shown to be considerably shorter than in previous reporte. 

The observations preclude the tietoi. for the produc- 
tion of a colony of renal h ive rats for long-term 
observations, but may provide & useful method for the 
induction of experimental sarcomas in a cancer research 
programme. 

R. F. Davine 


Department of Pharmacology, 
Pfizer Ltd., 
Sandwich, Kent. 
1 Page, L. EL, Soiencs, 89, £75 (1939). 
1 Graef, L, and Page, L H., Amer. J. Pathol., 16, 111 (1940). 
* Abrams, KL, and Bobin, 8., Proc. Soo. Hap. Biol. end Mod., 64, 412 (1047). 
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I-Methyl-8 &-carbobenzyloxy-aminomethyi-l0 
et ies a Potent and Long-lasting 
5 


ydroxytryptamine Antagonist 

Ir has been that derivatives of 6-methylergoline 
and 6-methylergolene specifically antagonize SHT. In this 
group of substances the more active are d-lysergio acid 
diethylamide (LSD,) and  l-methyl-dlysergio acid 
butanolamide (UML,,,) We now report a potent and 
exceptionally long-lasting SHT antagonist, namely the 
l-methyl-8 B-carbobenzyloxy-aminomethyl-l0 a-ergoline 
(MCE), & new compound synthesized in our laboratories', 
the structural formula of which is: 


OH,-NH.CO.O0H,.0,Hy 





OH, 


Ita LD,, 18 85 mg/kg mtraperitoneally and 430 mg/kg 
per os in mice; more than 800 mg/kg per os in rata; and 
about 20 mg/kg intravenously in rabbits. This new oom- 
und has been tested for ita pharmacological actions both 
în vitro and in vivo. The resulta obtained in viro are 
summarized in Table 1. All the aqueous solutions were 
made with the aid of maleio or ascorbic acid in slight 
excess. When administered per os the compound was 
suspended in 5 per cent gum acacia. 


Table 1 
Tests Antagonists 
Agonists (g/ml) MOB EC, (g/ml) UML BO, (g/mL) 
Teotated rai wiarus 
a m phate 0 000001 0 0005 
nA ) 50 500 
bromide 50 ?0-0 
(0-75 mg/ml.) 
Isolated gwinon-piq 
5-0 50-0 
(0:5-80 ) 
0-76-10 30 
(0 06 
A 10-0 500 
(0-01 mg/ml) 
40 500 
(0-0045—0-008 g/ml.) 
20-3 0 50-0 
(0- 05 agim) 
i 0-1 50-0 
(10 mim) 
hydrochloride 50 100 
(1-0 m/m.) 
100 50-0 
(0-1-10 mz/mL) 


QUn ia Miata) guinea-pig Dec UML ie often spasmogenio at oon 
To stady the anti-SHT action on isolated oestrous rat 
uterus we followed the ure described by Stone es al." 
in the work on 1-msthyl-4-(5-dibenxo-[a, e]-cycloheptetri- 
enylidene)-piperidine hydrochloride (cyproheptadine), em- 
ploying Tyrode's solution at 82° C. 
On this test and with this procedure, after a single 
to the extraordinarily low concentration of 
0-000001 pg/ml. of MCE the action of SHT was reduced 
by about 50 per cent. 

MOE behaves like cyproheptadine. In fact little or no 
inhibition occurs when the antagonist is present along 
with SHT in the organ bath. After its removal by washing, 
the inhibitory activity gradually appears and becomes 
more and more evident at successive administrations of 
SHT. UML,,, inhibition has & relatively rapid onset and 
reaches ite mazimal elfeot mare rapidly Pian MOT The 
comparison between the doses w. produce about 50 
per cent inhibition of the height of contractions shows that 
MOE is at least 500 times more potent than UMI,,,. 
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At higher concentrations MCE irreversibly blocks the 
SHT uterine receptors. MCE exerts a specific anti-bHT 
action on the uterine receptors. In fact, it reduces to half 
the spaamogenic action of bradykinin and acetylcholine at 
concentrations at least a million times higher than those 
active against SHT. Strangely enough, MCE as UMLin 
has no speciflo anti-SHT activity on guinea-pig ileum. 
The inhibition of different spaamogens like acetylcholme, 
histamine, bradykinin and eledoisin exerted on different 
smooth muscle preparations by MCE at high concentra- 
tions is probably due to a myolitic pepaverme-like action 
of the compound. 

In vitro, MCE has a weak adrenolytio activity on isolated 
guinea-pig seminal vesicles. 

The resulta obtained in vivo are summarized in Table 2. 

Table 2 shows that MCE in vivo Re poieni SHT antago- 
nist, without any appreciable antiadrenaline, antihiste- 
mine, antieledoisin, antibradykinin and parasympatholytic 
action. 


Table 2 
Tests Antagonists 
UML 
(maika; admmistration route) admini- ED zonie Of ED 
Pithed rat (blood pressure) 
te LY. 15 LY 10 
15-20 Ly 
Lv. > 1000 — = 
(0-01—0-06 «g/kg: Lv.) 
Sm. eet (ai ec 16 16 
ercalinme sulphate c 8.0. 
(1 æg Infected mto the paw) 
ane alpy lv. 15 Lv. 10 
Brady kins ee Iv. > 1000 — — 
(0-5 mg/kg, Lv.) 
Acetylcholine bromide l.v. > 1000 — E 
(5-10 Ly.) 
Histamine Lv. »1000 — — 
(10-20 rd Lv.) 
Eledotain Lv. > 1000 — — 
(0-2-0 8 xg/kg; Lv.) 
dni dof De treno) 
m ipm m LY. > 1000 — -- 
Act belie oo Lv. »1000 — = 
.v. 
Lv. » 1000 — — 
(8 Lv.) 
LY. > 1000 — = 
(0 005 mg/kg; LY.) 
* Doep£ner, W., and À. (ret. 3). 
fonmi H, and Rösler, R. (ref. d 
= Dose produning 50 per cent of the effects of the agonists, 


MCE and UML,, appear to be equipotent when their 
peak-effects are considered. When their durations of 
action are compared MOE is far more active than UML). 
This is clearly shown in Fig. 1. 

After subcutaneous administration the BD,, of UML,,; 
and MOB is similar when their peak-effoota (1 h and 8h 
after dosing, respectively) are com 20 h after 
administration the ADs for UML,,, is 75 times higher than 
at 1 h, whereas that for MCE is only 5 times as hi as that 
at 3h. Therefore the SHT antagonism of 4»; h88 & 
rapid onset but it wears off quickly; the inhibitory effect 
of MCE develops slowly but lasts longer. The comparison 
of the BD,, 20 after subcutaneous administration shows 
that MCE is at least 15 times more potent than UMI,,. 
The guinea-pig bronchospasm is probably the best test 
to show the long-lasting effect of MCE. For instance, 
15 pg/kg of MOE, administered subcutaneously, reduce 
by 50 per cent the bronchospastic effecta of SHT for 24—48 
h. To obtain the same block with UML,,, & dose more 
than 100 times as high is required. 

Some of the SHT effecta in vivo are not antagonized even 
by relatively high doses of MOE: in dogs the effects of 
SHT on respiration (h oea and tachypnoea followed 
by short-lasting apnoea and in rabbits the SHT effecta on 
circulation and respiration (hypotension, bradycardia and 
apnoea). In this respect MCE ves like UMLA,;. 

At a dose of 1 mg/kg, administered intravenously, 
MCE has no action on the blood and respiration 
of dogs and cate and does not modify coronary and femoral 
blood flow and heart contractile force in dogs. 
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after antagonist 
TUS qui for UM EGET n pobre WIth tose OD lt by Berde 


In mice MCE at doses higher than 2 mg/kg, administered 
intraperitoneally, increases barbiturate toxicity, decreases 
rectal temperature and reduces spontaneous motility. In 
rabbits MCE does not antagonize 5-hydroxytryptophan 
(SHTP) hyperthermia‘ at the dose of 1 mg/kg, adminis- 
tered subcutaneously 


Aooording to Tedeschi e£ al.', anti-SHT drugs, with an 
anti-SHT action on the central nervous system, antagonize 
the convulsant effects of tryptamine in rats. On this teat 
we found that MCE behaves like 2-brom-d-lysergio acid 
diethylamide (BOL,,), L8D,, and like chlorpromazine as 
described by these authors. 

Ite subcutaneous ED. 8 h after administration, is about 
75 ug/kg. Summing up, the new synthetic compound 
l-methyl-8 B-carbobenzylory-aminomethyl-lO a-ergoline 
(MCE) is a very active and specific antagonist of HT. 
Its acute and subacute toxicities are low* and its absorp- 
tion from the gastro-intestinal tract is good (Fig. 1). 

ing to theme favourable properties and to its extra- 
ordi y long-lasting action MCE appears to be a suitable 
agent to study the still unknown part played by 5HT in 
human physiology and pathology. 

We thank Sandoz Ltd. (Switzerland) for generous 

lies of UML,,, and bradykinin, and Dr. O. D. Bianchi 
for his help in translating the test. 


Farmaceutici Italia B.p.A. 
Laboratori Ricerche Farmaoologiche, 
Via dei Gracabi 85, Milano, Italy. 
"ricas trans EN Ba PAI, Dora dab: By um ccm ion, 
8 C. å , Wenger, H. 0. O. T , Stavorakt, J. M , and Boss, C. A., 
J. Pharm. Zay. Thur., 141, 78 (1661). 
? Doeptner, W , and Oorletil, À , Int. Arch. Allergy, 18, 89 (1958) 
i Konxett, H., and Rossler, R , Arok. f Path x. Pharmak., 195, 71 (1040). 
* Berde, B , Doepfner, W., and Ceriett, a , Hetv. Pkyriol. Ada, 18, 537 (1960). 
* Horita, A., and Gogerty, J. H., J. Pharm. Exp. Ther., 18%, 106 (19068). 
: D H, Tedeschi, E. H., and Fellows, B. J., J. Pharm. Esp. Ther., 
tbe ds (1060). 
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Availability of Platelet Factor 3 and 
Activation of r XII In Thrombasthenia 


Racer reporta by Hardisty, Dormandy and Hutton}, 
Hardisty and Hutton", and Spaet and Cintron’ have 
demonstrated that incubation of platelet-rioh plasma 
with kaolin shortens the recalcification^* and Russell’s 
viper venom (‘Stypven’)® times of the mixture. These 
authors concluded that the effect resulted from availabil- 
ity of platelet coagulant activity (platelet factor 8 avail- 
ability). Binoe the activity is confined to the sediment 
of the centri mixture, is related to the platelet 
concentration and the anticoagulant used (citrate or 
ethylenediamine tetraacetic acid), it appears to be related 
to & surface influence of kaolin, accompanied by adhesion 
and tion of the platelets. In the recalcification 
eyel, Hardigiy et al.) detected a marked abnormality 
with thrombasthenie platelets, which they suggested may 
be correlated with the failure of these platelets to react 
with adenosine diphosphate (ADP). We have examined 
nine thrombasthenic patients by the simultaneous use 
of the global recalcification test of Hardisty ez al.1.* and 
the more specific Stypven time according to Bpaot et al.*. 
In addition the activation of Factor XII was followed and 
the results indicate the existence of a further in vtro 
defect in thrombasthenia. 

The kaolin clotting time was performed under the 
conditions described by i ei dl. The resulta 
confirm the findings of these authors in that the abnormal- 
ity in thrombesthenio platelet-rich plaama was constant 
in all patients and over a range of platelet concentrations 
(Fig. 1). As already shown by Hardisty et al.!, we havo 
confirmed that the abnormality is pletelet-speciflo and 
not influenced by the presence of activated normal 
platelet-poor plasma. 

Activation experiments were also performed as described 
by Bpaet and Cintron? using Stypven. Fig. 2 illustrates 
the range of the resulta of clotting times of platelet-rich 
plasma of 9 control and 8 thrombasthenic subjects. There 
18 clear differentiation into two , clotting time always 
being longer with patient platelet-rich plasma. Activated 
normal platelet-poor plasma gave resulta within the patient 


range. 

In an identical system to that described by Spaet and 
Cintron* the activation of Factor XII was tested on a con- 
genitally deficient stored substrate plasma. The resulta 
are illustrated in Fig. 3 and represent the range of 14 
control .experimenta and 10 performed with thrombas- 
thenic platelet-rich plasma. Initial activation is identical 
in platelet-rich plasma and platelet-poor plasma of patients 





Platetst concentration ( x 10*/mm*) 


YXig.1 The recaloification time of normal ( €) and thrombasthenie ( x ) 
-deh after Incubation with The mixture containing 
1 ml poor ‚01ml riah at the conoen- 
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20 15 30 


time In 


mixture was platelet- 
and 0-1 ml. kaolin 50 mg/ml a$37°O 01 ml of the mtrture 
to a tube containing 0-1 mL oaletum ehloride 0 025 H and 
0-1 mL Stypven 1: 100,000 and the alotting recorded 





01 b 10 16 10 
Incubation tire (min) 
Wig. 8. Wactor XII activation in platalet-rich plasma of 
thrombesthenio patients. Aoitraion mtrtare as baforo Qij. 3). 
saniples were diluted 1 : 20 in V.B.8. and 0 1 mL of the 
traneferred tabe Ga a de V Dama CIDE 
‘Oophaltn (ref: 0) and 0-1 mi (E0 meim ma y te and receloified. 
to substrate were within 80 seo of testing 


controls and 
Bub- 


and controls. However, activation continues in the control 
platelet-rich plasma and is maximal at 15 min, whereas 
normal pla poor plasma and the patients’ platelet- 
rich plasma show no, or minimal, further activation. 
These resulta indicate a parallel abnormality with 
thrombasthenio plateleta measurable by recalcification, 
by the Stypven time and by & defect in the activation of 
Factor XII. It was therefore believed possible that 
platelet Factor 3 availability may depend on coincident 
optimal Factor XIT activation or that Factor XII activa- 
tion may influence the results of both teste. However, 
as already shown by Hardisty and Hutton", congenitally 
deficient Factor XII platelet-rich plasma was found to 


give normal coagulation times in the-presence-of-activated: - 


normal platelet-poor plasma, in the recalcification system. 
Furthermore, the Stypven times of kaolin activated Factor 
XII deficient platelet-rich plasma were normal even in 
the absence of normal plasma (Fig. 4). The latter test is 
therefore independent of Factor XII activation and seems 
to measure platelet activity more i y. This is 
also confirmed by our observation that the addition of a 
partially purified contact product, prepared according to 
Waaler*, to a normal platelet-rich plasma or platelet-poor 
plasma does not influence the Stypven time. 

If platelet aggregation is essential for the availability 
of platelet Factor 3, as is by the defect in 
thrombasthenia, then it would be that the 
addition of a sufficient concentration of ADP would shorten 
the Stypven time of normal platelet-rich plasma in the 
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Spaet! assay. This was confirmed by the findings illus- 
trated in Fig. 5, which demonstrates sub-optimal avail- 
ability of platelet Factor 3, as the activity is less than 
that observed with kaolin. These resulta port the 
findings of Mustard, Hegardt, Rowsell and acMillan! 
working with native platelet-rich plasma, who demon- 
strated, with the prothrombin consumption test, increased 

t activity after ADP-induoed aggregation. On 
the other hand, Hardisty and Hutton? were not able to 
demonstrate this effect of ADP, but the discrepancy is 
explicable on the basis of the ADP concentration utilized 
by these authors. 

These resulta confirm the existence of & defect in the 
availability of platelet Factor 3 in thrombssthenia and 
indicate the presence of an unrelated abnormality of surface 
activation. It is probable that both defecta result from 
the i bility of these platelete. The signi 
of the tests described by Hardisty et al.^* and Spact and 
Cintron’, in terms of platelet function, is the same, provided 
that plasma abnormalities are corrected in the first. The 
Stypven assay is more specific in the measure of platelet 
Factor 8 availability, in the sense that it is independent 
of the contact phase of plasma activity and the Factor 
XII activation induced by kaolin. The exact roles of 
platelet adhesion’, or of aggregation’, and of an eventual 
abnormality of the platelet membrane in thrombasthenia, 
remain to be established. It must also be considered that 
there may be little correlation between these in viro 
abnormalities in thrombasthenia, hitherto unrecognized, 
and a real coagulation defect in this disease. 
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Note added in proof. Since this communication was 
submitted, Horowitz’ has reported similar findings with 
‘Celite’ incubated platelet-rich plasma and the Btypven 
time. 

‘This work was supported by the Post-Graduate Medical 
Foundation, University of Sydney (P. A. O.), and 
I.N.8.E.R.M., France (M. J. L.). 
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Haemoglobins of Adult and Foetal African 
Elephants 


THE numerous special properties of human foetal 
haemoglobin (HbF) as compared with those of the human 
adult (HbA) have been rather thoroughly inveetigated!:*. 
Fewer data, however, are available on other mammalian 
foetal haemoglobins*:‘. 

In comparison with the adult blood pigment the 
characteristic alkali stability, slow electrophoretic mobi- 
lity, and tryptophan bend of human HbF were missing in 
the animal foetal haemoglobins previously examined, with 
the exception of the rhesus and the chimpanzee’. 
The isoleucine content is greater in all foetal haemoglobina 
compared with adult haemoglobin’, so far as is known. 

This communication presents resulta on electrophoresis, 
alkali denaturation, ultra-violet , and potassium 
ferricyanide oxidation of adult and foetal haemoglobin 
from the African elephant (Loxodonta afri ). 

Pregnant elephants were shot during game control 
measures in the Masindi and Fort Portal areas of Uganda. 
It was possible to remove the specimens of blood within 
0-5 h of the animals’ death, and transport them in Dewar 
flasks to a mobile laboratory for investigations. Blood 
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specimens were examined from five adult elephants and 
two foetuses with ages of 5 months (foetus 1) and 12 
months (foetus 2), respectively’. 

Instarch-blook electrophoresis (veronal—veronal- sodium 
buffer, pH 8-6) and in starch-gel 
EDTA-borate, buffer, pH 9-0), only foetus 1 yielded two 
haemoglobin fractions. The haemoglobin from foetus 2 
was identical with that of adult elephants. The slowly 
mnigrating fraction of foetus 1 (Fig. 1) represented 15 per 
cent of the entire pigment. The relative electrophoretic 
migrating velocities of adult human and African elephant 
haemoglobins agree substantially with those found by 
other investigatorg!:12, 

No qualitative or quantitative differences in the kinetics 
of alkah denaturation between the foetal haemoglobin 
and the adult haemoglobins were observed. The amount 
of alkali-reastant blood pigment from all investigated 
elephants was found to range between 95 and 97 per cent. 

A 15 per cent labile fraction in the entire cyanmethaemo- 
globin haemolysate from foetus 1 was found during heat 
denaturation. This fraction corresponds quantitatively to 
the slowly migrating electrophoretic component. The 

obin from foetus 2 gave resulta identical with those 
of the adult elephants. Human HbF, in comparison 
with HbA, is lees resistant“, "The ultra-violet spectro- 
analysis (Fig. 2) of the slowly migrating fraction of foetus 
1 showed, in contrast to the fast-migrating fraction and 
the adult haemoglobins, the typical tryptophan band 
which is known to be characteristic for human HbF4. 


10 





300 
Wave-length (mx) 


Fig 2. Absarpton spectra in the ultra-violet of the slow- and fast- 


ving baemogiobin af foetus 1 com) with the blood pigment of 
me à adult depan 
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The potassium ferricyanide oxidation proceeded three 
times faster in the slowly migrating fraction than in the 
fast-migrating fraction of foetus 1 and the adult elephant 
haemoglobin. As previously shown, the same differences 
exist in the oxidation speed between foetal and adult 
human blood pigment. It wes concluded that the potas- 
sium ferricyanide oxidation is related to the dissociation 
of oxygen from bin". 

It can be stated, therefore, that & foetal haemoglobin 
was found only in the 6-month-old foetus and not in the 
12-month-old foetus of the African elephant, the gestation 
time of which is 21 months. With the exception of alkali 


electrophoresis (imiá- 


- 
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denaturation, elephant foetal haemoglobin showed 
physico-chemical similarities to human HbF. 

From a biological point of view it is interesting that 
blood from the older foetus has a higher oxygen affinity 


“ander standard conditions of temperature and pH than 


"xt 


5 


^w, 


the blood of the younger". 
This work was sup by the Deutsche Forschungs- 
i the U.B. Netional Science Foundation, and 
the Welloome Trust. 
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HISTOCHEMISTRY 


Use of Galactose Oxidase in the 
Histochemical Examination of Mucus- 
secreting Cells 

Garacrogu oxidase is an enxyme which oxidizes the 
primary alcohol group of galactose or ine to 
an aldehyde!. The enzyme attacks not only free galactose 
but also terminal non-reducing and galactos- 
amine unite when glycosidically linked. Detection of such 
units in mucopolysaccharides and mucoproteins produced 
by mucus-secreting cells can be accomplished by staining 
the produced with Schiff’s reagent. 

Material collected from the alaughterhouse was fixed in 
10 per cent formol-ealine, and specimens were wax-em- 
bedded and cut at 4u. The sections were first treated with 
a solution of 0-4 per cent sodium borohydride containing 
0-4 per cent sodium bicarbonate at room temperature for 
l h in order to reduce Schiff-staining groups already 
present in the tissues. After a wash in running water for 
5 min the sections were treated with a solution containing 
2-8 unita per ml. of galactose oxidase (prepared according 
to Amaral ei al.* but now obtainable from Worthington 
Biochemical Corporation, Freehold, New Jersey) and 
1 per cent by volume of catalase inger and Soehne 
G.m.b.H., Mannheim, Germany) in 0-08 M-iris hydro- 
chloride buffer, pH. 7, at room temperature for 2 h. Fol- 
lowing another’ wash in running water for 5 min, the 
sections were stained with Sohiff's reagent* for 8 min, 
then rinsed in sulphurous acid for 4 min and in running 
water for 10 min. Aldehyde groupe produced by the 
action of galactose oxidase were stained red by this reagent, 
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but the intensity of staining was lese than that produced 
by periodic acid-Schiff staining because leas aldehyde 
groups were by this method. 

Sections of bovine cervix taken from a cow at pro-oestrus 
showed e great variation in intensity of steining from oel 
to cell, as is shown in Fig. 1. Some cells were not stained 
at all, whereas others were stained relatively strongly. 
This indicated that the mucus in the cells of the cervical 
epithelium was heterogeneous with regard to the number 
of terminal non-reducing galactose and galactosamine 
groups present. Another possibility is that the linkage of 

and ine to the penultimate sugar 
varied from cell to cell since that has been shown to cause 
variation in the rate of oxidation of model disaccharides 
by galactose oxidase (Roberta, G. P., unpublished resulta). 
However, since a treatment for 2 h with galactose oxidase 
is sufficient to oxidize all the available galactose and 
galactosamine groups, this later theory is considered 
unlikely. 

Ovine submaxillary gland sections were not stained by 
this procedure, as is to be expected from the structure of 
the mucoprotein isolated from this source, most of the 

ine units being substituted at the primary 
aloohol group by a sialic acid residue’. However, when 
the sections were subjected to an overnight incubation 
with neuraminidase, subsequent treatment with 
oxidase produced aldehyde groups which could be stained 
with Schiff’s reagent. 

In order to obtain information about the linkage of 
‘sialic acid in sections of bovine cervix, all the terminal 
non-reducing galactose and ine units already 
present were first oxidized with galactose oxidase for 2 h 
as already described. The aldehyde groups thus produced 
were then blocked by the aniline chloride method of 
Lillie’ using a 2-h reaction time. Completeness of oxidation 
checked at this stage by re-oxidiring 


cent by 
Bt. Louis, i) and 10+ M calcium chloride in 0-1 M 
sodium acetate buffer, pH 5:1. Treatment of these sections 
with oxidase produced aldehyde groups in some 
cells as shown by Schiff staining (Fig. 2). Here again 
there was a great variation in intensity of staining from 
cell to cell. This result indicated that at leasb some of 
the sialic acid in the mucus-secreting cells of the bovine 
cervix is linked to galactose and ine. It is not 
possible at this stage to identify by histochemical means 
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which of these two sugars is involved. This result gug- 
gesta & heterogeneity in the mucus of bovine cervical 
epithelium with regard to sialio aoid li . a 
We thank Dr. E. I. Garvie for advice and assistance in 
culturing Dactylium dendroides from which the 
oxidase was prepared, Mr. N. G. J. Gruber for. photo- 
graphing the sections, and Dr. R. A. Gibbonssfor his 
advice. c RB. 
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HISTOLOGY 


Lesion of the Bone Matrix in Vitamin 
D-resistant Rickets 


MIGRORADIOGBAPHIO examination of compact bone 
from patients with vitamin D-resistant rickets has 
revealed that, in addition to the presence of wide osteoid 
borders, there is a lack of mineral around osteocyte 
lacunae and their canaliculi+*. Histological examination 
of decalcified material hitherto has failed to demonstrate 
any abnormality in the organic matrix at these sites, 
suggesting the presence of mineral deficiency anly*. We 
have obtained evidence for a lesion of the bone matrix, 
however, by applying the following modification of 
Schmorl’s method?. 

bone from the fibulae of 2 patients (a 22-year- 
old e and a 17-year-old female) was removed in the 
course of orthopaedic procedures. It was fixed for 24h in a 
mixture of formalin, mercuric chloride and picric acid in 
water, and afterwards for 2 days in 10 per cent formalin. 
Decalcification was carried out in 18 per cent ethylene- 
diamine tetraacetic acid in water at pH 7-1 and 40° C for 3 
days. Following this, the material was rinsed in water 
and cut in the frozen state ab 20 u. The sections were 
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stained in 0-01 per cent azure II in water (pH. adjusted to 
9-0 with ammonium hydroxide) for 30 min, rinsed and 
transferred to a solution of 20 ml. saturated picric acid 
in 200 ml. water. After a final rmse, the sections were 
mounted in lasvulose. E 

In normal bone azure IT heavily stains the walls of the 
lacunae and canaliculi. In bone from these patiente, the 
stain was also concentrated at the sites where the mineral 
was laoking (Figs. 1 and 2). The localization of this ab- 
normal pattern was not strictly but rather 
extending from the lacunae toward the centre of the 
osteone, along the centripetal canaliculi. This pattern has 
been observed before in undecalcıfled bone sections on 
treatment with basic fuchsin‘. The normal lamellar 
architecture af the matrix appeared to be i at 
these sites. At high magnifications it was noted that 
neither lacunae nor canaliculi were enlarged and that the 
matrix around the canaliculi had taken up the stain in & 
distinct globular pattern. These globules measured up to 
lu in diameter. Non-mineralixed osteoid, for example at 
the inner circumference of growing osteones, did not take 
up the stain. 

Attempts to determine the nature of the matrix-oom- 
pound, which was responsible for the affinity for azure I, 
have so far yielded negative results. Prior digestion of the 
sections with pepsin and trypsin did not interfere with the 
pattern as revealed by azure II. Haematoxylin-, periodic 
acid-Sohiff-, van Gieson-, Mallory- and sudan black- 
stains, as well as the acrolein-Schiff reaction for protein’, 


. failed to bring out the lesion. Aloian blue was localized at 


these sites only very occasionally and in low concentration. 
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The density of the and perioanalicular 
regions to very soft (8 k X-rays was indistinguishable 
from the normal. In phase-contrast microscopy of 20u 
decalcified sections, the lesion was visible as a conglomer- 

> ation. of small dots, interrupting the lamellar pattern of 
the oeteone. 

These findings are consistent with the possibility that 
a physical characteristic rather than a chemically defined 
moiety of the matrix is responsible for the observed 
affinity for azure IL. The lack of mineral around lacunae 
and canaliculi may be the result of impaired mineralisation 
or of demineralization in vico*. It is conceivable that & 
structural change in the matrix is involved in either of 
ee p IE the described deposi- 
tion of axure II. 


It is unlikely that the lesions resulted from long-con- 
tinued treatment with high doses of vitamin D, as ane of 
the patients had not received any vitamin D for 4 years. 


R. Sraanpiyk 
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H. K. L. NELSEN 
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Lipid in the Matrix of Ageing Articular 
Cartilage 

Ir is wel known that with ageing, lipid material 

C. appears in the matrix of hyaline cartilage in the immediate 

vicinity of the cells, in the form of ‘haloes’ around the 

lacunae. In the course of a histochemical and quantita- 

tive investigation of the lipid content of human cartilage, 

T it has been observed that a more diffuse impregnation 

with fat ooours with ageing in the superficial zone of 
articular hyaline cartilage. 

Post-mortem and amputation material has been used 
from 85 subjects ranging from 2 days to 89 years of age. 
Specimens from macroscopically normal areas have been 
taken from the medial femoral condyle of the knee joint 
(other jointe being used as the source in two cases), fixed 
in formal calcium, and 10u frozen sections coloured with 
sudan black B in propylene glycol. Where & positive 
result bas been obtained, the tissue had been subjected 
further to the nile blue? and acid haematein techniques’, 
pyridine extraction being used as & control. In addition 
to the normal areas, a few osteoarthritio patches have 
been studied. 

In cartilage from subjects under the age of 20 years, 
lipid cannot be detected in the matrix of the superficial 
zone. From the third decade onwards, however, a sudan- 
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Table 1 
Diffuse layer 
Age group Mo. m Orta zone 
enses Present Absent 
0-20 6 0 6 
£1 years 7 4 3 
41-60 years 11 10 1 
61-80 years 10 8 2 
81- 1 1 0 
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Fig. L Artioular cartilage from medial femora] condyle of subject aged 
89 years (sudan black x75) 





Fig. 2. Osteoarthritlo 


cartilage from area adjacent to normal Gagus 
shown in Fig. 1 (sudan black x 75) 


ophilio layer in this rone can be seen in an increasing 
proportion of the individuals studied (see Table 1 and 
Fig. 1). This layer varies both in depth and in staining 
intensity as seen in transverse section, both features 
tending to increase with age. The sudanophilio material 
is extractable with pyridine and the corresponding area is 
stained red and black by the nile blue and acid haematein 
techniques ively, thus denoting the presence of 
both neutral fat and phospholipid. In the osteoarthritic 
areas studied, no lipid layer could be sean (Fig. 2). No 
correlation was established between the presence of the 
lipid and the state of nutrition of the subject, although 
this may be due to the small number investigated. 

The problem arises as to the origin of this lipid material. 
Fat is & normal and constant constituent of the chondro- 
oyte‘ and presumably some extracellular fat may derive 
from the cell it surrounds, although the appearance of 
fat in the matrix thus can scarcely be considered physiol- 
ogicalt, In an ultrastructural study of articular cartilage, 
Barnett et al.* deecribe the degeneration of superficial 
cells in situ, leaving a residuum of myelin figures and 
oamiophilio granules in the matrix. This mechaniam 
could also contribute to the appearance described here. 
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The existence of this lipid-rich zone in life could 
influence or modify tho nutrition of the cartilage cells, at 
least in so far as tho free circulation of aqueous fluid 
through the matrix is concerned. Such an effect has been 
demonstrated in a ‘Millipore’ filter by Rendi and Reid’. 
However, until the work reported here has been extended, 
no interpretation as to significance can be made. 

I thank Prof. R. C. Curran and his staff for acceas to 
post-mortem material. 
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Passive Transfer of ‘Allergic’ Encephalomyelitis 
with Antibrain Serum injected Into the Lateral 
Ventricle of the Brain 
Ir is generally believed that experimental all io 
encephalomyelitis resulta from an interaction botaren 
nervous tissue antigens and cells which are engaged in a 
delayed hypersensitive response. Altho experimental 
allergic encephalomyelitis can be followed | by circulating 
antibodies that react «^ vitro with nervous tissue con. 

stituenta, all experimenta designed to transfer i 
erperimental allergic enoephalom itis either with sera 


This has been taken as evidence that antibody 
does not play any significant part in the development of 

imental demyelinating disease’. A possible explan- 
ation for the failure of antibrain antibodies to induce 
encephalomyelitic lesions may be their inability to cross 
the Blood brain barrier in sufficient amount. In order to 
test the role of antibrain antibodies in the is of 
experimental allergic encephalomyelitis, guinea- igs with a 
cannula inserted permanently into the leteni ventricle 
of the brain were used in the present experiment. 


blood-brain barrier, and 
antibodies and nervous tissue. 

Experimental allergic encephalomyelitis was induced in 
guinea-pigs by a single intradermal injection over the 
sternum of 0-1 ml. of the following mixture: 0:5 g of fresh 
bovine spinal cord, or 200 mg of cord lipid, and 3 ml. of 
paraffin oil containing 9 mg of Mycobacterium tuberculons. 
Sera from animals showing histological signs of disease 
were heated at 56° O, pooled, passed through a Seitz Alter 
and stored at —20° O for three months. A complement- 
fixation essay revealed antibody to spinal cord lipid at & 
titre of 1/50. 

A permanent cannula’ designed especially for guinee- 
pigs was implanted into the left lateral ventricle. Operated 
animals were injected with sterile saline for three successive 
days, and thereafter with pooled sera from experimental 
allergic enoephalomyelitis animals. Each animal received 
two 0-1 ml. injections of serum daily with a 12-h interval 
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between injections. Control cannulated guinea-pigs were 
treated with normal guinee-pig serum. i were 
observed carefully durmg the treatment, and those with 
weakness were Killed. Paraffin sections of cerebrum, 
cerebellum and three levels of spinal cord were 

for haematoxylin-eosin staining. Some representative 
sections were stained for myelin using the Weigert-Pal 


- The intensity of di was judged according 


igs of this group 
developed inflammatory lesions within three days of the 
beginning of treatment, that is following administration 
serum. Histopathological 
changes in the nervous system were of minimal intensity, 
but characteristic of delayed hypersensitive reactions 
with demyelination. The lesions consisted of histiocytes 
and lymphocytes; no polymorphonuclear cells wore noted. 
Most of the lesions were localized in the vicinity of the 
lateral ventricles, and some aggregates of mononuclear 
cells were situated directly beneath the ependyma. Small 
perivascular collections of inflammatory cells were ob- 
served in cerebrum, occasionally in cerebellum and spinal 
cord. Sections of control animals injected with normal 
serum were completely negative. 

Table 1. ALLERGIO HNOEPHALOXKYNLITIS (HAH) FOLLOWING 


HIPERIMENTAL 
PASSIVE TRAXEYER OF AWTIRRAIN SERUM INTO THE LATNRAL VENTRICLE OF 
THE BRAIK 


No. of guinea- with HAE lesions 
Group eee Positive 


Treated with antibrain serum 4 7 
Treated with normal serum 10 0 


The present experiment demonstrates that experimental 
allergic encephalomyelitis can be passively transferred by 
administration of experimental allergic enoepha&lomyelitis 
serum directly into the lateral ventricle of the brain. 
Although the antibody system involved in the demyelinat- 
ing process is not characterized, it seems that antibrain 
antibody can elicit an immune in vivo relevant to 
the pathogenocais of 'allergio' encophalomvelitik The obser- 


Using the fluorescent antibody technique 
Sherwin e£ al demonstrated that antibodies with a 
specificity for myelin are present in the sera of rabbits 
immunized with spinal cord. The suppressive effect of 
complement-fixing antibrain an , deeeribed by 
Paterson and Harwin’, is not inconsistent with this report. 
It may be due to an antibody which has ' ing' 
properties such as certain factors demonstrable in tissue 
transplantation immunity. It should be mentioned that 
meningovascular lemons have bean produced by means of 
intracisternal injection of heterologous antibrain sera’, 
but the character of the lesians was different from the 
injury seen in experimental allergic encephalomyelitis and 
in this investigation. 
The mechanism which underlies the induction of 
imental io omyelitis by antibrain anti- 
Bory demo ler cades chi Petit ies ahould be taken 
into aocoount*'. It appears that the ee E 
experimental allergic encephalomyelitis is more complex 
than was originally believed, and that in addition to 
sensitized cells of ‘delayed’ type and oell-bound antibody, 
circulating antibody can also take an active part in the 
mechanism responsible for demyelinating disease. Al- 
though this is possible, it could be argued that antibrain 
antibodies can attack brain in vivo, thus causing the 
lesions which are reminiscent of those of experimental 
allergic enoephalomyelitis. 
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Effect of Trypsin Inhibitor Isolated from 
Sows’ Colostrum on the Absorption of 
y-Globulin by Piglets 


Ir is generally held that the abeorption of whole protema 
by piglets oocurs only during the first two days of life. By 
this mechaniam the baby pig acquires antibodies. For the 

: 5 days post the sows colostrum contains a 
in inhibitor! and it has been suggested" that the 
ion of the trypan inhibitor is to prevent the digestion 

Y-globulins, so allowing the piglet to absorb them intact. 
faxtending this theory further, it can be postulated that 
whole protein absorption ceases when there is insufficient 
inhibitor in the colostrum to inactivate all the trypsin 
entering the gut. 

We prepared & solution of trypsin inhibitor from sow’s 
colostrum according to the method of Laskowski e£ a.t. 
The potency of the solution expressed in the unite of 
Kunitz’ was 200 x l0*/ml. Each ml. of solution was 
capable of inactivating 80 mg of the sample of crystalline 
trypain used in the assay. Sow’s colostrum was chosen 88 
starting material as it was thought that the inhibitor ıt 
contained could well be more effective in vivo than either 
the soya bean or bovine colostrum proteins used by earlier 


C workers!:+. Laskowski e£ al.! have demonstrated important 


^ 


differences in the properties of inhibitors isolated from 
theese sources that show them to be different substances, 
so it seemed advisable to use the native protein. 
lea of y-globulin were prepared by æ combination 
of sodium sulphate precipitation and fractionation on 4 
DEAE cellulose column from pig serum. The y-globulin 
waa labelled with iodine-131 by the method of MoFarlane*. 
Quantitative portions of labelled y-globulin were given 
to two piglets in a litter of eight, 2 h after birth. Blood 
samples were taken 12 h later and the serum volumes of 
the piglets were estimated. Calculation showed that 
about 13 per cent of the activity administered was present 
in the serum protein. 
dedecus Pur ra ed a pnt vd gear 
labelled y-globulin at 60 h of age. Blood samples were 
taken 12 h later and serum volumes were caloulated. With 
one exception, only negligible amounts (0-8—0-9 per cent) 
of activity were present in the serum proteins. One piglet 
still absorbed much y-globulin (11 per cent in serum pro- 
tein). This animal was discarded. The five remaining 
piglets were divided into an experimental group of three 
animals, each of which received 4 ml. trypsin inhibitor 
each hour from 74 h onwards, and & control group of two 
animals, given 4 ml. of distilled water each hour. At 80 h, 
all five animals received a second dose of labelled y- 
globulm, accompanied by trypsin inhibitor or water. 
Dosing with in inhibitor or water continued for & 
further 12 h (92 h of age), when blood leg were taken 
and serum volumes estimated. During 18-h period 
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(74-92 h of age) each pigiet in the experimental group 
received inhibitor equivalent to at least 11. of colostrum’. 
There waa no increase in either group in the quantity of 
labelled y-globulin detectable in the precipitated serum 
protein fraction. 

This result indicated that this inhibitor is incapable of 
inducing the absorption of y-globulin in 8-day-ald piglets. 
It would seem that the disap of trypsin inhibitor 
from colostrum does not account for the cessation of 
absorption of y-globulin. 

We thank Dr. W. A. Hemmings for preparing the 
labelled y-globulin and the Pig Industry Development 
Authority for financial assistance. 
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Spontaneous Occurrence of Autoantibodies 
Cytotoxic to Thymus Cells in the Sera of 
Mice of the 129 Strain 


sera’ and in sera of healthy mice’. In the work recorded 
here, sera of normal adult mice of the 129 inbred stram 
were found to be cytotoxic for thymus cells of mice of 
strain 129 and of other strains in the presence of guinea- 
pig serum. Although the nature of the factor in 129 strain 
mouse serum has nob yet been fully establiahed, ita be- 
haviour in the io test is similar to that of well- 
defined ieoantibodiee*". It will therefore be referred to 
here as an antibody. 

Mice of an inbred 129/Rr colony maintained at New 
York University Medical School by Dr. E. A. Boyse were 
used as donors of sera in most e i ta. In some 

i ta the tests were perfo with the sera of 129 
mice reared in other laboratories (129/J fram the Jackson 
Memorial Laboratory, Bar Harbor, Maine, and 129/fr 
fram the Immunogenetics Research Unit, Duke University 
Medical Center, Durham, North Carolina, from which the 
New York University colony originated). The mice were 
bled either from the tail or from the retro-orbitel sinus. 
The sera were separated within 5h after bleeding and were 
stored at —10° O. The cytotoxic test was a modification® 
of the method of Gorer and O’Gorman’. The guinee-pig 
serum used as & source of complement was absorbed with 
washed packed leukaemic cells until all cytotoxic activity 
against mouse thymus cells'*-1 had been removed. Cyto- 
toxic titres were defined as the highest dilution of serum 
at which 50 per cent of the cells were killed. 

The sera of all 129 mice 5 weeks of age or older contained 
an antibody which in the presence of guinea-pig com- 
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plement was cytotoxic for mouse thymus oells. Although 
the antibody was present in the serum of pregnant mioe it 


bone-marrow, lymph nodes and peritoneal cavity were not 
affected. Tho thyzmus cella of all the strains of fies Costas 
were susceptible, although there were differences in the 
sensitivities of different strains. Cytotoxic titres of 1:8 to 
1:16 were obtained with thymus oells of the OSTBL/6, A, 
BALB/o, and O57L strains. Lower titres were obtained 
with thymus cells of 08H, O58 and SJL/J strains. The 
highest cytotoxic titres (1:16-1:82) were obtained with 
thymus cells of the 129 strain. Sera of individual 199 mice 


cells as sera of other 129 mice. In no case ware 129 thymus 
cells killed by guinea-pig serum alone, indicating that the 
cells were not aated wih antibody in vivo. In the presence 
of guinea-pig serum, the sera of 120 mice were cytotoxic 
also for rat thymus cells, but not for rat spleen cells. In 
addition to ite cytotoxic effect on thymus cells the serum 
of 120 mice was found to have a cytotoxic effect in vitro on 
the transplanted leukaemias BRLD, F9RL9 (ret. 12) and 
a BALB/c radiation-induced leukaemia. There was no 
effect on many other tumour lines E PU HC Pi 
Sal, BP8, and the leukaemias EQ RLS, E L9, BLA and 
K86 (ref. 12)). 

While cytotoxic teste thus indicated a speciflo cytotoxic 
effect of the 129 normal serum on thymus cells and some 
leukaernio cells, absorption experiments indicated that the 
antigen was of more widespread distribution. The oyto- 
toxic activity of 129 serum was absorbed by all nucleated 
tissues tested, including thymus, spleen, and kidney of the 
mouse and rat. Cytotoxic activity was removed also by 
absorption with guinea-pig red oella but not with mouse, 
sheep and hamster red cells. The antigen from mouse 
thymus or spleen resisted boiling for 80 min. This treat- 
ment did not diminish the capacity of these tissues to 
absorb the antibody. 

The cytotoxic antibody in the serum of 129 mice was 
destroyed completely by heating at 56° C for 20 min, and 
was inactivated by treatment with 0-01 M mercaptoethanol 
for lh. Prelimmary fractionation by filtration through a 
‘Sephadex @-200’ column, followed by analytical ultra- 
contrifugation, indicated that the antibody is probably c 
18S y-globulin. 

The antibody present in the sera of normal 129 mice 
differs from the autoantibodies previously described in 
mioe!24 in ite gpeorflcity and characteristics: it is oyto- 
toxic in the presence of guinea-pig complement for thymus 
cells and for some leukaemic cell lines, but is absorbed by 
many different tissues; it appearg earlier in the life of the 
animal than autoantibodies previously reported, is heat- 
labile and is probably a 1&9 y-globulin. 

Sera of individual 129 mice reacted in vitro with their 
own thymus cells. There was, however, no evidence for 
reaction of the cytotoxic factor with thymus cells $n vivo, 
since the thymus cella of 129 mice were not killed by 
guinee-pig complement alone. The lack of access of the 
antibody to the thymus cells might be attributed to the 
separation of the thymocytes from the blood stream by a 
barrier to macromolecular materialg!*.1*, Similarly, the 
placental barrier, which is relatively impermeable to 
y-IM globulins", probably accounta for the absence of the 
antibody from sera of neonatal mice. No pethological 
changes, such as are found in NZ B/ BL mioe!*, were found 
in the thymus of 129 mice. Indeed, the thymus of 129 has 
served in electron microscopic studies as a prototype of 
the structure of the normal mouse thymus!*. 

I thank Dr. L. J. Old and Dr. E. A. Boyse for their 
advios; Dr. H. A. Campbell for help with the column 
fractionation; Dr. M. Barclay for performing the analytical 
ultracentrifugations; and Dr. D. B. Amos for the gift 
of mioe. 
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RADIOBIOLOGY 


Cysteamine-induced Increase of Cellular 
Glutathione-level : A New Hypothesis of 
the Radioprotective Mechanism 


Ir was reported recently! that incubation of ELD 
ascites cella or ite sublines in a tissue culture medium 
lemented with cysteamine causes an increase of the 
cellular content of the acid-soluble, non-protein-bound 
sulphydryl groups (NPSH). The increase waa found to 
be directly related to the cyateamine concentration in the 
medium.  Expreesed in SIF*, the extent of NPSH 
increase was similar to the extent of the increased radio- 
resistanoe in DRF t of human kidney cells or 
mouse fibroblasts treated with cysteamine at comparable 
concentrations’. This similarity of SIF and DRF has 
been interpreted! as indicating that the mechanism of 
radioprotection by cysteamine is, in some way, dependent 
on the increased concentration of NPSH in the protected 
cell. The nature of this NPSH is not known at present. 
Aliquots of freshly withdrawn BLD ascites tumour’, 
with a concentration between 150 and 250 x 105 cells/ml., 
were diluted with equal of Eagle’s tissue culture 
medium supplemented with various amounta of cyste- 
amine. To controls, the medium was added without 
oysteaznine. 5 ml. volumes of the oll suspensioris in 
closed, 10-ml. glase viala were incubated in a water bath 
at 37° C, and kept under gentle agitation for a period of 
30 min. The ocells were then centrifuged at 600g for 10 min 
and re-suspended in 20 volumes of tissue culture medium 
without cysteamine. The total NPSH content of the 
washed cells and the incubation medium were subsequently 
estimated in duplicate. Elhman’st method was used as 
previously deearibed* except that NPSH extraction was 
made with 6 per cent perchloric acid instead of trichloro- 
acetic acid in order to facilitate the subsequent determina- 


——— 


tion of glutathione (GSH) (ref. 6). Cell counting was per-- 


formed by a Coulter model B electronic partacle counter. 
The standard error of a smgle determination of NPSH was 


5-7 per cont of the mean as calculated from the differences > 


between duplicate measurements. Of the total NPSH, 


* RIF. Bulphydryl increase factor denotes mncrease of MPSH relative to 
untreated con 

t DRF: Dose reduction factor denotes the increase of radiation resistance 
Teletive to untreated control à g d 
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Fig. 1. Non tein (XP8H, p and glutathione (GSH, e 
leval of B. ascites celis treated with different concentrations 
toamne, In relation to the level of the untreated controls. 
‘The Imes t ste tustioal lines with equation y = 0981 + 
+1 400 y = 0-408 z +1181 for the increase of G8H, 
respectively 
the amount of glutethione was determined 1ificelly 


aby the glyoxalase assay using the technique of Klotzsch 
and, Bergmeyer’. In this case, the standard error of & 
single determination was 5:3 per cent of the mean. 

In 18 separate tests, the concentration of cysteamine 

“in the incubation medium was varied between 0-7 and 
6-3 mM. The actual concentration of the compound was, 
in each case, established at the end of the incubation 
pariod. Fig. 1 illustrates the NPSH- and GSH-levels of 
the treated cella in relation to the respective controls. 
It oan be seen that NPSH in the cells increased in e 
direct relationship to the amount of cysteamine in the 
medium, an almost ten-fold increase of the oysteamine 
concentration being associated with a nearly two-fold 
increase of cellular NPSH. The increase in NPSH was, 
in part, due to an increase of GSH which was also directly 
related to the cysteamine concentration. On the average, 
37 per cent of the NPSH increase was due to & rise of the 
GSH-level, In the cells not exposed to ine, 
practically the whole NPSH content, 2-48 0-08 x 10 
pmoles/cell (mean + S.E. calculated from the values of 
the controls), consisted of GSH, which totalled 2-42 + 

(0-11 x 10 pmoles/coll. 

It 1s reasonable to assume that incorporated cysteamine 
or some sulphydryl-containing product of this compound 
of low molecular weight accounts for the non-GSH oom- 

4 ponent of NPSH in the treated cells. No simple explans- 
tion oan be offered for the incroased GSH content. New 
formation of GSH in the cells during the incubation period 
in the amounte recorded would require an extreordinarily 
&ooalerated rate of synthesis, tho feambility of whiob 1s 
unknown. 

Possible reduction of oxdized glutathione (G88G), 
known to be affected by cysteamine’, could explain a 
part of but not the whole GSH increase. The conclusion 
is based on results obtained in assays performed by the 
method of Klotzsch and Bergmeyer with eight different 
samples of our material. The resulta showed a G88G 
content of 0 200+ 0-060 x 10-* umolee/cell. This amount 
equalled not more than 16 per cent of the total GSH 
content and was in agreement with measurements of the 
acid soluble disulphides in non-neoplastic material’. 
Thus, even if wholly reduced, it cannot account for more 
than an increase of the cellular GSH content by & factor 
of 1-16 on the average. 

Mixed disulphides between glutathione and protoin 

z (OSSP) can be considered more likely as the posable 
+ *eource of the increased GSH content. The occurrence 
~ of such disulphidea in our oell material is strongly 

suggested by the resulta of recent experimenta deaigned 
to test this possibility. In these experiments, cells from 

2 ml. ascitic fluid were treated with 2 vol. of 6 per 
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cent perchloric acid for 1 h, and the resulting pre- 
cipitate was washed 

acid. No measurable GSH or 
fluid.- The disulphide 
were then reduced by 


the precipitate in 4 ml. of & 0-5 per cent solution of sodium 
laurylio sulp 
ture of 40°C. After treatment for 1 b, 
borohydride was destroyed by lowering the pH of the 
solution to 7 by means of 1 N hydrochloric acid. The 
proteins were then again precipitated with perchloric 

i trifuging, GSH, conceivably released from 
the proteins, could be demonstrated in the supernstent 


in amounts corresponding to about 2x 10- umoles/oell. 


increase of intracellular GSH, as 


vital sulphydryl groups has 
mechaniam for the radioprotective action of cysteamine. 
Release of intracellular € 
significant factor ın the radiation protection afforded by 
ine treatment. This consideration 18 based on 
the direct correlation between cellular NPSH content and 
radioresistance found in experimente with different 
clones derived from & common cell population*/!!, and 
with cella treated with varymg doses of 12: 
GSH may protect by functioning os & scavenger of 
radiation induced free radicals, and aa & specific agent 
for the elimination of radiation generated hydrogen 
xide va the glutathione peroxidase pathway! 
the idea that intracellular release of GSH. affords 
radiation protection is acoepted, it is reasonablo to extend 
the search for potential radioprotectors to inalude oom- 
pounds which can induce an merease of in GSH. 
This work was supported by grants from the Swedish 
Cancer Society, the National Cancer Institute, 
Public Health Service (OA 06633-03) and the Swedish 
Atomic Research Council. 
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Reactivation of Radiation-killed E. coli with 
Ribonuclease 

RrBoNUGLEASE has been reported to influenco the 
ection of X-rays on E. col’, This communication shows 
that the presence of ribonuclease during irradiation did 
not influence the percentage of survivors, but presence of 
ribonucleaso after irradiation and during incubation at 
37° C increased the survivor ratio to a very high value. 


je 
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E. coli B cella were routinely grown in Difoo nutrient 
broth, supplemented with 0-2 per cent sodium chloride. 
Colls were grown with continuous eeration from an over- 
night oulture to reach a logarithmic phase of growth in 
nutrient broth. Solid media were by addition 
of 1-5 per oent Difoo agar to the foregoing liquid media. 
Cells were gathered on nutrient agar plates at suitable 
dilutions and plates exposed to X-rays or ultra-violet 
rays, as the case may be, for the different doses of er- 
posures. The plates either contained the graded amounts 
of ribonuclease before the exposure dose or graded 
amounta of ribonuclease were added after the exposures. 
Incubation of the plates after was oarried out 
at 87° O for the usual period of 18 h. Comparison of the 
colonies developed in plates containing ribonuclease with 
those in plates having no ribonuclease gave the difference 
in surviving ratio due to the influence of ribonuclease. 

X-rays used were 80 kV, 17 m-amp at the dose rato at 
the place of irradiation of 840 rads/meo without filtration 
and ultra-violet dose rate was 30 erge/mm! sec. The 
total dosea of both X-ray and ultra-violet ray were so 
selected as to give about 0:1 per cent survival ratio for 
the bacterial cells. 

Fig. 1 shows the variation in the percentage of X-ray 
survivors due to incubation in presence of various quan- 
tities of ribonuclease on plate. Curve a is the case when 
the ribonuclease was added to the plate before irradiation 
and remained on it during the incubation period. Curve b 
is for the case when the ribonuclease was added immedi- 
ately after irradiation but was not present during the 
time of irradiation. Incubation of the plates continued 
in presence of the added amount of ribonuclease. The 
survivor percentage in the absence of ribonuclease waa 
normalized to 100 and corresponding normalization with 
regpect to this value for other cases of survivors in 
preeenoe of various quantities of ribonuclease was done. 
Curve a shows that the saturation value of the increase in 
survivors reaches about twelve times in presence of 
80 pg/ml. ribonuclease. Curve b shows that saturation 
value is aa high as 45 times and is reached at 25 g/ml. of 
ribonuclease concentration. Also the shapes of the curves 
are distinctly different; whereas in case of curve a the 
initial rise is slow, in case of curve b the rising part is 

When ocells are to X-rays in presence of ribo- 
nuclease, but freed from this immediately after irradiation 
and plated in absence of any ribonuclease, the number of 
survivors remains the same within the limita of experi- 
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Fig. 2. Influence of rbanneieese on the u 


mental error for all the quanti 
(not shown in flgure). 

Fig. 2 shows the variation in 
various quantities of ribonucleas 
curves for the case when riboni 
irradiation or after irradiation | 

The results clearly indicate t: 
nuclease during the incubation ] 
Irradiation period is necessary 
numbers surviving. Thus ribom 
of recovery rather than of prot 
curves a and b of Fig. 1 is c 
inactivates the ribonucleass m 
available less quantity of ribonuc 
resulting in a decreased saturati 
rising initial part. However, the 
of the reactivation is the quanti 
the results of X-rays and 1 
Whereas the level for X-ray re 
45 times, for ultra-violet rays i 
difference only highlighta the di 
action of X-rays and ultra-viol 
violet raya are known to produa 
are repairable only by an exoh: 
For X-rays, there must be ot 
which when. affected can induce 
been observed that the effect « 
with ribonuclease is to break d 
(ribosomal) to 4 S (soluble) RN; 
of conjecture only how this bree 
to recover from the radiation 
cell. But this muah is obviou 
mechanism of reactivation the ] 
for ultra-violet damage aa that 
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Cell Cycle of Mouse Emb 
Continuous Gamı 

Tua cell cycle in proliferatic 
adult animals commonly takes fr 
synthetic period (S) is fairly cor 
and the post-DNA synthetic pe: 
in duration. Most of ana (6 

DNA synthetio peri 

Yo this rule are known!. Amon; 
yot reported are those found in 
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rat gut (8-2-0-4 h) (ref. 2), in the chronically irradiated 
mouse gut (~8 h) (refs. 3 and 4) and in the neural tube 
-of mouse embryos at 10 days gestation (probably ~ 6-5 h; 
ref. 5). 

Embryonic tiseue is one of the most rapidly proliferating 
cell systems known in mammals. In the present investiga- 
tion the cell cycle was studied in the tip of the tail of tho 
embryonic mouse at the 12th-18th day of gestation both 
in control animals and in animals that had been exposed 
to 5 days of continuous gamma irradiation at 50 rads/day. 
The tip of the tail of the embryonic mouse during the 
period is growing very rapidly. It behaves somewhat like 
& root tip. There is an &ree of high cell division at the tip 
and, as additional calls are produced, somites aro farmed 
behind the tip. Cell division, however, is nob restricted 
to the tp as in root tips, and divisions continue in the 
newly differentiated somites. 

Pregnant Strong A female mice at the 19th day of 
gestation as judged by vaginal plugs were injected with 
50 pe. *H-thymidine in normal saline (1-9 c./mM, Radio- 
chemical Centre, Amersham) and killed at various inter- 
vale up to 20-5 h after injection. were fixed in 
1:8 aoetic-aloohol and stained in toto by the Feulgen 
method. Squash preparations of the tip of the embryonic 
tail wore made in 45 per cent acetic aoid. The cover glasses 
wera removed by the dry-ice method and autoradiographs 
were made with Uford 'K—5' liquid emulsion. Exposures 
were for 8 months. The irradiated mice were placed in 
the vaesium-187 unit* on the 7th day of gestation at a 
dose rate of 50 rads/day. Irradiation waa continuous 
exoept for 0-5 h servicing intervals every other day. 
The irradiated mice were treated. with 7H-thymidine 
and prooessed identically with the controls. Irradiation 
continued until they were killed. Autoradiographs were 

soored for labelled mitoses. From 8 to 12 tail tipe 
were scored per pregnant female. Atleast 40 mitoses were 
observed in each tail tip and the resulta were summed 
for all the tail tipe from one pregnant female. 

Labelled mitoses for both the control and irradiated 


Several reporta show that continuous exposure of pro- 
liferating tissue to gamma-rays will shorten or lengthen 
the oell cyale. In plant root tips the oyole may be length- 
ened"'*, whereas in the intestinal t cells of the mouse 
the cycle is shortened'*«*. The conditions and times of 
exposure were simular in this experiment to our previous 
work with intestinal orypt cells‘. There, after a 5-day 

of male Strong A mice to 60 rads/day, we found 
evidence of a shortened G, period in the crypt cells of the 
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ileum. Here, on the other hand, in embryon: 
major change in the cell cycle can be detects 
because the cell cycle is already as short as poa 
given environmental conditions. Further stud 
proliferating tissues are noceasary before a 
statement can be made about the effect of 
ionizing radiation on the cell cycle in the mou: 
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of the U.8. Public Health Service. 
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Induction of Chromosome Aberrat 
Aflatoxin 


Iw 1860 an outbreak of “Turkey X? disease k 
turkeys in Britain. This outbreak was traced 
effects of groundnut meal which formed part 
food?»1, 

The toxic factors (which are now collec 
aflatoxin) were found to be metabolites o! 
Aspergilius flavus?, which is a common con 
groundnuts, groundnut cake and meal, and s 
maize*5 and other foodstuffs. Aflatoxin ) 
found in the milk of oows fed on rations of 
groundnut meal’, 

Recent work has shown that aflatoxin i 
moet active known liver carcinogens for ma 
also induces local tamours when injected in 
of rate’. 

Histological examinations have been mad 
induced tumours in rata, but, so far as I à 
previous attempts have been made to im 
action of aflatoxin on chromosomes. 

The present experimente were carried out 
of seedlings of Vioia faba (Sutton's prolific 
The aflatoxin solution used consisted of 2 
aflatoxin B,, 56-4 per cent aflatoxin G,, whil 
and (7, were present in small amounts. The 
dissolved in aloohol. This solution was then 
water, and the alcohol was removed ui 


pressure. 

Control experiments with roots treated 
which had been mixed with alcohol an 
showed that there were no chromosome 
induced by any traces of alcohol which may ł 
after evaporation. 

Roots were treated under two experiment 
Half the roots were immersed for 8 h in 
67 x 104 M afiatoxin at pH 5-8 and at 21 
of the roota were treated in water for 3 h. 
this treatment all the roots in both 
ditions were returned to the bean culture tar 
grew in water. 


434 
Table ]. ABKORMAL AWAPHASES IX BOOTS FIXED AT VARIOTA TIMES ATTER 
TXBATWEWT FOR 3 H IX 
Fixation times 5 6 12 2 8 E 
AE = ) 4 30 8 72 
raniad 
exa. 200 200 200 200 200 200 200 
% abnormal 
anaphases 0 2 Q 1 o5 1 1 
Aflatoxin No. of 
ana 
106* 200 200 59* s0* 200 200 
% abnormal 
anaphasss 15] 115ł 25 160 307 255 2 


* The low mitotle index at these times reduoed ths available anaphases 
eon oahromosomes bridgea 
but few fragments. "m 


At various intervals after treatment (timed from the 
inning of the 8-h treatment) roota were fixed in 1:3 
acetic alcohol. The fixation times were at 3, 8, 12, 24, 
30, 48 and 72 h. The roots were then hardened in absolute 
alcohol and stored in 70 cent alcohol. 

Roota were hydrol at 20° C in 5 N hydrochloric 
acid for 40 min and stained in leucobasio fuchsin and 
squashed. Two roota wore analysed from each treatment 
at each fixation time. Ansphases showing fragments and 
bridgoa were scored as abnormal. Tho results are shown 
in Table 1. 

There is a highly significant (P< 0-001) increese in 
the number of abnormal anaphases following treatment 
with aflatoxin. Most of the abnormalities consiated of 
chromosome fragments with occasional bridges, except at 
3 h where both roota, and 6 h where one root, showed 
stickiness and many bridges. There was & considerable 
inhibition of mitosis (expecially at 24 and 30 h) followed 
by & peak of divisions at 48 h. 

Further experiments are in progress to compare the 
action of aflatoxin with that of well-known radiomimetic 
substances. It is also hoped to obtain samples of the 

te aflatoxins for experiments. 

Butler and Barnes* and other authors’ have discussed 
the possible hazarda of aflatoxin to man. These authors 
have directed attention to the possible part that fungal 
products may play in producing liver cancers in various 
parte of the world. So far there are no detailed investiga- 
tions reported linking the ooourrence of liver cancer with 
aflatoxin in humans. However, it is of interest that 
during an investigation into the induction of chromosome 
breaks in human blood calls in culture, being carried out 
in this laboratory, preliminary resulta have indicated that 
aflatoxin breaks human chromosomes’? 

The aflatoxin used was a gift from the Tropical Products 
Institute, Department of Scientific and Industrial Re- 
search, to Prof. F. Dickens, of the Courtauld Institute, 
Middlesex Hospital, London, W.1. 

Note added in proof. Recent experimente!* have shown 
that aflatoxin treatment imhibite the synthesis of deoxy- 
ribonucleic acid from tritiated thymidine and inhibits 
mitosis, in cultures of human embryonio lung call lines. 
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Individualized Whistle Contours in Bottle- 
nosed Dolphins (Tursiops truncatus) 

IN 1953, Eaeapian! suggested that individual bottle- 
nosed dolphins, Turstops truncatus (Montagu), may have 
distinctive notes which each dolphin can recognize. 
From his context, in using the word ‘notes’ Eesapian 
referred to the whistle component of Tursiops phonation. 

In spite of the extensive work that has been done on 
the vocalizations of this and related dolphin species, this 
approach to the whistles as suggested by Hasapian appar- 
ently haa received no further consideration. ther, the 
&ooent has been on an attempt to attach a particular 
whistle to a definite situation’. It has even been theorized 
that the various whistles could conceivably constitute a 


In the course of invostigation relating to other aspects 
of catacean behaviour, we recorded the vocalizations of 
five freshly captured T'. truncatus, consisting of two adult 
females, one adult male and two sub-adult males. Vooal- 
izations were audited for approximately three weeks 
following capture and in a great variety of oiroum- 
stances. Our tapes show that with this group of animals, 
all taken from one wild school, each animal showed a clear 
tendency to emt the same whistle regardless of the 
situation. This becomes particularly clear when the tapes 
are slowed to 1/8 normal speed. The variety of situations 
to which they were exposed moluded isolation from the 
group (by which individual whistlea were identified), 
feeding, entrance of divers into the tank, introduction 
of a strange dolphin into the tank, removal from a familiar 
tank to an unfamiliar one, and to novel and 
sometimes disturbing stimuli including dead young from 
the same wild school. Although the whustle might vary 
slightly, the basic contour remained the same. The 
manner in which the whistle veried included number per 
minute, intensity, duration of the one whistle, and the 
abrupt breaking off of a whistle which had begun to be 
emitted. These variable units are potentially capable of 
conveying much information. For example, under 
mildly streseful situations, the whistles increased in 
number and intensity. In very alarming situations, the 
whistles ceased for a few minutes. The basic information 
tranamitted, however, would be the identity of the 
animal doing the whistling. 

The five predommant whistles for the five animals were 
clearly distinotave from each other at 1/8 speed. They 
consisted of the following whistles which can be compared 
with chart I of the whistle contours of T. truncatus as 
catalogued by Dreher and Evans’. Contour 3, correspond - 
ing to Dreher and Evans's contour 1, was & sharply rising 
single upsweep, and was emitted in a series of one to 
nine whistles. Contour 2, a falling inflexion, corresponds 
with Dreher and Evane’s contour 9. In our animal, this 
had a break toward the lower end and was never emitted 
more than twioe in series, and usually only once. The 
third contour, a single unbroken up-and-down sweep, is 
the same as contour 3 of Dreher and Evans and wea 
emitted almost constantly by one of the young males. 
It was made in series of 1-7 quick whistles and at 1/8 
spoed. had a distinctive series of breaks in both rising and 
falling, somewhat resembling a scale as practised by a 
singer. Contour 4, corresponding to Dreher and Evans's 
contours 8 and 16, began with a falling inflexion, then 
rose and fell at least once. The rising and falling inflexions 
were sometimes continued without break for up to four 
more warbles. Our contour 5 somewhat resembles our 
contour 4, with the exception that it begins with & rising 
rather than a falling contour, and may warble from 
twioe (Dreher and Evans's contour 5) up to five complete 
and unbroken warblea similar to contour 14 as presented 
hy Dreher and Evans, which shows four complete warblee. 

The moat conclusive evidence which we can present 

ing the individualization of these whistles ia that, 
on being placed together, when one animal begins whist- 


A 
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ling, others frequently follow guit resulting in a confused 
overlay. However, at slow speeds the individual whistles 
can be isolated. During those whistle sessions the indi- 
vidual contours were retained, and as they overlapped 
each other it was obvious that each animal was meking 
ita individual whistle. As our contours 4 and 5 varied 
only in the initial rise or fall of the warble, only the over- 
laid whistles of these two animals proved that they were 
distinctive and not variations of one contour. 

On the basia of these observations we do not intend to 
state arbitrarily that a single animal has a vocabulary of 
a single somewhat variable whistle contour. However, 
this distinctive whistle occupied much more than 90 per 
cent of the total whistle vocabulary of any one animal 
during this three-week period following capture. Very 
rarely, however, an unfamiliar whistle was recorded. 
We do wish to point out, however, that our work to this 
point indicates a definite tendency toward an individual- 
ized whistle. Further investigation of this point is oon- 
templated in the immediate future. 

The whistle constitutes only one of the many phonations 
emitted by T. truncatus. Squeals, chirps, squeaks, 
equawks, barks, yelpe, grating sounds, and echo-location 
bursts are common ones. Although some of these have 
been clearly shown to be used for esho-location‘, others 
such as the squawk, even though containing very rapid 
pulses, may be indicative of the emotional state of the 
animal and not an echo-location device. Much work 
remains to be done in analysing these sounds in relation 
to behaviour. 

for this work was received through grants from 
ihe U.S. National Institute of Mentel Health (MH- 
07509-01) and the U.S. National Science Foundation 
(@B-1189). We thank William E. Evans of the University 
of California, Los Angeles, and William N. Sutherland of 
the Lockheed-California Company for assistance with the 
recording equipment, and J. B. Siebenaler of Florida's 
Gulfarium, Fort Walton Beach, for help with the capture 
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Correlations between the Architecture of 
Shoots and the Particular Fragments of them 
found as Fossils 


OnanunvATIONB were made on plausibly-coniferous foem 
shoots in silicified floras from arid southern oentral 
Australia. Such floras are found in an indurated siliceous 
matrix superficially resembling silorete!, but occurring 88 
eroded stones on various landsurfaces. The fossils, loosely 
oriented &ooording to apparent bedding planes, are un- 
distorted natural moulds of very high fidelity, often carry- 
ing details of surface morphology down to the microscopic 
dimensions of cell outline. They are not well expressed on 
fresh fracture faces, but only on weathered faces, by 
differential erosion. Of the plant debris fossilized within the 
matrix, one might expect the array presented at the sur- 
face of the eroded stony fragments to be dictated by chance, 
at the vagaries of erosion and weathering. However, 
the particular kind of fragment (branched or not, terminal 
or not, eto.) was found to be correlated with the architeo- 
ture (and hence with the systematic status) of the ahoot, 
despite fragmentation. 
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t Exaot probabi- 
A B a b 6 d (Yatew’s ty " 
) method) 

Branches Tips 8 4 2 62 30 362 0-00000106 
Branches Bpiral 5 60 6 5 13:113 

Tips Bpural 5 60 8 3 23 663 000000917 
Length Branches 4 7 26 39 0011 — 
Length Tips 3 10 27 36 1033 — 
Length Bpiral ?8 37 2 9 1:609 — 


Association between charactemsiies 4 and B evaluated 
x (Yates’s cocreotion) and by Fisher’s exact method". 
greater than mean were rated positive ) 





From Table 1 it is clear that, while the frequencies of 
branching, terminal nature and non-spiral phyllotaxis 
in the assemblage are low, nevertheless branching and the 
presentation of natural terminations are positively 
associated, both are negatively associated with spiral 
phyllotaxis, and all three characteristios are independent 
of fossil length. 

In defining the 21 kinds, branching was precluded from 
discriminatory attributes mnoe ita absence from a fossil 
waa regarded as probably due to fragmentary presentation 
(mean shoot length 19-4 mm, S.D. 9-4). This analysis 
shows, however, that branching or the lack of it correlates 
with highly discriminatory plant attributes, namely 
phyllotaxio kinds, and is independent of the length of 
shoot presented, in this group of fossils. Branching is 
thus revealed as a discriminatory plant attribute in this 
assemblage. The small axis diameters of all 76 fossils 
suggest that all the debris was more or leas terminal, 80 
the correlation between only branched non-spiral phyllo- 
taxis and the exhibition by fossils of natural shoot tor- 
minations is surprising. Branching admittedly moreases 
the probability of observing & tip but not, in our opinion, 
to & degree sufficient to account for the degree of oorrela- 
tion obeerved. Rather, the data indicate differences in the 
habit and shoot abaciasion characteristics of the original 
planta. 

We thank Mr. N. B. Stenhouse for help with the statis- 
tical calculations. 

R. T. LANaE 
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t of Botany, 
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A Middle Palaeocene Primate 


PRu«ATES are unknown before the middle Palaeocene. 
From deposits of this age (see here) in Montana, Wyoming, 
and Germany, nine genera and ten species are at present 

ized!4+, I have elsewhere’ shown that Adapisori- 
oulus, which is present at Walbeck’, is & tupaiid but that 
tupaiids are probably not phyletioally close to primates. 1 
regard the Picrodontidse as primates’. Beer Creek could be 
Torrejonian to Graybullian in age (unpublished work) but 
is not here included in the middle Palaeooene. The species 
to be described here is one of the most primitive known 
and therefore has a bearing on the origin of primates. 

Mokennatherium libitum, new genus and species: Type 
and only known specimen; A.M.N.H.* No. 85437, left 
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Formation, Mountain Field, Montana. 

Diagnosis: Moet closely similar to Palaschthon 
Palenochiha. The lower molars differ from both these 
genera as follows: teeth relatively longer anteroposteriorly 
(except for the specialized M, of Palaschthon); lateral walls 
of teeth more vertical; trigonid somewhat lower; posterior 
wall of trigonid somewhat less vertical; crista oblique not 


ior wall of trigonid (also true in some 


extending up > 
ens Palenochtha); talonid basin shallower; 


hypoeonulid distinct on M,; deepest point of telonid E 


basin central; M, shorter than M,. Additionally 

from Palaeohthon as follows: telonid narrower than tri- 
gonid; paraconid more distinot from paralophid and 
projecting more anteriorly; labial cingulum virtually 
absent; acceasory protolophid absent; metacanid lese 
bulbous; "d asus relatively lower; no incipient third 
lobe on Ma; ioa asso ear entoconid no more 
basin central; M, shorter than M,. Additionally differing 
from Palenochtha as follows: paralophid lees anterior; 
direct ridge from paraconid to protoconid absent; mets- 
conid less posterior; base of enamel on labial side of tri- 
gonid rising much less steeply; hypooonid relatively lower; 
hypoconulid of M,.4 somewhat lingual; hypoconulid lobe 
smaller but hypoconulid larger on M. 


Table 1. MRASUXEXENTS OF Mobenastheriom Lbitum, TY?» Brace 


M. 17 12 11 
M, r6 ; 

M, 15 10 08 
The genus ia named for Maloolm 0. McKenna; the 

specific name is a Latin word meaning pleasing. 
Examination of specimens of Palenochtha and Palasch- 
thon has shown the presence in each genus of a previously 
anterior tooth. In Palenochtha manor, the 
alveoli of A.M.N.H. No. 35449 show that there are five 
antemolar teeth, the same number and presumably with 
the same homologies as those of Paromomys. In Paromomys 
P, is two-rooted; in Palenoohtha it is one- or possibly two- 
rooted. The incisor of Palenochtha is not particularly 
. In Palaschthon alii is, A.M.N.H. Noe. 35478 
and 85480 have complete seta of alveoli, which indicate an 
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additional one-rooted tooth behind the moderately 
enlarged incisor. This additional tooth is probably 
I, although it could be P,. The specimens uibs Simp- 
son* do not contradict the revised formulae. The lower 
dental formula of Palenochtha and Paromomys ia then, ` 
erai pea Il, Ol, P8, M3, and of Palaeohthon I2, Ol, 
P8, . These genera aro therefore not as &berrant as 
KA ciiin d thought. 
is Op ity to present drawings of the upper 

dentition of P. minor (Fig. 1 A—D). The figure 
given by Gidley* and copied by Simpson is inaccurate. 

Mokennatherium, Palenochtha, Palaschihon, and probably 
Plastolestes form a grou SP awe ail peers har aay 
provisionally be in the Paromomyidae pending & 
clarification of early prosimian interrelationships. The late 
Palaeooene us Novajovrus is generally similar to this 
group (Hia M, ia caposlaily cinmilar to thar of Palencoktha). 
but for the moet ita aimilarities are confined to primi- 
tive characters. Mckennathertum and Navajovius are, in 
most of their known characters, the two most primitive 
primates as determined by comparison with possible near 
ancestors in the Insectivora‘. Primitive erinacecids, such as 

tener, and leptictids seem the most likely near 

ancestors of the primates":’, although this is uncertain. 
This conolusion implies that semimolariform fourth 
premolars may be primitive in primates, as further 
oomperisons suggest even for the Eutheria as & whole’. 
The Microsyopidas, placed possibly oorreotly in the 
Primates by MoKenna* and Simons'®, are unknown before 
the Eocens but at that time are nob especially similar to 
the genera mentioned in this paragraph. 

I thank Dr. M. C. McKenna for help in various ways, 
and Dr. C. L. Gazin for the loan of U.B.N.M. * specimens. 
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Loss of Suberin from Bark tissue rotted by 
Armillaria mellea 

SuBNBIZED tissue has for a long time been regarded as 
the most resistant of plant tiasues to fungal decay. 

Oork can be virtually immune from breakdown’, and the 
production of cork barriers is a common host reaction to 
fungal infection*. Nevertheless, there oan be little doubt 
that suberin must eventually be degraded by miaro- 


cork layers in advance of the fungal hyphae. 
gestion of enxymatic breakdown of the cork layers has 
been largely discounted by later authors"*. 

Recent work here has, however, shown that the suberin 
content of bark tissue shows a marked decrease during 
rotting of the tissue by A. mellea. Ground bark tissue 
from the roots of Brachystegia spiciformis was extracted 
with ethanol, water and 5 per cent NaSO, successively, 
and then the suberin, holocellulose and lignin contenta 


July 24, 1965 NATURE | dlix 








As makers of 2 range of rugged, reliable, 
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e "i widths and high Information packing density. 
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0 5 10 15 1:0 s 30 
Percentage loss in dry weight of bark tissue due to rotting 
by A. meles 


Fi. 1. Changes m conaposttion of bark thane due to rotting by A. malles 


were eatimated, both before and after rotting by A. mellea. 
The suberin was estimated by the Den pea 
method developed by Zeteche, Oholatnikov and T 
and the holocellulose and lignin separated by hydrolysis 
of the carbohydrate with 72 per cent H,80,. Fig. 1 shows 
the changes in the content of these three fractions during 
rotting of the tissue by A. mellea over a period of ten 
months. During this period, the tissue lost more than 25 
-per cent of ita dry weight; the holocellulose content had 
decreased by 14 per cent, the lignin by 9 per cent. The 
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ENTOMOLOGY 


Influence of Radiation on Ovarian Maturation 
and Histolysis of Pupal Fat Body in Diptera 


Ix Oalliphora the medial neurosecretory oells of the 
brain are necessary for ovarian maturation’. They seem 
to act partly by inducing the release of a gonadotrophio 
hormone from the corpus allatum and to regulate the 
storage and mobilization of nutrients in the adult fat-body. 
Doane studied the interaction of ovary, corpus allatum 
and adult fat-body in mutant (female sterile (2) adipose) 
Drosophila’ and concluded that the ovary itself, in develop- 
ing under hormonal stimulus from the corpus allatum, 
mobilizes reserves in the adult fat-body by secreting & 
socond hormone. 

This system of developing organ (ovary), nutrient source 
(adult fat-body) and controlling mechanism (neuro- 
perry, alle aad ones ele anal a second 

called the ‘larval fat-body'!, 
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‘producta of histolysis and ‘pupal fat-body'*. It is a 
tiasne left over from the pupal stage which rapidly dis- 
appears in normal flies as the ovaries begin to develop. 
Probably it is only a supplementary. source of ovarian 
nutrients, because dietary deficiency in some adult Diptera 
both inhibits ovarian development and retards histolysis 
of the pupal fat-body**. ; 
How is this histolysis controlled ? Is it accomplished 
by direot action of the juvenile hormone and does matura- 
wait on this action? Or does the 


Ts this due to: (a) direct damage to the ovary and hence re- 
duced ‘demand’ on the fat-body, or (b) damage to the brain 
or corpus allatum which prevents them from producing 
the gonadotrophic hormone, or (e) interferenoo with & 
hypothetical mechanism by which the ovary controls the 
secretory activity of the corpus allatum, or (d) blockage 
of the system by damage at more than one point? 

In the following experiments we tried to eliminate some 
of these alternatives. If (b) is correct, irradiation of the 
head should prevent ovarian maturation. We gave the 
following treatments to four randomly selected groupe 
of pupal Daous tryoni, using pupae 6-8 days old and, for 
convenience, a 120-kV source of filtered X-rays instead 
of y-rays. The pupae were exposed on & ‘Perspex’ plate 
to & dose in air of 8,000 rada, as follows: Group A: control, 
not irradiated ; Group B: whole body irradiated ; Group 0: 


pae in Groups O and D were shielded by ead blocks 
1-2 om thick. Scattering into the shielded parta seemed 

i When 
were provi 


females were Ovarian development was 
scored on a subjective scale from I to IV. Stage I ovaries 
showed no apparent devel t over the ovaries of 
newly emerged flies and Stage IV was identified by the 

of mature eggs. The presence or absence of 
pupal fat-body was also recorded. The results are shown 
in Table 1. 


Group Treat- and Mos. with papal fat-body (afb 

ment I go 10 xb m SA Li] 

A Omia 0 0 0 0 0 0 54 0 

B Whole body 45 Notre- 0 Notre 0 Nore 0 Notre 

corded corded corded corded 

C Anterior 8 0 4 0 1 0 21 0 
irradiated 

D Posterior 29 19 2 0 0 0 1 1 
irradiated 


The difference in ovarian maturation between Groupe 
A and B does not call for statistical analysis. If we 
pool the data from animals in Groups O and D under the 
headings Mature (Stage IV) and Immature (Stages I-II), 
they are significantly different (x= 7-1, P « 0-01) 
and they also differ significantly (y* = 22:2, P < 0-001) 
in the proportion of animals which have histolysed their 
pupal fat- boda The ovaries of eight animals in Group C 
remained in Btege I and in seven animals of Group D 
went on to Stage IV probably because of scattered radia- 
tion or variation in alignment under the lead shield. 

Obviously irradiation does not directly prevent secre- 
tion by the corpus allatum and it apparently aote directly 
on some abdominal organ. Doane’ suggested that the 
ovary itself may influence the secretory activity of the 
corpus allatum, and our resulta could mean that radiation 
blocks some stimulus from the abdomen, thus indirectly 
preventing ovarian development. 
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To test this hypothesis we applied farnesyl methyl 
ether, which mimics the gonadotrophio action of the 
juvenile hormone’, to the abdomens of newly emerged 
female flies which had been given a dose of 4,000 rads 
‘-Tadiation on the eighth day of pupal life. The farnesyl 
methyl ether was mixed with alumina dust to prevent it 
from spreading over the cuticle and perhaps to assist ita 
entry into the haemoooele. The dose (12 ug mixed with 
15 ug of alumina) was made large enough to induce marked 
muscular twitching in the legs of the recipients. Fifty- 
eight out of 182 treated females survi for 5 weeks 
but none showed ovarian development. This negative 
result suggests that the irradiated ovary may be incapable 
of responding to the gonadotrophic hormone from the 
corpus allatum, but tells us nothing about a possible 
stimulatory action on the corpus allatum by the ovary. 

The histolysis of pupal fat-body seems to be partly 
dependent on ovarian maturation. But in these and more 
extended observations, irradiated flies lost their pupal 
fat-body slowly even though the ovaries did not develop. 
Presumably other demands cause a slow histolysis even 
in the absence of ovanan development, whether this is 
inhibited by radiation or by nutritional deficiencies in 
the adult diet*. These resulta suggest that radiation 
does not act hormonally and support the contention of 
La Chance and Bruns that it directly damages the nurse 
cells of the ovary’. This in turn probably reduces demand 
on the pupal fat-body and delays ite histolysis. 

We thank Prof. H. G. Andrewartha and Dr. E. M. 
Arnold for their advice. Samples of farnesyl methyl 
ether were given by Dr. J. Fellig of Hoffmann-La Roche 
Ino., and Mr. F. Hampshire of Union Carbide Australia, 
Ltd. Methods of applying farnesyl methyl ether were 
suggested by Prof. A. F. O'Farrell and Prof. A. Stock. 
The work was carried out in the Zoology Department, 
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MICROBIOLOGY 


Growth Inhibition of Escherichia coll by 
some Basic Proteins prepared from the 
Same Strain 


Powrscorvo! in his Leeuwenhoek lecture to the Royal 
Society said that “histones are characteristic intra- 
nuclear proteins in search of employment’’. Other 
workers have suggested that histones could be concerned 
with the regulation of RNA syntheeis**. The findings of 
Gurley e£ al.‘ were more specific. They found that in a 
cell-free system DNA polymerase was inhibited by a 
lysine-rich histone fraction. Our own work points in the 
same direction. During a study of the cellular control of 
metabolism we isolated basic proteins of Escherichia colt 
and found that some of these preparations inhibited the 

from which the protein was isolated. 

E. cols (NOTO 8196) was grown in 49 1. of Littauer and 
Kornberg’s medium! for 4 h (end of logarithmic phase) 
with mechanical stirring and forced aeration at 87° O. 
The cella were collected in a Sharples centrifuge, and 
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stored deep-frozen until required. We isolated an acid- 
alcohol-soluble fraction by the method of Johns e£ al.', 
recommended for the isolation of the arginine-rich fraction 
of histone from calf thymus. 60 g bacterial paste was 
homogenized with 350 ml. ethanol: water (70:30 v/v) 
1n & Braun disintegrator (Shandon Ltd., London) with 50 g 
No. 12 Ballotini beads and continually cooled with CO, 
snow. The homogenste was centrifuged and the super- 
natant discarded. The deposit was washed once in the 
above solvent, and the supernatant again discarded. The 
deposit was then taken up in 100 ml. ethanol: N.HOl: 
water (70: 25 : 5 v/v), transferred to a ball mill, and extras- 
ted at 1? for 20h After oen the deposit was re- 
extracted in 50 ml. acid ethanol for 4 h at 4° and oentri- 
fuged, and the deposit was re-extracted for a further 2 h 
with 50 ml. solvent. The precipitate was discarded. The 
supernatants were combined and dialysed three times for 
4h at 4° against 300 ml. ethanol. The precipitate which 
forms during dialysis was collected by centrifugation, 
washed with ethanol, then with acetone, and dried under 
vacuum. 

We also isolated a hloric-acid-soluble fraction by the 
method of Johns and Butler’ recommended for the isola- 
tion of the lysine-rich fraction from oalf thymus. 50 g of 
E. colt paste was homogenized with 400 ml. 5 per cent 
v/v of 0-760N HCIO, in a Braun disintegrator, with 50 g 
No. 12 Ballotini beads, and continually cooled with CO, 
snow. After centrifuging at 1100 g for 10 min, the deposit 
was re-extracted in 100 ml. 5 cent HCIO,. The com- 
bined supernatants were i through a No. 4 sinter 
and trichloroaoetio acid was added to the clear extract to 
bring the final concentration to 12 per oent (0-74 M). 
After standing overnight at 4? the precipitate was removed 
by centrifuging. The sediment was dissolved in 100 ml. 
ethanol and concentrated HCl (1 ml.) was added, followed 
by 50 ml. acetone. The white precipitate formed was 
washed three times with acetone and dried under vacuum. 

The effect on the growth rate of E. cols was followed by 
diluting an overnight culture 1/1000 in Littauer and Korn- 
berg’s medium to which different concentrations of the 
preparations redissolved in distilled water were added. 
The growth of the organism was followed by measuring the 
increase in optical density at 580 my for 8 h. 

The fraction soluble in perchloric acid did not increase 
or reduce the rate of growth of E. cols at final concentra- 
tions of 200 pg/ml. 

The acid-alcohol-soluble fraction gave variable resulta. 
This preparation was ted 17 times; 3 preparations 
were ‘active’ because were inhibitory to growth; 
14 preparations were ‘inactive’. 

Tho effect of the ‘active’ preparation is shown in Fig. 1. 
Growth inhibition was proportional to the concentration 
used : 40 ug/ml. was partially inhibitory and 80 pg/ml. 
was completely inhibitory. Inactive preparations gave 
curves whioh were indistinguishable from the control. 
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These active and inactive preparations were examined 
by electrophoresis in polyacrylamide gel after the method 
of Reisfeld ez al.*. The gels were made up in potassium 
h ide/ 


preparation. The exact nature of the bands is not yet 
known and we cannot explain why some preparations 
should be active and others inactive. Activity most prob- 
ably resides in the fast-moving component miseing from 
the ‘inactive’ preparations, but it is aleo possible that the 
slow-moving bands which are t only in the ‘inactive’ 
material antagonize the inhibitory activity. Although 
only 8 of the 17 preparations were ‘active’ the interest of 
this work is that we have obtained at least some prepara- 
tions which were inhibitory to the growth of ocells of the 
strain from which they were isolated. It oould be, there- 
fore, that in the growing oell also such proteins are 
concerned with regulation of growth. 
We thank Dr. P. Akroyd for carrying out the gel- 

electrophoresis. 

A. Hurst 

D. R. TAYLOR 


Unilever Research Laboratory, 
Colworth House, 
Sharnbrook, Bedford. 
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GENETICS 


Maleic Hydrazide, a Chemical Mutagen in 
Drosophila melanogaster 


Marso hydrazide is one of the various reagents which 
induce breaks in the chromosomes of some plante at 
specific regions recognizable as hoterochromatin'*. It 
also inhibits growth in several species of planta, at least 
doubling the time taken to proceed through a complete 
mitotic cycle. Much of this delay in oell development 
has been explained by Evans and Soott* as due to sevore 
depression in the rate of DNA synthesis. They aleo suggest 
that the aberrations are produced at the time of duplica- 
tion, and that maleic hydrazide acta by interfering, in 
some way, with the normal of duplication. It 
waa also found by Compton‘ that it has a more pronounced 
effect on cell division in the roota than in the shoote. In 
view of ita pronounced effects in plants, it was thought of 
interest to test this chemical for mutagenic action in 


Males of a wild-type ‘Oregon-K’ (Or-K) strain, which has 
& spontaneous mutation rate of 0-3 per cant, were used. 
The standard Muller-5 test for sex-linked recessive lethals 
was used. The chemically treated medium was made up 
by stirring 0-4 per cent maleic hydrazide at 55° O into a 
standard medium. Seeding with live yeast was omitted. 
Flies reared on the standard medium started to emerge 
one day earlier than those reared on the chemically 
treated medium. 

In & second experiment, one- to two-day-old malos 
reared on the standard medium received abdominal 
injections of 0-7 per oent sodium chloride Ringer's solution 
containing 0-4 per cent maleio hydrazide. 

The resulta are summarized in Table 1. 


Table]. FREQUENCY OF BAI-LIMKMD RECBENIYA LETHALS IN THR PROGEXY 
OF MALES REARED ON FOOD CONTAINING 04 PER CENT Malmo HYDXRAZIDE 
No. of sperm 
Brood tested Ko % 
1st 1,024 11 107 
ind 857 0-35 
ard 813 3 0-37 


It is clear from Table 1 that the most advanced 
in the larval testis responded to maleio hydrazide. 
the y of the injected males, it proved to be in- 
effective; only 12 mutations were produced in more than 
3,000 chromosomes tested in four broods. 

Since there is a possibility that maleic hydrazide, when 
given in the food, acta on auxocytes and since there are 
no auxocytes in the adult testis, this by itself could 
explain the lack of response for maleic hydrazide injected 
into adulta. 

G. E. NASRAT 
t of Genetics, 
Faculty of Agriculture, 
University of Cairo, 
Egypt. 

1 Dartington, D. O., and MoLetah, J., Nature, 187, 407 (1961). 
1 MoLelah, J., Heredity, 6 (Buppl), 125 (1953). 
* Mvans, H. J., and Scoti, D , Genetics, 49, 17 (1064). 
‘Compton, W., Bull. Torrey Bet. Ciub, 79, 206 (1052). 


SOIL SCIENCE 


Extractable Aluminium in Steam-sterilized 
Soils 


Cuaxanme in the chemical properties of steam-sterilized 
soils have been frequently reported!*. The temporary: 
increases in ammonia—nitrogen and readily available 
manganese have attracted particular attention. 

In recent studies of manganese toxicity a high content 
of aluminium was observed in lettuce plante grown in 
steam-sterilised soil. The effect of steam-sterilization 
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on the extractable soil aluminium was therefore examined; 
N-ammonium acetate at pH 4-8 was chosen as the extract. 
ant, as used in some of the more recent investigations’. 

Soil samples were taken from five locations at this 
pe in November 1968 and again in March 1964 

ee ae g moist soil) contained in 250-ml. 
loosely plugged with cotton wool, were 

EEPE as follows: A, control—no treatment; B, steam- 
sterilized in an autoclave at 10 lb./sq. in. pressure for 30 
min; C, as B with 0-3 per cent of CaOO, by weight mixed 
in before steaming; D, as B with 0-3 per cent of CaCO, 
by weight mixed in after steaming when the soil was cool. 

All the flasks were sealed with ‘Parafilm’ to prevent 
drying, and after storing for three weeks at room 

ture (18°~23° O) aluminium was extracted from the moist 
soil and determined by the aluminon mothod'. 

In November 1963 only a single soil sample per location 
was analysed, thus limiting the statistical examination of 
the resulta. There was an increase in extractable alumin- 
ium in steamed soil, the mean values for treatments A and 
B being 23-2 and 35-8 p.p.m. aluminium respectively (based 
on oven-dry soil). Liming reduced the levels of aluminium 
to just below that of the unsteamed soil (O, 21-4; D, 20-6). 

The resulta for samples taken in March 1964 are given in 
Table 1. A highly significant (P < 0-01) increase in 
extractable aluminium due to steaming without liming was 
reoorded for all les. Liming either before or after 
steaming (C and D) the content of extractable 
aluminium as compared with treatment B. Averaged 
over the five sampling locations, the combination of liming 
with steaming (0 and D) resulted in a content of extract- 
able aluminium below that of the untreated soils (P < 
0-01). The moan pH values for the four treatments are 
given in Table 1. 


Table 1. ALUMINIUM (PPH. Al If OVEK-DRIED SOIL) EXTRACTED WITH 
N- AMMONIUM ACETATE (pH 4:8) FROM SOIL BANFLES TAKEN IX MARCH 1904 


Treatments 
Boll A B C D 
1 Ti H 56 36 65-5 
2 18 57 36 20 32-6 
3 86 110 58 45 74-0 
4 tt 86 50 37 59-1 
5 34 68 43 30 43-4 
Mean 55-5 829 48-4 25-4 
Mean »H 6-1 61 16 11 


LSD.* (P<0 01) for aluminiom figures only. 
Body of te sabe end 
Tom GARE rada 1-87: 
* L.8.D.—least significant difference. 


The marked differences in aluminium extracted from 
the corresponding samples at the two dates probably 
reflect a seasonal change, but no definite conclusion can 
be drawn until the investigation has been continued 
over a longer period. Comparable seasonal changes in 
extractable aluminium have been reported by Plucknott 
and Sherman’. 

Kelley and McGeorge’ noted some increase in aluminium 
solubility in heated soils, but Robinson!’ and Lutriok!! 
failed to observe any effect of steam-sterilization in their 
studies. 

The injury to young plante often reported in steam- 
sterilized soils has been variously attributed to the accom- 

ing increases in ammonia and soluble manganese. 
Vsus iecit certainly occurs in plante 
growing ın some steamed soils, and gives rige to symptoms 
of manganese toxicity which can readily be 
in sand culture at high levels of this element. Not all 
cases of sterilization injury can be explained satisfactorily 
in terms of excess manganese or ammonia-nitrogen, 
however. The present results show appreciable increases 
in the content of extractable aluminium in steamed soils, 
and it is suggested that aluminium may be an important 
factor in sterilization injury. In this connexion it is of 
interest that young plants have been reported to be 
particularly vulnerable to an exceas of aluminium’. 
The resulta may also help to explain the response of plants 
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to additional phosphate in cases of sterilization injury, 
even where the level of soil phosphate would normally be 
regarded as fully adequate br or plant growth. 
J. H. L. Musarsa 
Glasshouse Crops Research Institute, 
Littlehampton, Sussex. 
1 Johnson, J., Soil Soi., 61, 88 (1946). 
* Commonwealth Bureau of Soll Science, Soils and Fert , 11, 857 (1948). 
* Waroup, J. H., Soils end Feri., 80, 1 (1957). 
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Use of a Selective Cellulose Agar for leo latian of 
Soil Fungi 


Apvanogs in soil microbiology have frequently been 
related to the development of selective isolation techniques. 
ppc A on kG ARS DOVER 
of an energy source available only to a limited grou 
micro-organiams, or on the presence of an anti-micro at 
substance which allows a limited of micro- ^ 
organisms to grow. Energy sources which have been 
studied by such methods include a range of manosaccha- 
rides, cellulose, chitin’, xylan‘ and lignin’. The anti- 
microbial agenta most widely used are the antibiotics, 
effective against various grou of soil o : 

the isolation of i from the soil, itis clear 
that selectrve media have some advantages over ‘non- 
selective’ media, such as tap water agar and soil extract 
agar, but the exact nature of these advantages is often 
only imprecisely defined. Buch definition requires detailed 
comparative studies, using the selective and non-selective 
agars in parallel. 

During work on the rhizosphere of Halémione portula- 
ooides (L.) Aell. in several salt marshes, such comparative 
information has been obtamed concerning the value of 
cellulose agar according to the method of 
Exgins and The soil plate technique of Warcup* 
was used on mud from two Halimione communities at 
Gibraltar Point, Lincolnshire, and one ity at Park- 
gate, Cheshire, during the period October 1961 to July 1963. 
Fungi were recorded only as present or &beent on the soil 
plates. In Table 1 pip. ar ie bo tal eecgdl ager Grae 
the cellulose agar on more than 10 per cent of the so 
plates in at least one of the three communities. These 
resulta are compared with those obtained for the same 
species using mud extract agar’. A modification of War- 


piara a s o T poo between species on the plates 
was greatly red 

Consideration of the fungi in Group 1 of Table 1 shows 
that where they were present in considerable numbers the 
individual encies of isolation on the two media were 
often remarkably similar. A detailed statistical analyms 
of each pair of totals showed that in no instance was there 
any significant difference between the two frequencies. 
Such tests were not applied where the oombined total on 
the two media was below 20. Further analysis of Group 1 
lioates, there was, 


for each community, no t between the 
total isolation of Group 1 ee on cellulose and on mud 
extract agar. 


In two instances, placed together in Group 2, the 
results diverged from the pattern found for the vious 


group. Isolations of Cephalosporium spp. from the lop- 
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Table 1. OONPARIBON OF FUNGI ISOLATED FROM EHILORPHIRN OF Hakssome BY THE SOIL PLATE METHOD, USING ORKLLULOSB AGAR AWD MUD Exraict Aasm 














' Number of soll plates 


























of plates colonized) 

i 4 

Gast.) Saco. 1 15 2 1 
pe hs ee Moot £9 1 1 20 
* ioleduen rcesum (Link) Bater i m 7 n 7 
Gimeno n Hogha ? 1 1 $ 4 
ir Ny eaten d 2 i 
Terga dumped ex I. H ‘ 7 A t 
Group 1 "n 

Cephalorporiam app. 49 07 23 26 
Fusarium oulmoram (W. G. Brith) Baoc. n 18 12 | 14 EI 

ing marsh at Gibraltar Point were significantly different rapid asseasment of the population of cellulose decomposing 


(P « 0-05) on cellulose agar and mud extract agar, though 
no significance was found between comparative isolations 
in the mature marsh or at Parkgate. The figures from which 
this analysis was calculated were obtained fram the 
primary data which were in the form of monthly totals 
based on equal numbers of Petri dishes of each medium. 
Fusarium culmorum, while being isolated with similar 
frequencies on the two media from the Gibraltar Point 
communities, ahowed some differences between the media 
at Parkgate (P — 0-1). 

These data suggédst that where the abundant celulose- 

decomposing species are concerned they may be isolated 
with similar frequency on mud extract agar and on cellu- 
loeo agar. The two exceptions show & majority of isolations 
from mud extract agar, which that there were 
components of these taxa which were unable to decompose 
the cellulose particles and were therefore not recorded from 
the cellulose agar plates. This is of interest as it agreed 
with the situation as obsarved during the work. Cephalo- 
eporium is a very difficult genus to treat in 4 strict taxono- 
mio fashion on the accepted morphological criteria. It 
would seem probable that several species were involved in 
the totals given, especially those for the plates prepared 
using mud extract agar. Fusarium oulmorum is also & 
taxon whioh is subject to some discussion, and it may be 
that the isolates assigned to this species on mud extract 
agar were not all valid F. culmorum, or that this species 
has & wider range of variation in biochemical potential 
than in morphology. ] 
. The detailed data include only those fungi which ware 
relatively abundant, but an examination of the full lista 
and totals obtained in the study shows that few species 
were isolated on the cellulose plates, even in low numbers, 
which were not also found on the mud extract agar soil 
plates. It may be that the use of cellulose agar 
allows no marked additional spectrum of cellulose de- 
composing fungi to be isolated. This would be in accor- 
dance with the accepted view that, although fungi may 
have a potential for decomposing complex substances 
such as cellulose, they also grow well on lees complex 
energy sources, as provided by the non-selective media. 
Pugh &- alt came to a similar conclusion regarding the 
ubiquitous oelluloae-decompoaing fungi present in all the 
sites they examined, though they did not conmder the 
remainder of the fungi, isolated from a more limited 
number of mitem, to be regularly isolated on non-selective 
media. This is at variance with the data presented here, 
and m this context it must be streesed that these present 
results were obtained by- using the complete Waroup 
technique’. Although this is very laborious, it doea oon- 
siderably increase the number of isolates and of species 
which are obtamed. 

There’ are, however, some very considerable practical 
advantages to be gained by the use of cellulose agar for 
certain Pim of soil mycological investigations. As was 
suggested the mitiatora of the technique’, it allows a 


species to be made as many sporulate more readily 
and more copiously on this medium, their identification is 
made more certain. It does not fully inhibit the growth 
of mucoraceous fungi but their growth is usually sparse, 
so that they do not over-run the slower growing species 
as much as they do on non-selective media. Cellulose 
ager is at preeent being used to investigate the distribu- 
tion of certain cellulose-decomposing species in a number 
of soils where no information is required concerning other 
s resent. 
B thank Dr. D. M. Loeol for her advice. 
C. H. DiaxrsBoN* 
G. J. F. Pues 
Department of Botany, 
University of Natuinghan. 
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PSYCHOLOGY 


Correlation of Behaviour with Changes in 
Amplitude of Cortical Potentials evoked 
during Habituation by Auditory Stimuli 


lwammasrwG attention has been directed to changes in 
the parameters of both evoked and spontaneous electro- 
cortical activity in attempts to determine the electro- 
physiological oorrelatee of behavioural awareneas or 
attention, or the significance of sensory stimuli. In animal 
studies, habituation procedures have been used extensively 
and emphasis has been placed on the alterations which 
occur in the primary component of the sensory-evoked 
response. For example, it has been reported' that the 
iterative presentation of a brief acoustic stimulus induced 
& decrease in the amplitude of the primary response 
evoked in the specific auditory cortex. The behavioural 
oriteria for habituation in these studies were not defined. 
Moreover, the sensory stimulus was presented over long 
periods of time and one would assume that any significance 
or meaning attached to it by the animal would have been 
lost long before a change occurred in the primary cortical 
response. 

In order to study this quest‘on more fully, experiments 
have been carried out using five oat preparations with 
chronically implanted cortical recording electrodes. During 
the experiments the anmala were housed in a sound- 
proofed cubicle and observations of behaviour were made 
by means of a closed-circuit television system. the camera 
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of which was placed in the roof of the cubicle. Tonal pips 
of 30 msec duration were used so that the frequency of the 
acoustic signal could be varied over a wide range. Fre- 
quencies between 600 and 10,000 o/s were employed and 
-the tonal pips were presented from a loudspeaker also 
situated in the roof of the cubicle. The intensity of the 
stimulus at these different frequencies was equated for 
loudness to the cat’, being approximately 50 dB above the 
threshold for human hearing at 1,000 o/s. The acoustic 
signals were presented at intervals between 1 and 2 min. 

Fig. LA- illastraten that within 30 presentations of & 
tonal pip of 8,000 o/s to an alert preparation, the secondary, 
surface-positive component of the potential evoked over 
the primary auditory cortex had decreased in amplitude 
by 50 per cent, while the primary, positive/negative 
complex still showed no significant change. is effect 
was specific for the 9,000-o/s stimulus, smce potentials 
evoked by test stimuli of 10,000 o/s, presented before and 
after habituation to the 3,000 o/s tonal pip, still showed 
no significant change in either the primary or 
componente of the cortical response (Fig. 1B). Further 
repeated presentation of the 8,000-c/s stimulus was neceg- 
sary before attenuation of the primary wave occurred. 

It was difficult to correlate any precise behavioural 
observations with the attenuation of either the primary 
or secondary wave using stimuli of such short duration. 
This disadvantage was offset by inoreasing the duration 
of the tonal pip, a procedure which did not appear to 
produce any significant change in the latency, form or 
duration of the evoked responses. For example, the 
response evoked by a 80-mseo tonal pip (Fig. L4) was 
practically identical with the ‘on’ response initiated by a 
tonal stimulus of equal intensity and frequency, but 
lasting for five seconds (Fig. 24). The only apparent 
difference between the two stimuli was in the intensity of 
the behavioural which they evoked. The tonal 
pipYproduced little behavioural change other than an 
occasional ear movement, whereas the tone lasting 5 sec 
induced widespread cortical desynchronization and com- 
plete behavioural arousal. By using the latter criteria the 
behaviour of the animal could be correlated with the form 
of the evoked potential and the process of habituation 
followed more easily, for, as Sharpleas and Jasper‘ have 
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. & A, ‘On’ responses evoked in the auditory cortex. 
Potentials Initlated by a 5-se0, 3,000-o/s stmulus before and after 
habituation of the behavioural 


arousal zapora 
B, Similar potentzals mitated by a test stimulus of o/s, which still 
Produced arousel before and after habituation to the 8,000-c/s stimulus. 
Polartty — positivo deflection upwards 

pointed out, the repeated presentation of a tonal stimulus 
results in the progreasive reduction and final obliteration 
of the period of electrocortical desynchronization, &ooom- 
panied by abolition of the behavioural arousal reeponse. 

Repeated presentation of a 5-sec tonal stimulus of 3,000 
o/s at approximately 2-min intervals produced habituation 
of the arousal response, usually within 20 to 30 trials, and 
also the progressive reduction in the amplitude of the 
secondary component of the evoked ‘on’ response in the 
auditory cortex. Comparison of the ‘on’ potential to tones 
Inducing behavioural arousal at the ing of the 
experiment with potentials evoked by the same tone after 
habituation demonstrates this latter point, and shows that 
the amplitude of the secondary, surface-positive compo- 
nent of the auditory-evoked potential follows closely the 
behaviour of the animal (Fig. 24). Indeed, in the case of 
Fig. 2 the amplitude of the primary wave exhibited little 
change during the mitial stage of the experiment. It was 
only following further presentation of the 8,000-c/a stimu- 
lus and after &bolitian of the behavioural response that 
changes became apparent in the amplitude of the primary 
component. Moreover, the change m the secondary wave 
was specific for the potentials evoked by the 8,000-o/8 tone. 
Test stimuli at a frequency of 600 o/a, which induced 
arousal before and after habituation to the 3,000-c/s 
stimulus, still induced cortical potentials without any 
significant attenuation in the amplhtude of either the 
primary or secondary waves (Fig. 2B). 

These results appear to substantiate the view that it is 
the amplitude of the secondary, surface-positive compo- 
nent of the responses evoked m the primary auditory 
areas, rather than that of the primary waves, which 1s 
more closely related to the level of significance of the 
stimulus, at least in terms of ita arousal or attentive value. 

B. J. Kay 
Department of Experimental Neuropharmacology, 
Medical School, 
University of Birmingham. 
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HIGHER EDUCATION IN BRITAIN 


HREF of the papers presented at a discussion on 

universities and social fabric, arranged jointly by 
Section J (Psychology) and Section N (Sociology) at the 
meeting of the British Association for the Advancement 
of Science at Southampton in September 1964, have 
recently been published (edited by Prof. J. Drever) in 
The Advancement of Science (22, 20; May 1965). In the 
interval they have become even more pertinent to develop- 
ments in higher education and to some current disouasions 
about university places, and particular shortages, such as 
those of engineers and phyaicista. This was apparent at 
the Home Universities Conference in December 1964, for 
example, although ostensibly that Conference was con- 
cerned with university teaching methods and with the 
finance of universities. 

In the first of these three papera, Prof. J. Drever him- 
self discusses need, choice and supply in higher education. 
His experience in the United States as well as in Britain 
leads him to suggest that more ought to be known about 
the academic motives of our young people before we can 
plan ahead with confidence. It is not just that the 
mounting scale of investment in higher education leads to 
questions concerning the rate of failure or to the relation 
between supply and demand in particular oocupations 
being viewed with greater concern. There is, Prof. Drever 
suggests, a poesibility that the demand for places in 
higher education may be self-limiting in some way and 
that this limitation may not be an adaptive one. The 
delicate balance between ambition and impatience, 
between conformity and impatience, may easily be upeet, 
with. consequences that may not be predictable. 

Again, as regards choice, he points out that the Robbins 
Report has scarcely faced the real issues. It is unrealistic 
to suppose that the needs of the community are invariably 
met by the decisions of ite adolescent members or to 
assume that tho changing demands of research and 
industry are necessarily reflected in an educational system 
which tries to keep central planning and direction to a 
minimum. ‘There are indeed no easy answers to such 
questions, and the whole tenor of the replies recently 
given in Parliament to questions about the work of tho 
Committee on Manpower Resources for Science and 
Technology suggests that a much more realistic view is 
now being taken both by the Minister of Technology and 
the Secretary of State for Education and Science. Britain 
cannot, Prof. Drever observes, afford the luxury of 
complete freedom of the American way, but it is equally 
questionable whether some measure to eliminate or 
minimize the element of chance which often determines 
the choice of curriculum necessarily means æ serious 
infringement of liberty. 

So far as engineermg and technology are concerned, 
attention is already being directed to the oorrection of 
some bias which acts against the choice of these careers. 
Further action, however, may well be expected when the 
examination by the Tavistock Institute of Human 
Relations on factors affecting the status of engineers in 
society is completed by mid-September. Even so, as 
Prof. Drever emphasizes, there will remain the question 
of standards, and here also we know too little to take 
them for granted. In the face of the present uncharted 
drift of academic standards, we need objective standard- 
ized tests at various crucial stages in the educational 
process. These would have to be kept flexible and 


sensitive to new developments, and this Prof. Drever 
maintains is possible. . 

The second paper, by Dr. W. Taylor, discusses univer- 
sity culture and social change, and once again directe 
attention to the lack of knowledge about important 
aspecta of university life. Few would dissent from the 
view that the work of universities is central to the pro- 
comes of social and technological change in an industrial 
society, but there is little hard evidence of the effect of 
reaidence in hall on tbe student on which to base proposals 
for expansion of such institutes. Obviously to judge 
soundly the extent of such influence on students, some- 
thing should be known of the valuea and attitudes of 
student sub-cultures. Dr. Taylor 
many more systematic analytical 
the various groups 
university, the social processes that are involved in pro- 
viding and receiving a higher education and of the way 
in which universities relate to other institutions within 
society and respond to the demands made on them. He 
calls for clarification of some of the observations of the 
Robbins Committee, asking how university life is to 
compensate for differences in home background, and 
exactly what type of social habitat the Committee hed 
in mind for & university. 

It is salutary to be reminded that there is little firm 
evidence to support the wide claims that are made for 
the effecta of the residential life, and Dr. Taylor recognizes 
that it is much easier to be critical than constructive 
about the socialixing function of the university: recon- 
ciliation. of ideological diversity, individual liberty and a 
sufficient measure of consensus to make social life possible 


assessing fairly the candidate whose capacity and in- 
clination for university work have, in & sense, become 
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atrophied through unfavourable home circumstances. 
Since we already know that both capacity and inclination 
are influenced by various environmental factors, this may 
well mean in practice that available information on the 
' relations between attainment intelligence and social class 
.is likely to lead to underestimates of our reserves. 

_ It could also be asked whether sufficient attention has 
yet been given in the universities, either in planning 
courses or curricula, or in the provision of facilities and 
methods of teaching, to the effect of the fluence of an 
Increasing number of students from homes with no 
tradition of learning or facilities for study. Both con- 
siderations become the more important when concern 
with university finance raises the question of benefit to 
the community: from the investment involved. Prof. 
Rodger raises & further related point. Thero is also the 
danger that addiction to specialization may make it 
impossible for us to investigate systematically the limits 
of educational and occupational versatility. Quite rightly, 
he urges that in these days of rapid and extensive tech- 
nological change, and consequent occupational change, 
versatility of both capacity and inclination deserves far 
more study than it receives. For all the talk about 
general or broadly based education at any level, this 
question of versatility or adaptability is scarcely men- 
tioned. Yet if rigidity is to be checked, and if automation, 
for example, is not to lead to unamployability as well 
48 unemployment, this aspect is of paramount import- 
anoe. 

Prof. Rodgers is inclined to put some considerable 
measure of responsibility for the present situation of 
specialization on academic circles, though he recognizes 
that the University Grants Committee has for same years 
been fostering the notion of the joint honours degree. 
If these became common, he thinks that our present 
ignorance would be reduced a little and at tho same time 
our students could be given a chance to find out method- 
ically what they are best at and enjoy most. Systematic 
studies of planned procrastination in the choice of school 
and university courses, he suggests, are much more likely 
to advance our knowledge of capacities and inclination 
than any amount of early specialization. 

Finally, he refers to the danger that concern for the 
younger age-groups may lead us to neglect the special 
problems of the mature university student. For various 
reasons, these are increasing in numbers and many 
studenta for higher degrees are men and women anxious 
to make progress in their chosen line. Often these will, 
of necessity, seek part-time courses; some may desire to 
change their discipline; and Prof. Rodgers reminds us 
that sometimes the older, experienced part-time students 
are better fitted than others to pursue particular rescarohee, 
Studies of reserves of capacity and inclination for univer- 
sity courses should socordingly take account of the 
potential among the mature, whose needs are not in- 
variably met by extra-mural courses and are frustrated 
by the customary Government parsimony in that field. 

These suggestions are not likely to be particularly 
welcomed by Ministers and their administrators, especially 
when they involve or imply freedom for rigorous experi- 
ment. Prof. Rodgers admits that projects for research in 
social science must be technically sound, administratively 
convenient and politically defensible, but the last two of 
these three criteria may tend to exclude experiment, and 
he adds that we must be prepared to use survey methods 
extensively. Nevertheless, unless due attention is paid 
to the pointe made in these three papers, Britain is 
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unlikely to avoid serious errors in the expansion of higher 
education and a waste of talent and of publio money 
that can ill be afforded. 

The discussion at the Home Universities Conference * 
on the report of the Hale Committee on University 
Teaching Methods, which Sir Edward Hale himself 
opened, brings out the importance of these views. Bir 
Edward was content to emphasize his own experience of 
the value of the tutorial in teaching him how to read up 
& subject, to think clearly for himself, and to use language 
to communicate hia thoughts. He added that it was 
necessary for every student to stretoh his ability to the 
utmost: the purpose of the tutorial was not to make 
things easy for him. If university expansion necessitated 
reduction in any form of teaching, the last thing to go 
should be teaching by discussion with studenta of their 
written work. 

Prof. R. J. Blin-Stoyle also stressed the vital importance 
of effective contact between staff and studenta, including 
& continuous and firm relation between & student and at 
least one member of the staff, in which the stadent 
became increasingly independent. He added that, at 
least in science, effective and stimulating teaching 
stemmed from a background ‘of research and enquiry, 
and the teaching system must leave time for the university 
staff to put in & substantial research effort. Plans for 
university expansion which endanger this balance are 
unlikely to be effective. He also referred to the desirability 
of flexibility and transfer from one department to another, 
and his remarks fully substantiated much that Prof. 
Rodgers, Prof. Drever and Dr. Taylor had seid at 
Southampton. 

Throughout the discussion at the Conference these 
points were reiterated in different ways. Prof. E. Wright 
referred, for example, to the importance of the library in 
giving the student & sense of belonging to a community 
of scholars. Moreover, while Mr. H. J. Perkin referred to 
the desirability of excellence as a teacher being rewarded, 
and being seen to be properly rewarded, and while this 
was in support of what the Robbins Committee had said, 
it should not be at the expense of research. Prof. Wright 
again referred to the real danger of universities being 
regarded more and more as service institutions, pro- 
fessional training schools, or technological institutions. 
However, both Prof. A. G. N. Flew and Dr. F. G. Healey, 
in remarks that linked this discussion with the subsequent 
one on the financing of universities, referred to the 
-importance of using university institutions more economi- 
cally and using the teaching machine to do precisely those 
things that the teacher does not do, for taking all those 
service courses which are meant to equip the student to 
do another course better. 

The discussion on the financing of universities started 
from the problem of striking a balance between the free- 
dom of a university to develop ita academic programme 
and the legitimate demand of Government for some 
control over the large sums of public money provided, at 
least to the extent of being satisfied that a reasonable 
return was forthcoming. Like the discussion at South- 
ampton, however, it began by emphasizing the absence 
of reliable information on this latter aspect. As Mr. 8. F. 
Burman, the Pro-Chancellor of the University of Birming- 
ham, observed in opening the discussion, there is an 
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almost complete lack of meaningful statistios on which 
valid judgements can be made as to the worthwhileness 
of any particular form of expenditure; the formulae by 
which we justify our cepital expenditure are crude; and 
there is no efficiency audit on whab we do. 

First, Mr. Burman suggests, we should work out our 
actual costa for tuition per student, department by 
department, taking into account maintenance, capital 
and all the other factors involved, and thus avoiding the 
considerable distortions in the present method. The work 
already done on specific research grants could well be 
extended to granta for the research which arises naturally 
out of tuition or the individual purposes of the academio 
staff. Enquiry into the wider aspects of capital expendi- 
ture again might well reveal a correlation between teaching 
costa, research costs and capital costs. He also thought 
that it might be useful if Britain’s provision of finance to 
universities were devised so as to provide each univer- 
sity with & positive incentive to the optimum utilization 
of that finance, with freedom to vary the cost /quality 
balance. Moreover, Mr. Burman said frankly that 
the mounting cost of university education forced oon- 
sideration of the question of whether we were justified 
in accepting any student who presented himself or 
heeself, with appropriate entrance qualifications, to be 
educated at the public expense in the discipline of his 
or her choice, i ive of whether there was an 
ultimate demand for those with that particular type of 

In pointing out that, if university education is regarded 
as training for a vooation, we must make some careful 
attempta to measure the demand, Mr. Burman was not 
merely endorsing Prof. Drever’s argument. He was 
emphasizing the truth which it is so fashionable to ignore 
—that university education ia not & right, but & privilege, 
and as such carries responsibilities. These responsibilities, 
it might be added, are commonly ignored by those who 
are most forward in urging that the universities are 
primarily places of vocational or professional training. 
The realism which marks this whole discussion has some 
implications that may well prove awkward for the 
Minister of Technology and the Secretary of State for 
Education and Science unless their declared outlook has 
changed. It is not merely that the discussion provides 
welcome and unmistakable evidence of a readiness on 
the part of the universities to look more closely into their 
financial control, efficiency, organization and methods of 
government. Dr. H. M. Taylor, Vice-Chancellor of the 
University of Keele, seized the opportunity to refer to 
the importance of a firm assurance of sufficient resources 
to enable general developments to be planned five years 
also on the question of students’ fees, and Sir Edward 
Hale strongly supported Dr. Taylor’s argument for raising 
these. This was, however, questioned by Dr. M. B. 
Sutherland and Prof. A. G. N. Flew, who preferred the 
introduction of a loan element in student finance, and 
‘were supported by Mr. A. W. Jones. 

These details are of secondary importance, however, 
compared with the extent of the evidence that the 
universities themselves are prepared to think realistically 
on matters of finance, not only in terms of control of 
expenditure and their own internal administration but 
also in terms of teaching methods and the benefit to their 
students and to the community. Obviously this involves 
some fresh thought about the purpose of a university, for 
no sound judgment càn be formed as to the return on 
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university expenditure unlees we are clear in our minds 
as to what that purpose should be. Here it would seem 
that the universities are ahead of the Government; it is 
surely significant that both at Southampton and at the 
Home Universities Conference attention should be directed 
as emphatically to the gaps in our knowledge as to the 
effectiveness and appropriateness of many existing prao- 
tices. Primarily, the need is for fact-finding rather than 
research, between which Lord Heyworth’s Committee 
has since drawn a sound distinction. However, the necessary 
enquiries oall for studies in the social field, and the recom- 
mendation of the Heyworth Committee for a considerable 
extension of social research ia emphatically endorsed. It 
may not be too much to add that if the Government is 
really concerned to ensure tho maximum public return 
from expenditure on higher education, it would be wise to 
ease the pressure on universities to increase the number 
of places. Certainly, this should be done while answers 
are being sought to questions such as were raised by Prof. 
Drever and other participanta in the discussion at South- 
ampton, as well as at the Home Universities Conference. 
If any choice has to be made, more finance should be 
provided for the social research required before that for 
further expansion of the universities. 


THE WORLD OF ARIEL 


The Golden Age of Wireless 
By Asa Briggs. (The History of Broadoasting in the 
United Kingdom, Vol. 2.) . Xvi + 688 + 54 illustrations. 
(London: Oxford University 1965.) 75s. net. 

IKE broadcasting itself, Prof. Ase Briggs has 

made a significant contribution to the history of our 
times. His first book in & projected four-volume history 
of broadcasting in the United Kingdom described the 
birth of wireless. This, the second, is concerned with the 
period from 1927, when the British Broadcasting Cor- 
poration ceased to be a private company and became a 
publie corporation, up to the outbreak of war in 1989. The 
period has been chosen with care for it representa more 
than the passing of a limited experiment of interest mainly 
to the participating few. It stands for the establishment 
of a national service with implications and repercussions 
not only for British citizens but also, because of the way 
it wes shaped, for humanity. The shaping, as Briggs 
makes crystal clear, was due to the leadership of a man 
who, above all, stood inflexibly for the dissemination of 
truth and the upraising of moral and cultural standards. 
Not for Reith to project a Government or cheap commer- 
cial interests. Thus, for all that, Briggs has continued his 
story for a period of one year after the departure of the 
B.B.C.’s first Director-General, this book is almost entirely 
an &ooounb of Reith’s successful attempt to build & large- 
scale public corporation. 

To obtain his information Briggs has had to dig deep and 
wide. Diaries, memos, newspapers,’ journals, conversa- 
tion, Government and many other sources of information 
have been used and brought together with great scholar- 
ship and skill to produce a book which everywhere pays 
tribute to the genius of Reith even when recording his 
imperfections. It should be a source of delight and interest 
especially to those who lived through the period under 
review. Many nostalgic memories will be revived and half- 
forgotten incidente recalled. Older readers will, for 
example, remember Stuart Hibberd’s memorable “The 
King’s life is moving y towards its close”, John 
Hilton, Howard Marshall and John Snagge, the bulletins 
about the Thetis disaster in 1987, the first broadcast 
Promenade Concerta, football match recordings by George 
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Allison, Band Waggon, Saturday Night Music Hall, and 
the Sunday Night Services from St. Martin-in-the-Field’s, 
Stephen King-Hall on Ohildren’s Hour, outstanding 
broadoasta to schools, and many, many others. 

Althongh television was well established by 1939, its 
range was still limited to the London area and viewers 
were comparatively few. For those, this book will bring 
memories of studio plays and pentomimes, the Boat 
Race and the Coronation, Jasmine Bligh and Elizabeth 
Cowell and other well-known personalities. Among the 
half-forgotten facta which will occasion surprise is that, up 
to the outbreak of the Second World War, no broadoast- 
ing of any kind took place before the daily service at 
10.15 am. and no ional variations were permitted 
before the start of '8 Hour. 

The value of Ths Golden Age of Wireless, however, hea 
lees in programme remembranoes &nd more in the revela- 
tions behind them. The scientiflo and technological 
developments required for the transmission of radio waves 
over long distances are accurately portrayed and are only 
excelled by Briggs's fascinating account of how Baird’s 
intrepid struggle to establish a successful means of televia- 
ing ended in tragic failure. The political warfare with 
successive Governments about ultimate control of broad- 
casting, the cheese-paring attitude of Ministers and senior 
Civil Servants, and the ineptitude of a prominent Post- 
master-General, help to explain at least some of the 
reasons which led to tly slow progres in the 
development of SOA, tmonaneatene and programmes 
designed especially for overseas listeners. Studentsa of 
management, too, will find much that is familiar in the 
way in which Reith built up a large organization on 
funetional lines with constant adaptation to meet changing 
iun cod e won pul used. aed 
a ity an ity were i and 
executed. 


The vastness of the book and the detail of its record, 
however, may account for ita i ion. Many 
studenta of social history and sociology would wish to have 
read more of Briggs's views on the impact of wirelees on 
publio taste and opinion. Has the ing of ‘good’ 
music led to a real improvement in standards ? Among the 
more intelligent only ? AM 
and variety on the leas intelligent ? Were the B.B.O. right 
to establish such a marked middle-class image? What 
effect has there been on politics, and on the practice of 
religion? Has individuality suffered and the creative 
spark been dimmed? Should not much more have been 
done to use the radio as a deliberate means of adult educa- 
tion ? Haa the B.B.O. played ita part in the evolution of an 
industrial society the continuance of which depends on the 
success of its manufacturing industries ? Could knowledge 
of developmenta in science and technology have been 
more widespread ! What Briggs has successfully done is 
to provide the necessary information which others could 
use to dig even deeper in unearthing the answers to some 
of the questions posed. What he has done even better is 
to pay publio tribute to the man who so built the B.B.C. 
that ita reputation for integrity stands unrivalled in 
broadcasting systems throughout the world. 

T. H. Hawens 


TECHNOLOGY AND APPLICATION OF 
RADIOACTIVITY 


Die Technischen Anwendungen der Radloaktlvitat 
Bend 1. Von Dr. Engelbert Broda und Dr. Thomas 
Schönfeld. 8, verbesserte und stark erweiterte Auflage. 
Pp. $72. (Leipzig: Veb Deutscher Verlag fur Grundstoff- 
industrie, 1962.) 82.50 D.M. 
. Broda and Behónfeld's well-known book on 
the technological applications of radioactivity has 
now reached its third edition. There has been so much 
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progress in the subject that ıt has become necessary to 
redistribute the material into two volumes, the first of 
which has now been published. Tho second volume 18 
promised for the near future. : 

The basic plan of the previous editions has remained 
unaltered; but the chapters in the second edition on 
“Absorption and Scatter of Radioactive Radiation in the 
Technique of Measurements" and “The Technological 
Applications of the Effects of Radioactive Radiation on 
Matter" will appear in Volume 2. The chapter on protec- 
tion against radiation remains at the end of Volume 1. 
Examples of stable isotopes used as markers, mainly in 
cases where radioactive isotopes of elements are too short- 
lived, have been given in this volume, though without any 
description of working methods and measurements, since 
these are not the main topic. 

The initial chapter contains a concise summary of the 
basio facta of radioactivity necessary for a full under- 
standing of the technological applications, fallowed by a 
survey of methods of measurement. There is also a review 
of the various applications of radioactivity to the wide 
fleld of chemical analysis and a discussion of the methods. 
of analysis by activation, by indicators, by isotope dilu- 
tion, etc. The remainder of this volume deals with more 
specific technological applications in the mining and oil 
industries, in general and specific problems of the chemical 
industry, and finally in agriculture and forestry. The 
treatment of all these items is not exhaustive with regard 
to detail; the reader who requires detail can look it yp in 
the bibliography attached to each separate section. 

The book is very clear and readable, and the text 
benefits from the avoidance of detail and from the 
occasional judicious use of examples. For anyone who 
requires information about the existing technological 
applications of radioactivity this book will prove a suitable 
and reliable source. . W. M. DALE 


Ill - V COMPOUND SEMICONDUCTORS 


Physics of Ill-V Compounds 
iley Series on the Science and Technology of Materials.) 
By Prof. O. Madehmg translated by Dr. D. Meyerhofer. 
. xiv+409. (London, New York and Sydney: John 
ley and Sons, Ino., 1964.) 985. 


HE discovery by Welker of the I-V compound 

semiconductors had the effect of enormously widening 
the fleld of semiconductor research not only by the 
inclusion of the I-V compounds themselves but also by 
suggesting that there might exist other classes of binary, 
ternary and even more complex semiconducting systems. 
The resulting com: tive investigations of different semi- 
conductors have poen. extremely valuable in elucidatmg 
the underlying principles governing their behaviour. This 
applies particularly to the problem of band structure, as 
is made olear in the second and final chapters of Prof. 
Madelung’s book, Physics of III-V Compounds. 

One question that must be answered before discussing 
the book in detail is whether its appearance is timely. 
There is a contradiction to overcome here since if one 
waita for a topic to became quiescent before writing a 
book on it, one may find that readers are no longer 
interested. The author, I think, justiflee himself in the 
preface where he correctly states that the main features 
of the phenomena observed in II-V compounds were 
correctly understood by about 1962 and that present-day 
research is largely directed towards the solving of tech- 
nological problems. To this one might add the mvestiga- 
tion of phenomena, in themselves interesting, for which 
some II-V compound provides a particularly suitable 
medium. It certainly seems unlikely that the picture of 
the III-V compounds presented in this book will undergo 
any considerable modification in the near future, though 
a comparison with Hilsum’s slightly later review at the 
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semiconductor conference 

After an introductory chapter in which the history and 
crystallography of the II-V compounds were discussed, 
the author discusses band theory ae it applies to these 
substances. This is supplemented by some brief remarks 

ing the chemical binding which emphasize the 
persistent failure of the ‘band’ and ‘bond’ pictures to 
coalesce. The review given in this chapter is of considerable 
value though in the case of the kp. theory it would 
have been better if either leas detail or more explanation 
had been given. 

The cha on optical properties is probebly the best 
in the book. It consiste of a review of optical methods of 
studying band structure, with illustrations drawn from 
the III-V compounds, and is to be recommended to anyone 
interested in understanding how these techniques are used. 
The degree of sophistication and subtlety in experimen- 
tation and interpretation is very well brought out; by 
comparison the picture derived from the transport pro- 
perties lacks precision. It is only where & detailed numeri- 
cal calculation has been carried out that one feels confident 
in the analysis of the experimental date. This situation 
probably explains why the chapter on transport properties 
has much more of the character of & compilation than that 
which it. The same is almost inevitably true 
of that dealing with mixed orystals and ternary com- 


The subject of impurities and defects must have been 
difficult to deal with, since it is in this area that many of 
the unsolved problems crop up. Consequently there are 
controversial assertions here than else- 


in Pans does show some 


Madelung may bring out. 

There is a very complete bibliography up to the begin- 
ning of 1964 and the division into subject and substance 
indexes is useful. The translation only rarely reveals that 
the book was onginally written in German and ia only 
positively infelicitous on the dust jacket. This book 
should prove of great value to all those interested in the 
physics of III-V semiconductors. J. E. PABBOTT 


ASSESSMENT OF OPTICAL SYSTEMS 


Fourler Methods in Optical Image Evaluation 
By Dr. E. H. Linfoot. (The Focal Library.) Pp. 90. 
(London and New York: The Focal Preee, 1964.) 50s. 
"MES asseaament of optical systems has, traditionally, 
been predominantly by spot diagrams derived from 
ray-traces. That of photographio emulsions has been 
in terms of subjective ‘graininess’ and ‘limiting resolu- 
tion’. These means are no longer adequate for the assess- 
ment of modern high-performance optical systems. 
Even if the spot-diagram fully represented the optical 
performance. ita interpretation would remain ambiguous; 
it is not evident whether a concentrated core surrounded 


distribution does not t the image structure even 
qualitatively when ihe eberration-epreada and diffraction- 
spreads become comparable, since the diffraction-spread 
convene to an aberrant zone (Babimet’s principle 
may exceed the whole ray-theoretio dads ae. 

The fact that almost all images of mterest are event- 
ually presented to the human retina provides some 
justification for the subjective assesaments traditionally 
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used in photography. It has become increasingly clear, 
however, that ‘graininess’ and ‘limiting resolution’ are 
not well defined either conceptually or operationally, 
and they do not obey any practicable calculus. 

Finally, the assessments traditionally applied to 
optical systems and to photographic emulsions have 
been mutually isolated. There has been no means of 
ini i diffraction-spreads, and photo- 
graphic characteristios of noise and resolution into an 
overall assessment of a photographic optical system. 

In recent yoars, these difficulties have bean overcome 
by the application of the methods of communication 
theory, and their further development for optical appli- 
cations. Beoeuse of the wave-nature of light, an o tical 
image is effectively band-limited, and because o the 
pertiole-nature of light the image has a finite aignal-to- 
noise ratio. It follows that the image has a finite informa- 
tion content. Roughly speaking, this means that it is 
capable in principle of distinguishing one out of a finite 
get of object intensity-distributions. Useful assessments 
can be formulated in terms more or leas closely related to 
the extent to which a practical optical system approaches 
the theoretically possible discriminsting-power ocorre- 

ing to its size and the amount of available light. 

The basio analytical tool for these assessments is 
the Fourier theory. The object- and image-distributions 
are analysed into their orthogonal sinusoidal components. 
These componenta are propagated through an optical 
system with (in & useful approximation) change only in 
amplitude and phase; this is æ much simpler situation 
than that for point-oomponenta of the object distribution, 
which may change shape in a complicated manner. The 
performance of the whole system can be expressed. oom- 
pletely (in this approximation) by specifying, as a function 
of frequency of the sinusoids, the change in signal-to-noise 
ratio and contrast between object and image distributions. 
Tho treatment is implicitly wave-theoretic, although ray- 


approximations can be derived in some circumstances ; 


botographio effects are included. From these full 
i tions it is possible to abstract figures of merit, each 
of whioh may be expected to be especially useful in par- 
ticular circumstances; in particular, it is possible to 
specify the performance in relation to & prescribed object- 
set. It turns out that most of the intuitively satisfactory 
abetractions are closely related, so that it is seldom 
necessary to make a decision between them. 

Dr. Linfoot has played a leading part in these devel- 
opent and his book provides a welcome exposition 
of the basic theory, and of some illustrative resulta, 
within the pages of a single compact volume. A careful 
balance has been maintained between the mathematical 
and physical content; the basio Fourier theory is collected 
in an appendix, and the whole treatment requires for 
its i no mathematical technique beyond 
elementary analysis. After a preliminary chapter expos- 
ing the problems and intentions, the proceases ocourring 
in optical and photographic imaging are treated by 
Fourier methods. This leads up to quality assessments 
of optical and photographic images, and numerical 
results are given Ulustrating the interaction between wave 
aberrations and photographic spread in some solected 
special cases. The general theory is equally applicable to 
receiving surfaces other than photographio, and in 
particular to photoelectric image devices. 

The standard of production of the book is high. The 
paper and layout appear excellent, and the type-face 
untiring to read. The price works out at about sixpence- 
halfpenny per numbered page. Since this is more than the 
cost of duplication on the best present-day office copiers, 
it raises the question of what part printing ought to 
play in the dissemination of scientific knowledge to-day. 

is is not, of course, a reflexion on the merit of the 
book itself, which can be confidently recommended. 


P. FreLLaETT 


MAGNETIC RECORDING 
TECHNIQUES 


Proceedings of the Conference on Signal Recording 
on Moving Magnetic Media 
Berichte der Konferenz über die Signalapei auf 
Bewegten etischen Medien, Bu ;, 15. 18. Ok- 
wer Mn . 470. (Budapeet:' émiai Kiadó, 
lishing House of the Hungarian Acadamy of Scien 
1964.) 12 dollars. i : oe 
i is & well-produced book of same 470 pages which 
gives the full text of all the papers that were read at a 
conference on “Signal Recording on Moving Magnetic 
Media” held in Buda during October 15-18, 1962. 
There are 87 contributions, about two-thirds of them from 
East European countries, principally East Germany and 
Hungary. The remaining one-third of the contributions 
are from West Germany, Britain, the United States, 
Belgium and France. 

It ia stated that the conference was originally planned 
as a Hungarian rather than an international one and this, 
no doubt, has influenced to some extent the geographical 
distribution of the contributors as well as. in some cases, 
Er sies: of the material submitted. 

papers are all published in their original languages, 
about two-thirds of them in German but with contri- 
butions also in English, French and Russian. As is to be 
expected with the record of a conference of this kind, the 
papers vary both in merit and in length, while the diversity 
of subject-matter is such that it is difficult to indicate the 
range covered by quoting & few general categories into 
which the pa may be divided. Indeed, the Editor, 
faced with this difficulty of presenting the papers under a 
series of headings, has wisely taken refuge in printing them 
in the alphabetical order of the authors’ surnames. As 
some indication of range let it be said here that, taking six 
papers more or less at random from the index, the subjects 
dealt with include a 1]-in./Beo magnetic recording system 
for stereophonio musio, the io recording of seismo- 
graphio date, a proposed new double 8-mm magnetically 
striped film, the recording of single television picturee on 
magnetic disks, the measurement of fluctuations of speed 
in magnetic tape equipment and the application of infor- 
mation theory to recording systems. 

Because of the width of the fleld covered, it is inevitable 
that there will be few private purchasers for this book who 
will have & close interest in all of the papers, the more so 
since four are used. Some private purchasers 
might therefore feel that the equivalent of 12 dollars is a 
high price to pay for the fraction of the book that they 
want. 


The volume remains, nevertheless, an excellent per- 
manent record for library use, but some caution is neceg- 
sary if only because progress in this fleld is still active and 
what was an up-to-date account in 1962 may be less satis- 
factory in 1965. For example, there is an excellent paper 
by Gondesen surveying the techniques of synchronizing 
magnetic tape sound recordings with picture film for tele- 
vision use. The survey is confined to practice in West 
Germany and, except for the frequency modulated track 
used in oonnexion with the Electronic-Cam system, the 
only type of tape synchronizing track described is that 
recorded transversely over the whole width of the tape. 
However, an arrangement using two narrow tracks down 
the centre of the tape and carrying the synobronizing in- 
formation recorded in push-pull is now increasingly used in 
West Germany; it is included in the present Deuteche 
Industrie Norm, or D.I.N., standard, and information 
about ib was published in Britain, by the same suthor, 
more than & year ago. The 1962 paper in this volume, 
excellent though it is, therefore now tends to give & mis- 
leading impression of the state of these techniques even in 
West Germany alone. Survey papers are perhaps par- 
ticularly open to the risk of being overtaken by events, but 
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some of the theoretical papers in this collection also 
ap to be somewhat dated. 

t must, therefore, be borne in mind that this volume is 
& record of material that was presented in 1962, some of it 
not written specifically for international publication, some 
of it not, perhaps, entirely new at the time. With this 
proviso the book can be recommended as an interesting 
and valuable record of the situation m 1962 over a wide 
range of magnetio recording activities. The publication is 
of particular terest because it makes available papers 
from a number of technical authors in the East Europeen 
countries whose work is not too well known in Britain or 
the United States. H. Davrgs 


GLASS-CERAMICS : A NEW 
TECHNOLOGY ? 


Glass-ceramics 
(Non-Metallic Solds: a series of Mon hs, Vol. 1.) 
By P. W. MoMillan. Pp. viii+ 229. («London and New 
York: Academio Prees, 1904.) 47s. 6d. 
LABS has been very neatly defined as ‘‘an inorganic 
product of fusion which has cooled to a rigid oon- 
dition without crystallizing”. No such succinct definition 
of a ceramic has ever been formulated and we fall back 
on & rather unwieldy description of a heterogeneous, 
polyphase material, based essentially on oxides, con- 
solidated by processes of vitrification and sintering to 
produce a complex of crystals and pores involved in a 
glassy matrix. It is of course true that modern techno- 
logy has moved to the production of relatively pure 
single-phase polycrystalline aggregates of certain oxides, 
but this is really the tidy end-point of a progressive 
development rather than a basically new departure. 
Now, with the advent of the glass-ceramic, the one tech- 
nology seems to absorb the other, and from the ordinary 
processes of glass-making emerges a new clase of material, 
conforming exactly to the orystel-glase description of 
a ceramic, but with many improved chatacteristica. 
Historically, this has ita origin in an odd experiment 
by Réeumur, who in 1739 subjected glass bottles to a 
prolonged heet treatment in a mixture of gypsum and sand 
and converted them into opaque, porcelain-like objects, 
apparently oompletely orystelired into æ radial net- 
work of acicular crystals. Jt was not until the work of 
Stookey and his colleagues at the Corning Glass Works 
was disclosed in 1957 that the technological possibilities 
of this early experiment were revealed. Normally, in the 
manufacture of transparent glass, every care is taken to 
avoid orystallization, but for special effecta—opal glasses 
and glasses coloured by colloidal metals—limited arystal- 
lization has played & useful part, although perhaps only 
very small quantitiee of crystalline materials may be 
involved. The new technology of glass-ceramice in- 
volves the main body and main constituents of the glass, 
and the resulting product, which is white pue aput 
is almost fully orystallired to a grain size y leas 
than one micron (which is 20-50 times smaller than that 
in & normal ceramic), and with a complete absence of pores. 
The main developmente have been made in America 
at the Corning Glass Works (although it is known that 
some development has been done in the U.S.S.R.) and 
most of the work stil remains in the journals and in 
the patent fllee. Some years ago the Nelson Research 
Laboratories of the ish Electric Co., Ltd., started 
work in this field and independently produced a range of 
devitrifled glasses of controlled thermal expansion char- 
acteristics which could be made to ‘fit’ various metals. 
P. W. MoMillan, author of Glass-ceramtcs, bas been 
largely responsible for this development, and he has now 
roduoed the first book on devitrifled glass to be pub- 
Tishod in Britain. This is & most welcome pioneering 
effort, and presente, within & modest compass, a very 
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readable account of crystallization and devitrifloation 
and a survey of glass types and nucleating agents for 
controlled crystallization. The basic requirement is the 
introduction of submicroscopic catalyst particles into 
the glass at a temperature below that at which major 
ine phases could grow quickly, and to disperse 

the catalyst through the glass so that there are a great 
number of nucleating centres. One of the important 
used by Stookey was titania: MoMi has 
made a particular study of the use of metallic phosphates. 

The process itself ins with conven- 
tional melting and shaping of the glass. It must then be 
b to, and held at, a temperature plateau, some 
50? &bove the i to nucleate, 
and then brought slowly to a orystal growth plateau which 
will be some 50? C below the tem at which the 

i phase is likely to redissolve. 
Apart from the obvious change in appearance produced 
by this heat treatment, there is a amall (~1 per cent 
linear) dimensional change, a marked increase in strength 
and a change in thermal expansion which can be 
manoeuvred to meot icular requirementa. 

The mechanioal electrical properties are discussed 
at some : strengths up to 50,000 lb./in.* are re- 
ported, with a notional breaking strain of 2-8 x 107—at 
least twice that of ordinary glasses and ceramics. Eleo- 
tri , especially from the point of view of dielectric 
loss, is not much to choose between glasses, oera- 
mica and glass-ceramics, but the last can show higher 
electric strength. Among possible applications, one, in 
the fleld of cooking ware, is probably well known to the 
public, but more importantly there are & number of 
possibilities in the electrical field, perhaps, very interest- 
i , in micro-mmiaturization. 

ttle or nothing is said in the book about the econ- 
omics of the new technology: how far ceramics 
will invade the chosen fald of other ials will depend 
very largely on this aspect. The book, which is “modestly 
priced by present standards, is the first in & series of 
monographs on non-metallic solide, & series which is 
manifestly away to & good start and which, one hopes, 
will sustain this early promise. N. F. ASTBURY 


NEW RESOLUTIONS 
FOR BIOCHEMISTS 


New Blochemical Separations 

Edited by Dr. A. T. James and Dr. L. J. Morris. Pp. 
ix--424. (Princeton, N.J.: D. Van Nostrand Company, 
Inc.; London: D. Van Nostrand Company, Ltd., 1964) 


88s 
Tio ndo cud ae eet tore 
developments in the methods which are used for the 
separation and isolation of naturally occurring compounds. 
The aim of New Biochemical Separations is ‘‘to provide up- 
to-date explanations of the most modern refinements in 
separation techniques and to include experimental data of 
their application to biochemical problems". The various 
methods are described by different authors who are experts 
in their particular fields and who have, in most cases, been 
le for -the developments in the technique they 
describe. Gas-liquid chromatography, thin-layer chroma- 
tography and gel-filtration receive particular attention 
since they have developed most rapidly recently. This 
volume is not therefore a complete manual of separation 
techniques, but it is an important oontem comple- 
ment to more catholic text-books such as Ühromalograply 
by Lederer and Lederer and Separation Methods in Bio- 
chemistry by Morris and Morris. 
The first five chapters deal with the application of gas- 
liquid chromatography to the separation of radioactive 
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compounds, steroids, alkaloids, carbohydrates, coenzyme 
A esters, bile acids and amino-acids. In some cases ib is 
helpful or even necessary to convert the sample into more 
volatile derivatives by esterification, triflucroacetylation, 
or silylation before chromatography. Adequate details or 
literature sources are given for these preliminary steps. 
It is emphasized that the chromatographic ure and 
the nature of the derivative should be varied whare possible 
in order to achieve the maximum degree of separation and 
certainty of identification. 

The use of croes-linked dextran gels for the fractionation 
of amino-acids, peptides, proteins and ides is 
described in two chapters. Thin-layer chromatography 
has been used for the separation of amino-acids and their 
N-2,4-dinitrophenyl derivatives; full descriptions of the 
methods are given. The separation of 1-dimethylamino- 
naphthalene-5-sulphonyl derivatives of amino-acids by 
thin-layer chromatography (Haxperieniia, 20, 559; 1904) 
may well prove more popular e in view of ita high 
sensitivity. The separation of alkaloids by conventional 
paper chromatography as well as thin-layer chromato- 
graphy is described in detail and illustrated by numerous 
tables of Rr values. Although reversed-phase paper 
chromatography and chromatography on alumina or 
silica-tmpregnated paper have been useful for the separa- 
tion of hydrophobic compounds, it seems that thin-layer 
chromatography is proving to be a more powerful tool. 
This trend is reflected by the inclusion of chapters on the 
separation of steroids, triterpencids and bile acids by this 
method. 

The remainder of the book is devoted to the use of 
various techniques for the separation of lipids especially 
those containing polar groups. Progreas in the lipid fleld 
has been inhibited by the paucity of analytical methods. 
The present accounts of the use of thin-layer chroma- 
tography, chromatography on paper impregnated with 
silicic acid, and oounter-current distribution are im b, 
therefore, in view of the increasing interest in lipid 
fleld. 

This book is well produced and remarkably free from 
errors. Contributions from German suthors have been 
translated into English. Literature references up to 1968 
are to be found m most chapters. It is to be hoped that 
further editions will appear from time to time in order to 
focus attention on present-day trends in an important 
aspect of biochemistry. D. T. Exwonn 


POISONS IN INDUSTRY AND 
RESEARCH 
The Halogenated Hydrocarbons of Industrial and Toxl- 


cological ee 
By Dr. W. F. Von Oettingen. (Elsevier Monographs on 
Toxio Agents.) Pp. x--800. (Amsterdam, London and 
New York: Elsevier Publishing Company, 1004.) 60s. 

HE study of toxic compounds is now in an exciting 

phase. New techniques, biochemical and electron 
microscopic, are bringing a mass of new information and 
new ideas are springing up. Because carbon tetrachloride 
has been studied for such a long time, the application of 
the new techniques to the lesion following this poison 
yields resulte which can be laid against existing knowledge 
more profitably than for any other toxin. Inhibition of 
protein synthesis which occurs in vivo can be reproduced 
in vitro and shown to be due to a failure of mbosomal 
function; tbis can be seen by the electron microscopist as 
detachment of granules from membranes of the endo- 
plaamic reticulum. 

Furthermore, 16 is becoming clear that there are general 
reactions to injury at the cellular level which may occur 
whatever the toxic agent (degranulation of the endo- 
plasmic reticulum is an example). An advancing under- 
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standing of these reactions sheds light on the organization 
of the normal oell. The work of Magee in showing that 
dimethyl nitrosamine is demethylated by enzymes in the 
liver to form a highly toxio alkylating agent hae extended. 
the fleld of ‘lethal is’ from & rare event to being 
perhape the key to hepatotoxicity. 

None of these developments is mentioned in Von 
Oettingen's The Halogenated Hydrocarbons of Indusirsal 
and Toxicological Importance, despite the fact that there is 
an extensive discussion of experimental work on carbon 
are 

on Osbtingen discusses eighteen halogen derivatives of 
methane, ethane, ethylene and butadiene. Hach oam- 
pound is dealt with in two sections, one dealing with 
clmical and industrial data, and one with experimental 
work. The sections dealing with chloroform and carbon 
tetrachloride one-third of the book. There are 
more than 300 references for these compounds alone. The 
juxtaposition of clinical reporte with a collection of the 
experimental work by a worker of great experience, the 
author of the well-known U.S. Publio Health Service 
Bulletin No. 414, 18 very helpful. However, in our opinion, 
this admirable attempt to present both sides of the fleld 
carries with it responsibilities to those readers familiar 
with ane side only which the author does not fulfil. There 
15 no attempt at synthesis or critical discussion im either 
section. This must make the experimental sections heavy 
going to anyone not familiar with the field. Among 8 very 
wide range of references, dealing with older work, ae well 
as with same of the most recent, a number of key papers 
are missing which will limit the value of the bibliography 
to the begmner, In the chapter on carbon tetrachloride, 
there is no mention of the work of Christie and Judah in 
the section on hepatio cell injury, none of Senevir&tne in 
the section on circulatory changes. There is no mention at 
all of Oberling and Rouiller’s classic electron microscopic 
studies, or of any other electron microscope work. 

However, for the research worker who is acquainted 
with the work of the past twenty years, the many 
references to the older work, though unselective, are very 
useful. ELIZABETH and A. E. M. MoLaan 


. A LANDMARK 
IN ARTERIAL PATHOLOGY 


Arterlal Disease 
By Dr. J. R. A. Mitobell and C. J. Schwartz. Pp. xv +411. 
(Oxford: Blackwell Scientific Publications, 1965.) 95s. net. 

N his foreword to Arterial Disease, Bir George Pickering 

correctly states: ‘‘. . . this is careful, methodical work 
on an important subject which comes to & relatively novel, 
and I thmk probably correct, view of the nature of the 
disease. It is beautifully illustrated and presents new 
knowledge against a background of the old. It should 
make a substantial contribution to the advancement of 
Ae in an important and hitherto poorly understood 

The contents of this volume are fascinating and pre- 
sented in a lucid, direct and sound, if, perhaps, slightly 
authoritarian manner. 

A brief introductory outline of the problem and a de- 
scription of the material analysed are followed by a text 
presented in three distinct, albeit closely related sections, 
namely: Part 1, “The Oxford Necropsy Survey" (ten 
chapters); Part 2, “Arterial Diseasee—A Review” (five 
chapters); Part 3, “Methods” (one chapter). 

In Part 1 the authors present, in relation to historical 
background and to more recent work, their findings in the 
hearts and/or vascular trees of several hundred patiente— 
both ‘selected’ and ‘unselected’ (criteria detailed)—sub- 
jected to Ced adios their uniquely situated ‘catchment’ 
hogpital which they state has a 00 per cent autopsy rate 
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on patients who die therein. Their subjecta were all more 
than thirty-flve old. It would have been illummating 
to learn something of the state of the arteries and hearts 
of infanta, children, adolescents and young adulte in the 
same population: pe the topic for a future report by 
these authors! actual years during which their 
material was collected is not stated. This omission could 
be of considerable importance to future workers. 

The morphol and localization of ‘arterial plaquee’ 

isely defined), the nature and extent of aortic disease, 

relationship of myocardial lesions to coronary artery 
disease, as well as the morphology, incidence and implica- 
tions of "large cardiac lesions’, distribution and prevalence 
of coronary stenosis, pathology encountered in carotid 
and vertebral arteries and structure of thrombi, are 
described and critically assessed. 

Part 2 is devoted to a critical analysis of present know- 
ledge and prevailing theories of the aetiology and patho- 
logy of the diseases studied, an assessment of the possible 
import of individual iarities and of those environ- 
mental factors at present considered by many investigators 
to play aetiological parts of greater or leaser significance. 
An absorbing analysis has been made of the pathogenesis 
of arterial plaques in man and of the relevance, or irrele- 
vanoe (for mg lesions in man), of experimental 
contributions to the of arterial disease and particu- 
larly thrombus formation. This section is nicely rounded 
off with & refreshing, stimulating and critical conclud- 
ing chapter on the implications of all the preceding 
for those therapeutic régimes which, at present, are 
widely and often alavishly instituted for myocardial 
infarction. 

Part 8 should prove useful to all those studying arterial 
supplies to any organ, jue c course, blood 
supply to the heart is here with primarily. It 
provides full details of the i used by the authors. 
Many other writers in this field might have enhanced the 
value of their own work by providing similar technical 
details, Bo if others are to acquire comparable 
data. In writing this section, then, the authors are to be 
congratulated. 

It should be apperent, at once, that this is an unusual 
addition to the literature in this fleld, for it is an absorbing 
mixture of clinical, pathological and experimental evidence 
on the nature and possible (perhaps even probable) patho- 
genesis of that important group of human arterial diseases 
—namely, the thrombo-ooclusive, tory leaions— 
i i body, with 
particular reference to the ooronary arteries and the 
myooardial lesions. 

As for the latter, the authors tacitly assume they are 
invariably secondary to coronary occlusian(s). This view 
on the pathogenesis of myocardial necrosis and/or fibrosis 
hes, for many years, been accepted unquestioned by 
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absence of vascular occlusion, for example, nutritional 
hepatio necrosis. Mareover, there is now some evidence 
that myocardial infarction may oocur—and not rarely— 
without preceding coronary infarct; the latter may, indeed, 
be to the myocardial lesion(s) (see Arch. Path., 
78, 482 (1964), on “Low Incidence of Coronary Thrombosis 
in Myocardial Infarction”). Furthermore, since uterine 
artery narrowing, and even occlusion, may apparently 
succeed uterine involution after pregnancy, it seams not 
imposible that involutionary changes in coronary arteries 
may perhaps also be consequent on ‘disuse atrophy’ of the 
actively used ‘hypertrophic’ myocardium they once sup- 
plied. And what better place to i iting dogma 
than in & review of this book which does this so often and 
so well. 

Indeed, this volume should constitute & landmark in the 
development of our knowledge of these diseases which 
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must, in @ progressively ageing world population, become 
of even greater importance than they are at present. It 


so lucidly presented, invalidate many of the shibboleths 
used by workers in this fleld. Thus, for example, dogmati- 
cally held views on the relations of fatty streaks to fibrous 
plaques in arteries are discredited. 

The authors are to be congratulated on the directness 
with which they state their case and views. Whether or 
not their views are accepted entirely, it is refreshing and 
helpful, in a fleld so befogged with hary thinking, and 


to read: 


not the cause of thrombosis”; and finally—''As we have 
Boon, this is a thrambotic disease and, if any relationship 
does exist between environmental factors and cardiac 
infarction, we should not try to explain it in terms of 
‘atherogenesis’ but of ‘thrombogenesis’.”’ 

Full appreciation of this fact-packed, thoughtful and 
thought-provoking book might, I think, have been facili- 
tated by a five or ten page summary of the main facts and 
conclusions . Also, this analysis would, perhaps, 
have been enhanced by greater attention to the develop- 
ment of arteries in relation to their diseases and hence by 
a fuller consideration of the possible roles of arterial 
remodelling, regeneration and repair in the pathogenesis 
of occlusive vascular diseases. 

Nevertheless, this volume should certainly be of oon- 
siderable interest to the innumerable pathologists, experi- 
mentalists and clinicians who are, to-day, forced to addreas 
themselves to this group of diseases, so frequently the 
cause of premature deaths of matare adults as to constitute 
the most important man-killer of our time. 

T. GOLMAN 


RECENT ADVANCES IN 
LIPID RESEARCH 


Metabolism and Physlologica! Significance of Lipids 
Proceedings of the Advanced Study Course held at Oam- 
bridge, September, 1968. Edited by R. M. O. Deweon and 
D. N. Rhodes. Pp. ix+657. (London, New York and 
Sydney: John Wiley and Sons, Ltd., 1964.) 147s. 


Vee and Phystological Significance of 
Lipids the collected pe presented at 
an advanced y course on “Lipids” in Cambridge 
in icy dace 1968. The contributors include many of the 
world’s leading workers in this fleld of biochemistry. The 
range of topics discussed and the wealth of detailed infor- 
mation which the book contains indicate clearly both the 
enormous increase in interest in the biochemistry and 
physiology of lipids, which has taken place especially in 
the past two decades or so, and also the i prob- 
lems at present confronting research workers. It is evident 
that the advances in our knowledge of lipida with which 
this volume is concerned owe much to the development 
of modern techniques, particularly to chromatographic 
procedures and to the use of isotopic tracer methods for 
the elucidation of metabolic pathways in tissues. 

In addition to the two major sections on metaboliam 
and on the physiological significance of lipids, shorter 
specialized sections deal with lipid absorption, lipids of 
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the nervous system and the association of lipids and 
proteins in biological systems. Brief reports of the con- 
tributions to two symposia, one on the fatty acid com- 
position of lipids and another on techniques, are also 
included 


In the section on metaboliam of lipids, the biosynthesis 
and inter-conversion of fatty acids in animal and plant 
tissues are discussed by several contributors. In animal 
tissues de novo synthesis from acetyl CoA and malonyl 
CoA, elongation and desaturation reactions all seem to be 
involved; in plant tissues there is no direct evidence at 
present of elongation of palmitate to steatate or of oon- 
version of the latter acid to oleate. 

The synthesis of characteristic branched-chain fatty 
acids by mycobacteria is also discussed. Other papers in 
this section deal with recent work on the biosynthesis of 
sterols, triglycerides and ipids. The metabolism 
of phosphoinositides is described and a hypothetical 
scheme for their possible role in the transport of cations 
acroas membranes is presented. Lipases and phospholipases 
are the subjects of several contributions, and work on the 
biceherioa] characterization of these enzymes is reviewed; 
the recognition of phospholipase activity in tissues and of 
the enrymio re-acylation of lysophosphatides has raised 
the question of the physiological signifloenoe of these 
enzymes in the selective turnover of fatty acids in tissue 
phospholipids. ee Sin 
s e Ee PE E e Oe a 

of transport of lipid material across the in- 
the mode of transport between different species and 
between different strains of rats. 

Papers on the physiological significance of lipids cover 
a wide variety of problems. The role of plasma tri- 

ides in fat transport, the metabolism of &hort- and 
-chain free fatty acids of plaama by various species 
and the difficult question of the part played by lipids in 
blood coagulation are reviewed. In o papers in this 
section lipid metabolism in ruminants and the bio- 
synthesis of milk lipids are considered. Fatty infiltration 
of the liver as & result of nutritional deficiency or following 
exposure to toxic agente is discussed in two articles and 
the hypothesis is proposed that inhibition of lipoprotein 
formation plays a part in the development of fatty liver. 
Several contributions are orientated towards the more 
physicochemical aspects of lipids as membrane com- 
ponente, and others deal with the effects of drugs and 
hormones on lipid metaboliam. In a paper on the lipids 
of bacterial membranes, the isolation of amino-acid esters 
of phosphatidylglycerol from a number of micro- 
organisms is and their physiological function 
in bacterial membranes is considered. 

Lipids of the nervous system are the subject of four 
contributions which cover biosynthetic mechanisms, the 
Lari aeons enxymes in nervous tissue and their 
possible significance in demyelination, a review of lipid 
metabolism in myelin and the lipidoses. 

The section on lipid-protein associations includes an 
extensive and stimulating discussion of the part played 
by lipids in mitochondrial function. 

Those responsible for the organization of this conference 
on lipids and the editing of its proceedings deserve great 
praise for their part in producing this excellent collection 
of authoritative articles. The book is well produced and 
will be invaluable, not only to biochemista but also to 
scientists in other disciplines whose interests involve 
lipids. Each paper includes a useful bibliography together 
with a summary of the audience discussion which followed 
ita presentation. In view of the great amount of infor- 
mation the book contains and because some aspects of 
lipid biochemistry are discussed. from different points of 
view by several of the contributing authors, a more 
detailed index would have been an advantage. 

G. R. WussTER 
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CAMBRIDGE MEETING OF THE BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


By R. DEMBITZER 
Administrative Assistant to the Loca! Executive Committee 


HE 127th meeting of the Britigh Association is to be 
held this year in Cambridge during September 1-8. 

Many mombers of the Association are familiar with 
Cambridge and many others have taught or been taught 
or undertaken research here, but as this article tends to 
cover a wide fleld it may not succeed in covering all 
aspects of the meeting or describe those parts of Oem- 
bridge to the satiafaction of every reader. For this I 
apologize. 

Members will be coming to Cambridge at a period of 
turmoil in the University, in the educational world and in 
men's ideas of the role of soienoe in the future of the 
country. Cambridge, like most other universities, hae 
been facing the proepeota of the post-Robbins legislation 
with some oprah alien. but ıt appears now that a number 
of its fears will not be realized. However, the ‘brain 
drain’ has undoubtedly alarmed the authorities and the 
governmental bodies concerned, and the general hope is 
that aa & result there will be better research facilities and 
mare money for departments and their projecte. But 
changes are alow, and some displeasure is being voiced 
around. On the other hand, ths fact that more emphasis 
is being placed on the need for saientiste and teohnologista 
to open the door of the future should give the British 
Association a new lease of life and an urgent ramon d'être. 
It might even be poesible to hope that the publio ab large 
will realize that the right climate for the growth of those 
strange human beings, ‘scentiste’ and ‘technologiste’, will 
«ome about only through the work of organizations such 
aw the British Association. 

Cambridge has been an exciting place to live in for the 
past few years. An unprecedented period of building haa 

the face of University Departments and of 
Colleges, and mush has been altered. Many Colleges aro 
struggling for expansion, some more than others, and 
visitors who knew Cambridge ten years ago would not 
recognize many of the newer buildings. During the 


meeting of the British Association, building will be in 
progress at Corpus Christi, St. Catharine’s, King’s, 
Magdalene, Newnham, which will prevent these Colleges 
from taking a major part in the reception of members; 
there is work taking place on an extension for St. John’s 
College and on the kitchens and buildings of Trinity 
College. 

The most notable change, however, has been the growing 
importance of the reasarch worker. The Bridges Becare 
an internal enquiry, pointed out to anyone left m doubt the 
lack of facilities which were available for members of the 
University who were not also Fellows of Colleges, and 
some of the Colleges have made great etforte to overcome 
this and to offer new fellowships. A new graduste College, 
to be known as University College, will come into being 
soon bo accommodete University offloers who do not cover 
subjects suitable for undergraduate teaching or are on the 
administrative roll of the University. University 
Centre, algo a post- Bridges innovation, will offer additional 
facilities for other members of the Univermty who fall in 
this group. With the introduction of Clare Hall, Leok- 
hampton House and Darwin College, we witness the 
growing awareness of the Colleges of the problem of their 
research studente, & oleas of people who have Bo far been 
given a loes than justifiable position in the lives of the 
College. The three stitutions named ere all private efforts 
of Colleges acting either independently or in co-operation. 
This is certainly not the end of this movement. 

Besides Churchill College, which was founded in 1959 to 
cater mainly for the scientist and the technologist, 
members of the British Association will be able to see the 
unfinished buildings of New Hall and Fitzwilliam. House. 
There is one argument, however, which is militating 
against the geographical growth of the Univermty. As the 
area covered by the University De ta and the 
Colleges is extended, the studente and the staff will have 
to travel greater distances to reach them, and this 






Fig. 1. Fitswiliiam House, University of Cambridge. Courtesy of City Arokusats Department, Gnlihell, Cambridge 
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eventually may lead to a 9 am.—d p.m. University, with 
studenta cyoling to one end of town to reach the University 
Department for the lectures, returning to their College late 
to complete their work in the College rooms or library. 
Though this is an inevitable process, there is hope that it 
can be contained. 


The British Association and Cambridge 

The third meeting of the Britiah Association (it had 
been founded in York in 1831) was held in Cambridge in 
1833 under the presidency of the Reverend Alan Sedgwick, 
professor of geology. 
Cambridge every twenty-five or so years: 1845, 1862, 1904, 
1988, and now in 1965. Of the past meetings, possibly the 
most significant was that held in 1904, because Mr. A. J. 
Balfour was president during the period of his premiership. 
Scientists took advantage of the eminence of their presi- 
dent to tackle him on the question of State-aid to the 
Universities—the beginning of university grants a8 we 
know them to-day. The last meeting here was held in 
1988 under the presidency of Lord Rayleigh. It was at 
this meeting that the idea of a quarterly report was 
instituted; this resulted in the Association's journal T'he 
Advancement of Sornos which from May of 1965 is now 
published monthly. 

The organization of the scientific programme of the 
meeting has changed very little over the years, although 
the number of sections, which were six in 1833, has grown 
to fifteen, and prominence is now given to the social 
sciences equally with the physical and biological sciences. 
Sociology and education are among the new sections of the 
Association since it last met in Cambridge. 


Sclence in Cambridge 

The 127th meeting is being held at a time when the 
country at large is becoming increasingly aware of the 
need for scientists and technologists. Cambridge scientists 
have grown in relative terms; there are many more 
asciontista (in the widest sense) now than ever before 
and they sccount for almost half the total under- 
graduate population, but are well over the fifty per cent 
mark in the graduate and teaching population of the 
Univeraity. 

On occasions like this, figures clearest. It is 
difficult to give groupings which be generally accept- 
able, as each University and indeed every University 
person has different ideas of what discipline fits into which 
grouping, but even so it is interesting to compare the rates 
of growth: 
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1038/39 
1054/85 6,749 1,185 7,084 
1059/60 7,575 1,412 8,997 
1064/65 7,701 1,847 0,548 
Of the foregoing figures, the soientiste represent the 
following proportions (figures for postgraduates in 
parentheses) : 
) Total as % 
I I peat IV Total of all 
1088/89 292 (41 110 544 (15) 131 2,067 90-5 (48 
ted B07 (9 inno oy 714 o 16 (09 1,989 (016 43-5 130 
1959/60 465 (96 789 (0 294 Gu 189 (sè 8,205 (866 435 97 
1904/05 2 44) TTS (100) 65 (57) 8,527 (901 45:8 (63: 


Noies: Group I, matbematios; IT, natural sotenoes (includmg metallurgy, 
Inedicine, ve medicine); III, and chemical engineering ; 
IV, agriculture ( estate management and land economy). 

Science has always been of fundamental importance in 
Cambridge, and there is little need, one feels, for it to be 
‘advanoed’ here, but ite extent may still be & surprise to 
members of the Association. Those coming to Cambridge 
after an absence of some years, or who have not had the 
opportunity of acquaintmg themselves with some of 
the latest changes in the scientific fleld, should go round 
and make enquines. On the occasion of the visit to 
Cambridge of such large numbers of scientiste, many 
Departments are taking the opportunity of holding “At 
Homes’, and members will be weloome everywhere. 

New buildings have all over the city. The 
main development of the arte faculties has taken place on 
the Sidgwick Avenue site, designed by Hugh Casson and 
Partners at & cost so far of about one million sterling, and 
here in the next few years will be accommodated the bulk 
of the lecture rooms, staff rooms, research facilities and 
libraries of the arte faculties. On the science side, there 
has been no such wholesale concentration, but & gradual 
re-development of the sites is going on and is likely to go 
on well into the 1970's. 

The two main areas of the scientific departments are the 
New Museum’s site (Bene’t Street, Free School Lane, Corn 
Exchange Street, Pembroke Street) and the Downing 
Site (Downing Street, Tennis Court Road, Downing 
College, Downing’ Place). Both sites have considerably 
changed over the years, but still accommodate more than 
twenty world-famous laboratories, all cramped. for space. 
On the New Musoum’s site, during 1959-60 the Shell Co. 
paid for a four-storey block for the Chemical Enginecring 
Department. The University has lost ite only large 
multi-purpose hall, The Examination School, which has 
been taken over by the Department of Physics and which 
is being adapted as further laboratories and staff rooms. 
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, On the Downing arte there have been four major addi- 
tions since the Second World War. The Publio Health 
Laboratory was built in 1950. Close to it is the Veterinary 
Anatomy building, a pleasant five-storey extension to.the 
older buildings of the Anatomy Faculty. In 1961 work 
started on the Paychology building, which was completed 
in 1968, the same year in which appeared the third 
of the Biochemistry building, built with the aid of the 
Welloome Foundation. 

In the early 1970's Addenbrooke’s Hospital will have 
completely vacated ita building in Trumpington Road and 
moved to the new buildi which are being built in Hills 
Roed. Part of the new site, away from the town centre, 
has now been open for four years; but the final transition 
will take another six or seven. Onoe they have left, there 
will be a space of about six acres which, it ia expected, will 
become available for re-development for the use of some 
of the scientific departments. Eventually, it is hoped, all 
the scientific departments will have buildings as modern 
and well equipped as the Ohemioal Laboratories in 
Lensfleld Road and the i i Laboratories in 
Trumpmgton Street. The Chemical Laboratories were 
oomp in 1960, at a cost of £2-25 million, and offer 
&ooommodation for over 200 research students and teach- 
ing staff, and class rooms and laboratories for 500 under- 
graduates. The i ing Laboratories are still under- 
going a rebuilding period and will not be completed for a 

ew years. However, the Department, the largest in the 
University with a teaching staff of 80, will eventually be 
able to accommodate 1,000 undergraduates and 200 
research studenta. ` 

Probably the most interesting development in the 
fleld of research in Cambridge has been the growth of 
Government-sponsored bodies which have found & home 
here, and whose personnel have been involved and are 
involved only in a tenuous way with the University. The 
Medical Research Council have several units, of which 
three will be visited duri 


Programme of the Meeting 

After the presidential address by Sir Oyril Hinshelwood 
on “Science and Boientiste'' on Beptember 1, tho scientiflo 
programme will starb on the next day. This consista 
mainly of the reading of formal papers followed by the 
discussion on & theme or themee decided on by the 
various Section Committees. The keynote for the section 
work is given by the President in his presidential address. 
About 300 papers are being presented for discussion, and 
these will receive the attention of a total membership 
which will approach 3,500. 

A random selection of the papers which will be read at 
the meeting does show that there will be & very great 
weight on the side of technology, and some of the lectures 
have such titles as “Technology in a Liberal Education", 
“The Interaction of Technologies", “Science Pure and 
Applied”, “Automatic Safe Landing of Aircraft in All 
Weathers”, “Technology and the Good Life", “The 
Cultural Technologist”. While it would be irrelevant to 
sort out the scientific value of one paper from another one, 
it is likely that one of the most visually exciting talks will 
be one given by Prof. B. J. Mason, the president of Section 
A (Mathematics and Physics), who will speak about 
physica of raindrops and hailstones, accompanied by 
demonstrations. 

In 1961, at ita meeting in Cardiff, the Association for the 
first time held a one-day symposium on the subject of 
“Food and Population". This was very suooesaful, as it 
dealt with a theme which had attracted the imagination of 
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the country at large on the work of the Freedom from 
Hunger Campaign which had just started. A speaker on 
that oocasion referred to fuel and power being second in 
importance only to food and population, and this is one 
of the reasons for & choice of a one-day symposium, which 
will be held on September 6. Among the speakers will be 
Lord Hinton, Lord Robena, Sir Harold Hartley, and Prof. 
H. J. isi and the theme which they will be digous- 
ing will be up by the various sections in their own 
activities. The main nationalired undertakings and oil 
companies are coupling this with an exhibition on the 
resources and need for fuel and power. It will be held in 
the Union Society and will last for two weeks after the 
meeting itself. 
Excursions 

An integral part of the meeting of the British Asso- 
ciation is to pay visits to many places of interest, both 
of a saientiflo nature and of pleasure in the host region. 
Cambridge will be no exception, and this year more than 
188 excursions have been organized. 

Cambridge is probably poorer-than many parta of the 
country in establishments of an industrial nature, and 
East Anglia has traditionally been the granary of England. 
But the City and the University make up for it very easily 
by housing & high concentration of research eetablish- 
ments. Among 


eu ned et or ocreui) apparatus: some for 
i i tary uses, others 
. Pye's were founded by 
a Cambridge man, formerty of the Cavendish Laboratory at 
the end of the nineteenth century, and have now become a 
household name. The same link with the University is 
at the origin of the Oambridge Instrument Co., and of 
Cathodeon, who make electronic instruments, and others. 
The Fisons Group of Companies have some of their 
research departments in the area, and members will see 
the Pest Control Research Laboratories at Harston and the 
Laboratories at Ohesterford Park. The Welding Research 
Aseociation at Linton, near Cambridge, undertakes 
research on behalf of more than 800 member bodies aad 
bas close connexions with the University's own Depart- 
ment of Metallurgy. 


Young People’s Programme 

The lecturers who will take part in the programme for 
the Young. People will be Dr. J. E. Gabb (research 
medical offloer of the Institute of Aviation Medicine), 
who will talk on “Medical Aspects of Space Flights”, 
Dr. F. A. Vick (member for research, United Kingdom 
Atomic Energy Authority) on “Exploration in Atomio 
Energy”, Prof. Herman Bondi (professor of applied 
mathematics, King’s College, London) on “Gravitation’” 
and Prof. H. J. Eysenck on the ‘Measurement of Intelli- 
genoe". The Science Fair, which has become a regular 
feature of the programme for yo people, will be held in 
Homerton. Co. , one of the Boat Ein of the Teachers 
Training Colleges. Many schools in the Cambridge area 
will take part and have been working hard at projecta 
which they will display during the week of the meeting.  . 

The two evening discourses, which will be held in the 
University Senate House, will be delivered by Prof. F. 
Hoyle, who will talk about recent work in the field of 
comnology and , and Dr. E. B. Worthington on 


astronomy 
the “International E e ee : 

Following last year’s broadcast by Southern 
Television of some of the talks of the British Association, 
this year the B.B.C. will broadcast live lectures on four 
mornings during the meeting. These will be transmitted 
from the Lady Mitchell Hall, situated in the new complex 
of buildings on the Bidgwiok Avenue site. 

Statistics for this article have been obtained from the 
University and Cambridge Now Archatecture 
(second edition, April 1965). 
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VIRUSES AND TUMOUR CAUSATION 
AN APPRAISAL OF PRESENT KNOWLEDGE 


By Dra PEYTON ROUS, For.Mem.R.S. 
The Rockefeller Institute, New York 


HOST of viruses have now been found which induce 
tumours in one way or another, and their number 
has increased so rapidly of late that the facta oonoerning 
them appear well-nigh chaotic. The present time seems 
right to try to bring order into what is known and then to 
ask what it may mean for the neoplastic diseases as such. 
An obvious first step is to try to group those viruses of 
vertebrates that belong together, as made plam by their 
production of typical tumours withm the livmg organism. 
. The witnessed when they act on cells freed 
from the restraint of the body by cultivation in vitro 
or in other ways will be noticed only where direotly per- 
tinent *. 

During half a century of search many viruses have been 
come upon which start and maintain tumours in chickens, 
but few have been discovered that do the like m other 
creatures. They all have this in common: each changes 
normal ocells into neoplastic cells having features which it 
determines, multiplies within these cells, causing what 
appears to be their autonomous proliferation, and oan be 
ee a ee eee 
growths of identical sort in other, atmilar . They 
do everything in short that & real cause can do, and hence 
they can be termed ‘comprehensive’ tumour viruses. For 
most though, ‘do-all’ seams better, a word 
sancti by for more than three centuries, vide 
T'he Oxford English Dictionary. 

“Do-all: One who manages the whole business ; a factotum. 

“1683 D. Rogers Treat. Sacraments IL 7. 'I$ is conscience 
which is the do-all in the souls.’ 

“1701 Pepys Diary, ed. by Jackson, 1879, VI. 288. ‘The 
Cardinal is the do-all’.” 


The Do-All Tumour Viruses 

The first oo ive virus was procured in 1908 by 
Ellerman and Bang from the cella of a chicken leukaemia. 
Their discovery, though soon enlarged through their finding 
of other viruses causing chicken leuksemiss of different 
sorta, was still-born into the world of knowledge because 
the leukaemias were not then deemed neoplastic diseases. 
A little later numerous viruses were obtamed from the 
solid tumours occurring in chickens, typical neoplasms 
according to the criteria already established through the 
scrutiny of transplantable rat and mouse tumours. Each 
of these viruses produced growths of only the sort from 
which it had been obtained, yet they differed so widely in 
effect that the yield of neoplasms was various. Not until 
1988 was ẹ mammalian tumour virus found—in rabbits 
by Shope. It causes the benign, epidermal papillomas 
often present on the common wild American rabbits 
known as oottontailsa, trapped in the south-western 
United States. In 1984 Lucké reported renal carcinomas 
to be well-nigh epidemic m the leo frogs of New 
England, and later he and others deeoribed the virus 
le for these notably malignant growths. In 


1058, Shope another mammalian virus, one 
causing the flbramas occasionally present on 
wild Virginia deer 


To most investigators these meagre findings in creatures 
remote from man seemed to throw little light on the tumour 
problem; but in 1951 Gross obtained a do-all virus from 
the cells of a mouse leukaemia. This caused a stir because 
the.tumours of mice had long been the common ourrency 
of cancer research, having yielded numerous facts which 


* Wo references will be olted to famillar but only to those 
vicio fasts Oe east oa Geaerve Encculcioae in tin pacis RE IR 


ved applicable to the neoplasms of man. Forthwith a 
host of workers strove to get viruses from ‘spontaneous 
mouse leukaemias, and now not & few have been obtained, 
and some from rats as well. . i 

The do-all virus longest and most closely investigated, 
now known as the RSV, was procured in 1911 from an 
anaplastic chicken sarcoma (the RS). It acted only on 
fibroblasts, and throughout more than forty years caused 
growths of identical sort, and these only. The viruses 
next from fowls also acted only on fibroblasts, 


& widely diverse yield of neoplasms. 

The frog virus acta only on the convoluted tubules of the 
kidney, producing carcmomas of æ distinctive sort. 
Often the malignant cells contain ‘inclusion bodies’, 
consisting of aggregates of the virus, but nearly as often 
these are lacking and the growths then wholly resemble 
clasaical cancers. The fibromas due to the action of the 
deer virus on fibroblasts have & morphology so unvarying 
as to strict morphological control by the virus. 
Some of the mouse viruses inducing leukaemia were 
wholly specific in their effects when first for 

, that of Friend which caused only Yeticulo- 
endotheli but cells rendered leukaemic by one virus 
can become superinfected with another’, and for this end 
further reasons the problem of what is referable to each 
is too ex for present analysis. Very recently 
epidemics of leukaemia have resulted in great loases of 
cattle in Denmark and northern Germany, and much 
goes to show that they are caused by & virus. 

The fact that the RSV actuates the RS tumours it 
been examined for fifteen years". There then occurred & 
period of six months during which the wero 
remarkably benign and no virus could be obtained from 
their tissue despite persistent efforte. But after many 
serial transfers during this period the growths again 
became actively malignant, recovered the ability to 
metastasize, and yielded virus in abundance. Titration 
tests have since shown that changes such as these are 
determined by the amount of virus the neoplastic cells 
individually contain, this determining both their aspect 
and their behaviour*. The same principle holds 
true of the growths caused by the Shope rabbit virus, 
though their hology is not affected. It elicits papil- 
lomas more slowly after partial inactivation by heating, 
and these loll along even when becoming big, and they 
frequently regress. . 

Needless to say, the role of the do-alls must be cyolic 
under natural conditions, else they could nob continue 
to exist. Spontaneous sarcomas resembling the RS 
occur sporadically, and they yield viruses related immuno- 
logically to the RSV; but how this latter can maintain 
itself is still a blem, so sensitive is it to inactivation. 
The same holds true of the virus causing the peculiar 
chicken sarcoma rifted with blood sinuses, this growth 
reappearing spontaneously on & single occasion a few 
years after it was first observed. In contrast the Sho 
virus causing papillomas is so hardy and so 
transferred from rabbit to rabbit that growths due to it 
are abundant in several regions where cottontails are 
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numerous. The renal cancers oaüsed by the frog virus have 
remained almost epidemic in the leopard frogs of New 
England ever since they were first noted thirty-one years 
ago, but no one hes yet ascertained how the virus is 
transmitted. That of the deer fibromas passes from one 
animal to another by way of the trees against which they 
rub. A few viruses of the leukaemias of rodenta reach 
the young through the placenta or the milk, but how the 
generality is transferred has still to be found out. 

Do-all viral agents capable of oausing tumours of 
several distinct sorts of chickens have occasionally been 
come upon, but in most if not all instances they owe their 
ability to the association of several viruses of differing 
neoplastic potentialities. In 1917 a ‘lymphoma complex’ 
made ite presence plain in White Leghorn chickens raised 
under crowded oonditions in the Middle Weat of the 
United States, and it gradually caused such huge losses 
that a government-supported Regional Poultry Research 
Laboratory was set up in 1987 to combat it. The complex 
is indigenous to the White orns and ib consiste of 
mingled viruses which individually cause leuksemias, 
lymphomas, several differing sarcomas and two diseases 
which are not neoplastic. Each of these agente elicite 
antibodies; yet stil the lex cannot be controlled, 
and it is now prevalent in ite Leghorns and chickens 
of some other kinds from Maine to California. 

Hach do-all virus hae & single species aa ita natural 
hebitet, and though it may osuse growths on inoculation 
into cloeoly related animals it fails to maintain iteelf 
permanently in them. The RSV, for example, is capable 
on test of producing tumours in pheasante, turkeys and 
ducks, but it never does this under natural conditions. 
The Shope pspilloma virus, so reedily transferred in 
cottontails, very occasionally causes & growth in one of 
the many jack rabbits living among them, but it gete no 
further in this species. Nor is it found in swamp hares, 
snow shoe and domestic rabbits, though it causes vigorous 
papillomas in them all on inoculation. The frog virus is 
indigenous to leopard frogs only. The deer virus produces 
growths in no other herbivora, and the rat and mouse 
leukaemia viruses cause growths spontaneously only 
in these creatures. 


Do-All Viruses causing Successive Neoplastic Changes 


The two do-all viruses which cause benign tumours are 
capable of more besides this. They can bring about 
secondary carcinomatous changes in the cells of these 
growths. 

The papilloma virus. Very ocossionally a Shope papil- 
loma procured from & trapped oottonteil has in its midst 
an epidermal carcinoma which hae taken off direotly 
from ite virus-infected celis. This happens much more 
often in the exuberant papillomas induced by inoculating 
the virus into domestic rabbits; and in these it occurs 
relatively soon, and the cancers are often multiple. They, 
like the papillomas, can be serially transplanted’. 

The papillomas are 3 similar in morphology 
whereas the derivative carcinomss are widely various. 
Occasionally one of them seems to differ from the benign 
growths only in being disorderly, aggressive and mets- 
stasizing, but thence their diversity ranges all the way to 
complete anaplasia, and even those appearing pepillo- 
matous on first arising tend to become anaplastio eventu- 
ally by consecutive, step-like alterations such as are not 
infrequently observed to occur in human cancers. Owing 
to their derivation they are now called the Vx carcinomas. 
Beven of them have been transplanted serially and great 
efforts have been made to procure & ‘cancer virus’ from 
them, but none has been obtamed. This failure is the 
more impressive because six of the seven have yielded the 
papilloma virus. The growth from which it has never 
been got (the Vx2, now in ita 27th year of serial transplant- 
ation) contained the powerful antigen of the papilloma 
virus throughout ite first 3-5 years of maintenance, its 
rabbit hoste proving completely resistant on inoculation 
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therewith, but after 4-5 years more not even this sign of 
it waa left". Since then the animals ing the tumours 
have regularly proved, on inoculation, as susceptible to the 
virus as normal animals. In contrast the Vx7 (now in 
ita 18th year of maintenance) has continued to harbour 
recoverable papilloma virus, and this has recently been 
obtained from ite tissue in such quantity as vo have been 
chemically purifled by & method that hae consistently 
failed with extracts of the Vx2 (ref. 6). Like this latter 
it has been completely anaplastic from the first. 

These findings make plain that the papiloma virus sots 
only to imitiate the secondary carcinomas it induces, 
although on occasion it persiste in them long. The Vx2 
is now generally regarded as e cancer of the olasaio sort 
because no causative agent can be demonstrated in it, 
and as such it is widely utilized for experiment. Not so 
with the Vx7. Requests for it are few because it still 
harbours the papiloma virus. 

The milk virus of mice. A virus first recognized in 
1936 es existing in the milk of certain straine of mice 
is only now mentioned beoause of features that have 
been deemed to set it apart. Actually it is the most 
suocessfal of the do-all viruses because transferred from 
mother mice to their offspring in the first milk they receive 
and in this way on to generation after generation. 
Indeed, it can only be avoided if the young are wet-nursed 
from birth by mice of a strain from which it ia absent. It 
does not manifest itself in the young receiving it until 
they are adults, and in them only if hormonal and nutritive 
conditions are right. It then causes tiny growths in the 
mammary glands of females, doing so even if the surround- 
ing tissue of the same kind happens to be undergoing 
involution. The little gro ivooally termed 
‘hyperplastic nodulea’—are actually true neoplastic 
entities’, not only in morphology but also in their ability 
to liferete serialy if from the glandular tiseue 
hoddns them about. end transplanted to favourable sites 
in other mice™*. They are ‘conditional adenomas’, 
dependent for succese on influencea promoting their 
growth, as are not & few other neoplasms, notably oertain 
cancers of the human prostate. Whether they are left 
$n site or transplanted, carcmomas take off from them 
often. In this way they become responsible for the 
frequency of mammary cancers in mice carrying the milk 
virus, and the more effective this latter ie, in causing 
adenomas, the more frequently do malignant growths arise 
from them’. The adenomas are al! alike in mice of the 
aame strain, whereas tho cancers are even more various 
than those deriving from rabbit papillomas. In both 
instances uniformity is succeeded by di ity. 

The milk viras elicite è distinctive antibody when 
introduced into adult mice of strains previously lacking 
it, yet it never oalla forth any in mice reoeiving it when 
new-born, & fact understandable in terms of immunological 
toleranoe!*«e?, and of immunological parsdysis later 
because of ita continued presence. This bemg so, one 
might suppose thet the conditions would be right for the 
recovery from the carcinomas of some related, derivative 
‘oancer virus’, yet these have never yielded anything 
exoept the milk virus, whioh may ride along in their 
tissue throughout years of serial transplantation, only to 
be lost eventually. Ita soope of action is exceedingly 
narrow. In no other species have the adenomas or 4 
causative virus with similar attributes been found *. 

In sum, the milk virus is like the papiloma virus in 
causmg benign tumours from which cancers arise and 
resembles it further in servmg as no more than an mitistor 
of the malignant growths. 


* The milk virus, when first discovered, seemed to provide a lead to the 
ent in thelr Ban of Tata Cr rabbie, 
the Ineudense 
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The Disclosures provided by the Do-All Viruses 


The number of do-alls is small, their limitations are 
great, and they are e motley lot, yet they have revealed. 
some fundamental facte. They first enabled investigators 
to peroeive how secretly & virus can act to cause tumours, 
producing growths which, both in appearance and behavi- 
our, seem intrinsically cellular. A reciprocating partner- 
abip between cell and. virus haa been found to exist, aa has 
also an exquisite, host-within-a-host relationship of virus, 
cell and organism. Two types of immune reaction by the 
body have been brought to light, one directed against 
the tumour oells as such, the other against the virus, both 
of tham frequently present together when a tumour fares 
badly in & new host. The do-alls have also provided 
examples, resembling those in man, of the two differing 
ways whereby normal cells attain to the cancerous state, 
namely, by direct, one-step change, or by two steps, 
the normal oell first becoming & benign tumour oell and 
later & malignant one by further discontinuous alteration. 

In sum, what is known about the do-alls would enable 
one to understand how every tumour oould be caused by 
a virus if all were produced by agents having their oepebili- 
ties; but much speaks against any such assumption, as 
will be made plain farther on. 


The Synergistic Effect of Assoclated Do-Alls 


Certain changes that have recently taken place in the 
virus causing the RS chicken tumour have large interest 
as disclosing what can happen to & do-all in the course 
of time. 

Throughout almost half a century the RSV, though 
often tested, produced only sarcomas and these in 
fowls. Then in 1957 Zilber reported that it would cause 
haemorrhagic as well on inoculation into new- 
born rate, and flbromas in new-born rabbits". Soon 
afterwards he and some Scandinavian investigators 
showed that it would give rise to lymphomas aleo in 
young rate and mios, and that in new-born Syrian ham- 
aters, cotton rate, guinea-pigs, ferreta and monkeys of 
several sorts it would cause sarcomas resembling the 
typical R81», Now every strain of the RSV maintained 
in America and Europe has been found to produce such 
tumours in rodente. 

What is the reason for the new capabilities of the RSV 


century during which only æ few been procured, and 
these of limited effect in fowls'*. Recent collateral dis- 
coveries tell much. t decades no sign was 
found of contagion when chickens carrying the RS were 
purposely kept crowded in ooopa together with normal 
fowls. Even when the tumour tissue was repeatedly 
fed to these latter in quantity, growths failed to arise. 
Yet a few years ago Burmester, of the Regional Poultry 
Research Laboratory for study of the lymphoma complex, 
rted that pullete oooped with adult chickens carrying 
garoomas not only developed these in their subeutane- 
ous tissue but visceral lymphomas as well. He had 
previously found that fowls carrying viruses of the com- 
plex often appear healthy, and this though the t 
causing visceral lymphomatosis is transmitted to 
both by contact and through the egg, as he had already 
shown!*. Now his further experimentation made plain 
that the ‘contagiousness’ of the RSV is due to association 
with ib of this other virus!*. Yet hore was not merely an 
instance in whioh each of the two agente produced growths 
characteristio.of it in the same chicken. The lymphomas 
virus had so empowered the RSV that it was really 
contagious, causing typical RS sarcomas in normal 
chickens. More recently some California workers, pur- 
posely utilizing Leghorns known to harbour the lymphoma 
complex, have shown that virtually all the agents in this 
category oan help or hinder the onoogenic &otion of the 
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RSV. Incidentally they expanded & finding already 
mentioned here, showing that chick embryos are very 
often infected with one virus or another of the complex, 
a fact of importance in relation to the utilisation of such 
embryos to prepare v&ooinea. 

The history of the introduction of the lymphome com- 
plex into Europe provides additional support to the 
supposition that the new ability of the to cause 
tumours in mammals is due to & synergistic association 
with it of the agente of this complex. Andrewes, working 
intensively with the RS and other chicken tumours from 
1926 until the Seoond World War, sought leukaemias in 
English fowls, and such as the complex 
causes, but found none!'. American poultry records 
show that White Leghorns of a stock known to carry 
viruses of the complex were imported to Scandinavia a 
few years prior to the discovery by workers in these 
countries that the RSV is oncogenic for rodents, and & 
little later the complex was mtroduced into England— 
from which this new ability 


fibroblastic tissue of chickens’. It is now known to be 
present in the U.8.8.R. 
All things considered, one might do well to reserve the 


isolated again—and to 
producing growths that indicate another virus is actmg 
with it. 

On ing on a new virus we are inclined to take for 
granted thst it has always bean what it is when we find 
it, and not reckon with its past. The RSV has bean 
‘forced’, to use a gardener’s term, by frequent passage in 
chickens of many kinds and countries throughout ite long 
propagation. Hence abundant opportunities have existed 
for other viruses besides those of the ‘complex’ to join 
it. Perhaps they have. 


The Viruses initiating Neoplastic Change 


power. The most enli 
virus found by Gross in 1951. This agent maintains iteelf 
by producing wi cellular injury in healthy- 
looking mioe, and if the conditions are ri a few sost- 
tered cells amidst the multitude of the injured undergo & 
change which is ite antithesis: they are rendered neoplastic 
and proliferate ae a result, forming tumours which grow 
progreasively and can be maintained indefinitely in 
suitable hosts. The virus does not act, like a do-all, 
on cells of only a single kind but on many, which results 
in widely various tumours—henoe ite present name, the 
‘polyoma’ virus. Furthermore, ita neoplastic capabilities 
are not limited, as are those of the do-alls, to species 
nearly related to that m which it is indigenous, but are 
wide in scope, growths resulting after ite inoculation 
into rate, rabbita, guinea-pigs, hamsters and ferrets. 
In both these fundamental the polyoma resembles 
the chemical and ical initiators. Like these agents 
also, and in striking contrast to the do-alls, the virus 
fails to have any determining fluence on the morphology 
of the tumours it induces. That depends on the kind of cell 
exposed to it, as in the case of the chemical and physical 
onoogens. In another, even more significant, respect it 
often resembles these agente: the virus is left behind as 
the neoplastic cells proliferate. Its disap ce is 
usually very gradual, though. Not only do most of the 
growths that are serially transplanted fail eventually to 
yield it any longer but sometimes not even an antigenic 
trace of it remains, although earlier it had elicited anti- 
bodies. Now, like the rabbit papilloma virus that 
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initiated the Vx2, it has failed to persist even as a 
paasenger virus. 


of the same sporadic sort: it never causes any wholeeale 
conversion of cells to the neoplastic state. The initiating 
abilities of the chamical agents oan often be i 

which resulte in a larger yield of tumours than if either had 
been used alone. Precisely this happens when the polyoma 

irus is brought to bear on cells previously X-rayed: a 
muah larger proportion of them become neoplastic*®. 

With all these likenesses to the generality of chemical 
onoogens, there yet remain two basio differences. Tho 
polyoma is contagious, infecting whole colonies of mice, 
and it persista for a considerable time in the proliferating 
cells it has rendered neoplastic. But these are differences 
readily understandable in terms of the intimate relation- 
ship existing between viruses and oells. Obviously on 
most cocasions the polyoma virus acta as no more than 
an ordinary chemical initiator of neoplastic change, 
and chemical indeed it is, though of e distinctive sort as 
shown. by ite recent analysis. 

Very occasionally the polyoma fares well in tho oella it 
has rendered neoplastic. This waa the case in the exceed- 
ingly rare tumour from which the virus was first obtained, 
& oaroinoma of the parotid gland. The virus had so 
flouriahed in the cells of this neoplaam as to be procured 
from it in an oncogenic state, and in some other parotid 
cancers resulting from ite inoculation it has fared as well. 
Evidently tho cella of these special growths are peculiar 
in providing it with & wholly favourable milieu during 
ite sojourn in them, yet it has not undergone conversion 
to a real do-all virus. When again inoculated into mice 
1t proves oncogenic in the same indirect fashion, as before, 
causing widespread, smouldering, cellular injury with 
neoplastic changes as a by-product. 

Here a fact that is seldom taken mto account deserves 
streasing. The initial neoplastic findings with the polyoma 
were obtamed in animals in which it is foreign, namely, 
inbred mice of laboratory strains. Ita native hosts 
are house-mice and it existe widespread in these, often 
causing epidemics in slums, barns and granaries, aa shown 
by blood teste". Tumours never result from ite action 
in them but only the typical, injurious cell disease; and 
though on access to laboratory mice, animals of dis- 
tinotively different strains, it produoes similar epidemios, 
with neoplasms as an occasional result, these are so in- 
frequent as not to increase perceptibly the statistical 
incidence of tumours as compared with the number 
occurring in the uninfected members of the colony. 
Though the virus was primarily obtained from a parotid 
carcinoma ing in @ laboratory mouse, it caused 
growths only in new-born animals of this kind and only 
months after inoculation. In. new-born hamsters, widely 
alien hosts, it produces them within a few weeks, and 
henoe ita neoplastic effecta have been examined mostly in 
these. 

The polyoma provides an extreme instance of Theobald. 
Smith’s law according to which & damaging parasite 
tends to become a symbiont when the relationship 
between it and ite native host has existed long. 

Human ininating viruses. The fact that the tumours 
due to the polyoma virus occur incidentally to a chronic, 
non-neoplastic disease has brought up the question 
whether similar happenings may not occur in man. So 
widely various are the many hundred, ordinary chemical 
onoogens, and so multifarious are the viruses in their 
capabilities—and uniquely intimate in their relationships 
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to cells —that ıt would be strange indeed if no agents of 
this sort initiated tumours in man. 


occassionally arise amid old small-pox vaccmation scars, 
remind one of the cancers sometimes occurring in aged 
persons where their skin was burned in youth, as also of 
those carcinomas occurring in men unciroumoised when 
young. Not so with the cancers oocurring where herpes 
simplex and herpes zoster viruses have previously pro- 
duced their characteristic injuries of the skin. Here, 
epidermal carcmamasa have occasionally arisen. much 
sooner than those induced in man by the generality of 
chemical oncogens—after 6 weeks to 5 yeara m the case of 
herpes srmplex®* and 3 months to 3-5 years in that of 
herpes roster. The cancers traceable to the effecta of 
herpes simplex have been situated where ‘fever blisters’ 
had previously ooourred on tho lips of ageing people who 
were unusually sensitive to sunlight. Since sunlight is 
itself an oncogen it seems hkely that the tumours were 
actually the outcome of co-caroinogenesig. 

A great number of other viruses productive of human 
diseases and residing long in the body have recently been 
injected into animals to learn their oncogenic possibilities. 
Because of experience with the polyoma virus, new-born 
hamsters have generally been used. Out of more than a 
hundred viruses tested, only three have yielded tumours. 
All are adenoviruses", agents often causing inflamma- 
tion of the lymph glands and tonsils of young persons, 
and persisting in their tissues for a longer or shorter period. 
The growths induced have been mostly "primitive, un- 
differentiated sarcomas with epithelioid traite", and 
some have been obtained in new-born rata and mice. 
They can be serially transplanted in adults, but none has 
yielded any oncogenic virus, though viral antigens 

ist within them, as serological testa have shown. 
occasionally, remnants of virus particles can be perceived 
in the tumour cells with the electron mio . 

A virus of rhesus monkeys, termed SV40, which does 
no more than produce vaouolee in their renal oella when. 
cultivated in viro, also induces tumours in new-born 
hamsters, but not in adulta, though the tumours can be 
propagated serially in these. At times they yield a little 
onoogenio virus, and again none at all, though still oon- 
taining viral antigens**4, 

Obviously the conditions under which the adenovirusea 
and SV 40 give rise to tumours are exceedingly unnatural. 
Not only are the viruses introduced into sucklings of a 
remote species, but also the injection is done at the time 
when immunological tolerance is readily evoked, as 
witnees the findings with the milk virus, and under guah 
circumstances they soon become safely ensconced. For 
viruses very swiftly become fixed on living cella of the 
kinds susceptible to them, and these protect tham from 
such circulating antibodies as they may subsequently 
call forth from their hosts*’. 

At this writing more than fifty viruses have been 
procured from rhesus monkeys, but none native to these 
creatures has caused genuine tumours in them, nor have 
any been obtained from the growths arising spontaneously 
in hamsters. 

The Combined Effects of Tumour Viruses and Ordinary 
Chemical and Physlcal Oncogens 

The increase in neoplastic changes when the polyoma 
virus is brought to bear on cella previously X-rayed is 
not the sole instance of the joint effect of tumour viruses 
and ordinary chemical, oncogenic agents. When areas of 
soarifled rabbit skin were exposed to the oncogenic hydro- 
carbon DMBA, during the few deys of healing after 
inoculation with the Bhope virus, pop nomaa completely 
resemblmg those ordinarily caused by this agent arose, 
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but they underwent carcinomatous changes much sooner 
and oftener than did control growths on the same rabbit; 
yét the DMBA had, as usual, been injurious to the epider- 
mal cella exposed to it while they were proliferating to 
oover the scarified expanses of skin. Asa result the papil- 
lomatous layer formed very slowly and remained muoh 
more shallow than that of the controls. Nevertheless, 
25 


Recently, 


of chemical initiators. 


Effect of Do-All Viruses on Neoplasms actuated In 
Ways Unknown 

The Shope papilloma virus has remarkable effects on 
the benign induced by tarring the skm of 
domestio rabbits. The growths differ distinctively in 
morphology from those caused by this agent, yet they 
have the typical character of neoplasms. After intraven- 
ous injection the virus often localizes in the benign tar 
tumours, resulting in very rapidly enlarging, mongrel 
growths, composed of cella that exhibit individually the 
merged morphological traita of the papillomas due to 


, these differing oncogens. The virus has similar effects on 


many of the carcinomas which result from tarring cotton- 
teil rabbits. When small pieces of the cancerous tissue 
are returned to the donor animals, after in vüro 
to a virus suspension, not only do their cells proliferate 
with prodigious rapidity, as compared with those of 
control grafta, but also they are now much more aggressive, 
and the morphology of the resulting tumours undergoes 
marked alteration. The virus bas again acted not only 
as a synergist bub as a transforming agent*’. 

The findings have been very different when the RSV 
was injocted into the bloodstream of chickens carrying 
anaplastic sarcomas induced with tar or with the polyoyalio 
hydrocarbon, $3:4-dibenzanthraoene (DBA)**. The 
morphology of these tumours—which differ slightly yet 
distinctively from the RS—underwent no alteration, nor 
did their growth-rate change. Yet the RSV had become 
amociated with them sa shown by its recovery from the 
tumours of a second serial transfer. Here it may be 
recalled that the anaplastic Vx7 has never shown any sign 
of the formative influence of the papilloma virus, ite oon- 
stant companion; nor indeed have such tar carcinomas 
of cottontails as were anaplastic when i 
infected with the virus. It may well be that such sim- 
plified growths no longer posseas the power to assume the 
papillometous form. 


Recovery of Extraneous Do-All Viruses from Tumours 
of Unknown Cause 

Recently several investigators have procured leukaemia 
viruses by extracting the tissue of solid mouse and rat 
tumours long maintained for experimental uses and of 
unknown cause, notably the Ehrlich carcinoma, now sixty 
years old. This finding was the more surprising because the 
animals carrying the growths did not themselves have 
leukaemia. Yet a reasonable explanation lies at hand. 
Many non-neoplastic viruses are known to become asso- 
ciated with tumour cella, which thereafter protect them, 
as already stated", from circulating an ies, with the 
result that they persist as passengers. That the barrier 
in by the oells can act in both directions was 
clearly proved by & continuance of the tests just described 
which showed that the RSV was present in DBA tumours 
without giving any sign of itself. Some of the growths 
resulting from & third transfer of these growths regressed 
and wholly disappeared, and at the sites where this 
had happened typical RS tumours arose, obviously because 
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the RSV was no longer held m check but set free to act 
on the adjacent fibroblasts, elements which are 
susceptible to it during reactive proliferation, Jt may 
well be that stray particles of leukaemia virus had become 
associated with the cells of the tumours of unknown cause 
and were restrained by them from producing disease, 
even after multiplying to a potentially pathogenic amount. 
Persistent efforts have been made in the United States 
to find viruses which would lodge in buman tumours and 
destroy their cells. Some have been procured: but they 
have killed normal tissue cells as well. No sign has been 
obtained that any tumour of msn has been abruptly 
invigorated or transformed during its course, as happened 
when the Shope virus infected the tar tumour of rabbits. 
The paradoxical fact should here be mentioned that the 
Vx7 carcinoma, though carrying the papilloma virus In & 
potentially active state, has grown only about half as 
fast throughout the years as the Vx2 and almost never 
metastasizes as this latter usually does. 


A Grouping of the Neoplastic Viruses 


When the tumour viruses are viewed together it can be 
seen that nearly all belong to one or the other of two 
basically different categories, with a few bridging instances > 
between. The viruses of the do-all group exist in & perfect 

ip with the tumour cells they maintain 88 
autonomous’; whereas tho initiating viruses have no such 
actuating role but resemble the ordinary chemical and 
physical onoogens in their effects. 

The polyoma virus has the role of an initiator when 

ucing tumours from 


injurious, cellular disease characteristic of it, whereas in 
mice of laboratory strains it induces sporadic neoplastic 
changes in addition. Only rarely 

io state in the tumours it thus starta off, and then 
it has not become a do-all but brings on the same zigzag 
course of events as previously, producing cellular injury, 
with neoplastic changes sa a by-product. Lf the resulting 
growths are long maintained serial transfer, the 
polyoma ultimately disappears from them, not even an 
antigenic trace inmg!*. 

The tumours initiated by the adeno- and SV40 viruses 
in new-born hamsters provide intermediate instances of 
a simpler sort. Again as has been stated, the growths 
induced by adenoviruses fail on serial propagation to 
yield these agents in an onoogenio condition, though 
antigenic traces of them persist and sometimes remnants 
of virus particles**. The SV40 virus also tends to dis- 
appear during serial transfer of its tumours, but it leaves 
behind an antigen, and occasionally & little onoogenic 
virus?*. 

Now for a telling fact. The tumours due to all three of 
the bridging viruses continue to grow as actively a8 ever 
while these agents are undergoing drastic reductions in 
pathogenic ability and are disappearing more or leas 
completely. Sometimes thoee due to the polyoma virus 
grow even more vigoro . This being so, it is difficult 
Dn aia ae ed the initiatory. 

one may question whether the polyoma virus has 
really an actuating effect on the cells of the few tumours 
in which it flourishes or merely multiplies within their cells 
because these provide it with a notably favourable medium. 

The chief difference, needleas to say, between the bridg- 
ing initiators and the chemical and physical onoogens in 
their oncogenic relationship, is that the latter have no 
ability to increase in quantity and ride along in the cells 
rendered neoplastic by them. 

Two of the do-alls, the rabbit papilloma virus and the 
milk virus, serve as initiators on occasion, but their role 
in this respeot differs markedly from that of the generality 
of such agents. Instead of acting on normal cells they 
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bring about carcinomatous changes im the oella of the 
benign tumours they have already engendered. Though 
they sometimes persist throughout long. periods in the 
resulting cancers, as happens in the case of the Vx7 and 
many of the mammary cancers that take off from 
adenomas, they may ultimately be lost, as in the notable 
instanoe of the Vx2. Their role is solely that of mitiators; 
ee ee E A ees 
in bringing about carcinomatous changes in injured 
cella of the epidermal lesions they produce in man. 


What can be the Meaning of the Neoplastic Viruses ? 


The many facta assembled here bring home a striking 
truth. Except in chickens, neoplastic viruses are exoeed- 
ingly rare. Very few mammalian do-slls have been 
found since 1911, and almost as few that act as 
initiators. This is the more remarkable because, as 
eed) ones out, virases are so intimately associated 
with and so numerous and diverse in their effecta 
on them. 

Any attempt to consider the generality of mammalian 
tumours in terms of present virus knowledge can be no 
more than tentative boosuse what viruses are and do has 
consistently transcended expectation. They were long 
regarded as tiny becteria differing from. tbe usual only 
in that they were moet exacting m their nutritive require- 
ments. Not until the 1930's wae their obligate association 
with cells perceived, and only later was it realized that 
these are their chemical workshops. What a bubbub 
of surprise and of surmises about the nature of life followed 
on ization of the tobacco mosaic virus! When & 
study by highly qualified geneticista of what seemed an 
inherited tendancy to breast cancer in mice led on to the 
discovery of the milk virus, this astounding pomibility 
had not even entered man's thought! P to-morrow 
some cleaving discovery on the causation of tumours by 
viruses will demolish the inferences of to-day; yet what 
we now know would be worth little if none was made. 

On marshalling the neoplastic phencmens which must 
be understood, whatever their cause, one is confronted 
with the vast, multifarious array of mammalian tumours 
initiated by ordinary chemical and physical onoogens. 
Can it be that most of these growths are actuated by 
hidden do-all viruses? None of the innumerable efforts 
A ices aorta ae E a a 
dubious instances. Perhaps the techniques of search have 
been inadequate, a view fostered by the outcome of recent 
experiments in which mice with their resistance weakened 
by irradiation developed viral leukaemias. But in this 
connexion the fact should be recalled that solid rat and 
mouse tumours, long maintained by serial transfer and of 
unknown actuation, sometimes yield a lurking leukaemia 
virus on extraction, though their hosts been, free 

Efforts to get actuating viruses from mammalian 
neoplasms arising ‘spontaneously’ have also drawn & 
blank save in the case of the rabbit papilloma, deer 
fibroma and some mouse and rat leuksemiss. Not so 
with the spontaneous ahioken tumours. A do-all virus 
has been procured from every one of these that could 
be maintained long enough for adequate test. Binoe this 
is the case, one might suppose that chicken tumours 
induced by chemical oncogens would also yield viral 
agents. But not so! Though they closely resemble 
spontaneous growths in all essential i , & virus 
has almost never been procured them. This 
paradoxical state of affairs is peculiar to fowls, aa is also 
the prevalence and wide distribution of & lymphoma 


br once 

ere is & more ial obstacle than failure to 
obtain viruses to the assumption that such agenta may be 
the actuators of the generality of mammalian growths, 
namely, the need for æ perfect partnership between oells 
and virus if the latter is to function enduringly in this 
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way. The gredual ird Sarton of the polyoma virus 
from all except & few of the tumours ib has initiated well 
illustrates this need, as does also the dwindling and loes 
of the S V40 and adenoviruses from the tumours they have 
started off in hamsters, animals to which they are atrange. 
The cells are the stronger party in these imbalances, re- 
maining vigorously autonomous like those initiated by 
viruses known to maintain the neoplasms they mduce, 
and since each of them causes tumours of only a single 
Pe ire RE 
one would have to mvoke & miaroooam. of these agenta to 
account for the masrocosm of tumours which arise spon- 
taneously in s single mammalian species, and different 
microcosms for such species as are not closely related. 

This does not rule out the possibility that & few humen 
tumours may be caused by do-alls. The electron mioro- 
scope haa recently disclosed in the blood of certain leukas- 
mic patients particles which have & peculiar form much 
like that of the viruses causing some mouse Jeuksemias. 
Yet even if viruses turn out to be & cause of this disease 
in human beings, and perhaps of fir rag neo- 
plasm (Burkitt's disease)—now killing children in Africa— 
this limited finding cannot be regarded as an Open Sesame 
to the cause of the generality of human growths. It 
certainly has nob proved to be such in mouse, rat and 
rabbit. 

There are other possibilities. The ‘RSV’ of chickens, 
when acting together with s han marr virus, produces 
tumours of several sorte in ta. Similar synergistic 
associations of mammalian viruses, which result in a widen- 
ing of ther effective oncogenic range, may conceivably 
occur, though no sign of any such happening has been 
found in man. 

Tho fact that oertain viruses, some of them onoogenio, 
a ie from view with the electron microscope for a 
brief period soon after entering oells—'go into eclipse’, 
that is to say—has mado it tempting to suppose that the 
generality of tumours, however induced, may contain 
causative viruses that remain undisclosed by any preeent 
means of demonstration. The rabbit papilloma virus 
provides & suggestive instance in point, being seldom 
recovered, fram the vigorous growths it causes in domestio 
rabbits. Indeed, it cannot be seen even with the electron 
microscope in cottontail papillomas which are actively 
proliferating, although they yield it in abundance. Only 
after the ocells stop dividing and begin to differentiate into 
squamous elements does it become perceptible. Can one 
suppose that viruses actuate most, if not all, of the tumours . 
of unknown cause yet ramain permanently invisible? To 
imagine this is to come up against the jolting fact that 


from the rebbit papilloma it calls forth & strong antibody 
bespeaking its presence. 

Needless to say, initiating viruses may exist in man 
which have not been discerned as yet. Serological 
testa have shown that one of the adenoviruses causing 
tumours in new-born hamsters exists widespread in 
Britain, and on isolation it has again produced hamster 
growths. In several human tumours excised, in the 
United States adenoviruses have also been found; but 
their finders concluded that they were probably mere 
paseengers in these growths“. The ordmary maladies 
which have given the adenoviruses their name oocur 
mostly in young persons; yet statistics show the incidence 
of cancer to be at ite lowest during adolescence, and it 

no substantial increase until after tho mid- 
thirtice**. Nevertheless, the possibility remains that the 
adenos, like the herpes viruses, may occasionally engender 
a tumour, though one arising after a much longer time. 
In appraising the i for cancer causation of such 
abus ea happenings, one should keep in mind the 
heavy loss of umen life resulting from the misdoeds 
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of glands secreting hormones in pathological amounts. 
In comparison with their effect, what viruses may do seems 
negligible. Certain hormones not only initiate tumours 
but also drive them on. Some years ago Huggms dis- 
covered that not a few prostatic carcinomas are dependent 
for their entire existence on the male sex hormone, and 
that if ita influende is excluded or nullified by means of a 
female hormone, the growths may dwindle and vanish 
even though they had metestasized®’. Here is er- 
traneous actuation, in which a virus can have played 
no part, in contrast to the intracellular effect of the do- 
alls. 

The fact that the rabbit, deer and frog do-alls are 
directly tranamitted from one individual to another 
under natural conditions, resulting in tumours, leads one 
to ask whether the recorded incidence of human growths 
yields any date suggesting & similar transfer of neoplastic 
Viruses. Save in the debatable case of Burkitt's disease, 
atatistios speak convincingly against any such happening 
—a most fortunate, bed-roak fact because maladies due 
to viruses so occupy public thought to-day. With cancer 
destructive to almost one person in six, and arising in 
numerous others who are saved in one way or another, 
it inevitably happens that now and again it will manifest 
itself in several individuals who have lived m the same 
locality or house. Chance socounts entirely for this, 
yet the fear of contagion persiste in not & few persons. 
Seldom ia the fact considered that throughout the long 
history of civilized man, 
bear on this very possibility have unwittingly been 
made through the crowding together of hordes of human 
bis a ary ans tee Mares dar 
the like. The dread of communicable diseases was far 
greater in old times than now, keeping the acumen of 
medical men whetted and quarantines rigorous; yet no 
reports of any unusual ce of tumours in people 
living cheek by jowl have come down to us from out of 
the past. Many epidemiologists in recent years have 
made a world-wide search for places or societies in which 
canoer has seemed exceptionally frequent, and not & 
few have been found; but always they have been traced 
to the action on the human body of chemical or physical 
initiatore—exerted sometimes through living agents, for 
example, the tubercle bacillus and the Bilharzis parasite— 
or else to abnormal, genetic susceptibility to oncogens, 68 
in the instance of the unfortunate ‘moon children’ frequent 
in an inbred tribe of Central American Indians, albinos 
who mostly die of epidermal cancers if they live long 
enough for tropical sunlight to have ite carcinogenic effect 
on their unpigmented, naked skin”. 

The investigation of viruses has revealed nothing what- 
ever Bo far about the actual character of the changes cells 
undergo when rendered neoplastic, and though the do-alls 
are responsible for the i ent behaviour of the cells 
in which they multiply, how they affect these remains 
unknown. The reason why cells act in an autonomous 
way after conversion to the neoplastic state by oncogens 
which merely initiate, including certain viruses, is also 
still conjectural. So, too, is the reason for the discontinu- 
ous, irreversible steps whereby neoplasms sometimes go 
fram bed to worse. Our ignorance in all these matters 
stares us in the face. 

In 1961, 326 American scientista**, as also many else- 
where, were known to be working on the tumour viruses. 
Their number is greater to-day. Why should there be 
this hugo concentretion of effort on so meagre & material ? 
It is because numerous men of keen ability and specialized 


of the lesions they cause, the function of this or that item 
of cell equipment. But the tumour viruses offer vastly 
more in oonferring an independent, aggressive life on 
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cells. No matter that this life is pathological: to learn 
about the normal by inducing the pathological has long 
been a prime stratagem of investigators. The tumour 
viruses provide instances of this sort ready-made. Hence 
most of the new workers give little thought to the problem 
of tumour causation in relation to what it now means to 
man. They are bent on learning how normal cells become 
tly. It may well 


and among other questions they keep 

I have in causing and 
maintaining these. i 
won by the two sete of workers, the ‘hows’ and the ‘whys’ 
as one might call them (and fortunately some are of both 
sorts), is not really chaotic but powerfully evocative of 
thought and venture. 

No one oan tell what change or experiment may next 
reveal as concerns tumour causstion. As William Blake 
onoe wrote: “To the man of imagination Nature is 
imagination iteelf’’**. 
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OBITUARIES 


Sir Edward Balley, M.C., F.R.S. 


Bra Epwarp Barmy, a former director of tho Geological 
Survey of Great Britain and the Museum of Praotical 
Geology, also for seven years previously profeesor of 
geology in the University of Glasgow, died in London on 
March 19, at the age of eighty-three. 

The range of his international reputation may be 
gauged from his eleotion to foreign ugue ee 
national scientific academies of Belgium, orway, 
Switzerland and the United States. This reputation 


Hebrides, where he played a prominent part not only in 
explaining the complicated sequences and the repetition 
of rook types in schiste, but also in unravelling 


his work in other fields, though less well known, proved 
equally stimulating. His strongly developed sense of the 
heroic, however, brought praise from some but impas- 
sioned criticism from others. 

Edward Battersby Bailey was born at Marden in Kent, 
where his father was & medical practitioner. When the 
family moved to Kendal, Bailey attended Kendal Gram- 
mar School, whence, in 1899, he won an open scholarship 


In his book The Geological Survey of Great Britain (1952) 
Bailey recorded his enjoyment on joining the Geological 
Survey at such an invigorating centre as Edinburgh, for 
he realized that he was to research “among a j i 
crowd of problems awaiting solution”. Having 
at school and at his university extraordinary physical 
strength and mental courage, he became dedicated to 
geological problems and his alert mind brought insight 
to them. His flair for i thought was aided by a 
skill in ing and b on the obeervations made 
by others. He soon succeeded in clarifying the Carbon- 
iferous volcanic history of the Campsie Fells in Btirling- 
shire. In Argyllshire, with O. T. Clough and H. B. Maufe, 
he demonstrated in 1909 that Devonian lavas and tuffs 
flanking Glen Coe—which occupied an elliptical area 
bounded by a curved fault and measuring nearly 80 
square miles—had been let down more than a thousand 
feet into the midst of Highland schista. This ‘cauldron 
subsidence’ was inferred to be sub-aerial and to have been 
formed, in part at least, at the time of the voloanio 
activity; it was proved to be partly contemporaneous 
with the broken ring of intrusive igneous rooks associated 
with tho curved fault. Shortly after the announcement of 
this discovery came that of Bailey’s interpretation of the 

hland schists in the neighbourhood of Fort William 
and Ballachulish. Ho claimed them to have been folded 
in & recumbent manner and accompanied by fold faulta 
or slides which in places had cut out t thicknesses of 
rock. But R. G. Carruthers (who died on the day of 


Bailey’s cremation) in 1918 disputed the correlation made 
by Bailey of some of the unita in the succession. Bailey 
wag unconvinoed of his errors until 1980 when others had 
pointed out that current bedding provided inoontrovertible 
evidenoe of the original order of stratal deposition; he 
then oorreoted various details in hig interpretation of the 
tectonic pattern, but the concept of recumbent folding 
has survived.  Bailey's final reassessment of this work 
appeared in his second edition of the Geology of Ben Novis 


and Glen Coe (1080). 

Further distingui work was undertaken by Bailey 
and his colleagues in the Inner Hebrides, where they 
elucidated the complicated history of the Tertiary vol- 
canic centre in Mull and the various stagæ of the igneous 
activity there. Sir John Flett in 1937 stated this to be 
one of the most wonderful chapters of tho Geology of 
Britain. Here in Mull, Bailey described gravitational 
differentiation, ring bosses, Pillow lavas, crater lakes and 
ring dykes. The last name took ita currency from Bailey’s 
first usage in 1915. After his return from the First World 
War in 1919, Bailey was placed in charge of the Survey’s 
West Highland field unit. He took over supervision of 
the team-work in other parta of Mull, Ardnamurchan and 
Coll, and he brought to publication the one-inch geological 
map of Mull and the two classical memoirs thereon (1924, 
1925). During this period he re-examined the Cretaceous 
sands on the west side of Loch Aline and from their very 
high silica content he deduced them to be the desert shore 


sands of the Chalk sea. The Fe,0, impurity being only . 


0-02 per cent, the deposit was later developed as a source 
of optical glase sand, and between 1940 and the autumn 
of 1948 a quarter of a million tons were shipped from a 
mine excavated in it. 

While at Glasgow, Bailey continued his investigation of 
the manifestations of Earth movement and, inspired by 
his studies with R. M. Field and L. W. Collet on the 
effecta of Palaeozoio submarine landalipping near Quebeo, 
he wrote with Dr. John Weir on faulting in Kimmaridge 
times which had produced spectacular effects off the coast 
of Bast Sutherland. He also wrote his book, Tectonic 
Essays: mainly Alpine (1087). 

His plans for directing the Geological Survey wore 
thwarted by the needs of the War years. The activities 
of the staff were then diverted to appraising, for ooncen- 
trated utilization in the War effort, the country’s natural 
mineral resources. These included coal, iron-ore, barytes, 
fluorspaer, tungsten-ore, potash-feldspar, water and oil. 
The Survey’s headquarters were partly oocupied by 
another Government department, and as a spare-time 
activity Bailey waa appointed in 1940 lieutenant oom- 
manding the Geological and London Civil Defence 
Region section of the Home Guard, which duties he 
undertook with enthusiasm until 1949. In 1948 he had 
& ghort spell in Malta to advise on water resources there. 
Ho retired in 1045. He continued geological work after 
retirement, at first in Iran, and then in Turkey, the latter 
with Prof. W. J. MoOallien. In recent years with the 
last-named he studied a problem in Apennine tectonic 

logy. 

E" His Loon walking and mountaineering activities led him 
to sup the Scottish Youth Hostels’ Amsociation, of 
which was successively Glasgow District chairman, 
vice-president and honorary president. He much enjoyed 
writing biographies of geologista. His book on Charles 
Lyell was published in 1902, and before he died he had 
prepared a study on James Hutton. 

Bailey was elected to the fello of the Royal 
Society in 1980 and he received a Modal m 1843. 
From the Geological Society of London he received the 
Bigsby, Murchison and Wolleston Medals. Honorary 


he 
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doctorates were awarded to him by the Universities of 
Belfast, Birmmgham, Cambridge, Edinburgh, Glasgow 
and Harvard. 

His married life with Alice Meason started in 1914 and 
was ended by her death in 1956; they were devoted to 
each other and had & son and a daughter. In December 
1963 he married Miss Mary Young, who survives him. 

C. J. STUBBLAMFIBMLD 


Dr. C. M. Merrlhue 


Dr. Cnara M. MxERnIHUA, physicist of the Smithsonian 
Astrophysical Obeervatory and associate of Harvard 
University, Cambridge, Massachusetts, died in a mountain- 
climbing accident on March 14, 1965. 

Born in Schenectady, New York, on July 8, 1938, he was 
awarded the B.A. degree from Harvard University in 
1956, and the Ph.D. from the University of California at 
Berkeley in 1964. He lived in Cambridge, Maasachusetta, 
with his wife Sandra and their son Jeffrey. 

Dr. Merrihue's professional accomplishments were, of 
course, mainly ahead of him. However, in hus short career _ 
he demonstrated an unusual combination of theoretical 
skills and experimental aptitude, and made important 
contributions to science. His first published work placed 
upper limite on a $- branch in by examining with & 
tellurium. Other investigations helped determine the 
isotopic composition of the rare gases in several meteorites, 
with parti emphasis on xenon anomalies, which were 
being intensively studied in the laboratory of Prof. J. H. 
Reynolds at Berkeley, California. 

One of Dr. Merrihue's most important discoveries was 
the finding of unusually large anomalies in xenon isotope 
composition in chondrules of the Bruderheim meteorite. 
These chondrules displayed the highest "Ke/™Xe of any 
suggestion of DU pue origin for chondrulee. For 

i i the first Nininger Meteorite Award. 

His is showed large differences in the amounta of 
both anomalous !** X e and total xenon in different minerals 
of the matrix. These matrix xenon variations were non- 
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Chlef of the C.S.I.R.O. Division of Biochemistry and 
General Nutrition: Dr. H. R. Marston, F.R.S. 


IN August 1965, Dr. Hedley R. Marston relinquishes 
the position of chief of the C.S.LR.O. Division of Bio- 
chemistry and General Nutrition, Adelaide, having 
reached the age of retirement. When the Division was 
established in 1944 he was appomted aa ite first chief. 
He had been associated with the division of animal 
nutrition since ita formation in 1927. It has always been 
A expreased belief that the only safe road 
to practi advance in applied science is thro the 
understanding of the unde ng natural se dua 
and his own research fully confirms this. His earlier 
work included investigations of the thermo-dynamios of 
ruminant nutrition, and fundamental studies of the 
poem requirements for wool production. His name, 

owever, is most wid known for his work on the 
nutritional importance of trace elementa, in particular of 
cobalt, copper and zmo. He and his colleagues were 
responsible not only for showing thet soil deficiencies of 
copper and zino prevented the growth of many food crops 
and that deficiencies of either cobalt or copper may prove 
fatal to sheep, but also for tracing an ultimate role of 
cobalt to its incorporation, after conversion to vitamin 
B, by micro-organisms of the rumen, into methyl- 
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linearly correlated, and distinctly different from the xenon 
observed in all other chondrules investigated. He used 
these observations as further evidence for the $^ situ 
origin of excess Xo. As & result of these investigations, 
Bruderbeim is at present the only meteorite for which we 
have such complete xenon and krypton data on separated 
minerals. 

Merrihue embarked on a series of computer calculations. 
These included Monte Carlo calculations of the production 
of xenon isotopes by possible early solar-system irradia- 
tiong of meteoritio target elementa, and investigations of 
rare-gas diffusion. He aleo noted the great power of 
combining neutron activation of meteorites with mass 
spectrometry of the rare gases as a tool for determining 
the chemical abundance, and in favourable cases the 
isotopic abundance, of a list of elements. This technique 
also provides an elegant method of potassium—argon 
dating of small samples. He also made rare-gas measure- 
mente of a magnetic separate from a Paafio red-clay 
deep-sea sediment, and found isotopic anomalies sug- 
gesting possible presence of extraterrestrial dust in 
this material. These applications of masa spectrometry 
to problems of meteorites and cosmic dust and of the 
history of the solar system wore imaginative and fruitful 
and provided many important new data. 

Merrihue was & quiet, modest, unassuming man with 
intense enthusiasm for life. He was deeply involved in 
the publio problems of his time, taking an active interest 
in conservation, civil liberties, and political issues. He 
was concerned alike for the individual and for society. 

A skilful mountain climber, he had led an expedition 
to the Andes, had climbed in British Columbia and in 
the Karakorams in Pakistan, and yee cr Pa qt 
tion to the Hindu Kush in i he and 
Daniel Doody, & member of the American Everest 
Expedition, were climbing on the side of Mt. Washington, 
they both fell and were killed. 

Because of his theoretical interests and practical skilla 
as a scientist, and because of his experience aa a mountain 
climber, Dr. Merrihue was a conspicuous candidate for 
the position of scientist on America’s first manned 
expedition to the Moon. 
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malonyl co-isomerase. lt must be a lasting satisfaction 
to him that his work has brought prosperity to many 
parts of the world, and not least to the region in which 
he was born and lived, for his birth-plaoe was Bordertown, 
on the edge of what was then known as the ‘ninety mile 
desert’. Marston, like other men of high mental stature, 
is never slow to acknowledge his debt to others. In 
conversation, he mentions many names with affection, 
perhaps most frequently those of O. J. Martin, his former 
chief, Sir David Rivett, who was the architect of the 
Australian O.8.I.R., and Sir Frederick Gowland Hopkins, 
in whose laboratory he worked in 1936-37. 


Zoology at the University of Cambridge: 
Prof. T. Wels-Fogh 


De. Tonxst Wxis-FoaH, who has been elected to 
succeed Prof. O. F. A. Pantin (Na£ure, 183, 506; 1959) 
as professor of zoology in the University of Cambridge from 
October 1966, was born in Aarhus, Denmark, on March 25, 
1922. He studied zoology in the University of Copen- 
hagen and already as a student of twenty-two he showed 
his extraordinary scientific talent by winning a gold medal 
for a zoological prize essay on soil ecology. fn 1947 he 
took his degree as Magister scientiarwm in roology and 
became assistant in research to the retired Prof. August 
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Krogh, who in his private laboratory had taken up an 
investigation of the fight of insecta. The participation in 
these studies led Weis-Fogh into & number of in i 
problems ranging from the mechanical problems of flight, 
muscle- and nerve-physiology to metaboliam and chemical 
investigations on the properties of mechanical components 
in the structure of the flying mechanisms. After Krogh’s 
death in 1949, Weis-Fogh acted as head of Krogh’s private 
laboratory until 1958 (supported by the Koti Locust 
Research Centre, London). During 1958-54 he joined 
Prof. F. Buchthal at the Neurophysiologioal Institute as 
associate lecturer in the University of Copenhagen. In 
1954 his connexion with the University of Oambridge 
began with a visit to the t of Zoology as 
Fellow of the Rockefeller Foundation. From 1956 he 
was Balfour Student of the University of Cambridge and 
member of Trinity College, but in 1958 he was aaked to 
return to Copenhagen to be profesgor in zoophysiology 
and head of the Zoophysiological Laboratory B of the 
University of Oopenhagen. In 1961 he acted as Prather 
lecturer in biology in Harvard University. He is & Fellow 
of the Danish Academy of Sciences and Letters 
and of the Danish Academy of Technical Sciences. 

The prof ip in Oo was & research pro- 
fessorahip with no formal teaching duties, and the work 
of Weis-Fogh and his collaborators in the years since 
1959 has resulted in a series of important papers on many 
subjecta, among which may be mentioned the oo-ordina- 
tion of motor activity in flight, diffusion problems, 
tracheal respiration and & number of papers on & peculiar 
tubber-like protein, resilin, found in the locust cuticle. 
Though Weis-Fogh considera research his main activity, 
his general interest in the development of Danish science 
forced him to spend time and energy on organization 
problems. He has been in the forefront of the fight for 
re-organization of the University of Oopenhagen and 
of the structure of Danish science. He will be missed 
in Denmark not only as an spiring scientist but 
also as an organizer and teacher of advanced studente. 
While regretting his departure from Denmark, his ool- 
leagues wish him success in his new position and hope 
that it will lead to a strengthening of the ties between 
British and Danish science. 


Mechanical Engineering in the Massachusetts Institute 
of Technology : Prof. A. H. Shapiro 


Pror. Ascar H. SuaPrRo, well known for his work 
on fluid dynamics and & leader in revising and improving 
engineering education in the United States, has been 
appointed head of the Department of Mechanical Engineer- 
ing at the Massachusetts Institute of Technology. He 
has been on the ing staff of the Institute for twenty- 
five years. He succeeds Dr. H. Guyford Stever, who has 
been inted president of the Oarnegie Institute of 
Technology in Pittsburgh. Emeritus Prof. O. Richard 
Soderberg has been acting head of the Department 

ing the appointment of a permanent successor to 
f. Stever. Prof. Stever also was head of the Institute's 
of Naval Architecture and Marine Engineer- 
ing. Prof. Soderberg has also been acting head of this 
Department on an interim basis and he continue in 
this capacity until a successor to Dr. Stever is appointed. 
Prof. Shapiro is at present chairman of the Faculty of 
the Massachusetts Institute of Technology. Prof. 
Shapiro has received international recognition in recent 
years for his development of motion-picture films = 
a significant component of engineering education. e 
was founder and first chairman of the National Cammittee 
for Fluid Mechanics Fihne, which, under ip of 
the U.8. National Science Foundation, is producing 
which have already been so influential as to have inspired 
SLE SCE i gihar arona. ius uncus erus 
He is at present chairman of the Committee on Educational 
Films of the Commision on Engineering Education. 
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His research and professional activities for industry and 
Government have been principally related to the engineer- 
ing problems of power production and propulsion engines. 
During the Second World War, he directed for the Navy 
Bureau of Ordnance a laboratory charged with the 
development of torpedo engines. He was a member of the 
Lexington Project which in 1948 evaluated the technical 
feasibility of nuclear-powered aircraft, in the course of 
which he invented a new form of nuclear-airoraft-propul- 
sion system. In 1958, he directed ‘Project Dynamo”, 
which evaluated for the Atomic Energy Commission the 
technology and soonomios of nuclear power for civilian 
use and which predicted the competitive eoonomio 
position which nuclear power is assuming to-day. In the 
area of Government service, he has been a member of 
advisory groups to the National Advisory Committee for 
Aeronautics, and to the Office of the of Defence, 
and he is at present a member of the Scientific Advisory 
Board of the U.S. Air Force. 


Physics In the University of Saskatchewan : 
Prof. L. Katz 


Pror. Laon Karz, profeasor of physics and director 
of the Linear Electron Aooelerator Laboratory at the 
University of Saskatchewan, Saakatoon, has been appoin- 
ted head of the Physics Department at that University. 
He succeeds Dr. R. N. H. Haslam, who was appointed 
dean of arte and science at the University in 1964, and 
who is resigning the headship in physics to devote more 
time to his duties as dean. Dr. Katz has been with the 
University of Saskatchewan since 1946. He is best 
known for the part he played in establishing on tbe 
Saskatoon campus the opened linear accelerator 
laboratory, which is Canada’s newest and largest labora- 
tory for nuclear research. Besides extensive research in 
the fleld of nuclear physica, Dr. Katz has also conducted 
investigations in thermodynamics, mioro-wa&ve spectro- 
scopy, and the ratio of specific heats of gases. Before 
joining the University of Baskatechewan, Dr. Katz was 
an engineer in the Electronics and Electro-Mechanical 
Division of the Westinghouse Electric Manufacturing 
Co., Pittsburgh. Dr. Kats was born in Poland, but when 
he was quite young his family emigrated to Canada and he 
attended, public and high school in Toronto. He gained 
B.S. and M.S. degrees from Queen's University, Kingston, 
and was awarded s Ph.D. by the California Institute of 
Technology. Dr. Kats is a Fellow of the Royal Society of 
Canada, a Fellow of the American Physical Society, a 
member and past president of the Canadian Association 
of Physicista, and & member of the Physical Society 
(Great Britain). He was chairman of the Oanadian 
Association of Physicists Committee set up to acquire & 
high-energy machine for Canada. 


Marine Nuclear Propulsion 


Iw a written answer in the House of Commons on 
July 7, Mr. F. Cousins, the Minister of Technology, stated 
that at June 30 about 95 qualified scientists and engineers 
were engaged on research and development on marine 
nuclear propulsion within his Department, including the 
Atomic Energy Authority and the Ship Research Associs- 
tion. This figure with 140 in 1964, 180 in 1963, 
95 in 1962, 55 in 196] and $0 in 1960. The cost of research 
and development in this field had been as follows: £0-2 
million in 1961-62; £1-4 million in 1962-63; £2-2 million 
in 1963-64; £2-0 million in 1964-65; £0-3 million in the 
first quarter of 1965-66. 


Grants to University Students 


In & written answer in the House of Commons on 
July 2, Mr. A. Crosland, the Secretary of State for 
Education and Science, stated that total i on 
grants to university studenta in England and Wales, by 
the Scottish Education Department and under the 
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Ministry of Education State Scholarship scheme in the 
academic year 1961-62, waa £28-1 million, or £29-3 million 
gross before deductions were made for sasessed con- 
tributions by studente and their friends. For 1962-68 
the corresponding were £28-6 million and £306-8 
million, and for 1983—64, £31:5 million and £89-3 million. 
The estimated expenditure by local education authorities 
on maintenance allowances for school pupils over oom- 
pulsory school age m 1964-65 was £1-3 million. 


Medical Education 


In a statement in the House of Commons on June 29, 
recommendation that & Royal Commission on Medical 
Eduoetion should be appomted with the following terms 
of reference: To review medical education, undergraduate 
and postgraduate, in Great Britam and in the light of 
national needs and resources, including technical assist- 
ance overseas, to advise the Government on what prin- 
ciples, future development, includmg its planning and 
co-ordination, should be based. In particular, in the light 
of these principles, and having regard to the statutory 
funotions of the General Medical Council and the current 
review by that Council of recent changes in the under- 
graduate curriculum, to consider what changes might be 
needed in the pattern, number, nature or location of the 
institutions providing medical educetion or m ite general 
content and to report. 

The Prime Minister said that the Queen had approved 
the appointment of Lord Todd aa chairman, and the 
names of the other members would be announced later. 
The appointment of this Commission marked the im- 
portance which the Govermment attached to a fanda- 
mental review of the whole structure of medical education, 
ita organization, content, and claims on resources. Mean- 
while, the Government was reviewing the immediate 
measures which could be taken in the field of medical 
manpower, and the appomtment of this Commission would 
not delay any action which needed to be taken as a result 
of this review. In reply to questions, Mr. Wilson added 
that while no decision as to new medical schools could be 
taken before the Royal Commission had reported, action 
could, of course, be taken on the immediate measures 
required without waiting for the Commission's report. 

Following & similar Statement i the House of Lords on 
the same day, Lord Taylor added that Nottingham had 
been approved by the previous Government as the site of 
a new medical school, and an academic plan for that 
medical school had just been publi ; discussions 
would now proceed between the University there and the 
University Grants Commission. He also confirmed that 
although further medical schools could not immediately 
be created, it was not clear whether the best way of 
meeting the immediate need was by establishing more 
medical schools or increasing the intake of existing 
ones. He emp that the Government was carrying 
out & review now, without waiting for the Commission to 
report, on the immediate measures that could be taken 
in this field to increase the supply of medical studente 
and doctors. 


Overseas Development and Service Bill 


Ix moving the second reading of the Overseas Develop- 
ment and Service Bill in the House of Lords on July 1, 
Lord Taylor, the Parliamentary Under-Secretary of State 
for Commonwealth Relations and the Colonies, said that 
the Bill extended and developed the provisions of the 
Colonial Development and Welfare Acts of 1959 and 1963 
and the Overseas Service Act of 1961, being concerned 
both with capital development and technical assistance. 
Under Clause 1, the Bill raised the ceiling on the amount 
which could be spent on Colonial development and welfare, 
and advanced the date by which the money oould be 
spent for a further four years. Since ite provisions overlap 
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with the existing Act of 1968, it provided for five years 
in all, from April 1, 1965, to March 31, 1970. As much of 
the money provided under the previous Act remained 

t, the total amount available in the new period 
would be £95 million in grante and £40 million in loans 
for dependent territories only, compared with £68-5 


million for grants and £32 million for loans ın three years 
only, under the previous Acta. The ulation of the 
dependent territories, however, had en from 18:75 


million to 5-5 million as territories became independent. 
Under the previous Act the ratio of grants to loans was 
slightly more than 2:1, and this has now been increased 
so that 70 per oent of the aid available in the Bill would 
be by grants. These were considered to be more important 
than loans, as they do not put a further burden on the 
developing territories. Such sums would only be available 
for individual schemes within Colonial Development 
Plans, and under the main Act such Plans had to be 
approved by the Colonial-Secretary, who consulted fully 
with the Minister for Overseas Development. Grants were 
available only towards the execution of plans which had 
first been approved; all the advisory services of the 
Ministry of Overseas Development could be brought to 
bear on the development problems of these territories. 

Under Clause 2 the Overseas Service Act, 1961, was 
repealed and replaced, and the present Overseas Service 
Air Scheme was extended to cover people who were per- 
forming public or social services in overseas territories 
outaide the Civil Services. Forty-one agreements have 
been signed under this Scheme, and at ite peak more than 
15,000 officers had been designated. More than 10,000 
officers were still in posta under the Scheme in both 
independent and remaining dependent countries, of whom 
about 5,000 were members of the Overseas Civil Service, 
the rest being designated contrast officers. Emphasis had 
been placed on maintaining, through & large number of 
short-term oontraots, a considerable body of officers in 
the field to help overseas Governments to attain inde- 
pendence and to develop that independence as effectively 
as possible: the need for this help had not been reduced 
by independence. Although &bout- 1,800 appointments 
were made under the Scheme in 1964, the vacancies out- 
standing at the end of the year exceeded the appoint- 
ments made. With one major exception, the Government 
had not yet chosen the bodies to whom help (under the 
Scheme) should be offered, but it had begun a process of 
consultation so as to list a large number of bodies who 
might be eligible and then to assign some order of priority 
in the offers of help which could be made. It was estimated 
that the oost of this extension would rise to & maximum 
of about £1-5 million a year; the whole Scheme is at 
present costing the Government between £15 and £16 
million & year. 


Mount John University Observatory, New Zealand 


THE University of Pennsylvania, United States, and 
the University of Canterbury, New Zealand, formally 
opened the Mount John University Observatory, New 
Zealand, on July 10. The Observatory is the result of a 
joint project which began in 1961, and is situated at 
8,500 ft. on the top of Mount John near Lake Tekapo 
in Bouth Canterbury. It was, in fact, in limited operation 
before the official opening, and a 16-in. reflector telescope 
and an 8-in. refractor telescope lent by F. M. Bateson 
(a New Zealand research associate of the University of 
Pennsylvania) were operative. In use also was & 10-5-m. 

hio camera, which is utilized for taking pictures 
of large areas of the aky, and which was origmally installed 
in the University of Pennsylvania’s old Cook Observatory 
at Wynnewood. Pennsylvania has sent a renovated and 
rebuilt 18-im. refractor telescope which was originally 
installed in the University’s old Flower Obsarvatory, 
Upper Darby. This telescope is bemg stored until & 
structure can be built to house it. The University also 
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has plans to send a 39.1n. reflector telescope to the New 
Zealand site. The University of Pennsylvania has entered 
into an informal working relationship with the General 
Eleotrio Company. The General Eleotrio Sp&oe Sciences 
Laboratory plans to collaborate with Pennsylvania and 
Canterbury at the Mount John Observatory on research 
into the atmosphere and surface features of other planeta. 
Besides helping with the reconditioning of the 18-in. 
refractor telescope, the Company haa provided a digitized 
photometer. 

The original agreement between Pennsylvania and 
Canterbury has been renewed for a 10-year period dating 
from April 29, 1965, and will be renewable for subsequent 
10-year periods. Pennsylvania will support a full-time 
astronomer at the facility to make observations and train 
students. He will be the astronomer in charge. Canterbury 
wul provide two people for technical support. Students 
from both universities will train at the Mount Jobn 
Observatory. At least one assistantship will be made 
available annually for a Canterbury graduate enrolled in 
Pennsylvania’s Graduate School of Arta and Sciences. 
Pennsylvania has made arrangements to send two 
graduate studenta to the observatory during the 1965-66 
academic year, one 1n September and one in January. A 
technician and a weather observer are already on duty at 
the site. ' 


Benjamin Gompertz, F.R.S. (1779-1865) 


JULY 14, 1965, marked the centenary of the death of 
the distingui mathemstician Benjamin Gompertz, 
who became on» of the leading actuaries of his day, being 
the first actuary of the Alliance Assurance Company from 
ite foundation in 1824 on the initiative of Nathan M. 
Rothschild and Sir Moses Monteflore, until his retirement 
in 1847. Gomperts married the sister of Sir Moses ın 1810. 
Altho Gompertz retired a year before the formation 
of the itute of Actuaries, he was made an honorary 
member in recognition of his distinguished work in the 
actuarial fleld, and particularly his pa on life con- 
tingencies which were submitted to the Raval Society in 
1820 and 1825. The Council of the Institute of Actuaries, 
to commemorate the centenary of his death, 18 to publish 
& commemorative article in ite Journal (91, Part II, 
available after September 1965) and has hung & photo- 
graphio reproduction of & portrait of Gompertz at Staple 
Inn Hall. 


The American Philosophical Society 


Year Book 1964 of the American Philosophical Society 
as usual includes lista of offloers and committees, members, 
lectures, meotings, biographical memoirs and, in the report 
of the Committee on Publications, a list of publications 
during the year (Pp. 760. Philadelphia: American 
Philosophical Society, 1965). Besides the Charter and 
Laws of the Society, the Yeor Book includes Dr. E. G. 
Conklin’s brief history of the Society, and reports from 
the Committees on the hbrary and on researoh. From 
the Pension Fund the latter Committee approved 292 
grants totalling 273,000 dollars during the year; from the 
Johnson Fund, 56 grants amounting to 53,900 dollars; and 
from the Daland Fund for Research in Clinical Medicine, 
four fellowships, three of 8,000 dollara and one of 7,000 
dollars. Two grants, one of 1,000 dollars and one of 900 
dollars, were made from the Michaux Fund. Lista of recip1- 
ents of grants and notes on the investigations in progress 
are moluded in the Committee’s report. 


Museums Journal 


Tam Museums Journal for June (65, No. 1; 1965) 
includes an informative article on the Publio Libraries 
and Museums Act, 1964, so far as it concerns local 
authority museums. All previous Acta on museums are 
repealed, and Mr. John Edwards summarizes the Act in 
non-legal language. Although local authority museums 
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now have the power to charge for admission, it is doubtful 
whether many will avail themselves of this clause in the 
Act. Mr. E. L. Seyd gives a full and illustrated deeoription 
of the Cannon Aquarium and Vivarium at the Manchester 
Museum. This has been provided m a typical exhibition 
gallery, and apart from ita educational function has been 
much appreciated by the general public. Mr. Kenneth 
Hudson, in an article on ‘The Taming of Industrial 
Archaeology”, feels that we must recognize that many 
individuals are “historical defectives”, in the same way 
as we recognize colour-blindness. It is the present task 
of those interested to sell the ideas of the preservation of 
early industrial monuments and activities to the public. 
The issue also includes the annual report of the Gouncil 
of the Museums Association for the year ended March 31, 
1966. 


The National Lending Library 


Tae National Lending Library for Science and Tech- 
nology, which ig trying to make ite collection of recent 
conference proceedings as comprehensive as possible, has 
issued an Index of Conference Proceedings Received during 
1964, together with a few recerved earlier . Iv+60. 
National Lending Library for 
Science and Technology, 1965). The Index is in two parta: 
the first part liste the title of the conference ings, 
giving place and date of conference, aa well as conference 
number; the second lista subjects alphabetically by key 
words taken from the titles of the conference proceedings. 
Bome 1,400 conferences are listed, and it is proposed to 
publish further indexes quarterly. 


Fire Research Literature 


Tu Joint Fire Research Organization of the Depart- 
ment of Scientific and Industrial Research and Fire 
Offices’ Committee has issued a list of recent reports, eto., 

ublished during 1959-August 1964 . 16. London: 
Department of Scientific and uid Research and 
Fire Offices’ Committee Joint Fire Research Organization, 
1964). The list covers, first, Stationery Office Publications, 
obtainable direct from H.M.8.0., and, secondly, other 
publications, obtainable free of charge from the Director, 
Joint Fire Research Organization, Boreham Wood, Hert- 
fordahire. The latter are classified under: oocurrenoe of 
fire; fire barards; initiation and development of combus- 
tion; fire resistance; fire-fighting; and general, inoluding 
works of reference. 


Blological Characterization of Human Tumours 


DuazmaG May 27-29 a ype was held on ‘“The 
Biological Characterization of Human Tumours” under 
the auspices of the European Committee for Human 
Tumour Investigations, which was formed in 1961 in 
London during & meeting at the Chester Beatty Research 
Institute (see Brit. Med. J., i, 1752; 1961; and Nature, 
189, 627; 1961). Most of the contributions will be pub- 
lished in the new European Journal of Cancer, including 
those dealing with the main problems of ‘Long Term 
Cultures of Organized Human Tumoura’’ (Prof. Etienne 
Wolff), “Enzymology of Human Tumours” (Dr. G. E. 
Boxer), ‘Histochemistry and Tumour Characterization” 
(Dr. R. J. G. Willighagen), “Evidence of Immunologic 
Reaction to Autochtonous Cancer in Man" (Dr. OC. M. 
Southam), and ‘Viruses and Human Tumours” (Dr. 
R. J. C. Harris). In addition, a number of short papers 
on various aspects were presented, and the common 
difficulties arising out of work with human samples were 
thoroughly debated. A meeting of the Euro- 
pean Committee discussed the formation and extension 
of study groups and working plans for the future. 


C.S.I.R.O. Publications 


Tam Commonwealth Scientific and Industrial Research 
Organization, Australia, has issued a list of publications 
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of the Organization and of ite predecessors to December 31, 
1964 (List of Publications. Pp. 58. East Melbourne: 


Commonwealth Scientific and Industrial Research Organ- 
ization, 1965). Tho List includes details of handbooks 
and monographs, journals, bulletins, pamphlets, circulars, 
annual reporte, divisional publications and publications 
in the Lond Research Series and soil publications. A 
subject index is provided. 
Federation of European Blochemical Societies 

Tan Federation of European Biochemical Societies has 
created the post of secretary-general and has appointed 
Prof. W. J. Whelan to this office. The chairman of the 
Federation for 1965-66 1s Prof. K. Zakrzewski. The 
Federation, founded in 1964, now unites the membership of 
twenty-one biochemical societies in the European area, aud 
ita activities include the arrangement of an annual inter- 
national meeting, summer schools in advanced research 
teahniques, charter travel to international congresses and, 
through a twice-yearly bulletin, information on bio- 
chemical meetings m Europe. The third Federation 
meeting will be held in Warsaw during April 4-7, 1966, and 
will include a symposium on “Properties and Structure of 
Genetic Elements" and colloquia on “Biochemistry of 
Blood Platelete" and "Mitochondrial Metabolism”. In- 
formation on this meeting may be obtained from the 
Secretariat, Third Federation Meeting, Polskie Towar- 
systwo Biochemioxne, 16 Freta Street, Warsaw, 40, and 
on other Federation activities from Prof. W. J. Whelan, 
Royal Free Hospital School of Medicme, 8 Hunter Street, 
London, W.0.1. 


University News : Aberdeen 


ships, Dr. R. Shilton, Dr. L. 8. D, Glasser and Dr. J. A. 


Duffy (chamistry); M. 8. Philip (forestry); Research 
Pas Ae Sale) 
Belfast 


Dz. J. C. Brows has been appointed to the obair of 
hs sad scienoe. The following lecturers have been 
&ppoi : Dr. J. J. Rooney (physical chemistry); 
Dr. O. M. White (phyzios); R. Jennings, J. D. Williams, 
A. B. Bahrani and W. J. Skelton (mechanical engineering) ; 
A. E. Hidden, D. M. Luke, H. R. Marten and K. H. 
Edwards (electrical engineering). 

Bristol 

Ta following appointments have been made: Reader- 


i Lectureships, Dr. N. w. Anhoroft (theoretical 


Cambridge 


Mns. A. GREGORY has been elected to the Perrott- 
Warrick studentship in psychical research at Trinity 
College. 

Edinburgh 

Tua following lecturers have been appointed: Dr. 
F. W. Winton and Dr. J. F. Peutherer (bacteriology) ; 
Dr. B. 8. Brown (climical chemistry); Dr. D. H. Mills 
(forestry and natural resources); T. G. I. Hamnett 
(social anthropology); J. S. D. Ritchie (veterinary 
pathology); Dr. A. H. Maddy and Dr. A. W. Ewing 
(zoology). 
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London 


Taa following titles have been conferred: Professor, 
Dr. R. Miledi (biophysics, in respect of his post at Univer- 
sity College); Dr. R. W. Tiffen ( ied mathematics, 
in respect of his post at Birkbeck ege); Dr. T. Ester- 
mann (mathematics, in respect of bis post at University 
College); Dr. D. R. Wilkie (experimental physiology, 
in respect of his post at University College); i 
Dr. T. O. Griffith and Dr. 8. Zıensa (physice, in respect 
of their posta at University College); Dr. G. Mg: anie 
(mathematios, in respect of his post at the perial 
College of Science and Technology); Dr. M. Whitear 
(zoology, in respect of ber post at University College) ; 
Dr. N. C. Freeman (aerodynamics, in respect of hia post 
at the Imperial College of Science and Technology) ; 
Dr. G. G. Meynell (microbiology, in of his post at 
the Lister Institute of Preventive Medioine); Dr. J. H. 
Calloman, Dr. H. J. Milledge, Dr. J. H. Ridd and Dr. 
M. L. Tobe (chemistry, in respect of their poste at Univer- 
sity College). 

Sussex 


Dz. W. LEDHSRMANN, at present reader in mathematics, 
has been appointed professor of mathematics. 


Announcements 


Dz. B. R. NiJHAWAN, director of the National Metal- 
lurgical Laboratory, Jamshedpur, India, has been elected 
president of the Indian Institute of Metals for the year 
1965-66. 


Tue tenth Congre Européen d'Hématologie will be 
held in Strasbourg during 23-28. Further infor- 
mation oan be obtained from Dr. J. Lewin, Centre de 
Transfusion Sanguine, 10 rue Spielmann, Strasbourg. 

Tus ninth international conference on the ''Bio- 
chemistry of Lipids” will be held at Noordwijk during 
September 5-9. Further information can be obtained 
from Dr. J. Boldingh, Unilever Research Laboratorium, 
Mercatorweg 2, Vlaardingen, Holland. 

Tum fifth Weetern National Meeting of the American 
Geophysical Union will be held in Dallas, Texas, during 
September 1-3. Further information oan be obtained 
fram Dr. J. O. Harrison, Hughes Research Laboratories, 
3011 Malibu Canyon Road, Malibu, Oalifornie. 


Maerovas of Commission 3 and Sub-Commissions 65 and 
60 of the International Institute of Refrigeration will be 
held in Prague during August 81September 9. Further 
information oan be obtained from the Secretary, Inter- 
national Institute of Refrigeration, 177 Boulevard Male- 
gherbee, Paris, 17. 


Taa twentieth annual meeting of the Society of General 
Physiologists will be held at the Marine Biological Labora- 
tory, Woods Hole, Massachusetts, during September 1—4. 
The programme will include a symposium on ‘Tho 
Bpecifloity of Cell Burfacee". Further information can be 
obtained from Roger Milkman, t of Zoology, 
Syracuse University, Syracuse, New York 13210. 

Tua seventh oo of the International Union of 
Game Biologists wil be held in Belgrade and Ljubljana 
during Beptember 5-11. The programme will include two 
symposia bn "Chemical Products and Techniques used by 
Man and their Effecta on Wild Life” and “Damage to 
Agricultural and Forest Crops caused by Game". Further 
information can be obtained from Prof. 8. Valentinoio, 
Gerbiceva 60, Ljubljana. 

CORRIGENDUM. In the article entitled “The Auckland 
Islands” (Nature, 203, 26; 1964) it was stated that the 
expedition referred to in the article was from the Aus- 
tralian Museum. It was, in fact, dispatched by the New 
Zealand Department of Scientific and Industrial Research 
and the Dominion Museum, Wellington, New Zealand. 
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THE SMITHSONIAN ASTROPHYSICAL OBSERVATORY 


ORE than 350 astronomers Tepreeentiag approxi- 
ioipate m two 
spaoe-scienoe conferences to be at Cambri 
Massechusetta, thi 


9-18), and the second aeronomy, or the 
investigation of the Earth’s upper & by meens of 
artificial satellites (August 16-20). The Smi i 


scientists from Iron Curtain countries. 

Two popular lectures open to the public will also be 
delivered: the first on August 10, entitled “Tho Falling 
Stare”, given by Dr. Peter Millman of the National 
Research Council of Canada, and the second on August 

here” 


17, entitled “The Aurora Polaris in the ; 
given by Dr. Bydney Chapman of tho Geophysical Insti- 
tate, University of Alaska. 

The Smi ian Astrophysical Observatory, a bureau 


‘space sciences’ in response to growing international 
space programmes. 

The Observatory gained wid recognition with 
the launching of Ruagia’s M I. The Observatory 
waa developing a world-wide network of satellito- i 
cameras at the time, and it already had an internati 
organization of volunteer visual obeerverg in operation. 
This of amateur observers, called “Moonwatch”, 
provi ed many of the first data leading to the determina. 
tion of Spuinik's orbit. 

The Smithsonian O has continued ita traok. 
ing operations under a grant from the National Aero- 
nautics and Apane: A HDeHw eom, Optical data from 
its network of Nunn cameras are used to-day both 
in support of the federal space programme and or the 
research of its own scientists who use the information in 
investigations of the upper atmosphere, celestial meohan- 


fifty Observatory scientista are 


. As part of the National Aeronautics and Space 
Admini : Smith- 


a radar system at Havana, 
Ilinois, for the detection of ionized trails from mioro- 
meteorites. 


LACK OF HOMOLOGY IN THE OSCILLATIONS OF NEUTRON STARS 


By Dr. SACHIKO TSURUTA 
Smithsonian Institution Astrophysical Observatory, Cambridge, Massachusetts 


HE examination of highly condensed matter is im- 
portant in itself as a fundamental problem in physios. 
Ite importance has recently been increased because of & 
possibility that the presence of dense stellar matter in 


the form of & neutron star may be responsible for some of : 


the celestial X-ray sources now known to exist. Oppen- 
heimer and Volkoff! discussed the dynamical stability of 
neutron stars by calculating free ies. A variational 


ho extended the problem to more general cases. 
This article presenta some resulta of recent calculations 
which show how various possible forms of the nuclear 
potential are related to the general stability of high- 
density objects. 

For stars to be stable they must first of all be in hydro- 
wstatic equilibrium. Models were, therefore, constructed 
"by solving the general relativistic equations of hydrostatic 
«equilibrium as derived by Oppenheimer and Volkoff!. In 


nuclear potential were chosen. The first, originally 
developed by Skyrme’, is & simple three-body effective 


va 
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the Vg and V, potentials have a lees attractive term, but 
the V, iad is somewhat more attractive than the 
Vp potential. For densities higher than about 10** g/om’, 
the V, potential is the most ive, the Vs potential 
is the least repulsive, and the potential is inter- 
mediate in its repulsive effect. 

In & physically realistic equation of state, the pressure 
is not allowed to become indefinitely large, for two reasons. 
The first is the relativistic restriction that the preasure 
should not exoeed one-third of the total energy density’. 
Zel’dovich, however, argued that for some strong inter- 
actions this oondition can be violated and that the 
absolute limit on pressure should be P < «, which implies 
that the velocity of sound cannot exoeed the velocity of 
light. (Here, P is the pressure and « is the energy 
density.) All nuclear equations of state considered here 
violate theee limitations as the density is moreased. 
Therefore, when one of these preasure saturation 
conditions is reached, the asymptotic equation of 
state P =£ or P = s/8 is used. The ition of 
pure neutrons was used throughout the work recorded 
here. 

Generally, the mass of & degenerate star is uniquely 
determined for e given éentral density through the oon- 
dition of hydrostatic equilibrium. The followmg general 
feature is common to all kinds of equations of state, 
i t of the nature of nuclear forces: With in- 
creasing density, the mass rises toward a principal peak, 
beyond which it falls and oscillates. Infinite series of 
such damped oscillations were predicted as the central 
density approaches infinity*. For each equation of state 

i about three such peaks were identifled above 
the prinoipal peak. When nuclear forces are not taken 
into account, the binding energy (the proper mass minus 
the gravitational mass) generally becomes negative for 
sufficiently high densities**:*. However, this negative 
binding mi TEE eee ae 
either the Vs or Vy potential is applied to baryonic mix- 
ture. The properties of the Vs and V, neutron ster 
models (pure neutron configuration) are similar to the 
corresponding types of the baryon stars. The Skyrme 
models lie about halfway between Va and V, models, with 
the principal peak at about 1-7 solar masses. The binding 
energy never becomes negative for the Skyrme models. 
The ‘ideal’ gas models are less massive than the Vs 
models, with the principal peak at about 0-7 solar masseg. 
More detailed information on these models can be found 
in a thesis. 

In Fig. 1 the square of the circular frequency, wt, is 
plotted as a function of the central energy density. «w? 
is expressed in relativistic unitas where o = G = 1, and 
the unit of length is 1-86 x 10* am. The solid curves 
represent the models with the preasure saturation con- 
dition P < r, and the dashed curves the models with 
the condition P ««/3. 

The calculations exhibited in Fig. 1 of w! are based on 
Chandrasekhar’s formula, which in turn was based on a 
trial function in which the mode is constrained to pulsate 
homologousty. The implicit assumption is made that such 
a pulsation is the fundamental model of lowest energy. 
If this were so, then the region of the diagram corre- 
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.1. Square of the elrcular frequency of the oscila” rs of a neutron 
Fig. 1 Aduetion posed on the asampuon that te fundamental 
mods consists of bomologous pam ---, P «u$; 


sponding to «* > 0 should be the stable region, and the 
region corresponding to wf < 0 should be the region of 
instability. 

The basic result found in these calculations is that w* 
oscillates as & function of central density, and approaches 
a finite value after & number of damped oscillations as 
the central density goes to infinity. For same cases three 
such oscillations are recognizable in Fig. 1. This is & 
feature common to other stellar parameters, such as mass 
and radius. This property is found to be independent of 
the type of equation of state used. 

All ‘ideal’ gas models were found to be stable along the 
lower branch of the principal mass peak in the region of 
neutron stars. The œw! changes sign from positive to 
negative at the principal mass peak, which is also the 
point of greatest bindmg energy, as expected. The two 
amaller w" peaks in higher density regions roughly corre- 
spond to the lower branch of the second and the third 
mase . (These are actually the third and the fourth 
peaks if the white dwarf peak is included.) 

Nuclear forces generally increase the value of w*. The 
greatest contributions to the integrals which must be 
evaluated to obtain w? occur in the outer parte of the 
models, where the density is relatively low. Henoe it is 
the attratcive character of nuclear forces near ordinary 
nuclear density which must be responsible for the increased. 
valuea of o*. Furthermore, it may be seen that o is 
more positive when the pressure saturation condition 
P < «/[3 is applied than when the lees restrictave con- 
dition P « « is used. 

It is evident that the failure of all values of œ’ to 
become negative past the top of the prinaipal neutron 
star peak violates a fundamental theorem concerning 
instability which is based on energy principles (theoram 
17, p. 61, ref. 4). Hence it is evident that the homologous 


ipple, C. A. Lundquist, C. Whitney 
of the Smithsonian Astrophysical 
Observatory and Harvard College Observatory ior their 
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FORMATION OF PRECIOUS OPAL 


By Da. R. K ILER 
Industrial and Blochemicals Department, E. |. du Pont de Nemours and Co., Wilmington, Delaware 


icas by being essentially amorphous, as shown by 

- B. Jones, J. V. Sanders and E. R. Segnit!. . The relation 
between the remarkable particulate structure and the 
reflected colours of precious opel has been described by 
J. V. Sanders’, who found that this mineral consists of 
regularly packed uniform spheres of amorphous silica 
& few tenthe of a micron in diameter. From electron 
micrographs, Sanders concluded that the spheres must 
have grown in suspension by deposition of silica on to 
precipitated nuclei and then the spheres must have been 
later packed together, possibly during a filtration process. 

The purpose of this article is to describe the spontaneous 
formation of brilliantly coloured, opel-like masses of 0-1u 
spheres of colloidal amorphous silica by aggregation from 
a sol and to point out the physical similarity between 
this and other types of similarly coloured, regular aggre- 
gates formed from inorganic and organic colloidal particles 
in this range of particlo size. 

The preparation of sols of uniform spherical particles 
of amorphous silica by depositing soluble silica on pre- 
formed nuclei has been described by M. F. Bechtold and 
O. E. Snyder’ and the characterization of such silica has 
been summarized by met. 

In & 80 per cent silica sol of particles about 100 my 
in diameter, W. Sears of this labora- 
tory, he and [ observed that after two years in quiescent 
storage in & 1-gallon bottle an intermediate layer showing 
brilliant oolours in reflected light had been formed at the 
boundary between a dense, white, concentrated layer of 
colloid at the bottom and a more dilute opalescent sol 
remaining above. 

To investigate the affect of pH, a number of 4-oz. samples 
of colloidal silioa were withdrawn from the intermediate 
coloured layer, diluted with equal volumes of distilled 
water, adjusted with hydrochloric acid and dilute ammonia 
to pH values ranging from 8 to 10, and then allowed to 
stand in sealed glass or polyethylene bottles for another 
two yoars. In samples at pH 5 and 7, ooloured layers 
formed within a period of 8 months; in all cases, coloured 
layers appeared after two years. Above pH 7, the coloured 
region consisted of a thin, dense intermediate layer of 
uniform thickness. Between pH 4 and 7 at the boundary 
between the concentrated and dilute regions, brilliant 
platelets were formed, growing upward into the super- 
natant liquid. These have the appearance of leaf-like 
or blade-like orystals, and will be referred to aa 'peeudo- 
crystals’. These objects have been found repeatedly in 
silica sols of relatively uniform particle size averaging 
about 100 mu in diameter; in most cases the initial silio 


Pss by opal is distinguishable from other opeline 
sili 


concentration was 5-10 per cent by weight of silica and the 
pH between 5 and 7. these circumstances, the blade- 
shaped, coloured pseudoarystala grew to a length of 2mm, 
with relatively straight sides but with the upper edges leas 
well defined. 

The colour of the pseudocrystals depends on the angle 
from which the light is reflected. As the bottle containmg 
the specimen is carefully turned, new peeudoorystals of 
different colours come into view. It should be noted that 
& given pesudocrystal can be seen only by one eye at a 
time, since the other eye is usually not at the correct angle 
to see the reflected light. The colours range from brilliant 
yellow through yellow-green or chartreuse, orange, deep 
red, blue and violet. These are extremely 
fragile and disappear if the container is jarred or slightly 
shaken, and are formed again only after the mixture has 
stood again for several months. 

Unsuccessful attempts were made to produce peeudo- 
arystals more rapidly by centrifuging sols to bring about 
settling in several hours, but the silica partinles were 
packed into white, opaque layers, leaving a translucent, 


almost transparent supernatant liquid. It is apparent 
that time is for the particles to attain the 
required ection of packing. 


The coloured material has been isolated in dry form as 
chalky white masses of silica gel, still showing weak inter- 
ference colours. by permitting the sol containing the 
coloured layer to evaporate very slowly over a period of 
two more years, so that the silica in the tant 
liquid is drawn down slowly on the coloured masses 
without disturbing them. More rapid evaporation, which 
obviously must involve movement of water from the 
bottom to the top of the mass, disturbs the structure. 
The slowly dried, fragile, opaque material was heated to 
900° C over a period of 12 h and then slowly cooled. 
When the mass was impregnated with water or preferably 
with benzene or alcohol, the interferenoe colours were 
again observable. The refractive index of the impregnat- 
ing liquid had & marked effect on the reflected colours. 
Water with & refractive index of 1:38, as compared with 
1-46 for the amorphous silica, gave a white opaque masa 
in which green flecks of colour could be seen. Normal 
butyl alcohol, refractive index 1-89, gave an almost 
transparent mass, showing green-blue flecks of colour 
in reflected light. Carbon tetrachloride, refractive index 
1-46, gave & perfectly transparent mass which, however, 
showed slight green reflexions. An oil with a refractive 
index of 1-6 gave deep red reflexions, while liquids of 
still hialias raftactive index resulted in & white opaque 
mass with a brownish tinge. 
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1. Bieciron of replica of seotaon of close-packed 
Tiu of waa showing Toleo interference colours (x c. 
,000) 


The bulk density of solid pieces of the slowly dried silica, 
stil showing interference ooloursm, dried &nd fired to 
1,000° C, was 1-53 g/o.o., corresponding to 69-6 per cent 


after the spheres were in regular array, by long- 
continued impregnation with soluble silica. Oementing 
or reinforcing of suspended aggregates of silica particles 
has been carried out in the laboratory to produce mechan- 
ically strong eilioa gels’. Impregnation of dense-packed 
masses of opal may have occurred by a similar but far 
slower process in Nature, since the solution would have 
to pass through the mass in order to achieve such a uniform 


slow-settling in quiescent underground pools. 
waters are often supersaturated with silica, it is conceivable 
that in some circumstances the rate of cooling might be 
such that relatively large uniform particles of colloidal 
silica were formed. In undisturbed subterranean pools 
such particles might have become concentrated, and 
uniformly packed aggregates may have been formed just 
as observed in the laboratory. Once such uniform aggre- 
gates had been formed, further hardening of the structure 
by deposition of silica within the interstices over thousands 
of years could result in the type of structures described by 
Sanders ei al. 


since there is an interfacial surface energy of about 
80 ergs/om! (ref. 6). Minimum interfacial aree is achieved 
when the surfaces of such particles are brought together, 
excluding the water from the areas of contact. The 
formation of these points of contact represents the first 
ias: iUe reducing the overall silica-water interfacial 

area. Greatest reduction in interfacial area is 


obtained with the closest packing of spheres in which each . 


sphere makes the greatest number of contacta with sur- 
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rounding spheres. In a aol containing charged particles 
of different sizes, particles which are either smaller or 
much larger than the average will not fit as perfectly 
into the growing uniform array of the peeudocrystala, and 
their inclusion is thus thermodynamically lees favoured. 
Unless the particle colliding with the surface is held with 
several points of attachment, it will be repelled by the 
surface of the pseudocrystal which is of like charge. This 
is analogous to the fact that a potasium ion does not fit 
into the lattice of a growing crystal of sodium ohloride, 
and is thus excluded. Thus spheres of like size tend to 
fit into a given growing pseudoorystal. 

Analogous systems. Analogous aggregation of spherical 
particles of colloidal size to form highly coloured masses 
has been observed with organic materials. N. Keros" 

that a virus in an insect caused the formation of 
iridescent nodules which showed brilliant oolours in 
reflected light; when the virus is purifled it is obtained as 
& mass showing iridescent colours. The properties of this 
lattioe, consisting of very uniform spherical particles, 
180 my. in diameter, is further i by Williams and 
Smith’. 

The close packing of uniform polyvinyl toluene latex 
particles in the size-range of 100-1,000 mg has been 
described by Alfrey, Bradford, Vanderhoff and Oster’. 
The spontaneously formed, close-packed, crystalline 
array acted as a diffraction grating and particle sizes 
in the range of 802-481 my were determined by the 
diffraction method. 

Another instanoe of uniformly arrayed colloidal particles 
showing brilliant interference colours is the formation 
of the so-called ‘schiller layers’ from colloidal hydrated 
iron oxide. The structure and arrangement of regularly 
packed masses of uniform oolloidal particles of this 
type have been described by Watson, Cardell and 
Heller!*. 

In instanoes in which the spontaneous regular and 
uniform aggregation of charged colloidal particles occurs, 
it appears that at least one of the dimensions, whether the 
diameter of a sphere, or the width of & rod-like particle, 
is of the order of 100 mp or more. Possibly this is because 
uniform arrays of colloidal particles are most easily 

i when the particles are in this size range and 
thus reflect monochromatic light of visible wave-length. 
However, this is also the size-range in which slow sedi- 
mentation occurs. Particles larger than about 100 my 
in diameter or thickness tend to settle so that there is a 
gradual increase in concentration at the bottom of the 
container; conditions are thus favourable for the slow 
segregation of particles into regular aggregates or peeudo- 
erystals, each consisting of particles of a particular 

On the other hand, in the case of smaller particles, the 
Brownian motion is 80 strong that the rate of sedimente- 
tion is negligible and the particles do not become concen- 
trated by settling. If the concentration is increased 
rapidly by centrifugation, the particles become packed 
randomly since there is no time for segregation and for 
ordered arrangements to be developed. However, if the 
Sire is extremely uniform, as with virus or certain latex 
particles, a relatively rapid increase in concentration can 
still result in the formation of a highly ordered array. 

1 Jones, J. B., Sanders, J. V., and Segnit, H. E., Nature, $64, 000 (1004). 
1 Sanders, J. V., Nature, 204, 1151 (1004). 
* Bechtold, M. F , and , O. X, U.B. Patent 2,574,002 (B. L du Pont 
de Nemours and Oo., 1951). 
1 Ile, B. K., The Collodi Chemistry of Sion and Siioates, 95 (Cornell Untv. 
Press, Ithaca, N.Y., 1055). 
* Ler, E. K., Ths Colloid Chemistry af Sikos and Siozies, 138 (Cornell Unity. 
Pres, Ithaca, N.Y., 1055). 
m i Ta The ee oe of SiHos end Sikcates, 10 (Carnell Univ. 
* Xeros, N., Nature, 174, 562 (1952). 
Fe breasts Robiey O., and Smith, Kennsth M., Natwre, 179, 119 (1057). 
" Use we, Amor’, 4h, 608 (10541 Ma E d 
Wee Joa PETUNT. , Jun, RÈ. B., and Heller, Wilfried, J. Phys. 
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COMPENSATING INFRA-RED SPECTROSCOPY 


THE POTASSIUM BROMIDE WEDGE TECHNIQUE 
By H. McCORMICK and E. L. DEELEY 
Imperial Chemical Industries, Ltd., Palnts Division, Wexham Road, Slough, Buckinghamshire 


AND 
Dr J. TADAYON 


Research and Industrial Instruments Co., 


f£ i compensating method of infra-red spectroscopy 
(sometimes called the differential or difference 
method) ) is e technique by which the spectrum of one 
component of & mixture may be completely eliminated 
from the recorded spectrum by introducing the component 
into the reference beam of a double-beam spectrometer. 
The method is also useful when, as frequently happens, 
information is required about a minor constituent of a 
mixture, where, because of overlapping of infra-red 
absorption bands, it is difficult or even impossible to obtain 
such mformation. 

The technique 18 commonly used with liquid samples by 
compensating with known compositions in fixed path- 
length cells! or by using & variable path-length ocell oon- 
taining one constituent in the reference beam of the 
spectrometer and adjusting the width of the oell until 
this constituent is fully compensated in the sample 
beam’. 

With insoluble or solid samples the control and variation 
of the solid layer or film required for compensation becomes 
difficult as the maximum thickness required is rarely 
more than 0-005 in. In an application of ees 


infra-red to polymeric materials 
and Miller? determined the free monomer content hte 
s 
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poly(methyl dic e by using compensating wedges 
of monomer-free polymer in the near infra- (1-85) 
where greater thicknessea may be used. Similarly, by 
using & thin polymer wedge Willbourn* determined the 
degree of branching of polyethylene and Harvey and 
Peters’ the methyl groups in the same material. 

The field of application of compensating techniques may 
be tly widened, however, by using potassium bromide 
recites Gentaining ans of ths edastibusnte Gta Eo, 
By this teahnique compensated spectra of mixtures may 
easily be obtained in the ‘finger-print’ region of the 


A iromo benene; 
A compen- 


The extension of the usual technique of producing a 
parallel-faced disk of potassium bromide by pressure 
ee ee ene ree Mon 
but was ved satisfactorily by one of us (J. T.), and 
diagrams of a suitable die (patent applied for) in plan and 
sections are shown in Fig. 5. This die under & pressure of 
25-26 tons makes wedges of potassium bromide 24 mm x 
18 mm in aize with & alope of one in twelve. (A wedge 
13mm x 18mm x 2mm taper requires 12 tons pressure.) 
No doubt it could also be used with other suitable infra- 


red transparent materials. 
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The method of preparing a wedge is to grind together 
by hand in an agate mortar approximately 1:5 g of 
spectroscopic grade potassium bromide with a suitable 
. weight of the compensating constituent of a mixture 
(0-2-2 mg) using, if necessary, a small amount of & volatile 
The mixture is then ground again in & vibrating 


ni 
13 12 11 10 9 B 7 6 


solvent. 





5-9 a> 


Tg & A, 46 cent Hnseed ofl-mod{fled rein; B, 63 
per cant M En D, bodied Tasei ‘oll 
, composition with A in the reference beam. This com 
pensated spectrum shows the exces of lieeed all Cin B. The 


negative absorption a$ 5-Qx is due to the higher acid valus of A 
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mill, thoroughly dried and pressed $n vacuo. The resulting 
will last indefinitely if stored in & desiccator. 

In order to compensate for the Barres displacement of 
the image of the reference beam in the spectrometer, a 
second. of the same size made from pure potassium 
bromide is clipped to the face of the constituent-conteining 
wedge so that a rectangular block is formed. The com- 
bined wedges are then placed in a holder provided with a 
micrometer adjustment which allows the thickness of the 
oonstituent-oon wedge in the reference beam to be 
varied. With this holder placed in the referenoe beam of 
the spectrometer, the transmission is adjusted with a 
comb to approximately 80 per cent at a cu at which 
the major constituent is transparent. sample is 

e A E Benak poten Lods disk and 
placed in tho sample beam; ipei rap d nc ye 
major abeorptions of the known constituent balanced out 
by adjusting the micrometer screw. With the instrument 
thus adjusted the complete trum of the mixture lees 
that of the known constituent may be obtained. 
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Over-compensation may result in a spectrum containing 
negative bands which would be difficult to interpret. It 
may be advisable, therefore, to undercompensate and 
leave weak, identifiable bands of the major con- 
stituent. 

If the known constituent preponderates in the mixture, 
the concentration of the sample in the diak must be in- 
creased. A point is reached, however, beyond which the centration of sample. 
available energy decreases very rapidly and the instrument Infra-red spectra obtained by this technique are shown 
response becomes sluggish, since speed of response is a in Figs. 14. They were obtained with a Grubb Parsons 
function of the transmitted energy. In such cases it ia G.S.2A instrument run at a speed of lu/2 min, which is 
advisable to reduce the scanning speed or to reach a half the normal speed. 
compromise between the instrument response and the ? Hammer, O F., and Roe, H. R., Anal Chem ,28, 068 (1052). 
intensity of the absorptions of the minor constituent. "Powell, H , J. App. Chen., 6, 488 (1086) 

The optimum operating conditions are when the absorption  ' Wills, H. A., gua R. G. J., In Proc, Conf. Molsoular Spectroscopy, 183 
of the mixture at a common wave-length is 60—70 per Winns A. H. J. Po Soi., $4, 560 (1059). 
cent. * Harvey, M. O , and Peters, L L., Anal. Chem , 88, 1725 (1060). 
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_ The preparation of disks of different sample concentra- 
tions is time-consuming. A wedge containing the sample 
can advan usly be used in the sample beam in a 
holder aimilar to that in the reference beam, thus providing . 
& wide choice of path- s: 

Buch & wedge, indeed, can be used in non-compensati 
techniques in order to arrive quickly at a suitable ior 


EFFECT OF COLLOIDAL PARTICULATES ON FOAM FRACTIONATION 


By Pror. ROBERT B. GRIEVES and DIBAKAR BHATTACHARYYA 


Illinois Institute of Technology, Chicago 
TS, biologista and engineers have used foam In each 
fractionation to remove from aqueous solution soluble 
organic compounds and also inorganio cations and anions 
by complex formation with surface-active agentat i. The 
process utilizes the surface-active properties of soluble 
organics to provide accumulation at the air—aqueous 
solution interfaces associated with bubbles. Froth 
flotation, which in contrast involves a three-phase system 
including a solid phase, has been applied to numerous 
commercial processes including ore purifloation and in- 
dustrial waste treatment' , This process relies on the 
flotation of particles by aeration and bubble attachment 
which have been made selectively oleophilio by the addi- 
tion of a surface-active collector. Most froth flotation 
processes involve coarse suspensions, and little attention 
has been paid to oolloidal-size particulates. 

For the removal of soluble organics by foam fractiona- 
tion, limitations may arise owing to low surface activities 
of the organice and to the low concentrations which may 
be involved. For such solutions, the addition of colloidal 
particulates may provide more efficient separations 
through the replacement of the foam fractionation mechan- 
ism by a froth flotation mechanism. The seration of a 
combined process stream containing both soluble organics 
and particulates may produce the effective removal of 
both constituents. Investigations have been made of the 
foam fractionation—flotation of systems containing stannic 
oxide’ and silver iodide* together with cationic surface- 
Botive agente. The objective of this investigation is the 
quantitative determination of the effect of poeitively 


iment 2,000 ml. of feed sol, including varying ^ 
t (DS88; 95 per 
oent active), were added to the column. The sol waa 


centration of DSS was measured by a two-phase titration 
a Temperature was maintained constant at 
Foamability. The extreme influence of tho presence 
of colloidal particulates on the foamability and separation 
of solutions containing surfactanta of opposite charge to 
the particulates is shown in Table 1. The negatively 
charged stannic oxide sol was prepared by reacting sodium 
stannate with sulphuric acid in boiling water and by pep- 
tization with ammonium hydroxide; the pH of the sol 
was 7:4 (ref. 6). The feed sol, of volume 800 ml., con- 
tained 2,000 mg/l. of stannic oxide and 50 mg/l. ofoetyl. 4 
trimethylammonium bromide (CTAB), a cationic surface- 
active agent. Foam was collected from a port located 
12 em above the feed sol level. Tho solutions of CTAB 
were in distilled water. For the ferric oxide-D88 system, 
equivalent solutions of pure DSS were prepared with the 
pH lowered to approximately 2-5 with hydrochloric acid 
and elevated to 5-0 with sodium carbonate. In Table 1, 


Table 1. INFLUENCON OF COLLOIDAL PARTIOULATES OM FOAXABILITY 


charged ferric oxide particulates (or polynuclear species) tannto oxide—OTAB 
on the separation of an anionic pe arg dodecyl sodium i time. domm a . 
sulphate (D88), from aqueous solution. The influences of adi C mol finn 
pH, feed surfactant concentration, and feed particulate OTAB/L Blannie 
concentration are established. A brief discussion of the ea 2 OTAB ( (00 Quo maf Y- 
stannio oxide-CTAB system is included. VAY: 00 0-000 
The hydrolysis of ferric chloride in vigorously boiling wr, mg/L 500 5-0 
distilled water provided a positively charged ferric oxide Alr rate: 10,140 mL/min 
sol’. The sol contained 202 mg/l. trivalent iron (Fe*) A “eon 0393 
as measured by the standard phenanthroline method’. Ferrio oxide —D88 
Dilutions were made for the foaming experiments, and Foaming time: 40 min 
the pH was adjusted from the range 2-0—8-1 to tho re- Secun aa fmm 
quired values with sodrum carbonate solution. The 25 mg D88/l. Ferns oxide (117 mg/l )- 
experimental] apparatus was similar to that used for the D38 (25 mg/1) sol w 
ion flotation of dichromate’. The foam column was 130 m a20 ooa 
om high and 10 om in diameter ; nitrogen gas was saturated See d rite: 6,6002] fici 
with water, passed through a calibrated rotameter, and YY. hes vjs ont 
diffused through a 35yu, porous metal dispersion disk. et 250 0-9 
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Y7 is the volume of collapsed foam (ml.), V; is the volume 
of feed sol or solution (ml.), and zr is the concentration of 
surfactant in the residual sol or solution after foaming 


(mg/l). 
njluence of pH. A series of experiments was conducted 
to establish the effect of hydrogen ion concentration on 
the foam fractionation—flotation of ferric oxide—-D88 
sols. In order to clarify the notation used herein, for each 
experiment the following maternal balance equations 
may be written: 
Viz Ve + Vr 
Vi = æ Vy + mV; (2) 
S Vi = Vy + Vr (8) 


x; and s, are the concentrations of DSS and trivalent iron 
in the feed sols, respectively, V; is the volume of residual 
sol after foaming (ml.), # is the trivalent iron concentration 
in the residual sol, and wy and zr; are the concentrations of 
DSS and trivalent iron in the oollapeed foam, respec- 
tively. In these i the nitrogen rate was 
4,500 mL/min (at 25° O and 1 atm), the feed concentrations 
of DSS were 15 and 40 mg/l., the feed concentrations of 
ferric oxide were 58-5 and 17-5 mg/L, and the pH was 
varied from 3-1 to 6-0. 

Fig. 1 indicates the variation in the collapsed foam 
volume and in the DSS enrichment ratio (e;/z;) with pH. 
For both seta of feed concentrations, at pH = 8-0 no 
foam was obtained. Elevation of pH to about 4-5 brought 
about extreme increases in Vy decreases in the enrich- 
ment ratios, both of which tended to become constant 
at pH = 5-0. It appears that as the pH was elevated 
from 8:0, the ferric oxide lex was transformed 
by the removal of hydrogen ions fram the waters of 
hydration, with each hydrogen ion removed yielding & 
h ide ion which remamed associated with the 
complex, thereby reducing the charge of the complex: 


OH, 1 * 8-20 OH,A -17 +(3- (+1) 
Karl a 77 
OH), OH). 


where ^ is an integer ranging from 6 to 4, and m is an 
integer ranging from 0 to 2. Bebbe! has discussed such 


(1) 
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Fig. 1. Relations between Vy, ay/e, and pH 
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Fig. 2. Relation between s, and Sity 


an interconversion of species for aluminium oxide. As 
the pH was raised, the obarge on the hydrated complex 
was diminished and the formation of polynuclear species 
(containing oxygen bridges) was further enhanced. Such 
species would be more readily floated and would tend to 
promote foam stability. The formation of polynuclear 
species could be detected by optical density measure- 
ments on the feed sols, and it was found that the optical 
density, measured with a spectrophotometer at 600 my, 
increased with pH. The increase was more pronounced. 
at higher trivalent iron concentrations. 

For both sets of feed concentrations, the residual DSS 
concentrations decreased as the pH was increased, owing 
to the larger volumes of foam which were produced. For 
tı = 17-5 mg/L, the trivalent iron concentration in the 
residual sol decreased with increasing pH, while for #4 = 
58-5 mg/l., s; increased with increasing pH. These results 
are presented in Table 2. 


Table 2. Mrrmor oF pH ON EAXIDUAL COKCOENTRATIONS 
#;— 40-0 mg/L, z;—- 17:5 mg/L 


pH Sr mg/l. Sr, mg/l. 
*1 8-0 086 
40 5-0 0-30 
«5 45 ~ 0-05 
4-60 15 ~0 05 
465 18 ~0-05 
5-0 2-6 ~ 0-05 
6-0 2-0 ~ 0-06 
£j 156 0 mg/L, z= 58:5 mg/l. 
470 0-9 148 
405 0-9 2-10 
5-0 0-6 2-10 
55 06 5-00 


Influence of conceniration variations. A seoond series of 
experimenta was conducted to investigate the effect of feed 
concentrations of trivalent iron and DSS. In these experi- 
ments zr, was varied from 10 to 40 mg/l, z; was varied 
from 10 to 146 mg/l., the nitrogen cate was 4,500 ml./min, 
and the pH of each feed sol was maintained at 5:0. The 
residual D88 concentrations are related in Fig. 2 to the 
ratio of DSS to trivalent iron in the feed. As m/t; was 
increased, z, remained relatively constant and then rose 
sharply above & feed ratio of approximately 1:0. The 
total range of variation of a, was 0-4—3-0 mg/l. For these 
same i , the reaidval trivalent iron concentra- 
tions could be related to z and s. by a single equation: 

fp = 7-24 (10+#)a,—9 60g, (8-20 log,, a — 0 60) (4) 
For a total of 24 experiments the average deviation of 
values of z calculated with equation (4) from experimental 
values was 25 per cent. (Average deviation = 
calculated value — experimental value 
experimental value 


An extensive discussion of the separation of ferric oxide 
(trivalent iron) has been reported’. 


x 100.) 
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Fig. 8. Relations between a/V]s, V, and x, with parameters of s, 


Considering the utilization of colloidal particulates to 
enhanoe the separation of gurfactanta, & usoful parameter 
is weight of surfactant removed in the foam per unit 
weight of trivalent iron in the feed, zy V,/s, V,. Fig. 3 
this parameter is related to z; and z, and for each value of 
Z, it increases linearly with c. The slopes of the linee in 
Fig. 3 were found to be inverse power function of x, 
and since V. wee held constant in all the experiments 
the following equation was obtained: 

gr V; = 16929-0000, (5) 
Equation (5) shows that the weight of surfactant carried 
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mnio,the foam was directly proportional to the feed con- 
centration of surfactant and waa a rather weak function 
of the feed trivalent iron concentration. The average 
deviation for equation (5) waa 2-1 per cent for the 24 
expermenta. For constant z, as 2; was increased, V; 
increased and x, decreased, with the rates bemg virtually 


Conclusions. (1) The addition of colloidal particulates 
to solutions containing oppositely charged surfactanta 
produces large increases in foamability, thereby promoting 
the separation of the surfactant into the foam. Through 
the addition of such particulates, the foam fractionation 
mechanism 18 replaced by a froth flotation mechanism, 
and MED dre together with the adsorbed surfactant 
are y carried into the foam owing to preferential 
adsorption at the gaa-solution interfaces sasociated 
with the bubbles. 

(2) For the DS8-ferric oxide system, pH has a pro- 
nounced effect on the quantity of foam produced and on 
the DSS enrichment ratio. This behaviour is magnified 
over a rather narrow pH range of 4-4—5-0, and is apparently 
caused by the interconversion of ferric oxide complexes. 

(3) For the DS8-ferrio oxide system at a constant pH of 
5-0, the residual concentration of DSS is relatable to tho 
feed ratio of DSS to trivalent iron, increasing sharply 
above a feed ratio of 1-0. The weight of DSS carried into 
the foam is directly proportional to the feed concentration 
of DSS and is a weak function of the feed concentration of 
trivalent rron. 

This work was supported by the Division of Water 
Supply and Pollution Control, U.S. Publio Health Service, 
through research grant WP 00702-01. 
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INVERSE RELATIONSHIP OF GLUCOSE-6-PHOSPHATE LEVELS AND 
GLUCOSE UTILIZATION IN 6C3HED LYMPHOMA 
By PRor. CHARLES E. WENNER 5 


Department of Experimental Blology, Roswell 


Eao has accumulated that glucose-6-phosphate 
inhibition of the hexokinase reaction may be a factor 
in the utilization of carbohydrate in cells. Product in- 
hibition has been observed with hexokinase isolated from 
several mammalian tissues, both neoplastic and non- 
neoplastic.. The possible regulation of glucose utilization 
in hexokinase activity ia further suggested by the finding 
of Hees and Chance’ that addition of glucose to Ehrlich 
ascites tumour cells increases the level of glucose-6-phos- 
phate to 1 umolo/g of cells, that ia, a concentration greater 
than 1 mM if the space occupied by cell matter is taken 
into consideration. In addition, the concentration of 
glucose-6-phosphate was highest at the time of maximal 
inhibition of glucose utilization, and the initially rapid 
rate was associated with the lower levels of hexose mono- 
phosphate; furthermore, the activity of hexokinase as 
well as phosphofructokinase of Ehrlich ascites tumour is 
relatively low in comparison with the other enzymes of 


Park Memorial Institute, New York State Department of Health, 
Buffalo, New York 


glyoolyms, as reported by Racker and Wu‘, and is thus 
& likely candidate for a controlling step. 

This concept that product inhibition of hexokinase 18 
an important regulatory factor in glucose utilization 
within the cell has recently bean given added support by 
the work of Rose et al.* in an investigation of spinon pe 
in which a linear relationship waa observed when the 
reciprocal of the glucose-6-phosphate level was plotted 
against the rate of glucose utilization. These workers used 
an artificial electron acceptor, methylene blue, to stimulate 
glucose utilization by means of the phosphogluconate 
pethway, and inosine, which 18 utilized preferentially, to 
mhibit glucose uptake. 

It was, therefore, of interest to examine the relation- 
ship of glucose-6-phosphate levela and rates of glucose 
utilization in cells capable of respiration in order to provide 
further understanding of the mechanism of the Pasteur 
effect in ascites tumour cells. The 603HED mouse 
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lymphoma is useful for this purpose ainoe these cells have 
& low rate of glucose utilization and thus may be more 
gusoeptible to product inhibition. In addition, the changes 
in glucose utilization, induced by a wide variety of oom- 
pounds, are more marked than in the Ehrlich ascites 
tumour cells. 

For example, ıt was noted that -OH butyrate decreases 
glucose utilization in this neoplasm without having 
observable effects on respiration, in contrast to tumours 
such as the Ehrlich and hyperdiploid BLD ascites form 
where §-OH butyrate had no effect on glycolysis. Also, 
ethanol has been observed to inhibit the oxygen uptake 
of rat liver mitochondria‘, and preliminary investigations 
indicated that this hpid-soluble compound inhibits 


' respiration and stimulates glucose utilization in the 


&OSHED lymphoma. In addition, two well-known 
inhibitora of respiration, antimycin A and rotenone, 
produce the characteristic stimulation of glucose uptake 
and lactate accumulation in these oells, resembling the 
effect of anaarobiosia, and the effect of these inhibitors 
oan be in i at different concentrations to give a 
wide range of rates of glucose utilization. 

603HED lymphoma cells were maintained in female 
C3H/ST mice and were oollected seven days after im- 
pun The ascites tumour cells were isolated by 
EE AE T EEA were washed twice with Ca++- 

‘Ringer phosphate and were resuspended in 
this medium. a 

The procedures of incubation and methods of analyses 
were essentially the samo as described in a previous 
Paper’ and gtucose-6-phosphate was determined by the 
method of Hohorst’, 

Initially the effect of time on glucose utilisation was 
examined, and like Ehrlich Lettré ascites tumour cells 
which show an initial burst of glucose utilization in the 
first 30 seo, and then a marked dearease in the steady 
state, the rate of glucose utilization in the lymphoma 
calle, and lactate production ap well, was lower after this 
initial transient and linear for at least 20 min. The 
steady-state level of glucose-6-phogphate was reached 
within 80 seo, and did not change from this initial maxi- 
mum. 

The distribution of glucose-6-phosphate in the cella 
and he medium in which they were suspended waa next 
in ted since the relationship between glucose-6- 
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phosphate level and rate of glucose utilization based on 
end-product inhibition would depend on the intracellular 
glucose-6-phosphate concentration. On centrifugation at 
5° C of cells incubated with glucose, it was found that 
glncose-6-phosphate was sasociated entirely with the oell 
fraction, indicating that ginoose-6-phosphate was oom- 
pletely intracellular. . 

An experiment, depicted in Fig. 1, waa then carried out 
in which the rate of glucose utilization was modified by & 
wide variety of agente. The values for the levels of glucose- 
6-phosphate were plotted against the measurements of 
glucose utilized. In this typical experiment there is & 
linear inverse relationship between these two variables, 
and the relationship holds regardless of whether ethanol 
or the conventional inhibitors of respiration were used to 
stimulate glucose utilization or whether B-OH butyrate 
was used to inhibit glucose utilization. 

The effects of these substances on the related processes 
are reported in Table 1. In addition to the meesurementa 
of reepiration the values for the end-products of glycolysia 
are also reported in Table 1, and it was observed that the 
ratio of lactate/glucose inoroased as the degree of respir- 
atory inhibition increased. 

It is apparent that glycolysis was not stimulated to the 
same extent by respiratory inhibitors and anaerobiosis. 
Furthermore, the degree of stimulation of glyoolyais was 
not only dependent on the inhibitor conoentration at low 
concentrations but also at high concentrations. In the 
case of rotenone, glycolysis reached an optimum, and then 
& Blight decline was obeerved. The decline was significant, 
aince it could be reproduced in experimenta where higher 
concentrations of rotenone were used. This decline is 
considered to arise from the breakdown of ATP required 
for glucose phosphorylation since the inhibition of glucose 
utilization and lactate production was also observed with 
progesterone, &mytel or antimycin at concentrations 
which stimulate ATPase. 

The finding that ethanol inhibits respiration and 
stimulates glycolysis in a manner similar to the other 
respiratory inhibitors suggests that lipid solubility is 
important in influencing these relationships. 

In contrast, the inhibition by 8-OH butyrate of glucose 
utilization cannot be attributed to the Pasteur effect 
since in none of the I ta carried out with p-OH 
butyrate did it produce a significant change in the rate 
of respiration. : 

The possibility that 8-OH butyrate might influence 
glucose utilization by interfering with tho reactions of 
glycolysis per se was ruled out by the observation that 
B-OH. butyrate under similar conditions was not observed 
to have any effect on anaerobic gtycolysis. 

In order to determine whether the effect of B-OH 
butyrate is mediated by mitochondrial interactions, the 
effect of other diphosphopyridine nucleotide (DPN)- 
dependent substrates as malate, fumarate, citrate, 
glutamate and a-ketoglutarate was examined. The 


Table 1. HFFROt oF SUBSTANCES WHICH MODIFY GLUOOSB UTILMaTION 
OX RXLATED PROCESSES 
Rd Glucose  sooumu- Lactate 
Bubsianos concentration period utilised lated Glucose 
(mmoles)  (xmokes)  (amoles) 
Control 64 52 61 0:99 
Anthnyon 17x107 38 59 65 111 
3-4 x 107 19 10-8 16-1 149 
68x10 0-6 12-0 158 1-31 
Rotenone 7x10? 1-2 8 13-6 139 
l4x10* oo 118 16-9 143 
Mttrogen reo. Jee w debo eo d 
Mihanol 5x10 39 84 101 1123 
-OH butyrate 1x103 66 45 43 0-96 
603HBD lymphosarcoma ascites tumour calls to 30 dry 
tiesus were incubated tn Warburg flasks tn Dat free Krebs- Hinge 
buffer 40 moles of tris (hydroxy me and 10 
ot te buffer, pH 7-4. Glucose POE butyrate were 
in from aids arm ana a0 min of tenpora turo rin ; all 
o compounds were present in centre M roar period. 
Inoubadon was eared out for $0 mtn at 38° C. values represent 
those obtained for the $0-mtn incubation 


period. Total volome—3-0 mL 
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Table 2. HrrROt oF DPN-DEPENDEFT OIIDIXiABLA BUDETRATIE OX 
GLUOOSE AND GLUOOSE--PHOMPHATRA LEYELE 
Glucose Laotats cepa 
Additions rel accumulated bras 
(molsa) (moles) (anoles) (amokas) 
None 51 40 27t 0-081" 
Fumarato bl 43 0-019 
Malate 49 46 63 0-025 
£-OH butyrate 52 3-7 1:8 0-031 
a- 52 3-7 2-4 0-012 
51 *1 145 0-034 
Glutamate 56 1:5 13 0-048 
* At cero time this value was 0-005 amoles flask, 
Aen rris udi ER ne dry tissus weighs 
aa wore 
tpebated aa described in Table 1 for S) min a4 38- O., Al ubairaiea Dno ig 
@iucose, which was present in all flasks, were m a final concentration of 0 01 
experiment reported in Table 2 indicates that wrth the 


exception of a-ketogluterate these substrates produced 
decreases in glucose utilization with a corresponding 
linear increase in the levels of glucose-6-phosphate. 
Furthermore, there were no significant changes in the 
rate of respiration. It would therefore appear that tho 
effect of 6-OH butyrate is mediated by tho electron 
transport system and/or ita associated phosphorylation. 

It is also to be noted that glutamate, citrate and 
a-ketoglutarate inhibited lactate production, as did g-OH 
' butyrate. It is also ible that malate and fumarate 
cause an inhibition of lactate production from glucose, 
but the inhibition may be masked by the production of 
lactate from these metabolites. 

It is difficult to correlate hexokinase activity and 
glucose-6-phosphate level on a quantitative basis in the 
intact cell in view of the many factors which influence 
hexokinase activity. Binoe glucose-6-phosphate and ADP 
compete with ATP for the enzyme", the K; of product 
inhibition is also dependent on the concentration of these 
nucleotides. It is nevertheless of interest to caloulate the 
E intracellular level of glucose-6-phosphate. 

amount present in the state was observed to 

be 0-05 es/30 mg dry tissue weight or 0-2 g wet 

ight of calls, that is, c. 0-25 umoles/ml. If the concen- 

tration is calculated on the assumption that 80 per cent 

of the volume is water", the value obtained is 

3 x 10“ M, which approximates that of the K; observed 
for several mammalian tissue hexokinasea?:?, 

The present experiments indicate that the hexokinase 
reaction is completely responsive to a wide range of 
glucose-6-phosphate levels as had been observed in the 
erythrocyte by Rose’. The present work, where several 
respiratory inhibitors were used to alter glucose utilization, 
indicates that product inhibition of the hexokinase 
reaction is an important factor in glucose utilization in 
this neoplasm under asrobic and anasrobio conditions, 
and that the Pasteur effect in this neoplasm is possibly 
mediated by glucose-6-phosphate inhibition. 

However, it is not yet possible to determine whether 
hexokinase is the major pacemaker in the overall reactions 
of glycolysis in these cells having a low rate of glucose 
utilization. Tho possibility that the relationship between 
glucose-6-phosphate levels and glucose utilization observed 
in these experimenta is secondary to a change in some 
intermediate or effect which varies directly with ginoose- 
6-phosphate, as fructose-6-phosphate or phosphofructo- 
kinase activity, cannot as yet be ruled out. Regen et al.19 
have obeerved that the activity of hexokinase in heert 
muscle was found to be inversely related to the glucose- 
6-phosphate levels, which they considered were governed 
to a large extent by the activity of phosphofructokinase 
on the basis that, with anoxia, phosphofructokinase 
mier Pales duae ee e ing of 
the substrate concentration an increase in the product 
concentration associated with a faster glycolytic flow. 

In this regard, Hees and Chance? observed relatively 
high concentrations of fructose-1,6-diphosphate (1-8 mM) 
in ascites tumour cells having & high rate of glucose 
utilization, a finding which suggesta that hexokinase 
activity does not control the overall reactions of glycolysis 
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in these ocells under the conditions of their experimenta. 
Whatever the means by whioh the primary control occurs, 
it is nevertheless n. that there must also be control 
over the initial irreversible step of glycolysis since, aa 
pointed out by Lonberg-Holm!*, failure to exhibit control 
would lead to endless increases in intracellular phosphates. 

It ia not antinipated that the relationship between 
glucose utilization and hexokinase product concentrations 
will hold under those conditions which greatly alter 
phoephate concentrations, since it has been observed that 
inorganic phosphate partially releases the glucose-6- 
phosphate inhibitions’, In our earlier investigations, it 
had also been obeerved that glucose utilization by way of 
the hexose monophosphate oxidative shunt pathway in 
these cella was enhanood by the artificial electron acceptor, 
phenazine methosulphate, and the addition of higher 
levels of inorganic phosphate produced a further stimu- 
lation of this pathway. 

Tho observation that §-OH butyrate and other DPN- 
dependent oxidizable substrates inhibit glucose utilization 
might be explainsd on the basis that these substrates 
compete with pyruvate for the iratory chain. How- 
ever, the finding that lactate is inhibited by theee 
substrates suggesta that this explanation does not suffice 
for the decreased glucose utilization. Furthermore, the 

ibility that all these substrates compete with glucose 
or entry into the cell also ap unlikely. 

The finding that gluooee utilization can be regulated 
by several DPN-dependent oxidizable substrates is of 
especial interest since it occurs under conditions where 
respiration ig unchanged. It is possible that the changes 
which oocur under these conditions are analogous to those 
which oocur in the operation of the Pasteur effect, and 
since giucoee utilization can be i I by 
varying the concentration of the DPN. b sub- 
strate, an investigation conducted with this convenient 
system may provide» considerable insight into this incom- 
pletely understood control mechanism. In particular, it 
1s of interest to investi the influence of theee sub- 
strates on changes oocurring at the mitochondrial pyridine 
nucleotide level. 

It should also be pointed out that the Crabtree effect is 
much less pronounced in this than that observed 
in the Ehrlich ascites tumour 55, and that the intre- 
cellular concentration of glucose-0-phoephate of the 
lymphoma (o. 3 x 10+ M) is considerably lower than that 
calculated on a similar basis from the data reported by 
Hess and Chance? on the Ehrlich carcinoma, that is, 
1-3 x 10-* M. In view of this correlation and the recent 
demonstration that iration of mitochondria isolated 
from ascites tumour is inhibited by glucoee-0-phos- 
phate accumulation™, it is suggested that the level of 
glucose-6-phosphate playa a part in the inhibition of 
respiration. uoed on glucose addition. 

This work was in part by research grant 
CA-05116 from the National Cancer Institute, U.S. 
Public Health Service. I thank J. Hackney and J. Black 
for their assistance. 
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NUCLEATING SUBSTANCE(S) IN HUMAN SALIVA 


By Dr RALPH G. EILBERG, Dx. DAVID GOULD and Dr ALBERT E. SOBEL* 
Beth Israel Hospital, New York, and Colgate Palmolive Research Laboratories, New Brunswick, New Jersey 


FUNDAMENTAL step in the process of minsraliza- 

tion is the formation of nuclei of orystel growth. 
In this connexion, the isolation of substances that can 
induoo nucleation is basic to the understanding of calcifica- 
tion in living o: iams. Asa result of the interest directed 
toward the calcification of bone, collagen has been identi- 
fied aa a substance capable of inducing the formation of 
nuclei of hydroxyapatite crystal growth from a metastable 
eolution!-*, Mineralization occurs, however, in many 
areas other than bone, and in some cases minerals other 
than hydroxyapatite are formed (for example, oral calculi, 
kidney stones). It is of interest to study these systems, 
aa new calcifying catalysts may be discovered as & result’. 

Wo wish to report evidence mdicating the presence of 
a subetanoe(s) in human saliva capable of inducing the 
formation of nuclei of hydroxyapatite crystal growth. 

Saliva preparations which induce calcification have 
been reported previously!*. This calcification was 
interpreted as to nucleation. These investigators, 
however, did not employ sensitive methods for detecting 
pre-existing nuclei (seed crystals)». One billion nuclei 
of hydroxyapatite (seed crystals) 26 A x 50 Ax 100 Å 
weigh only 4 x 10-* and thus will escape detection 
by the usual chemi methods, but can be detected by 
other means recently developed*:s. With these new 
methods of testing for pre-existing nuolei*** it appears 
from the present investigations that the preparations of 
the foregoing workers’*? were already ‘nucleated’. In 
the presence of pre-existing nuclei, calcification represente 

growth and does not provide rigorous evidence for 
the existence of an organic compound(s) capable of induo- 
ing nucleation. Wasserman et al.’* examined calcification 
of plaque material in vitro. Von Der Fehr and Brudevold 
criticized this work, suggesting that p isting nuclei 
may be present. In the same paper on Der Fehr and 
Brudevold described the preparation of a calciflable 
material by alternate dipping and drying of paper disks 
into saliva. ing to the authors, the material 
contained “minute mineral deposition”. Material pre- 
in our laboratories in & manner similar to that of 
on Der Fehr and Brudevold was already ‘nucleated’ 
(Tables 1 and 2). In the hope of obtaining nuolei-free 
material, these investigators" have demineralized formal- 
dehyde-treated calcified saliva matrix with EDTA at a 
pH of 7-0 for 24 h. The organic residue remaining did 
re-mineralize. However, nuclei for hydroxyapatite 
crystal growth still remain after decalcification for 24 h. 
in EDTA at a pH. of 7-0 as shown in our laboratories". 
Moreover, the formaldehyde-treated saliva matrix repre- 
sente a derivative. 

The saliva used in our work was obtained from human 
donors who chewed paraffin and it was used within 2 h. 
The aaliva with or without treatment was centrifuged at 
8,720g at low temperature in the Spinco preparative 
ultracentrifuge. The supernatant fluid was practically 
bacteria free. 

The extracts used in this work were prepared as follows: 
20 ml. of centrifuged saliva were each placed in hemispheri- 
cal troughs and two glass slides were mechanically rotated 
through each one of these troughs for 3 h at 0-5 r.p.m.™. 
Air was blown past the slides so that, as the slides 
emerged from the troughs, drying took place. In this 
manner, a film was deposited at one end of the slide. Such 
film was practically bacteria free, although it contained 
considerable bacteria without the centrifuging step. The 


* Present address: University of Pennsylvania, Graduate 
Philadelphia, 10148. S Hospital, 


film representa a continuous concentration of the solid 
in air and & partial dissolution of the dried material, the 
more soluble material being redissolved leaving the more 
insoluble material on the slide. 

The films were placed for 20 h in solutions similar to 
those which were utilized in our earlier studies for calcifica- 
tion in vitro of hypertrophic epiphyseal cartilage and 
oollagen!*:**, Thymol was added at & level of 10 mg/l. 
The calcifying solution contained 70 mM NaCl, 22 mM Na 
HCO, and 5 mM KCl per litre. Calcium was added as 
CaCl, Phosphate phosphorus was added as the 
NaH,PO,: Na,HPO, mixture (4:1). The pH was 7:8 
and the temperature was 37° O. In some instances, 
radioactive oaloium-45 or phosphorus-32 labelled phog- 
phate or both were added to the solution. The calcified 
substances were then counted, using a gas flow counter 
with a high-speed scaler or an ambient type liquid scintilla- 
tion counter, and the amount of incorporated calcium and 
phosphorus calculated. 

As seen in Table 1, films prepared from centrifuged saliva 
contained considerable calcium and phosphate, suggesting 
the presence of nuclei (seed crystals). Evidence that the 
calcium and phosphate are present intthe form of pre-exist- 
ing nuclei (seed crystals) is given in able 2. There is con- 
siderable calcification after treatment with CuCl, which 
would inactivate nuolei-froe matrix as Been in Table 3. 
Such films therefore are not suitable for establishing the 
existence of nucleating substance(s) in saliva. 

To prevent the formation of calcium phosphate nuclei 
(seed crystals), removal of calcium was undertaken. For 
this purpose, an aliquot of saliva was titrated with di- 
sodium EDTA!* and the calculated amount of EDTA 
necessary to bind all the calcium was added to another 
portion of saliva. However, saliva treated in this manner 
gave no film. The EDTA changed the solubility of the 
material. Tho air-dried solid re-dissolved each time the 
slide was rotated into the saliva. To overcome this 
difficulty, an amount of oxalic acid equivalent quantite- 
tively to the amount of calcium present was added to 
saliva. This was followed by centrifugation, which 


Table 1. Os AXD P* OoxTuNT OF FILME PREPARED FROM OEXTXIFUGED 
BALIYA 


Sample Ko Oa and P incorporated (eg) 

1 Oa 60-1 

P 26-4 

2 On 853 

P 38 0 

3 Oa 1290 

P 54-5 

4 Oa 1240 

P 456 
The total Ca and phosphate P were determined In, tbe me Oe 
saliva. This was followed by the tion of radioactive “Oe and '*P. The Oa 


and P contents of film were then celoulated from the counts in the hquid 
scintillation counter. 
* Phosphate P. 
Table 2. INFLUENOB OF QUOT etd Or n OF FILME PREPARED 
x BALIYA 


TRO 
Treatment Oa and P tneorporated (wg) 
Control Ca 998 
P TH 
Control Oa 556 
P 410 
Oontral Oa 1,020 
P 7602 
OuOh(1 mM) Ce 621 
P 540 
Cuti mM) Ce 387 
P 288 
OuOL(1 mM) Oa 404 
P 357 
Films prepared from the supernatant of saltva centrifuged at 8.7208 (ave.) 
were placed in 1 mM/l. CuCl, solution for 10 min. Controis were placed In 
After were rinsed in water, then placed In calcifying 
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Table 8. THE INFLUENCE OF OUCI, OK THE CALOIFIOATION OF 'RUOLRATNED' 
AND 'NoN-NUOLBATED' BALIYA FILAS 
Treatment Ca and P incorporated (rg) 
Contra Oa 751 
P 894 
Oontrol Os 756 
P 403 
OuOl(1 mMJ/I ) Ca 1:66 
P oT 
Cull miM/L) Ca 1-50 
P 0-601 
Rucloated then CuOl(1 mM/l.) Ds re 
WNusleated then Cudi,(1 mM) Os 44% 
P 220 
Oantrols were placed in water for 10 min, then im labelled solution 
for 20 h. Non-nucjeated tions were sud dandi M E 
and m jabolled oal aon for £0 h 
solution (1 


Bent P) dor PU After nucleation, they ware ta ae EE II 
10 min end tn labelled caloifying solution for 20 h. 

removed the calcium oxalate formed and saliva sediment. 
This procedure removed 99 per cant of the calcium in 
solution as shown by oalcium-45 tracer. Our further 
investigations were carried out with such calorum-free 
saliva. Unless treated with inactivating agente, the films 
munerealized with the formation of apatite aa shown by 
X-ray diffraction. This mineralization can be readily 
shown visually by a decimve 1noreage in opacity. 

Bmoe there was the possibility of traces of calcium 
oxalate ing in our preparation, the nucleating 
properties of calc1um oxalate prepared by adding oxalic 
acid in an amount equivalent to the EDTA titration of a 
CaCl, solution was investigated. Such calcium oxalate 
induced nucleation, but this nucleation waa not inhibited 


by CuCl, under conditions which inhibit nucleation of our . 


saliva extract films" !3(Table3). Another indication that 
a nucleating substance 18 present in saliva 18 calcification 
of a fraction obtained by passing decalcified centrifuged 
saliva through a ‘Sephadex G-25’ column. These fractions 
were obviously calcium oxalate free. 

The next question was whether the inorganic phosphate 
present in the film was responsible for the calcification. 
By adding phosphorus-32 labelled phosphate to the 
saliva and establishing the initial inorganic phosphate and 
determining the phogphorus-32 content of the films 
of several slides, it waa found that the film per slide con- 
tained 4:9 micrograms inorganic PO,. After 
for 10 min m water which preceded our calcification, the 
organic phosphorus was 1:3 ug. The 30 ml. of calcifying 
solution which we employed contained 1,670 ug of PO, 
phosphorus. Thus, it may be concluded: (1) that the 
amount of PO, present cannot account for inducing the 
calcification ; (2) that most of the PO, dried on the film 
when in air re-dissolved on re-1mmersion into the saliva, 
indicating again that the formation of a film representa & 
concentration of the lees soluble portions of saliva. 

Table 8 presenta typical replicate investigations of films 
prepared from calcium-free saliva. The saliva film induces 
mineralization. Prior treatment with 1 mM. CuCl, prevents 
this mineralization. However, if the slides are exposed to 
the calcifying solution (15 mg per cent caloium x 5 mg per 
cent phosphorus) for 8 h, at which time an increase in 
calcium phosphate is scarcely detectable, the film continues 
to mineralize almost to the same degree as the water- 

. treated controls. Thus, CuOl, can be used to distinguish 
between ‘nucleated’ and ‘non-nucleated’ saliva extract 
film, just as waa the case for collagen and hypertrophic 
epiphyseal eartilage!1:1*, 

Table 4 shows that pre-nucleated saliva will continue 
calcifying at producte lower than required for initiating 
calcification, just as was the case for hypertrophic epiphy- 
seal and oollegen*:1*5, This 1s a further indica- 
tion that the calcium-free film was not pre-nucleated. 

The oaloium-free nucleating substance(s) mineralizes 
at a calcium x phosphorus produot of 35 as seen in Table 
5. Using the same calcifying solutions, this minimum 18 
60 for acid-soluble collagen, 50 for acid-inscluble collagen 
and 30 for rachitic epiphyseal ocartilage*. Thus, the 
nucleating catalyst prosant m saliva appears to be more 
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Table 4 CaLOIFiDATION OF '"'NUCLEATED' AXD "KON-NUGLBATED' BALIYA 
MATRIX 
Calcium 


Tnoorporated 
ng) 

Paos ay riprese 547 

Placed Luna 185 

Nucoaied then pond 202 0 

calatfying sol 
m LLL 248-0 
calafying sol 

Two tons were 1n the labelled solution (12 mg 
eee mg per oent ) for 20 h. Two oier t ble aw 

them. ae od orar, Ge uta unon (1 oen! mg 
percent P for bh. After nuoeaion 1n thelabelled cakcafying 
solution (12 mg per cent Oa, SE ma Dor ene ) for 20 h. 
Table 5. Oatorrrostion: or Aatiya Wrrkict FILMA AT DIOTERNET OK x P 

PRODUCTS 
alcam borous 
(mg % Ca) tag X Ug) 

7 5 31:7 10-9 

7 5 103 0 530 

1 6 299 148 

6 5 139 0 64 

6 5 1-06 0-4? 

5 5 47 0183 

5 5 108 030 

4 5 0 400 0 082 

4 5 0211 0 068 

4 5 0 299 0 0f9 


Slides: wero placed in water for 10 mm. and then in labelled oalolfytng 
solution for 20 

effective than collagen, although not quite as good as the 
complete system present in the matrix of hypertrophic 
epiphyseal rachitic cartilage. 

It ia of mterest to note that Out ion uptake by the 
saliva extract is maximal at the end of 1 min as shown by 
radiosotive tracer studies. A clue of the nature of copper 
inhibition with nusleation may be present in the investi- 
gations of Malik and Salahuddin with gelatin". They found 
that copper binds c-amino groups and carboryl groups. 
That both amino and carboxyl groups are involved in 
nucleation i8 a reasonable hypothesis and will be explored 
further. 

ZnCl, behaves similarly in detecting nucleation, but 
was not investigated exhaustively. 

The saliva extract was analysed for total nitrogen and 
results mdicate the value to be 4-8 per cent. The resulte 
of amino-acid analyms are shown 1n Table 6. The nitrogen 
percentage, the number of amino-acids and amide links 
in the infra-red, indicate the presence of high amounta 
of protein or polypeptide in the preparation. 

To obtain some preliminary information concerning the 
mechanism of nucleation, the saliva extract was placed in 
HNO, at pH 4-5 at room temperature for varying lengths 
of time. The nitrous acid was prepared by addmg 
sufficient 1-0 molar HCl to 1 molar NaNO, to reach a 
pH of 45. After the material was removed from the 
HNO, it was rinsed and placed in calcifying solution 
(16 mg per cent calcium; 5 mg per cent phosphorus) at 
87° C for 20h. The nitrous acid inactivated calciflability 
in as little as 3 seo (Table 7). The control placed in 1-0 
molar NaCl adjusted to pH 4:5 with HCl was far lees 
effective than the nitrous acid solution in inactivating 


Table 6. AXINO-ACID COMPOSITION OF CALCIFYING BALIVA EXTRACT 
Amino-acid Moles per 2-mg sample 


Es 


JE 


d 
ir 
i 
il 
is 


No. 4996 July 3], 1965 


Table 7. SURVIVAL OF CALGIFIABILUTY OX HXPOSURB TO NITROUS idam 
WIH NACL: HOL MIXTURE A8 4 OOFTROL 


aldum Oalalum 

of exposure incorporated Time of Incorporated. 
to nitrous acid (=g) to Madi : HA (ag) 
Oontral £00 Control 240 
Oontrol 6 Control 203 
3 seo 17-2 3 seo 205 
3 seo 12 3 sec 174 
5 mtn 8 5 mm 197 
5 mtn 1 5 min 109 
10 min LM 10 min 94 
10 mtn 2 10 min 121 

wero placed in 1-0 molar HNO, solton st pH de o 


calcifiability (Table 7). The resulta indicate that amino- 
groupe may play a part in nucleation by this material. 

Further evidence indicating the involvement of amino- 
groupa ia the fact that dinitrofluorobenzene treatment 
also inhibits calciflability. 

The resulta indicate the importance of testing for pre- 
existing nuclei before proposing that a substance is 
capable of inducing the formation of nuclei. For this 
purpose, methods for detecting nuclei more decisive than 
chemical analysis are proposed in this . The 
evidence for the presence of a nucleating substance(s) in 
human saliva is presented and is ropoeed as a significant 
factor in the formation of oral . We hope that the 
properties of the purifled nucleating fraction of saliva 
will shed further light on the mechanism and structural 
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aspects required for inducing the formatjon of nuclei of 
hydroxyapatite and related substarces. | - 
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HORMONE ON RIBONUCLEIC ACID 


SYNTHESIS IN THYROID SLICES AND IN ISOLATED THYROID NUCLEI 


By DOROTHY J. BEGG and Pros, H. N. MUNRO 
University Department of Medicine, Royal Infirmary, and Institute of Blochemistry, University of Glasgow 


ROLONGED administration of thyroid-stimulating 
hormone (TSH) causes an increase in the RNA content 
of the thyroid gland’, followed by an increment in 
DNA oontent due to cell multiplication. Using calf 
thyroid tissue slices, Hall* showed that TSH increases the 
uptake of '*O-formate by the purine bases of the tissue 
RNA after incubation for 3 h, and attributed this effect 
to stimulation of synthesis of purine ribonucleotides 
caused by greater formation of ribose in the presence of 
TSH. In addition, he observed that “C-adenine in r&- 
tion into the RNA of thyroid slices was raised by addition 
of TSH to the medium. We have examined the time- 
course of !*C-adenine inco tion into the RNA of 
thyroid slices during tion with TSH. These 
i ta demonstrated an effect on nuclear RNA 
labelling which was confirmed by incubation of isolated 
nuclei with !*O-adenine in the presence of TSH. 

Slices of sheep thyroid gland were prepared using the 
Moltwam chopper‘ and were incubated in Krebe—Ringer 
phosphate medium!’ pH 7:4 containmg 100 mg glucose/ 
100 ml. and an amino-acid mixture’, together with 100 
units penicillin/ml. to eliminate bacterial growth duri 
incubation. Tissue slices of about 400 mg were 
in 4 ml. medium and 5 uo. 8-1*C-adenine and 0-4 units 
TSH (Armour ‘Thytropar’) were added to this volume, 
to give & final concentration of 0-1 unite/ml. Incubation 
was carried out over & 8-h period in an stmosphere of 
oxygen, samples being taken at 0-5-h in . The 
slices were then washed with fresh Krebs-Ringer medium 
to remove free isotope, followed by homogenization in 
0-25 M. sucrose containing 0-001 M. MgCl, and 0-002 M 
CaCl, After removal of debris and unbroken cells by 
centrifugation a+ 100g for 5 min, the supernatant fluid 
was layered on to 0:35 M sucrose and & crude nuclear 
fraction was spun down at 600g for 10 min, the cell cyto- 


plasm remaining in the lighter fraction. The nuclei were 
then purified by spinning through 2-2 M sucrose, as de- 
scribed elsewhere’. The RNA contained in tbe nuclear 
and cytoplaamio fractions was isolated as described in 
detail elsewhere’ by the modified Schmidt-Thannhauser 
procedure of Fleck and Munro’. The nuclear and cyto- 
plasmio fractions were then treated with cold 0-2 N 
HCIO, containing 2 mg/ml. 14-C-adenine and were washed 
three times with 0-2 N HClO, to remove acid-soluble 
small molecules. Bovine serum albumin (2 mg per sample) 
was added to the purified nuclei before cold acid precipite- 
tion, in order to ensure an adequate precipitate. After 
treatment with cold HClO, the residue of protein and 
nucleic acids was digested for 1 h in 0-8 N KOH at 37° 
and the DNA and protem removed by acidifying the 
digest to 0-2 N with HCIO,. The activity of the super- 
natant fraction was measured in & gas-flow counter and 

with ita RNA content by ultra-violet absorption 
at 260 my. The iflo activity of the RNA is expressed 
as c.p.m./mg RN. 

Fig. 1 shows uptake of “O-adenine into nuclear and 
cytopleamic RNA at various times of incubation of 
tassue slices for iods up to 3b. Addition of TBH at 
the start of jcubedon had no effect on RNA inoorpora- 
tion until 1 h had elapsed, when an increase in nuclear 
RNA uptake commenced; the action of TSH on RNA 
labelling was not apparent in the cytoplasmic fraction 
until some 2 h of incubation, & ing compatible with 
transfer of RNA from nucleus Ape Was The effeota 
of inhibitors of protein synthesis (puromycin) and DNA- 
primed RNA synthesis (actinomycin D) were examined 
in this system (Table 1). When puromycin was added at 
the start of incubation, it reduced uptake of 1C-adenme 
into nuclear RNA by 60 per cent, and completely elimin- 
ated the stimulant action of TSH. When this inhibitor 
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thyroid gland in presenoe absence of thyroud- 
stimulating hormone (0-1 1 U./mL). Rach potnt is the meen roenlt of te 


was added after 1 h of incubation, ıt still reduced '«C- 
adenine imoorporation, but the action of TSH added 
at the start of incubation was now fully effective. This 
suppression of TSH action by treatment with puromycin 
at the start of ioubation suggests that the mechanism 
involves synthesis of protein during the 1-h period before 
the moreased !*C-adenine uptake commences (Pig. 1). 
Addition of actinomycin D at the start of incubation 
greatly reduced !*C-adenine inoorporation and suppressed 
the action of TSH (Table 1). When added after 1 h of 
inoubation, the effeot of this inhibitor on RNA synthesis 
was still apparent; a small stimulant action of TSH waa, 
however, obtained. 


Table]. ADENINE UPTAKE BY NUCLEAR RNA DURING ta vitro IXOUBATION 
OF THYXOID BLIONS WITH EODEM ede ETIKULATING HORMONE 
FOR a $-H OD 


M(-Adenme uptake (o.m.p./ RNA) 
THH treated "S Iporease 


of ad Control 
Inhibitor alices slices 
Puromyan addition 
N 53,500 75,800 -- 21,800 
At 0h 31,600 16,300 0 
At1h 25,400 45,200 +19,800 
Aotinomyan addition 
None 14,200 18,200 4,000 
At0h 2,200 2,100 0 
Atih 6,700 7,200 +700 
The hormone (0 1 IU/mL) was at tho of 
myan (100 medium) and acHnomyoin (10 «g/ml. medium) were added 
at Exe times erre figures are the 


mean results of two expenments with cach inhibitor. 


Since the stimulant action of TSH was more extensive 
and occurred at an earlier time in the case of nuclear 
RNA, we examined the effect of TSH on uptake of 10- 
adenine by isolated thyroid nuclei. Nuclei, prepared 
from sheep thyroid glands ae already described here, were 
suspended in the nuclear Incubation medium described 
by Allfrey, Mirsky and Osawa’, the pH of incubation 
being 7-1. Thyroid nuclei containing 400 ug DNA were 
added to 1 ml. medium, which also contained 1 po. 
8-O-adenine. At various times of incubation up to 
60 min, the reaction was terminated by plungmg the 
sample tubes into a freezmg mixture (ethanol-solid carbon 
dioxide). They were then treated as described here to 
extract RNA and to measure ita specific activity. Fig. 2 


NATURE 


July 31, 1965 von 207 


Table 2 Error OF THYROID ErIMULATIKG HORMONE OX IK 
or Dmm RNA PRECURSORS INTO ISOLATED THYROID NoE TROD, 
RATED IN THE PRESAWOE OR ABENXOM OF NUCLEOTIDE TEIPHORPHATRR 


Labeiled Adilüon of 0.m.Dp. RNA) 
peeoursor tes Oontrol TEH- 
nuclei 

14-adenme - 703 1,140 + 443 (62 

C-adenine + 963 1,308 + 326 (88 

*pP-UTP + 280 473 +193 (60 

Where indieated, 01 LU. ot hormone and 04 

of ATP, OTP, Git and Were ate e medium The 

- was synthesized with the label in the a-phosphorus atom. 

qué nsures are the mean results of two experimenta, cach performed fa 


shows that the uptake of “O-adeninoe by nuclear RNA is 
sensitive to the presence of TSH in the medium. Increas- 
ing levels of TSH resulted in stimulation of RNA inoor- 
poration which was roughly proportional to the logarithm 
of the dose added. Under similar conditions of incubation, 
uptake of C-adenine by the RNA of isolated liver oell 
nuclei was not responsive to TSH. 

The increased incorporation of “C-adenine into tho 
RNA of thyroid slices after addition of TSH has also been 
observed by Hallt, who attributed this affect to more 
rapid formation of free nucleotides from the base. We 
therefore incubated thyroid nuclei with UTP labelled 
with phoephorus-32 in the a-phosphorus atom; unlabelled 
ATP, GTP and CTP were also added in equimolar pro- 
portions to the medium. Table 2 ahows that TSH induced 
the same increase in uptake of phosphorus-82 from UTP 
in the presence of the other nucleotide triph hates ag 
observed when “C-adenine was incubated alone. It 
would thus appear that increased free nucleotide synthesis 
is not the fants responsible for the stimulant action 
of TSH on “C-adenme uptake into nuclear RNA. 

The suppression by puromycin of the action of TSH 
on RNA synthesis in thyroid slices (Table 1) suggests 
that the hormone may first affect synthesis of nuclear 
protein. Purifled thyroid nuclei were therefore incubated 
with “C-leuaine. The same incubation medium waa 
used, with 1 yo./mL 1-'*0-pr-leucine in place of the labelled 
adenine. At the end of imoubation, the samples were 
treated as for RNA isolation, but the DNA-protem fraction 
was retained and dissolved in 0-3 N sodium hydroxide for 
counting and for protein determination!*. The addition 
of TSH to the incubation medium had no significant 
affect on leucine incorporation into mixed nuclear proteins 
(Fig. 8), although the same dose increased uptake of 
“C-adenine into nuclear RNA by 60 per oent (Fig. 2). 
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Table 3. ADANA UPTAKE PI BNA DURING INOURATIÓN oF ISOLATED THYROID NUGLEI WITH 4O-ADENIER AXD THYROID-STDNULATIEG HOXXONE 








tion with | Time of 
inhibitor 
(min) (min) 
10 
None 20 
$0 
90 10 
20 





















1,540 
1,650 





Purom 100 pg/ml medhun) aod aranan D(10 
Nita TEE or 10 mm beforeband. agam DO 


This finding indicates that under our conditions TSH 
does not have a general effect on nuclear protein synthesis ; 
however, this does not exclude an action of TSH limited 
to synthesis of one nuclear protem. 

The actions of puromycin and actinomycin on RNA 
synthesis by isolated thyroid nuclei were investigated 
under two conditions of incubation. Either inhibitors 
were added along with “C-adenine and TSH, or else the 
nuolei were incubated with the inhibitors for 20 min 
before the addition of label and hormone. Table 3 shows 
that addition of puromycin along with “C-adenine did 
not affect inoorporetion into the RNA of the control 
nuolei at any time up to incubation for 80 min; neverthe- 
lees, it suppressed the effect of added TSH from 10 min 
incubation onwards. This confirms the conclusion drawn 
from the tissue slice experiments (Table 1) that the 
increased incorporation of “C-adenine caused by TSH 
addition requires imi synthesis of protein. 

The addition of actinomycin to nuclei at the same time 
as addition of “C-adenine resulted in s depression of 
adenine uptake throughout incubation. Actinomycin 
also reduced the increased incorporation of adenine into 
nuclear RNA caused by addition of TSH, but only in 
proportion to its effect on adenine uptake by the RNA 
of the control nuclei. This indicates that actinomycin 
added to nuclei along with C-adenine and TSH does not 
affect the synthesia of nuclear protein responsible for the 
enhancement of adenine uptake by RNA. This lack of 
effect of actinomycin could be due to & greater rate of 

tion and action of TSH added at the same time 
as the inhibitor. Aocordingly, thyroid nuclei were pre- 
incubated with p in or actinomycin for 20 min 
before the addition of TSH and !*C-adenine. Table 2 
shows that both inhibitors now completely suppressed 
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the action of TSH on adenine incorporation. These 
findings suggest that the first effect of TSH on nuclear 
RNA metabolism is actinomycin-sensitive and thus 
may involve synthesis of a messenger RNA for a speciflo 
nuclear protein. The synthesis of this protein can also 
be inhibited by puromycin, which interferes with the 
assembly of amino-acids on this mRNA template. Binoe 
this protein is necessary for the stimulant action of TSH 
on general RNA synthesis, it could be an RNA polymerase 
or polymerases. The of events follow- 


ing the action of TSH on thyroid nuclei ia shown in Fig. 4. 


- 





Fig. t. Diagram showing the mode of action of thyroid stimulating 
hormone on thyroid nuckear metabolism 


Many effecta of TSH on thyroid cell metabolism have 
been described. These include actions on pyridine 
nucleotide concentrations“, glucose oxidation", sodium 
uptake! and phospholipid turnover™, all of which occur 
within 10 min of adding TSH to thyroid slices. It is not 
posaible at present to relate these reported early actions 
of TSH on whole cell preparations to the changes we 
have observed in isolated nuclei. 

This work was supported by U.B. Public Health Service 
grant AM-0544 and grant OA-07087 from the U.S. 
National Canoer Institute. We thank Messrs. Merck, 
Sharp and Dohme, Inc., New York, for a gi of actino- 
myoin D. Dr. R.M. 8. Smellie kindly provided the samplo 
of *P-UTP. 
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INDICATIONS OF THE PRESENCE OF ORGANOCHLORINE INSECTICIDES 
IN RAINWATER IN CENTRAL ENGLAND 


By G. A. WHEATLEY and J. A. HARDMAN 
Natlonal Vegetable Research Station, Wellesbourne, Warwick 


LTHOUGH organochlorine insecticides have been 
widely used for many years, their exact fate ın the 
environment is still largely unknown. Occamonally, back- 
ground levels of dieldrin in untreated so in microplote 
at Wellesbourne have appeared to increase by amounts 
too large to be explained solely by variations 1n sampling 
and analytical techniques. Appreciable amounta of 
insecticide are known to be ‘lost’, presumably into the 
atmosphere, durmg spraying operations’, and Harris 
and Lichtenstein considered it evident from their expen- 
mente “that volatihzation of insecticidal residues from 
soil is a major factor in their ‘disappearance’’’*, In the 
spring of 1964, we decided to explore the posmbility that 
insecticides might now be present in the atmosphere and 
consequently in ramwater at concentrations sufficient to 
account for apparent residue increases observed in the 
mucroplote. 

An 8-in. diameter copper raingauge was set up on short 
grass at the Agro-Meteorological Station at Wellesbourne 
on April 1, 1964, and rainwater was collected in a 2°5-l. 
glass bottle placed inside the body of the raingauge. The 
` collecting bottle was changed on May 1 and afterwards on 
the first day of each calendar month so that monthly rainfall 
samples were obtained during April 1904—February 1965 
inclusive. Supplementary samples of rainwater were also 
collected on occasions during January and March 1965 
after rain had begun and it was evident that a prolonged 
period of rain could be expected. Glass diahes were placed 
on a wire-mesh grid about 40 om above the ground in the 
centre of a grasa field at Wellesbourne and, when the rain 
stopped falling, the water collected in the dishes was 
emptied into a glass bottle and taken to the laboratory. 

Throughout the work scrupulous attention was given 
to minimizing potential contamination or interference 
from reagents or other within-laboratory sources. The 
all-glass apparatus used was washed successively in hot 
water with detergent, distilled water, acetone and hexane 
and then heated for several hours at 100°-110° O. It was 
rinsed in with acetone and hexane prior to use and 
the purity of the final rinsings was tested by gas/liquid 
chromatography. Reagent blanks were also processed 
concurrently with the samples. 

The method used to analyse the April-Ootober monthly 
rainfall samples waa of marginal sensitivity, but a simpler, 
more sensitive method was developed before the later 
samples were analysed. In the latter method, the rain- 
water was extracted with hexane and, by maintaining a 
ratio of 30 ml. hexane to 1 l. of water, y-BHO, dieldrin and 
p,p’-DDT were found to be extracted with an efficiency 
in excess of 95 per cent. The hexane extract was passed 
through hexane-washed anhydrous sodium sulphate and 
concentrated under reduced pressure at 57° C to leave 
about 0-2 ml., which was subjected to thin-layer chromato- 

graphy on ‘Silica Gel G' (Merck), the adsorbent having 
` first been waahed by pre-developing the plates with 
acetone. The corresponding reagent blank extract and 
analytical grade specimens of y-BHC, aldrin, dieldrin and 
p,p'-DDT were applied to the same thin-layer plate. 
After developing with a 4: 1 mixture of hexane : benzene, 
the area occupied by the sample and reagent blank 
extracts was masked while the plate was being sprayed 
with silver nitrate/phenoxyethanol reagent before being 
exposed to ultra-violet light to reveal the reference spots. 
Adsorbent was removed from the chromatographic axes 


of the sample and reagent blank extracta in Rr positions 
corresponding to those of y-BHC, dieldrin and p,p’-DDT, 
and ıt was eluted with a 1: 1 mixture of hexane : benzene 
to give 0-20 ml. extract. 

Gas chromatograms of the extracts were abtained using 
a Shandon FB-4 ionization chromatograph fitted with an 
electron capture detector operated at 5 V. A stainless 
steel column, 2 mm internal diam. and 40 cm long, 
packed with 1-5 per cent w/w of a 6:4:1 mixture of 
‘H301’ silicone elastomer: ‘Apiezon L’: ‘Epikote 1001’ 
resin on 100—120 mesh non-acid-waahed ‘Chromosorb G" 
was operated at 157° C with a nitrogen flow of 1-0 ml./s. 
The injection port temperature was approximately 220° C 
and 5 ul. volumes were usually injected. The quantitative 
estimates were obtained by comparing the peak heights 
on the gas chromatograms of the extracta with those 
given by standards prepared from analytical grade gpeci- 
mens of the insecticides, deducting the value for the 
appropriate reagent blank and correcting for recovery of 
the insecticides from the thin-layer plates, found to be 
90, 70 and 50 per cent for dieldrin, y-BHC and p,p’-DDT, 
respectively. 

All the rainwater samples examined so far havo 
yielded solutes identical in behaviour to y-BHC and 
dieldrin in both the thin-layer and gas/hquid chromato- 
graphio systems. With the more sensitive method used 
to analyse the post-October samples, a solute correspond- 
ing in behaviour to p,p’-DDT was also detected. The 
concentrations of the solutes in the ramwater samples 
varied from month to month and they appeared to be 
independent of the total monthly ramfall recorded in a 
nearby raingauge. The quantitative results for the 
April-October and the November-February monthly 
samples and the direct collections made in January and 
March 1965 are summarized in Table 1. 

Microchemical reactions adapted from those proposed 
by Hamence! were used in an attempt to confirm the 
identity of the extracted solutes in the post-Ootober 
samples. None of the solutes was affected by chlorination. 
Treatment with alcoholic potash removed the apparent 
y-BHC peaks from the chromatograms, eliminated the 
apparent DDT and enhanced the response at the 
retention time of »,p’-DDE. It had no observable effect 
on the apparent dieldrin peaks. Bromination eliminated 
the apparent dieldrin from the chromatograms, 
yielding several ill-defined peaks with long retention times. 
In these microchemical teste, the solutes from the rain- 
water were indigtinguishable in behaviour from oom- 
parable nanogram amounts of analytical grade specimens 
of the insecticides. ' 

An estimated 50 nanograms of apparent y-BHC was 
obtained from a sample of rain collected on March 15, 


. 1965, and a simple bioassay test using male Drosophila 


Table 1. AYERAGM CONCENTRATIONS 
INZBOTIOIDES FOUND IE RAINWATER , 
Pirrs OF HADTWATER 


The ranges of concentrations found are shown in parentheses 


OF APPARHWT |OZGANOGOMLORDEN 
EXPRESSED AB Parts PER 10" 


Samples y-BHO Dieldrin »-DDT 
Month! ie 
Agni Octo 1964 97 (77-120) 28 eae — 
ovember 1964—February 1965 100 (32-164) 20 (10-25) 3 (1-4) 
Maroh 1965 29 (12-52)* 9 di 3(—0t 
Reagent 2 (1-8) 3 (14 «06 
* Fire 


samples. 
+ Four samples. 
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indicated that, within the limitations of the test, the 
solute from the rainwater was as markedly toxic as 
analytical grade y-BHO. 

The resulte of this investigation suggest that the rain- 
water samplea obtained at Wellesbourne contained detect- 
able amounts of y-BHC, dieldrin and DDT, but, 
unfortunately, infra-red spectrography could not be used 
to confirm the identity of the minute amounts of the 
solutes encountered. Nevertheless, it was clear that the 
apparent increases in residues in the untreated microplots 
could not be accounted for by fall-out of insecticide in 
rain because calculations showed that 1 part of solute in 
10! parte of rainwater could deposit only 2-7 mg of solute 
per acre for a 24-in. annual rainfall. No significant increase 
in the contamination of agmcultural land seems likely to 
ariso from thia source, but the presence of organochlorine 
insecticides in the atmosphere and in rain would aid their 
dispersion in the environment and might explain the 
occurrence of residues in unexpected places*. 

In view of the world-wide use of organochlorine insecti- 
cides and the extensive distribution of their residues in 
soil, together with the foregoing evidence, it is posable 
that they might now contaminate the atmosphere con- 
tinuously. We have estimated from data on their usage* 
and rates of loea from soil that residues of aldrin, dieldrin, 
y-BHC and DDT amounting to about 1, 8, 2 and 30 tons, 
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respectively, are probably present in the upper 5 mm of 
soil of the total cropped acreage in England and Wales, 
even during the winter period when insecticides are not 
being extensively used. The emanation of vapours from 
such extensive superficial residues might give rige to & 
baokground level of contamination in the atmosphere to 
which would be added variable direct contributions from 
present pesticide applications on both local and possibly 
global scales. 

The samples examuned during this work were all col- 
lected in & locality in central England and, if the identi- 
fication of organochlorine insecticidea in rainwater is 
afterwards confirmed, rainwater samples will have to be 
analysed from many localities before the extent and 
variations in the degree of atmospheric contamination 
can be fully assessed. 

We thank Mr. D. W. Wright, Mr. A. V. Holden, Dr. 
J. T. Martin &nd Dr. D. J. Skerrett for their advice, and 
Mrs. C. M. Ackley and Mise C. E. Jameson for their 
assistance. 


d Donkèt G 0., Weinman, O. J., and Bann, J. bL, J. Econ. Ertomol., 48, 919 


2 Harris, C. E , and Idchtenstan, B. P., J Eom. Entomol., 64, 1038 (1981). 
* Hamence, J. H. (personal communication). 

1 Anon , Now Soi., 25, 483 (1065). 
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GROWTH OF TRANSPLANTED LEUKAEMIC CELLS IN THYMECTOMIZED MICE 


By Dr. DELPHINE M. V. PARROTT and Da JUNE EAST 
Imperial Cancer Research Fund, London, N.W.7 


T is now clear that the immunological responses of mice 

thymectomized within 24 h of birth are selectively, 
not totally, impaired. Such animals may be unable to 
reject allogeneic skin grafts’, immunologically competent 
lymphoid cells from normal donors with different H2- 
histooompatibility loci™? or tumour hamografte*, but their 
capacity to produce humoral antibodies to certain antigens 
is unimpaired’. In the experiments described here allo- 
geneic (AKR) leukaemic spleen cells were used in prefer- 
ence to akin grafts to test the immunological capabilities 
of O8H|B$ mice thymectomized 12b-25 days after birth. 
Leukaemio cells grow rapidly, disseminate widely and 
provoke both humoral antibody and cellular responses‘. 
‘They might, therefore, be expected to stimulate the entire 
lymphoid system as with skin which 

i ily elicit limited cellular reactions ın the local 
lymph nodes. It ia also more practicable to sasess fine 
differences in immunological responsiveness by injecting 
varying numbers of leukaemic cells than to use multiple 
skin grafts provided by donors of several strains. Three 
parameters, age at thymectomy, age at injection and dose 
of leukaemic cells, were examined. In this investigation 
only the overall immune responses of the mice were 
assessed, no distinction being made between the cellular 
and humoral components. 

Thymectomized or intact inbred C8H/B$ mice were 
given 1 x 10? or 1 x 10* AKR leukaemic spleen cells 
subcutaneously in a volume of 0-1-0-2 ml. Groups of 
intact inbred AKR mice injected with 1 x 10, 1 x 10° 
or 1 x 10* leukaemic cells were also included for com- 
parison. Animals which did not die of leukaemia were 
killed for examination at least six weeks after injection. 
New-born 03H/Bi mice were thymectomized using 
anaesthesia produced by cooling’, but ether was used for 
operations on i aged 23-25 days. Wherever 
practicable, some mice in each litter were left intact. 
The leukaemic cella used were ll7th-l70th transplant 
generations of a lymphatic leukaemia which had origin- 
ated spontaneously in an 1l-month-old female AKR 


mouse and had been passaged regularly, since November 
1960, in young adult AKR recipiente. The inocula were 
prepared from suspensions of spleen cella in Hanks’s 
solution which were counted and diluted as required in 
the same medium. 

of intact mice to leukaemic cella (Table 1). 
Intact AKR mice injected with leukaemic AKR spleen. 
cells at 27-100 days died within 8-16 days. They showed 
hepatoeplenamegaly, groee enlargement of all the lymph 
nodes and leukaemic infiltration of many other organs, 
including the thymus. Few tumours were seen at the site 
of inoculation and then only in mice which had received 
the smallest dose of one thousand cells. Survival time 
decreased as the number of leukeemic cells in the inoculum 
was increased from one thousand to one million, and 
young mio injected when 28 days old died more quickly 
than older animals aged 80-100 days. 

By contrast, the majority of the mtact 08H /Bt mice 
rejected the allogeneic leukaemic cells and survived. Even 
nestlings aged 14-18 days were unaffected by a thousand 
cella. Some (7/84) animals, leas than six weeks old, died 
of leukaemia when. the cell dose was increased, but the 
older recipients (42-211 days) survived. It is not sur- 
prismg that a few of the O3H|Bi mice &ooepted the 
allogeneic leukaemic cells since they have the same 
histooompatibility locus (H24) as the AKR strain. 
Table i. Rusrowss oF Intact AKR AWD ORH|Bi Mion TO AKR LAUKAMOO 

SPLEEN CELLS INJECTED SUBOUTANBOUBLY 


Age at Dose of Mean survival 
Stam Injection loukaemlo No. mie leukaemic time and range 
(days) cels No. mo (days) 
AKR 27-87 1x10* 18/18 12-0 (12-16 
27-837 1x10* 8/8 10-1 (10-11 
28 1x10 8/8 B1 (8-0) 
80-100 1x10* B/8 10 4 (9-11) 
OBA 14-18 1x10 0/12 — 
23-14 1x10* 0/6 == 
35-88 1x10 ah — 
27-80 1x10 2/14 9-4 (18) 
36-42 1x10 5/20 9-8 (8-18 
43-49 1x10 0/10 — 
90-100 1x10 0/15 = 
184 1x10* 0/5 — 
211 1x10* 0/6 — 
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padao inlone from, wasting mioo passaged —eee tart, 
t Additional dose of 1 x 10* leukaemte given 47—51 days later. 


Response of thymectomázed mos to leukaemic cells. A 
number of factors determined the design of these experi- 
mente. For example, 083H/Bi mice thymectomized 19-48 h 
after birth develop a ing syndrome and die pre- 
znaturely, usually within 12 weoks*:**, and their im- 
munological responses had, preferably, to be tested. before 
they were six weeks old despite the fact that intact 
animals of this ago were unable completely to resist large 
numbers of leukaemic cells. Wasting mice can bo dis- 
tinguished from leuknemio mice, post mortem, by the 
normal or small size of their lymphoid organs and, histo- 
logically, by a lymphocyte defiat in their tissues and 
blood, but subsidiary passage experiments were also mtro- 
duced to check wasting mice for the presence of loukaemic 
cells. These restrictions did not apply to most mice 
thymoctomized later than 48 h post partum because pro- 
gressive delay in thymectomy minimizes and finally 
eliminates the wasting e838, 

Only 2/7 C3H/Bi mice thymectomixed within 24 h of 
birth and none of the intact controls died of leukaemia 
when injected with one thousand allogeneic leukaemia 
cells at 85-88 days of age (Table 2). The remainder (5/7) 
died wasting at the same age (48-54 days) as uninjected 
thymectomized mice, on average 12-4 days after injection. 
It was possible that all the thymectomized mice would 
have afterwards become leuksemio if had not 
intervened, but it was noted that they wasted at the same 
time after injection as intact AKR mice, given an identical 
dose of cells, succumbed to leukaemia, namely, 12-0 days. 
We assumed, therefore, that some of the O3H/Bt mice 
thymestomized on the day of birth had at least offered 
token resistance to the leukaemic cells. 

This assumption was tested by giving the leukaemio 
inoculum at the much earlier age of 16-24 days (Table 2). 
In this case 4/8 mice thymectomixed within 24 h of birth 
developed leukaemia 12-18 deys after the injection of a 
thousand cells, but an equal number survived for as long 
as 21-82 days without becoming leukaemic and wasted 
at the same age as uninjected thymectomized mice. By 
delaymg thymectomy until 24-48 h the inadence of 
leukaemia was reduced to nil although all the mice again 
wasted at the expected time (Table 2). 

When ing was ameliorated by further postponing 
thymectomy until 48-72 h after birth, none of the seven 
mioe tested when 52-194 days old developed leukaamia. 
If, however, an additional and r (one million) 
number of leukaemic cells was given to six of these 
animals after an interval of 47-51 days they were unable 
to make @ secondary response and died rapidly of leuk- 
semis 9~12 days later. Intact controls, similarly treated, 
showed no leuksemic symptoms (Table 2). 

Immunological deficiencies in the thymectomized 
O3H/B+ mice became apparent when the number of 
leukaemic AKR oells in test dose was increased to a 

illion (Table 8). Many more mice (40/50) thymectomized 

Y to four days post partum died of leukaemia if tested 
‘87-58 days than did intact animals (7/49) of a oom- 
le age. Even mice thymectomized at 60-96 h, 
showed no wasting symptoms, still died precipi- 








Age at Total No. Mean survival No. Mean survtval Mean at 
Infeotion No. mios time and range mios and range death Tangs 
(days) mise (days) wasting (daya) (days) 
35-38 7 z 21-5 (18-25 5 12 4 (8-19 "0 
Ee | 1] d CB es CE Rs 
— = — ?0 — 48-5 (50-60 
16-24 8 4 15-0 (12-18) 4* 27 3 (21-82) 3 
E | 4 | 3 cu NE E oi 
0 — 6* 36 9 (28-55 58-9 
14-16 D 0 — — EB ? ie f 
= — — 24 — 54:3 (84-80 
set | NN , i oq os a 
6 5 12 — — 
s) 63-104 13 o gu = 3 = 
00-241 tł 12 0 — — — — 
— 28 — — 16 | — 69 8 (41-198) 











tately when the leukaemio inoculum was given as late as 
five months after the operation. If thymectomy was 
delayed until weaning, only 5/27 mice developed leuk- 
aemis. 

Despite the large number of leukaamio oells injected, 
some of the animals thymectomized lesa than 94 h or 
24—48 h after birth died ing and were not overtly 
leukaemio (Table 3). It was evident that 4 of 18 mice 
thymectomized at 24—48 h wasted at the aame time aa, or 
later than, those which showed gross leuknemio infiltration. 
It seamed that theese few mice had either managed to 
rejeot the malignant oella or to delay their growth. 

Passage experiments. Cell suspensions were prepared 
from the spleens of thymectomized 03H/Bi mice which 
had received a thousand leukaemic cella at 14-16 or 
16-24 days and which had been killed wasting but not 
overtly leukaemic 21-55 days later. These included four 
mice thymectomized 12-24 h after birth and three 
animals thymectamized 24-48 h post parium (Table 2). 
Healthy intact litter-mates, similarly treated, were killed 
at the same time to provide control material. 

Concentrated spleen cell suspensions from each donor 
were then injected subcutaneously into groups of intact 
two-month-old AKR mice. None of the 46 recipients 
showed any groes or microscopic evidence of leukaemia 
when they were killed six weeks later, although similar 
recipients injected with spleen suspensions from three 
leukaemic thymectomized donors died within one week 
of passage. 

Allogeneic leukaemic oells can be used to test the 
immunological capabilities of thymectomized mice. The 
test 18 stringent but it has the virtues of flexibility, pre- 
ason and ampliaty. The resulta obtained confirm our 
previous statements that any asseaament of the immuno- 
logical status of thymectomized mice must take into 
account the fact that they are capable of some lymphoid 
development and that their ability to make an immuno- 
logical response may be determined by the nature and 
extent of the antigenic stimulus applied and the age at 
which it is given"-!*. 

The dose of leukaemic cells was the most important of 
the three parameters examined. If the test inoculum 
contained only æ thousand allogeneio leukaemic spleen 
cells à considerable number of neonatally (12-72 h) 
thymectomized O3H/Bi mice, like intact controls, were 
able to marshal their mmunological resources and Teject 
Table 3. HE&PONKE OF THYMENOTOMIXED ORH/Bi Mice TO 1x10* AKR 

LNUKANMIO SPLEEN CELLS IMJEOTED SUBCUTANBOUBLY 


No Meansurvival No. Mean survival 

Age at Ageat Total mios and mioe tims and 
thymec- EM No. leu- Tange wasi- rango 

tomy days) mice kaem!o (days) mg (days) 
12-24 h 27-30 15 10 10-6 (8-16 5 7 1 (0-10) 

taot 27-30 1 2 9 10 — — 
24—8h i2—58 18 14 10 8 (8— 4 11 3 (0-17) 
Intact 42-490 10 0 — m — 
50-65 h 55-88 8 7 101 (8-18 1 80 
Intact 36-42 20 5 9-8 (8-18 — — 
72-06 h 43-48 9 9 9-7 (9-11 0 — 

h 134—147 6 6 10 2 (0-12 0 — 
Intact 134 5 0 — — = 
28-25 days 34-52 258 5 10 4 (8-15) 0 — 
23-25 days 210 4 0 EE 0 nd 
Intaet 211 6 0 — = = 
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thymectomized 
animals or in their intact litter-mates. When the teet 
dose was small & slight delay in thymectomy of 12-48 h 
post parium enabled the animals to combat the leukaemic 
cells more effectively. Nevertheless, mice thymectomized 
48-72 h after birth were unable to mount a secondary 
repone against a mori evire ee een ied 
the test dose was increased to a million leuksemio 

oells the majority of the animals, whether thymectomized 
at 12 h or at 4 days, were unable to react immunologically 
and died of leukaemia 8-16 days later. The mice even 
accepted and succumbed presipitately to cells injected 5 
months after thymectomy. Only mice thymeotomised at 
weaning and intact controls rejected this number of 
by the high dosage levels was that mice thymectomizod 
at the comparatively late age of 4 days were immuno- 
logically i : 
laboratory 
and lve me DU e To 
may disguise a very immunological defect. 

We oonsider the ability of neonatally thymectomized 
O3H/Bi mice to make a primary response to small numbers 


conditions, do not waste but grow normally 
Thus, apparent normality 
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Yet such animals, under ordinary: 
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it is poesible to 
speculate that the residual responses of thymectomized 


defective cellular immune mechaniams. This hypothesis 
must await further experimentation but it must be oon- 
cluded that an immunological system correctly estab- 
lished by the thymus in very early life is of considerable 
importance in combating the growth of transplanted 
malignant cells. 
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STRUCTURE OF THE PIGMENTS OF PRECOOKED IRRADIATED MEATS 


By Dx. BASIL G. TARLADGIS* and A. M. F. EHTASHAN-UD-DIN 
Department of Food Technology, University of New South Wales, Kensington, Sydney 


[ee a cee to Dod 
colour of cooked meets ia partially converted to red 
by ionizing radiations. The red colour of pre-cooked 
irradiated meats has been characterized by Tappel as a 
denatured globin haemochrome*. However, Tappel’s 
work was performed on meets which had received a 
radiation dose of 2 x 10° repe only. Therefore, the 
character of the pigment in cooked meats treated with 
various radiation doses is still doubtful. 

It'has been previously shown that the colour of the 
iron-porphyrin oo-ordination complexes responsible for 
the colour of meats treated in various ways depends not 
only on the oxidation state of the iron, but on the electronic 
configuration of the 8d electrons of the metal ion**. In 
tarn, the ligands occupying the 8dz! orbital of the iron 
directly affect the electronic configuration of the iron’, 
and, thus, the oolour of meat*. In the case of pre- 
cooked irradiated meats, both the ligands and the elec- 
tronio configuration of the iron in the porphyrin oo-ordina- 
tion complex are unknown. In addition, very little oen 
be fo in the literature regarding the total cooked 
moat pigment losses which oocur during radiation. 

Recent reflectance investigations provided evidence 
on the electronic ion of the iron—porphyrins 
responaible for the oolour of oooked and cured meete*'*. 
It is thought that application of the same methods may 
throw more light in the structure of the pigments of 
irradiated cooked meats. 

The purpose of the work recorded here was, therefore, 
to provide evidence regarding the identity of the pigments 
dr peo for the oolour of the irradiated cooked meats 

to evaluate the pigment losses that occur during 
radiation. 

Freeh beef, lamb, veal and pork were 
local market, most of the fat was remo 
was minced in a mechanical mincer. After thorough 
mixing by hand, the meat was packed in No. 301 cans, 
175 g of meet per can, sealed under vacuum and cooked 


* Present address: Unilever Research Laboratory, Vlaardingen, The 
Wetherctands. 


in a retort to an internal temperature of 70°C. Half the 
cans, packed in dry ioo, were ship to the Australjan 
Atomic Energy Commission radiation facilities at Lucas 
Heighta, New South Wales, where they received doses of 
ionizing radiation rangmg from 1 x 107-6 x 10° rads, 
using a cobalt-60 source. The remaining cans were stored 
in æ freezer, at a temperature of — 20° C, to serve as 
controls. The reflectance spectra of all les were 
recorded, after separating the surface layer mincing 
the meat again, using & Beckman DK2 recording spectro- 
photometer with the SEE Ce ice as described 
in previous publioetions*'*. total pigment content 
of the various meats was and estimated &ocord- 
ing to Hornsey’s method”. 

The reflectance of the irradiated pre-cooked 
beef, lamb, veal and pork are shown in Figs. 1-4 reepeo- 
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3. Reflectance spectra of cooked veal, after irradiation with the 
nius cen nup a ae 10°; 3,5 x 10°; 4,2 x 10°, 
, 6 x 


tively. The spectra of the unirradiated controls are in- 
cluded for comparison. 

In general, the reflectance of the various cooked 
meats and at the same iation dose-level are very 
similar. The observed slight differences are to be expected, 
due to variations ın pigníent content. 

The intenmty of all spectra increases with radiation, 
while the ratio of the reflectance maxims of a:b bands 
(580 : 540 my) rises also, tending to reach unity. At the 
same time, the maxima of both a and b bands shift to 
shorter wave-lengths with radiation, while those of the 
Y- (Soret, 400 mu) band move toward longer wave-lengths 
(Table 1). In addition, and at radiation doses above 
5 x 10* rads, the charge transfer bands at 485 my and 
640 mp disappear. 

Table 2 shows the total pigment content of the un- 
irradiated controls and that after radiation at the various 
dose-levels. It is interesting that during radiation at 


Table 1. REFLEOTANOB MAXIMA OF BORET (y) BAND (My) 


Beef Lamb Veal Pork 

Non-trradtated 411 410 411 410 
Irradiated (rads) : 

1x10 414 412 414 412 

5 x 10 418 415 418 416 

2 x 10° 420 417 419 421 

5 x 10* 424 421 435 429 
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Table 2. TOTAL PIGMENT IN P.P.M. OF HAXMATIX 


Beef Lamb Veal Pork 
Non-rradiated 209 202 96 74 
Irradiated (rade): 
1 x 105 166 162 75 55 
5 x 10° 166 155 75 54 
£ x 10* 154 148 68 50 
5 x 10° 182 127 61 46 


least 50 per cent of the total pigment loss occurs at a dose 
of 100,000 rads. 

The reported spectra in Figs. 1—4 and values in Tables 
1 and 2 represent averages obtained after several measure- 
ments on at least 4 different lee from each treatment. 

In interpreting the spectra of irradiated cooked mesta, 
one is faced with the inconsistency that the intensty of 
the spectra is inversely proportional to the total pigment 
content of the meat. However, it is well known that the 
absorption or reflectance spectra of the metal co-ordination 
compounds arise from electronic transitions initiated by 
absorption of ight’. It1s equally known that tho intensity 
of & spectrum depends solely on the spin state of the metal 
10n of the co-ordination complex®*; for example, equal 
amounts of met-, oxy- and haemo-giobin possess much 
different Æ mar!®. The differences are explained because 
the d-d’ electronin transition of the high-spin methaemo- 
globin is & forbidden one, 1n the low-spin oxyhaemoglobin 
18 & partially allowed one, while in the high-spin haemo- 
globin 18 an intermediate of those two’. 

Olose examination of the reflectance spectra of the 
irradiated cooked meats leads to the conclusion that both 
the spin and the valency state of the iron is affected by 
ionizing radiations. The increased intensity of the 
spectra, accompanied by the appearance of two distinct 
bands (a and b bands), clearly indicates that the high-spin 
ferrio-porphyrin compound of the cooked mesta is 
gradually converted by radiation to the low-spin state’. 

It is further shown by the spectra that the reflectance 
maxims of both a and b bands shift to shorter wave-lengths 
with radiation, while those of the y-band move toward 
longer wave-lengths. This is interpreted as strong 
evidence that the ferric ion of the metmyochromogen 
is gradually reduced by radiation to the ferrous form**. 
However, the reduction of the iron does not seem to be 
quantitative, sincə even at 5 x 10° rada the intensity of 
the a band tends to be equal to but not higher than that 
of the b band. A complete reduction is indicated by an 
intensity a : b band ratio much higher than unity*. 

The fact that both charge transfer bands (485-640 mp) 
of the metmyochromogen disappear with radiation gives 
additional evidence supporting the conversion of the 
high-spm ferric to the low-spin ferrous form’. It has been 


100 





500 


Wavelength (mu) 


.4. Reflectance spectra of cooked after irra: 
UE bella e caine 1, iura 1s ; 3,5 x 105; 4,2 x 10; 
H x 


b 


No 4996 July 3L 1965 


generally accepted that the iron of the porphyrins in 
cooked meats is reduced by ionizing radiation’. If 
reduction was the only effect of radiation on iron, then the 
high-spin ferrio porphyrin compound of cooked meats 
would have been converted to a high-spin ferrous com- 
pound. In this case, the spectrum of such & compound 
would have shown only one band of medium intensity, 
located at 545 mu, and not a two-banded spectrum*'*^*. 

The spectra of the irradiated cooked meats show that 
during radiation the spin state of the iron is altered 
while iron is being reduced. Since the spin state of a metal 
ion in & co-ordination complex depends on the electro- 
negativity of the ligands, then it follows that replacement 
of the ligands of the iron during radiation must precede 
any changes in spin state. It is, therefore, evident from 
the presented spectra that the electro-negative ligands 
of the iron of the high-spin metmyochromogen of the 
cooked meats are gradually replaced during radiation by 

- electro-poative ligands. Then the latter induce the change 
in the spin state of the iron. 

In view of the foregomg resulta, tho mechanism of 
colour conversion of the cooked meats by ionizing radia- 
tions may be visualized aa follows: at low radiation doses, 
at least one of the ligands of the iron in the metmyo- 
chromogen, and most probably water, is dissociated from 
the complex and is replaced by & lees electro-nogative group 
present in the medium. The new ligand is then responsible 
for the gradual change in the spin state of the iron, from 
the high- to the low-spin form. At the same time, some 
of the iron is being reduced. At radiation doses above 
5 x 10* rads, the dissociation of both ligands of the iron 
increases, together with their replacement by electro- 
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positive ones, while more iron is reduced. Thus, at 65 x 10 
rada, most of the iron is converted to the low-spin ferrous 
form. : 

It is thought, therefore, that the compound responsible 
for the colour of the irradiated cooked meats and at 
radiation doses up to 5 x 10* rads is a mixture of high- 
spin ferric, high-spin ferrous and low-spin ferric porphyrin 
oo-ordmation compounds. At radiation doses above 
5 x 10% rade, the mixture consiste mostly of a low-spin 
ferrous and a low-spin ferric porphyrin. The oontribu- 
tion to the mixture of the low-spin ferrous form moreases 
with the radiation dose. 

Because of the recent interest in radiation pasteurixa- 
tion, it haa to be pointed out that cooked meats, subjected 
to low radiation doses, would be unstable from the lipid 
oxidation point of view, since most of the pigment would 
be in the high-spin form’. Such oxidative changes, 
however, may be effectively prevented by the use of 
suitable autoxidants™. 
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ABSENCE OF ANTIBODY PRODUCTION IN THE BURSA OF FABRICIUS 


By Dx PETER B. DENT * and Pro. ROBERT A. GOOD ft 
Pediatric Research Laboratories, Variety Club Heart Hospital, Univeraity of Minnesota, Minneapolis 


dq importance of the bursa of Fabnoius in the 
development of humoral immunity in the chicken 
has become well established since the finding that early 
bursectomy prevents the production of antibody to & 
bacterial antigen". Furthermore, it has recently been 
clearly demonstrated that complete bureectomy in the 
neonatel period, coupled with sub-lethal irradiation, 
results in both permanent sgammaglobulinsemia and 
absence of germinal follicles and plasma cells from the 
spleen’. However, although the vital role of the bursa in 
the development of the immunoglobulin-produsing system 
has been established, the precise mechanism by which it 
exerts ite influence has not been fully elucidated and is 
now the subject of much investigation. 

An analogous situation existed with regard to the 
function of the thymus after it had been demonstrated to 
be essential for the development of cellular immunity and 
to & leaser degree for the development of humoral im- 
munity. However, it soon became apparent that the 
thymus exerts ita function in at least two ways. The 
work of Noesal* and Sainte-Marie and Leblond’ has shown 
clearly that the thymus can act by distributing lymphoid. 
cella to the peripheral lymphoid organs. The chromosome 
and immunological marker investigations of Miller* and 
of Dalmaeeo e£ al.', followed by the diffusion chamber 
experiments of Levey €t al.” and Osobe and Miller’, have 
established a humoral function for the thymus in mioe, 
and since then evidence for a humoral function m rate has 
been presented by Aisenberg and Wilkes’* and Mao- 
Gillivray et aU and in the hamster by Wong e£ al.™. 
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Recently, Bt. Pierro and Ackerman" and Jaukovio and 
Leskowitz!* have demonstrated that the bursa exerte ite 
effecta at least in part by e humoral action. Peterson 
st al. have shown that the bursa of Fabricius is essential 
to development of lymphoid malignancy in the chicken 
and more recent investigations indicate that this malignant 
development is probably dependent on the bumoral 
mftuence of the bursa!*, The question of whether the 
bursa distributes a population of cells with & particular 
developmental potential remains unanswered. 

In other investigations of the role of the thymus in 
immune mechanisms, Billingham e£ al.1’ and Mathé ei al." 
have ahown that thymio cell ions can exert graft- 
versus-host reactivity although much leas effectively than 
spleen cell suspensions. It is also known that the reactivity 
of these cells can be greatly increased by prior immuniza- 
tion in vivo". It is thus apparent that the thymus can 
take part in the expreemion of cellular immunity ss well 
as being essential for ite development. Evidence that 
bursal cells produce specific antibody in siiu, aa well as 
being responsible for the development of immuno- 
globulin production, has been scanty and inconclusive™. 
As part of our investigations of the role of the bursa of 
Fabricius in humoral immunity, we have found that the 
‘bursal cells do not produce specific haemolysins or haer- 
agglutinins to sae red blood cells. 

The technique of Jerne™ for the detection of haemolyain 
production by single cells in agar gel and the method 
described by Zaalberg™ for the detection of haem- 
agglutinin production by single cells were found to be 
suitable for this investigation. The former method was 
used as described by Jerne except that 2 ml. of a 1:1 
dilution of freah-frozen whole chicken plasma was put on 


red 
1 pex ems 


of 
meaübated for 2 h 


to the plates for 10 min at 37° O prior to the addition of 
guinea-pig complement. This was necessary because avian 
antibody requires the ies-specifle first component of 
complement in complement-dependent reactions“. For 


the detection of -producing oells, approx- 
imately 107 cells were to a 1 per cent suspension 
of washed sheep red blood cells i Hagle’s basal medium 


in screw-top 10-ml. test-tubes. These were incubated in 
a shaker water bath at 87° O for 2 h. The oells producing 
haemaggintinin were identifled by the adherence of sheep 
red blood cells to them, and these clusters were readily 
Oe LLL ee LE E 


Five week-old White Leghorn chickens obtained from 
e commercial hatohsry were used in this work. They 
were immunized three times at three-day mtervals with 
02 ml. of washed packed sheep red blood ocells intra- 
venously. Three days after the last injection they were 
bled and the spleen, bursa and two thymio lobes were 
removed. A single cell suspension in Eagle's basal medium 
was made by mmoing the tissue with fine scissors and 
pressing the fragmenta against the walla of a Potter- 
Elvehjem homogenizer with the handle of the pestle. The 
pestle was then placed into the homogenizer and allowed 
to drop to the bottom by the force of gravity. The over- 
lying fluid was removed and left to stand m the cold for 
15 min to allow the larger fragments to sediment out. 
The cell suspension was then decanted and i 
for 10 mm at 1,000 r.p.m- at 4° C. The sedimented calls 
were resuspended in Eagle's medium to give the desired 
concentration. Visbiliby was determined by the trypan 
blue dye exclusion method, and cell counts were per- 
formed using 2 per cent acetic acid as diluent. As chicken 
red blood cells are nucleated and are not lysed by acetic 


acid, the percentage of red blood cells in the spleen cell : 


on was determined by doing a differential count 
and the total cell count was ingly adjusted to 
exclude red blood cells. There were negligible numbers of 
red blood cells in the thymus and bursa oell suspen- 
sions. 

The results (Tables 1 and 2) show very clearly that the 
bursa and thymus cell suspensions contain insigni b 
numbars of cells-producmg either haemolyam or haem- 
agglatinin against sheep red blood cella. The few antibody- 
producing cells found in these organs could be the result 
of contamimation of the organ cell suspensions by anti- 
body-producing cells from the peripheral blood. , 


NATURE 





July 31, 1965 vor 207 


The difference between the number of cells 
producing haemolysn and the number 
producing heemaggtutmin is m accord with 
Zealberg's observations in the mouse. Al- 
though we realize that the rate of haemag- 
glutinin synthesis may be greater than that 
of haemolysin synthesis by the individual 
cella, we feel that the 1,000-fold differences 
we observed in the number of antibody- 
producing cells detected by theese methods 
may have been exaggerated for the following 
reasons. It may be that the figures obtained 
in the Zaalberg assay are too high, because 
in some of these clusters one is unable to 
gee the antibody-producing oell (Fig. 2), 
which, indeed, may not be present—the 
cells agglutmating simply as a result of 
liberation of the agglutinm into the medium. 
On the other hand, the results of the Jarne 
essay may be too low. The formed 
in the agar gel by hsemolysm-produoing 
cella were quite small and had to be counted 
under the dissesting microscope at 10 times 
magnification. We noted at 30 times 
magnification many very small areas of 
incomplete haemolysis which may represent 
cells producing msuffioient to form & 
distinct plaque (Fig. 3) or sub-cellular 
particles which have recently been shown to be capable of 
p e formation”. The value of these techniques in 
Dee dt ive and semi-quantitative assesament of antibody 
production by single oells is unquestionable. However, 
it seems doubtful if their accuracy is adequate for precisely 
quantitative investigations. 

A previous exammation of the produstion of specific 
antibody by the bursa waa made using fluorescent anti- 
body techniques, and it was suggested that bursal cells 


Table 1. HAXMAGGLUTININ-MRODUUINQ ONLLS IN TEN LYXFHOID ORGANS 
OT THE OHIGKEN 


Viable 
odis per 


Clusters per 10* 
Organ* oultare per viable 
(x10^) 0-9 mm.* cells 
Oon&ral chickens 

Spleen, 21-5 0 0 
eae 16-5 0 0 
Thymos, 40-0 o o 
Thymnme, 15-4 1 50 

Immunl»ed chickens 
Spleen, 109 126 14,101 
Spleen, m5 69 8,172 
Bpleen, 300 610 24,766 
Bursa, 154 0 0 
p E k 
Thymus, 838 2 30 
Thymus, 84.8 0 0 
Thymus, ‘43-4, 2 56 


* Bubscripts refer to tbe number of the Individual obickens. 


Table 2. HANXNOLYEZUI-FRODUOING CELLS IE THE LYMPHOID ORGANS OT 
THN CHICKEN 


Viahie Plaque Plaque 
ons per counts counts 
* culture per per 10* 
( x 10*) platet viable cel 
Spleen. 21:5 0 1 
. < 
Spleens 16-5 0 <1 
Burse, 4 0 <1 
Bursa, 0-4 0 «1 
Thymns, 40-0 0 «1 
Thymus, 25-4 0 « 
Spleen. 10-9 543 5 
Spleen, 22-5 941 - 41 
30-0 245 8 
154 0 <1 
Bursa, iis o SA 
Bursa 0 < 
Enzo m ^— | ʻi 
Th: < 
P. 434 1 «1 
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E gg MaMa den cluster of sheep red blood cells 





. 50 times magnification of a 
below ıt, an area of meom. 


did produce specrfic antibody after immunization with 
bovine y-globulin". The validity of this work has been 
questioned because of the failure to show specificity of 
the staining. We have shown conclusively that the bursa 
does not produce antibody to an antigen which elicits a 
atrong antibody reeponse in the oells of the spleen. If it 
is true that the bursal cells do not produoe specific anti- 
body, it now becomes of great importance to discover 
whether they produce y-globulin, for if this were so it 
would provide indirect evidence for the existence of 
y-globulin without antibody specificity and would have 
far-reaching implications regarding the mechanisms of 
antibody formBtion**. Further investigations along this 
line are in progress. 
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around a central splenio lymphoid 
oh!eken red blood oell (xe. 660), nghi, a uster 
phosd oell i not apparent (xo. 660) 
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The concept of central lymphoid tissues, 
the prime function of which is to ensure the 
normal development of immune mechanisms 
which are, in turn, expressed by the peri- 
pheral lymphoid tissues, i8 & useful one. 
The notion of the thymus as a source of the 
lymphocytes in the peripheral lymphoid 
tissues, originally proposed by Beard'', has 
been modified to take into account the recent 
developments in the fleld of immunobiology. 
particularly the emphasis on hormonal 
influences and on tbe analogous ‘source 
tissue’ functions of such tiasuee as the bursa 
of Fabricius. The experments reported 
berein, demonstrating the lack of antibody- 
produoing oells in the bursa of Fabricius, 
provide further evidence for the distinction 
between the central and peripheral lymphoid 
tissues. 

This work was supported by grants from 
the Amencan Cancer Sdciety, the U.S. 
Public Health Service (5T1-H E-6402, HE- 
02085, NB-02042), the American Heart 
Association and the National Foundation. 

1 GIkk, B., Chang, T. 8 , and Jaap, B. G., Poultry Soi., 38, 224 (1056). 
* Mueller, A. P., Wolfe, H. R., and Meyer, R. K, J. Immunol., 88, 172 
* Cooper, BI. D., Peterson, R. D A., and Good, R. A., Nature, £05, 143 


1 Rosmal, G J. V., and Gorrie, J., in The T. w mm Immunobiology, edit. by 
‘Good. B. A., and Gabnelen, A. B, (Hoeber-Harper, New York, 


? gainte-Marie, G., and Leblond, O. P., Blood, 83, 275 (1904). 

*anller, J F.A P., Ann. N.Y Acad Sa., 99, 340 (1062) 

1 Delmasso, A. P , Martinez, O., 8yodm, K, and Good, R. A . J. Exp Med, 
118, 1089 (1963) 

. n = E., Trainin, X , and Law, L. W., J. Nat. Cancer Ins , 31, 109 

* Osobe, D, and Aller, J. F A. P., Nature, 199, 653 (1063) 

1* Awenberg, A O., and Wilkes, B., Nature, 208, 716 (1065). 

Kert nni AL N., Jones, V. H , and Leskowitx, 3., Fes. Pros., 83, 189 


12 Wong, F AL, Taub, R. N., Sherman, J. D., and Dameahek, W., Fed. Proc., 
$4, 160 (1666) 

1 gt Pierre, R. L., and Ackerman, G. A., Sewnos, 147, 1307 (1965) 

i riri ed D ,and Leskowitz, B., Pioc Soo Exp. Biol. end Mes.,118, 1101 

1 Peterson, R D. A, Burmester, B. R . Fredrickson, T X , Purohase, H. G , 
and Good, B. A , J. Nat. Cancer Inw., 38, 1848 (1004). 

1* Peterson, R D. A, Purchase, H G., Burmester, B R., Cooper, M. D, 
and Good, R. A. (m the press). 

i B ) B. E, and Brent, L., Pii. Tiers. Roy. So., B, M8, 139 

1 Mathé, G , Amiel, J. L , Brézin, C., and Choquet, C., Rev. Frame. Etude 
Che. Bo., 9, 968 (1964) 

1* Fjore- Donati, Bianchi, L 


L., Chieoo- DeBensdiotis, G , and Tridente, G 
Blood, MA, 170 (1064). H. R, Boun, IL, Martinez, C, and 
Good, B 'A , Nature, 207, 208 (1965). 


EE T. IL, Bum, I. O., and Went, IL A., J. Exp. Zool , 149, 233 

n Jerne, N. K , Nordin, A. A., and Henry, C., in Cell Bound Antibodies, edit. 
by Amos, B., Koprowak!, H., 109 (Wistar Institute Press, Phila- 
delphia, 1063). 


n Zaalberg, O. B., Nature, 208, 1231 (1064). 

= Benson, H. N , Bromfield, H. P., and Pomeroy, B. 8., J. Immunol., 87, 
616 (1981) 

“ Fredman, H., Fed. P100., 84, 252 (1065) 

35 Burnet, F. àL, ab Australian Somety of Immunologists Meeting, Canberra 
(Dee. 4, 1964). 

™ Beard, J., Anat, AnS., 9, 476 (1891). 


AN AUTOMATIC DYNAMIC SPECTRUM ANALYSER FOR 
TAPE-RECORDED SIGNALS 


By Dr. R. L. DOWDEN and M. W. EMERY 
Department of Physics, University of Tasmania 


A DYNAMIC spectrum analyser provides amplitude 
or intensity as a function of both frequency and 
time of transient signals such as music, speoch, atmo- 
spheric ‘whistlers’, geomagnetic micropulsations, etc. 
Typically, for such phenomena, one requires a frequency 


resolution Af co: nding to 1 per cent or lees of the 
frequency range of the phenomena and a time resolution 
limited only by the unoertamty relation Af-Ar~ 1. 
Two types of analyser are commervially available. The 
first uses a bank of several hundred narrow band-pass 
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dyne system) over the deeired range. However, in order 
to obtein the maximum available time resolution the 
signal must be paaeod sevoral hundred times through the 


continuous analysis of long signals ia very tedious. 

Some ingenious methods (for example, ref. 1) have been 
devised to overcome this, even to the extent of providing 
‘real-time’ analysis. However, in our case the phenomena 
are already recorded on tape. What we required was an 
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Fig. 4. Continuous spectrograms produced by ihe analyser tn Fig. 1. Sener one shows a ver] iow: frequency ‘nose whister' and the lower 
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analyser which would provide continuous analysis of any 
length of tape completely automatically. A lohg analysis 
time, provided the operator's time was not involved, was 
quite teble. UA 

The principle of operation is illustrated in Fig. 1. 
Between 4 and B the tape travels at the normal playback 
speed (4°75 om/eec) controlled by the capstan B, or very 
much faster in the reverse direction when vacuum 
is applied at 4 and the capstan B is disengaged. Thus the 
tape executes an oscillatory ‘saw-tooth’ motion pest the 
pick-up head. The forward travel is determined by the 
pro duration of a pass (since the speed is fixed). 
The extent of the ‘flyback’ is determined by the size of the 
loop at B. However, since part of this loop has been pulled 
out by the slow speed capstan O during a pass, the flyback 
travel is slightly lees than the forward travel.. Thus the 
sample of tape passed is changed slightly after each pase. 
It will be seen that the number of times a given point on 
the tape passes the head is equal to the velocity 
ratio of capstans Band C. The position w of such a point 
as a function of time is shown in Fig. 2, for a capstan 
velocity ratio of sixteen. A photograph of the tape deck 
taken during operation is shown in Fig. 3. 

A saw-tooth voltage synchronized to the tape motion 
controls the frequency of the filter and provides the 
frequency-time base trace for the display cathode ray 
tube. The detected output of the filter is applied to the 
cathode-ray tube as intensity modulation. The modulated 
trace is recorded on continuously moving film. Note, how- 
ever, that since the analyser scans in both frequency and 
time, the trace must be inclined at a certain angle relative 
to the film direction in order to obtain orthogonal fre- 
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quency and time axes on the resulting spectrogram. 
The film: speed is adjusted for slight overlap of successive 
traces. The ency-time ratio is then con- 
trolled by the slow (0) speed. This is made adjust- 
able so aa to provide only the required aspect ratio 
(and time resolution) with a consequent saving in both 
film and analysis time. : 
Examples of dynamio spectrograms made by this 
analyser are shown in Fig. 4. When referred to the play- 
back speed (4°75 am/sec) the frequency range jn each case 
was 0-10 ko/s, the filter band width (frequency reeolu- 
tion) 80 o/s, and aspect ratio about 10 ke/a=1 seo. The 
real time or record speed values depend on the play-back/ 
record speed ratio, which was very high for the long 
period phenomena. The capstan velocity ratio (or pass 
number) was 385 in each case, which was somewhat greater 
than necessary. Note that the analysis time is leas than 
‘real-time’ when the capstan velocity ratio is less than the 
play-back/record ratio. Note also that tape recordable 
phenomena in any frequency range can be analysed by 
suitable choice of the latter ratio. ; 
The method described here provides automatic and 
continuous analysis in & relatively simple way. 
The instrument involved only minor alterations to 8& 
standard commercial tape recorder. In fact if the recycling 
e ia switched off and the slow capstan disen- 
gaged it will operate as a ‘normal’ tape recorder. As an 
additional refinement our slow capstan is engaged by & 
solenoid. Thus at any time during ‘normal’ operation 
for aural monitoring, &nalysis can be started immediately 
by preasing switch D shown in Figs. 1 and 8. 
1 GI, J. 8., Mature, 189, 117 (1901). 


MULTIPLE TRANSVERSE BREAKAGE OF THE FILAMENTOUS PARTICLES 
OF TURNIP-MOSAIC VIRUS BY ULTRASONIC VIBRATION 


By Dr J. A. TOMLINSON and D: G. A. WALKEY 
National Vegetable Research Station, Wellesbourne, Warwick 


; AND 
Dr. D. H. WATSON 


D. E. HUGHES 
Department of Microblology, University College, Cardiff 


Medical Research Council Department of Virology and Bacterlology, University of Birmingham 


TTEMPTS have been made by some workers to use 
the Ouchterlony agar diffusion ipitin test! for 
gerologicel work on rod and filamentous viruses. 
When the length of the virus was comparatively short, 
as in the case of tobacco mosaic! (300 my) and barley 
stripe moeaio virus* (126 my), successful results have been 
obtamed; but viruses with long filamentous particles 
to diffuse so slowly that satisfactory precipitation 
lines are rarely formed. Thus Ford‘, working with clover 
yellow mosaic virus (539 my), obtained sharp ipitation 
lines only after 1-2 weeks. Purcifull and Shepherd', 
however, were able to make gel-diffusion testa with four 
filamentous viruses by chemical degradation of the rods 
into protem fragmenta using ethanolamine and carbonate 
buffers. In some instances, however, the chemical treat- 
ments produced several serologically active components 
resulting in two or more ipitetion lines. 
In the investigation reco here the principle of 
cing small, faster-diffusing fragments of & long 
tous virus particle was also used; but the method 
chosen was to attempt to fracture the particles by ultra- 
sonio treatment. The use of this method to disrupt the 
particles of tobacco mosaic virus has been discussed by 
Bawden’. An isolate of the turnip mosaic virus originally 
obtained from rhubarb (Rheum rhaponitown L.) was 
used in the test reported here. It was cultured in the 
leaves of mustard (Brassica juncea Coss.) and infected 
leaves were homogenized at 2° C m 0-5 M sodium borate 


buffer (pH 7-5) oonteining 0-1 per cent thioglycollic acid. 
The virus was afterwards purified from the filtered 
homogenate by the borate-butanol method of Tomlinson”. 
The preparations were infective st dilutions of 10-* and 
they contained filamentous particles, most of which 
were & ximately 720 mp in length. Rabbit antiserum. 
of the virus, obtained by a series of intravenous injections 
with purified virus preparations, reacted positively in 
precipitin tube teste with purified virus diluted in normal 
saline (titre 1/1024). No camparable reactions were 
obtained between the virus pre ions and normal 
serum or between the antiserum and olarifled healthy 
mustard leaf sap. 

A purified preparation of the virus was treated for 
various times in a 500-W, 19-25-ko/s M.S.H. ultrasonic 
cell disintegrator. 5-0 ml. of the ion in 0-01 M 
borate buffer (pH 7-5) was placed in & thick-walled, round 
bottom glass tube (3-3 om internal diameter) which was 
cooled in ice water. Using the method described by 
Hughes! a titanium probe (stepdown from 5-8 om to 
2-0 cm) was set with ita ti just below the surface and 
driven at power settang 4, which is just above the cavitation 
threshold of 0-7 atm/om! for 12 min. 0-5 ml. aliquots were re- 
moved from the solution after 1, 8, 6 and 12 min treatment 
and the remaining solution was treated for 2 min at power- 
level 6 which is just sufficient to avoid cavitation ing. 

Preparations of the virus before and after ultrasonic 
treatment were negatively stained with a 2 per cent (w/v) 
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neutralized solution of phoephotungstio acid and mounted 
on to ‘Formvar’ coated grids for examination with a 
Siemens Elmiskop I electron microscope. Electron 
micrographs showed that the untreated preparations 
contained the long, flexuous filaments of the virus (Fig. 1). 
Ultrasonically treated preparations, however, contained 
predominantly much shorter particles (Fig. 2). Tho 
normal length of the negatively stained particles before 
the ultrasonic treatment was 722 mu and the arithmetical 
mean length of the treated particles was 121 mu. The 
length distribution of the rod-shaped particles in the 
untreated and ultrasonically treated virus preparations is 
shown in Fig. 3. There was little or no aggregation of 
virus particles in any of the virus preparations examined 
and preliminary observations have suggested that more 
of the surface detail structure of the virus was visible 
after the ultrasonic treatment. 

Agar diffusion tests were made in 9-cm glass Petri 
dishes in 0-75 per cent agar dissolved in 0-9 per cent 
sodium chloride and 0-04 per cent sodium azide. The 
antiserum and antigen wells removed from the agar were 
5 mm in diameter and spaced 6 mm apart. The pattern 
of wells used in the tests consisted of a central well con- 
taining the antiserum diluted 1/10 in normal salme 
surrounded by 8 peripheral wells which were filled with 
the virus preparations. The dishes were incubated at 
20° O in a moist chamber. 

After 1-2 days single precipitation lines were formed 
near the antigen wells filled with virus preparations that 
had received ultrasonic treatment, the intensity of the 
lines increasing with increasing treatment. By contrast 
no precipitation line was formed near the wells filled with 
either the untreated virus preparation or clarified mustard 





Fig. 8. The length distribution of m a preparation of turnip 
moselo virus (a) before and QJ after uitae treatment 






Lege me 
1, Miüectron micrograph of an untreated, partially purified - 
peores i OC ani mr partially ei ren 





Fig. 4. 36h -diffusion test against turnip mosso virus antiserum 
(central well) ddr de min (poser 4) pius d min (power 
m 


6); 5-6, untreated virus, 7-8, ustard sap. 

sap. Fig. 4 illustrates the precipitation lines formed after 

36 h using virus that had been treated for 12 min at power 

4 plus 2 min at power 6. It was concluded that the 

ultrasonic treatment of the virus particles had produced 

virus fragmenta that were stil serologically active and 

which had a rate of diffusion greater than that of the virus 

particles present in the untreated preparatians. a” 

200 mps Ar Following this initial experiment the treatments were /y " 

——— repeated on & fresh sample of purifled virus preparation. 77 
on of tumi i i ent were 

Fig. 2 Epaien thect engined Broken viru Pag oe aoe ee obtained in the first experim 
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Tt is not known which of the various sizes of particle 
produced. by ultrasonic treatment constituted the principal 
antigenic component, as the lower limits of fragmentation 
were not determined. It was noted, however, that in 
addition to the clearly discernible virus fragments, the 
electron micrographs of the ultrasonically treated prepara- 
tions showed a background matrix of smaller particles. 
These were difficult to resolve but some were roughly 
circular and of about the same diameter aa the width of 
the intact virus. The particles of turnip mosaic virus 
may be aimilar to those of tokacco mosaic virus or beet 
yellow mosaic virus’ and consist of hollow helices composed. 
of protein sub-unite. If so, the circular particles seen in 
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the electron micrographs may be composed of one or 
more of these helices. Some of the virus may have been 
broken into even smaller units. aspe 
of the ultrasonic treatment are now under investigation. 


1 Quohterlony, O , Ark. Kesm Min. Geol. B., 96, 1 (1048). 

1 Van Slogteren, D. H. W, Proc. Second Conf. Potato Virus Diseases, Liase- 
Wageningen, 45 (1054). 

* Moorhead, Ellen L, Virology, 13, 249 (1061). 

1 Ford, R. IL, Phptopathol., Wu, 615 (1064). 

» Pureifull, D. E, and Shepherd, B. J., Pkytopathol., 4, 1102 (19004). 

* Bawden, F. O , Plant Viruses and Virus Diseases (Waltham, Jass., 
Botanica Co., 1960). 

1 Tomlinson, J. A., Aan. Appl. Biol , 63, 05 (1064). 

* Hughes, D. H., J. Biochem. Microb. Technol, Hng., 4, 406 (1901). 
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SPLEEN AND LYMPH NODE FRACTIONS WITH ANTIBODY ACTIVITY 


By Dx. F. I. 


TSUJI, D. L. DAVIS and D. H. DONALD 


Veterans Administration Hospital and Depertment of Blophysics, University of Pittsburgh, Pennsylvania 


"TES is subetanti&l evidence that ribosomal 
particles are connected with tein synthesis. 
According to this concept, an unstab fraction of ribo- 
nucleic acid (RNA), formed through a deoxyribonucleic 
acid (DNA)-dependent synthesis! and acting &8 & messen- 
gert-*, provides the code for protein synthesis to occur on 
polyribosomal particles’. A echematic model of this 
process has been 0,18, 

Despite what is known about the mechaniam of protein 
synthesis, little ia known concerning the molecular aspects 
of antibody synthesis. Uhr! has observed that antibody 
formation by lymph node cultured in vitro is 
inhibited by actinomycin D. This result has been inter- 

reted to mean that antibody synthesis is DNA-dependent. 
ing to the effects of actinomycin D on protem 
syntheas, it is still difficult to specify the steps involved 
in antibody synthesis. For example, we cannot gay in 
what manner and at what point dunng synthesis immuno- 
logical specificity is conferred on the antibody.  Exoept 
in & broad sense, we also do not know the molecular role 
that the antigen takes. We are also uncertain as to 
whether & messenger RNA is produced that contains the 
information for carrying out & complete synthesis. 

In order to gain an insight into the process, extracta of 
spleen and lymph node cella from normal and immunized 
rabbits were examined by differential and sucroee density 
gradient centrifugations. The antigen used was luerfer- 
ase, & highly stable e gear for the blue 
luminescence of the marine crustacean, Cypridina 
hilgendorfis. The enryme catalyses the oxidation of 
luciferin (substrate) by molecular oxygen with the emis- 
sion of a blue light. The activity of luciferase is inhibited 
by antibodies (y-globulin fraction) produced against the 


enzyme. Properties of this luminescent reaction, including ' 


methods for isolating luciferin, for measuring light inten- 
sity, and for quantitating luciferase activity, have been 
described previously’. Luciferase was isolated by 
fractional su cuidas with ammonium sulphate and 
acetone, followed by gradient elution chromatography on 
diethylammoethyl cellulose". Rabbits were immunized 
with luciferase dissolved in isotonic saline (3 mg/ml.) and 
clarified at 105,000g for 1 h in a Spinco model L ultra- 
centrifuge before use. In all cases, centrifugation yielded. 
virtually no sediment. Subcutaneous injections were 
given above each shoulder according to the following 
daily schedule: lst and 2nd day, 1-5 mg; 8rd—5th day, 
3 mg; 6th-lðth day, 0 mg; l0th-19th day, 8 mg. On 
the 20th day, when the level of anti-luciferase activity in 
serum a maximum, the animal was anaesthet- 
ized with ether, bled by heart puncture (blood later used 
to prepare antiserum), and killed. 

The organs were immediately weighed and placed in 
cold Ringer’s solution, contaming 0:0056 M glucose. 


Unless otherwise specified, all subsequent manipulations 
were carried out between 0?—4? C. The organs were cut 
into small pieces with a pair of scissors, placed in 30 ml. of 
a solution containing 0-14 M NaCl, 0-005 M KCl, and 
0-0015 M MgOl, (solution 1), and ground by band in & 
loosely fitting Potter-Elvehjem grinder to obtain & 
single-oell suspension (Fraction 1). Fraction 1 was then 
centrifuged for 10 min at 11,000g in & Servall RO-2 
refrigerated centrifuge, to yield & gupernatant (Frection 2) 
and precipitate. The precipitate was again im 
30 ml. a pluton 1 and centrifuged at 11,0007. The 
supernatent (Fraction 3) was decanted and the precipitate 
was ded in 25 ml. of 0-88 M sucrose containmg 
0-01 M iris (hydroxymethyl) smimomethane hydro- 
chloride buffer, pH. 7-4, 0-01 M KCl, and 0-0015 M MgCl, 
(Fraction 4). Fraction 4 was to ultrasound be- 
tween 2°-4° C in a Raytheon 50-W, 9ko/s magneto- 
striction oscillator, model S-1024. Sound was applied as 
follows: 8 min, 2 min off, and 3mm. Cellular disruption 
was verified by microscopic examination. The treated 
suspension (Fraction 5) was diluted with & solution con- 
taining 0-01 M iris-h; ide buffer, pH. 7-4, 0-01 M 
KCl, and 0.0015 M (solution 2) to give 0-25 M 
sucrose (Fraction 6, volume 88 mL). After centrifug- 
ing at 20,000g for 10 min, the supernatant (Fraction 7) 
was decanted and the precipitate was re-suspended in 
7 ml. of solution 2 containing 0-25 M sucrose (Fraction 8). 
The latter suspension was centrifuged at 760g for 10 min 
to remove nuclei, cell debris and poambly unbroken cells 
(Fraction 8B). The resulting supernstant (Fraction 84) 
was then ground by hand in & closely fitting Potter- 
Elvehjem grinder to give Fraction 84A. Fraction 7 
(88 mL) was further centrifuged at 105,000g for 1 h to 
i + (Fraction 9) and a microsomal 
m 5 ml. of solution 2 
containing 0-25 M sucrose (Fraction 10). All Fractions 
were immediately 

The Fractions were analysed in linear sucrose gradienta 
prepared from 15 and 30 per cent, w/w, sucrose solutions 
conteini 0:01 M tris-h ide buffer, pH 7-4, 
0-01 M KCl, and 0-0015 M MgCl, (refs. 16 and 8). Gradients 
were p in Spmoo SW 25 tubes, 34 ml. capacity. 
I ml. o the suspension was layered over the surface 
and run in triplicate at 55,000g for 2h. The gradient tubes 
were then immersed m ice-water and a fine stainless-steel 
needle, controlled by & rack and pinion arrangement, was 
lowered to the bottom of each tube. Fifty-one equal 
fractions were collected using & finger pump and fraction 
collector. From this point on, all manipulations were 
carried out at room tem . Any pellet remaining 
at the bottom was taken up for assay in 0-61 ml. of 0-25 M 
sucrose. Control det showed that even with & 
highly active &nti y fraction at the top, the procedure 
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did not significantly contaminate the pellet. All gradient 
fractions’ were stored at — 15? O for approximately 1 
weok before assay. 

The absorbanoy of each fraction was read against water 
at 260 mj (antiserum fractions were additionally read at 
280 mu) in & Bookman DU speotrophotometer equipped. 
with & microcell attachment (Pyrooell Mfg. Co., West- 
wood, New Jersey). To determme the relative position of 
gradient fractions from run to run, the refractive indioea 
of selected fractions were read in a si Zeiss model 
A Abbo refractometer, in sodium light. Sucrose denattics 
calculated from refractive indices of standard mixtures 
showed the gradient to be linear. The calculated density 
st the top was 1:0490 g sucrose/om? and at the bottom 
4:1370 g sucrose/am', both measured at 20° O. The anti- 
body activity in the collected fractions was assayed as 
follows!*: To 3 combined gradient fractions, a constant 
amount of luciferase was added and, efter standmg for 
3 h at 25° O, a saturating concentration of luciferin was 
added. The initial light ıntenmty, measured with a photo- 
multiplier photometer, was directly proportional to the 
concentration of unneutralized luciferase present. This 
value divided by the mean value of all fractions with no 
apparent antibody activity gave the fraction of initial 
luciferase activity remaining. The working sensitivity 
of the method was 10-* of the luciferase concentration used 
for immunization, with a lower limit of 10". Based on 
the observation that one antibody molecule inactivates a 
catalytic site", the antibody assay waa of the same order 
of sensitivity. Tho presence of luciferase was 
estimated by adding luciferin to 8 combined gradient 
fractions, as in antibody assay, and measuring the light 


intensity. Luciferase activity ranged between 10-* and. 


10-* of the concentration used for immunization. 


Table 1. ANTIBODY AOTIYTTI oF SPLEEN AND LYMPH NODE FRACTIONS 
Cr preased arbitrarily as the number of units of luciferase activity neutralized) 


(Rabbti No. 440) 
Total activity Aoiivity/g (wet wi) 
tn fraction suspended nial 
ymp. 
Xo. Spleen nods Spleen node 
1 84 104 42 116 
2 60 92 — = 
3 0 7 — — 
4 40 60 24 118 
5 61 92 87 180 
0 50 170 — — 
7 38 123 — — 
8 14 17 18 T? 
9 28 15 -— — 
10 6 u 9 ?8 


Table 1 consists of a typical set of date from one of ten 
rabbits studied. The column at the left shows the total 
activity of each fraction. The sotivities of Fraction 1 
and 2 may be attributed largely to material released 
during initial grinding and to residual antiserum. Frac- 
tion 3, being a wash, contained negligible activity or none, 
and additional did not release further activity. 
The aotivity of Fraction 4 was always relatively high, 
possibly due to activity associated with partially broken 
cells and to additional activity released on re-suspenaion 
in 0:88 M sucrose. A pronounced increase in activity 
occurred, after exposure to sound, as seen in Fraction D. 
Dilution of Fraction 5 by a factor of approximately 3-5 
caused lymph node activity to be almost doubled and 
spleen activity to be moderately reduced. This relative 
increase in activity occurred with practically every rabbit 
studied, indicating further release or exposure of new 
activity. Of five rabbits examined, Fractions 8, 84, 84A 
and 8B all showed aotivity, the highest total activity being 
found in Fraction 8B. For both organs, the gradient 
patterns showed antibody activity near the top in Fraction 
8A, but in the lower regions in several separate bands in 
Fraction 844. The sum of the activities of Fraction 9 
and 10 was not always found to add up to Fraction 7. 
Preliminary observations have indicated that the loss of 
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activity came about from both storage at — 16? C and 
particle on similar to that observed by Gill. 
ohriest and Bock" for ribonucleoprotein particles in 3-30 
per cent sucrose. 

The column on the right in Table 1 contains speciflo 
activities for which wet weights of suspended material 
were readily determinable. Wet weights were determined 
directly in polypropylene centrifuge tubes, after the tubes 
were decanted and wiped dry. Owing to the large volume 
of Fraction 7 and to the tube ity being 8-3 ml. for 
the Spinco No. 50 rotor, Fraction 7 was divided into 
approximately 10 equal volumes for the centrifugation. 
The wet weight of Fraction 10 was obtained by summing 
the 10 wet weights (making due allowanoe for the aliquot 
removed for assay). Control experiments were run as 
follows: Fraction 5 was’ exposed to sound, but instead of 
being diluted to 88 ml., the suspension was centrifuged at 
20,000g for 10 min to obtam Fraction 7 (su matant). 
Fraction 7 waa then centrifuged at 105,000g for 1 h and 
the pellet was weighed direotly in the tube. The wet 
weights of ‘Fraction 10’ obtained for 8 different spleens 
and 3 seta of lymph nodes averaged 14 times smaller than 
those obtained by the foregoing method. The specific 
activities of Fraction 10 are therefore undoubtedly too 
low. They would become the highest, however, if multi- 
plied by any factor greater than 7. 

While it might seem attractive to attribute antibody 
activity to microsomal particles, the resulta recorded here 
do not justify such conclusion. Owing to inhomogeneity 
of Fraction 10, it would be equally reasonable, for example, 
to attribute the activity to a particle involved in antibody 
storage. In order to obtain further understanding, sucrose 
density gradient analyses were carried out on antiserum 
and Fractions 2,7,9and10. Fig. 1 representa the gradient 
date on antiserum. For all figures the bottom of gradient 
is shown at the left; antibody activity 18 represented by 
& bar-graph (for 3 combined gradient fractions); and pres- 
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ence of luciferase is indicated by & horizontal line (below 
antibody baseline). Fig. 1 shows absence of antibody 
activity from all fractions except near the top (Fractions 
40-51). Luciferase activity was also absent and the 
pellet showed neither antibody nor luciferase activities. 
Because of similarities in the gradient patterns, only the 
spleen pattern for Fraction 2 is presented (Fig. 2). The 
absorbancy curve for lymph node was similar to that of 
spleen, with a peak at fraction 44, With both organs, 
the highest antibody activity was found near the top of 
the gradient (fractions 46-48 and 49-51), bemg highest in 
fractions 49-51. Spleen showed some antibody activity 
in fractions 4-6, 7-9, and 10-12, but lymph node showed 
only slight activity in this area. Fractions 87-39 of 
lymph node also possessed additional activity, equal to 
about one-eighth the total activity in fractions 49—51. 
When tested with luciferin, luciferase activity was detected 
in spleen fractions 1-3, 4—6, 7-9, 40-42, 43-45, 46-48, 
and 49-51, and in lymph node fractions 4-6 and 7-9. 
Antibody and luciferase activities were absent from 
the pelleta of both organs. A rather surprising flndmg 
was the detection of both antibody and luciferase activi- 
ties in the same fractions, as sean in spleen fractions 4—8, 
7-9, 46-48 and 49-51. 

Figs. 3, 4 and 5 represent sucrose density gradient 
patterns for ify eee Fractions 7, 9 and 10, reepeo- 
tively, obtained a single animal. Antibody activity 
in Fraction 7 (Fig. 8) was found primarily in fractions 
48-48 and 49-51, with small amounts being present in 
fractions 10-12 and 18-15. Luciferase activity was 
detected in fractions 7-9, 19-21, 22-24 and 25-27. Anti- 
body and luciferase activities were sbeent from the 

et. Fraction 9 (Fig. 4) had all ite antibody activity 
in fractions 46—48 and 40-51. No luciferase activity was 
detected in the gradient fractions, and antibody and 
luciferase activities were abeent from the pollet. As 
expected, the patterns in Figs. $ and 4 were similar, since 
Fraction 9 was the supernatant of Fraction 7. The 
disap of activity from Fraction 7 (fractions 
10-12, 13-15 and 46-48) on centrifugation was un- 
doubtedly due to the activity being brought down in 
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Fig. 2. Sucrose density gradiens pattern for spleen Fraction 2 
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4 12 20 28 36 d 52 
Fraction No. 
Buerves density gradient pattern for lymph node Fraction 7 
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Sucrose density gradient pattern for lymph node Fraction 9 
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Fraction 10. The sntibody activity of Fraction 10 was 
concentrated in the upper regions of the gradient (fractions 
40-42, 48-45, 46-48 and 49-51). Some antibody activity 
was present at the bottom, namely, fractions 1-8, 4-6 and 
10-12. Luciferase activity was found in fractions 1-8, 
4-6, 7-9 and 10-12. Antibody and luciferase activities 
were absent from the pellet. 

The antibody activity of Freotion 10 was always ob- 
Berved near the top of the gradient in both spleen and 
ph node. Occasionally, the activity waa found in 
the lower third of the gradient (not shown). Since the 
gradient analyses were carried oub on Fractions froxen 
Prior to use, a series of gradient patterns were also run 
on fresh material. Fig. 6 shows the resulta with Fraction 
10 of lymph node. The activity was divided between the 
top and the pellet, suggesting that freezing and thawing 
either affect the density or cause a release of activity 
from the microsomal pellet. The absorbancy and anti- 
body activities, however, were determined on fractions 
stored overnight at —15? C. No luciferase waa detected 
in either the fractions or the pellet. Differences in 
abeorbancies may also be sean on comparing Figs. 5 and 6. 
Virtually the same results were obtained with fresh leen. 
Evidently, the active material in the pellet is quite labile 
to re-suspension. The band-width of antibody activity 
at the top of the gradient for Fraction 10 was also a little 
wider in about half the patterns examined than diluted 
antiserum of approximately equal activity. 

The flnding that antibody activity 18 associated with 
the microsomal fraction 1s not new and has been 
by others!-. More recently, ıt has beep reported** 
that sucrose gradients of crude ribosomal fractions pre- 
pared from spleen cells of immunized rabbits show an 
805-1203 peak near the meniscus which 18 absent m 
unimmunired rabbits. While the evidence clearly 
indicates the presence of antibody activity in the mioro- 
somal fraction, it 18 still presumptive as to the 
mode of synthesis or identity of the active material. The 
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Fig. 5. Buorose density gradient pattern for lymph node Fraction 10 
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Per cont tnitlal luciferase activity neutralised 
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Fig. 6. Bucroso density gradient pattern for unfroren lymph node 
Fraction 10 


present work suggesta the highest speific antibody 
activity to be in the microsomal fraction. If sonication 
is not an important factor, it also suggests that complex 
distribution pattern of antagenio and antibody activities 
develops in spleen and lymph node cells in response to 
immunization. 
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AN IN VIVO CELL SURVIVAL SYSTEM BASED ON THE RECOVERY OF RAT 
GROWTH CARTILAGE FROM RADIATION INJURY 


By Dr. N. F. KEMBER 
Department of Medical Physics, Royal Free Hospital School of Medicine, London, W.C. 1 


Sie: development by Puck et al.'* of & single call 
culture technique has provided the basis for extensive 
in vitro studies of mammalian cell survival curves. The 
work of Hewitt and Wilson? and of Till and McCulloch* 
has extended these measurements to tn vivo and 
in this article a further in vivo system will be deeoribed 
which is based on the mode of recovery of the epiphyseal 
cartilage plate following an acute X-irradiation. A dose 
of approximately 2,000 rads kills a large proportion of the 
cells in the cartilage plate, but after 10-15 days the few 
surviving cells start to divide agam and form clones of 
cella that are readily visible ın the matrix (Fig. 1). Theee 
clones enlarge and coalesce to repopulate the cartilage 
plate so that the mechanism of endochondral ossification 
is restored. This recovery process waa first described by 
Dahl! in 1986. 

3-4 weeks after irradiation it is poesible to count the 
number of clones that arise from cells surviving & given 
radiation dose. If it is assumed that each clane arises from 
& aingle surviving cell then the fractional cell survival can 
be calculated from the clone count and an estimate of the 
number of cells in the original population at risk. It is 
improbable that clones within cartilage could arise from 
cells that had migrated in from unirradiated tissues m the 
Tat. 

Male Wistar rata of 6 weeks of age were taken for 
experiment. The animals were not anaesthetized during 
irradiation but were restrained in moulded plastic holders. 
Both hind lmbs were exposed while the reet of the body 
was shielded with lead. Irradiations were carried out with 





and cosin ( x 800) 


230-kV X-rays (0-6 mm copper + 1-0 mm aluminium. 
filtration, half-value thickness 1-2 mm copper), at about 
200 rads min. The dosimetry was carried out with a 
Baldwin-Farmer thimble chamber placed in the rat mould 
in the position of the tibia. A factor of 0-95 was used to 
convert roentgens to rads. During the exposure the beam 
was monitored far constancy of dose rate and the animals 
were rotated on a turntable to average out vanations in 
intensity across the beam. 

25 days after irradiation the animals were killed and 
the tibiae embedded in wax. Sections of 10p thickness 
were cut m the sagittal plane and from each bone 10 such 
sections were taken from a ribbon at 1004 mtervals and 
mounted for countmg. 

Sections from animals killed at age 6 weeks were used 
in the calculation of the cell population at risk. Cartilage 
cells in the growth plate are arranged m columns and 
earlier studies with tritiated thymidine‘ showed that two- 
thirds of the cells in each column, that 18, all those in the 
proliferating zone, will incorporate tritiated thymidine. If 
ability to moorporate thymidine is equated with ability to 
form clones by repeated division, then the number of cells 
which are at risk in each column can be measured. The 
total number of columns in the disk-shaped cartilage plate 
can be estimated by simple geometry from the count of 
columns across a diameter of the disk. Using the method 
outlined here the total cartilage cell population at mak in 
each epiphyseal plate was estimated at 6 x 10* cells with 
a percentage error of about + 40 per cent. 

The direct method for counting the total number of 
clones in an epiphyseal plate is by the intercomparison of 
serial sections. Since this would involve a detailed survey 
of about 400 sections per tibia an alternative method was 
used in which an estimate of the total clone number was 
derived from measurements on & few sections. 

On any given section a clone is seen as a roughly circular 
disk of which the diameter, d, can be measured, and the 
thickness, t, is known from the microtome setting. This 
disk is & section out from a sphere of unknown diameter, 
but the most probable diameter, D, of the whole olone- 
sphere is related to the measured diameter, d, by the 
relation: 

D —4d][r 
Hence the volume of the disk seen on & section may be 
expreased as a fraction, f, of the probable whole clone 
volume: 

1.1. (d/2)* 
Í 7 (x3). (Sd 

The fractional volume per clone, f, can be summed for all 
the clones seen in one section Lf. 

Now on each section the cartilage plate appears as a 
rectangle of width, w, height, h, and thickness, £, which 
represents & calculable fraction, F, of the total volume of 
the disk-shaped cartilage plate: 

F wht 
~ .(w/2)*A 
provided that the sections are selected go that w is approxi- 
mately equal to a diameter of the disk. 

The total clone number in the complete cartilage plate 
is given by the relation Lf/F. 

In practice, measurements were made on ten sections 
and the vatue of the total clone number for one tibia was 
taken as the mean of the ten determinations of Zf/F. 
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recognize as an actively growing group of cells. 

Fig. 2 is a sami-logarithmio plot of experimental values 
: for the survival of cartilage plate cells calculated by this 
method. The points are limited to the dose range of 1,700— 
2,300 rads since at doses below 1,700 rads there are too 
many clones to be counted with any accuracy and at doses 
above 2,300 rads there are too few clones for meaningful 
analysis, The data are given for experiments on 7 animals 
at 1,700 rads, 18 at 1,900 rade, 15 at 2,100 rads and 89 
animals at 2,800 rads. The standard deviations reveal the 
wide spread of individual values. Although it cannot be 
assumed that these points lie on a straight line, in order to 
make & comparison with other survival data a tentative 
lme has been drawn from an extrapolation number of 6 
through the experimental points. The alope of the line, 
D, = 190 reda, is similar to the values obtained from other 
in vico systems’. The value of 6 for the extrapolation 
number was selected from the results of some split dose 
experiments of the Elkind and Sutton! type. 

In theory, this system should be useful for measuring 
the effect of dose fractionation and experiments were 
carried out in which one leg of a rat was given a single 
dose of 2,300 rads while the other leg was given two doses 
of 1,700 rads and 600 rads with an interval of 24 h between 
the fractions. The ratio of the clone numbers in the two 
legs should give the recovery factor for the split dose. 
Experimenta on 6 animals gave a mean value of 6 with 
individual values varying from 8 to 14. Two other animals 
had so few clones in the leg given an unfractionated dose 
that the calculations were unreliable. Fractionation ex- 
periments of this type are limited by the narrow range of 
clone numbers measurable, although the system could be 
used to measure D, (ref. 9), the intercept or quaai-threahold 
dose, by determining the single dose that produces the 
same clone number as a split dose. There remains, however, 
the more fund&mental oriticiam that radiation damage to 
one leg may well affect the degree of recovery in the other 

The experimental resulta given in Fig. 2 relate to clone 
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counts made on animals killed 25 days after irradiation. 
Clones are seen sa early as 10 days after irradiation and an 
experiment was carried oub to discover how the clone 
number varies with time after irradiation. The resulta of 
this investigation are shown in Table l. There is an 
increase in clone numbers over the period 21-80 days at 
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in clone number is detectable. 
Table 1. VARIATION OF SURVIVING FRACTION WITH TIME AFTER 
IRRADIATION 
Days 21 25 30 
Number of animals 9 4 9 
Survival after 1,000 rade — Mean 14 10 20 
x10 S.D. +11 +0-8 +14 
Survival after 2,500 rads Mean 0-35 031 0:33 
x104 S.D. i033 i018 +0-80 


It becomes evident when the clones are measured that 
they vary in type, size and distribution on any one section. 
The typical clone has an appearance similar to that illus- 
trated in Fig. 1. There is a region of actively dividing cells 
and & region of h phic cells. In the larger clones 
the cells are clearly seen to be lined up into the normal 
columnar arrangement of the cartilage plate. The active 
Process of endochondral ossification ia resumed when blood 
veesels from the metaphysis break through the calcified 
matrix and invade the hypertrophied cells. Many clones, 
however, differ from the typical appearance. Some clones 
contain only dividing cells and others include a large 
amount of mter-cellular matrix. Some clones contain 
giant cells and degenerate nuclei and, when clearly recog- 
nized, these were classified as abortive clones and excluded 
from the couts. An abortive clone arises from a cell 
which divides a few times before latent damage brings 
division to a stop. Most abortive clones are small in size 
so that if they are unrecognized and included in the counts 
they each add an appreciable error to the calculated olone 
number in & way that has been explained above. 

The variations of clone diameter with dose and time after 
irradiation are analysed in Table 2. The smallest reoog- 
nizable clones have a diameter of about 40u and clones 
of this minimum size were found in most of the tibiae. 
Because the number of clones increases with time (Table 
1) the mean clone diameter is not a useful index, but the 
maximum clone sizes show that there is an increase of 
disaneter with time after irradiation and that clones appear 
to grow faster after a lower irradiation dose. At any one 
dose-level and time interval there is a large variation in 
the sizes of clones measured. 


Table 2. VARIATION OF CLONE DIAMETERS WITH TINE AFTER 
IRRADL'OK 
Days a1 25 30 "C 
1,900 rads Mean 11 L 1 
Range — 40450 40800 ako 


noomis — Ni — «io 0-400 80-400 

The distribution of clones within the volump of the 
cartilage plate is not random. Looking on the plate as & 
thin disk, the poesibility of variations in distribution 
within the thickness (2004) and then across the diameter 
of the disk (4,0004) must be considered. The distribution 
of surviving oells within the thickness of the plate cannot 
be accurately assessed since many of the clones at 25 days 
have a diameter of 100u or more and so obscure the site of 
their origin. An experiment was carried out with $-week- 
old rats which have thicker plates and measurements on 
these animals indicated that clones arose fram surviving 
cells throughout the region of the damaged plate that 
corresponds to the normal proliferation zone. ! 

A non-homogentous distribution of clones across the 
diameter of the cartilage disk was very evident in the 
sections from animals irradiated with 2,100 and 2,800 
rads. The highest density of clones was found at the 
anterior edge of the plate, and in order to correct for this 
effect the date at these dose-levels were calculated from 
counts made over the central 2,0004 of the plate. The 
reason for the apparent increased survival of cells in this 
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region is not yet clear although three possibilities have 
been considered. 

The first possibility is a local difference in doge compared 
with the rest of the cartilage plate. This could be produced 
by variation in the beam scross the 4 mm of the plate but 
such a difference would be small. There could also be an 
affect at the radiation quality used due to secondary 
electrons from calcified tissue. The proliferating cartilage 
cells lie in a 200p thick slab between the epiphyseal bony 
plate and the partially calcified matrix of the hyper- 
trophied cartilage, but towards the anterior edge the bony 
plate curves away from the dividing cells. Since few 
proliferating cartilage cells in any part of the plate are 
nearer than 30u to calcified tissue it is unlikely that the 
local doge at the edge could be more than & few per cent 
lower than the dose ab the centre of the cartilage plate. 
(Data from the International Commission on Radiological 
Unita and Measurements"! show that the dose beyond 
80u from bone is not increased by more than 10 per cent 
at any quality.) 

A further posibility is a local reduction in o 
tension. Same measurements supported this idea in that 
some proliferative cells at the anterior edge were as far as 
8504. distant from their blood supply while the cells in the 
rest of the plate are no more than 200, distant at 

The third possibility is based on the mechanism by 
which the cartilage plate normally grows in diameter. 
Investigations using tritiated thymidine™* have shown that 
cells in the fibrous perichondrium differentiate into chon- 

and add themselves on to the edge of the plate. 
If these perichondrial cells are more redio-resistant than 
cells, or if they can migrate fram unirradiated 


cartilage . : 
parts of the rat, then there is the possibility that they ' 
cartilage 


could form clones at the edge of the irradiated 
plate. Further investigations are needed to determine 
which of these possibilities is effective. 

It was stated in the introduction that this method 
depended on the assumption that each clone aroee from 
a single surviving cell. However, it can be shown from a 
simple consideration of a Poiseon distribution for surviving 
cells in space that some clones must arise from more than 
one surviving cell, that is, two or more cells in olose 
proximity give rise to clones that coalesce and are seen as 
one clone. An analysis of this problem showed that at the 
maximum clone densities counted this factor was unlikely 
to introduce an error of more than 20 per oent in the sur- 
vival values. There remains, however, & possible compli- 
cation in that adjacent cells in the cartilage plate are 
partially synchronized in the mitotic cycle since they both 
arose from the same division. If cella in different stages 
of the mitotic cycle vary in their sensitivity to radiation 
then there is an increased possibility of the survival of 
adjacent synchronous cells. : 

The recovery of the cartilage plate cannot be considered 
without some reference to the effects of radiation on the 
surrounding tissues and the whole animal. For this reason. 
an investigation of the effecta of radiation on the vascular 
supply to the plate was undertaken. Previous work*:* on 
vascular damage to bone has been concentrated on the 
pronounoed changes that occur in the metaphysis, but the 
cartilage plate is supplied by vessels from the epiphysis. 
Therefore, these epiphyseal vessels were examined at 
intervals up to 12 weeks after irradiation by the vasoular 
injection technique using Berlin blue. At doses of 2,000 
rads it was found that the supply to the cartilage plate 
was reduced but not obstructed during this time interval. 
A parallel approach to the problem of the effect of radia- 
tion on the supply of metabolites was made in a brief 
autoradiographic study with sulphur-85 labelled sulphate; 
it was found that this metabolite was available to cells in 
all regions of the plate at times up to 4 weeks after 
irradiation. It was concluded from these investigations 
that damage to the vascular supply waa not effective in 
reducing the number of clones. 
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Bog. 8. 
the animal during the experiment. 


Endochondral growth is regulated by complex hormonal 
controls. As‘a first step in the study of such controls on 
the recovery of cartilage some correlation was sought 
between’ the general health of the animal and the clone 
count in the tibiae. Some analysis was made using increase 
in the weight of an animal during the experiment as a 
crude index of health. The data are presented in Fig. 3. 
The ordinates represent the clone count for each leg 

as a fraction of the mean clone count for all 
legs having the same radiation treatment. The abecimsae 
show the corresponding fractional increase in wei t of the 
animal during the period of the experiment. points 
do show the trend that animals with a low weight-gain 
also show a below-average clone count and that Boalt is 
one of the factors that affect the clone count in a given 
animal. This reduced count cannot neceasarily be equated 
with a reduced survival of cartilage cells since the effect of 
sickness may be to prevent surviving cells from 
dividing fast enough to produce a detectable olone by 26 
days. It was noted that clones in sick animals were 
amaller than average in diameter. 

This investigation of the recovery of growth cartilage 
shows that the clone system gives valid, if imprecise, 
resulta for cell survival from acute irradiation. It is 
important to note that the resulta obtained far cells of 
growth cartilage may not epply to other types of cartilage, 
that is, articular and structural cartilage, which both have 
lower proliferation rates. The system is now being used 
to investigate oxygen effecta on the sensitivity of growth 
cartilage cells to radiation. 
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A STATISTICAL APPROACH TO THE PHILADELPHIA CHROMOSOME 


By Di. H. J. WOODLIFF .. 
Department of Haematology, Royal Perth Hospital 


Dr. LESLEY DOUGAN 
Cancer Counal of Western Australia 
AND 
Dr. D. W. GOODALL 
C.S.I.R.O. Division of Mathematical Statistics, Western Australian Regional Laboratory, Nedlands, Perth 


chronic granulocytic leukaemia it has been found that 

one of the small acrocentric chromosomes of the ‘G’ 
group is usually amaller than ita partner. This has been 
called the Philadelphia, or PA!, chromosome and ita reoog- 
nition can be used in the diagnosis of this disorder. i 
& recent investigation of the karyotypes of two patienta 
with megakaryocytic myelosis, a differance of opinion 
aroso as to whether the Ph! chromosome was present or 
not. One member of the ‘G’ group appeared to be smaller 
than the other three in both cases and was thought to be 
the Ph! chromosome. Later the material was submitted 
to an experienced observer who considered that the PA: 
chromosome was not present in either case. Re-examina- 
tion of the material led us to revise our opinion and to 
consider that only one of the two cases was Ph} positive. 
Another independent obeerver examined the material and 
agreed that the Ph! chromosome was not present in one 
case, but the other was reported on as follows: Nine out 
of ten mitoses examined from direct bone marrow pre- 
parations showed the presence of a Ph?-like chromosome 
(ref. 1). 

As a result of this experience we thought a statistical 
approach to the problem would be of value. Twelve cases 
of chronic granulocytic leukaemia considered to be Ph} 
positive’, the two cases of megakaryocytic myelosis and 
nine normal controls have bean studied (Table 1). 

At first photographic negatives of the karyotypes were 
projected on to paper and the outline of tbe ‘@ 
chromosomes traced. Since then direct projections of the 
metaphases have been used. The area of each of the four 
chromosomes was then measured in arbitrary units, using 
squared paper. : 

A first attempt at statistioal treatment 
involved the use of Grubbe's test for out- 1-0 
liera*. In other words, the projected areas 
of the four *'G' chromosomes in each cell were 
treated as a sample of normal distribution, 
and the ratio of variances including and 
excluding the smallest chromosome was 08 
tested. In most cases of chronic granulocytic 
leukaemia, however, this test failed to give 
unequivocal resulte. 

Next, attention was directed to the ratio 
of the area of the smallest chromosome to 
that of the others. Two such ratios were 
examined—that of the smallest to the mean 
of tbe other three (R,), and that of the 
smallest to the next smallest (R,). It would 
be possible to deduce the distribution of 
these ratios on the assumption of normal 
distribution of the four area measurements 
around & common mean. But such an 
assumption is cf doubtful validity, particu- 
larly since the process of measurement leads 
to a small discrete set of values, and the 
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Table 1 
Bubject Bex Ag Preparation No, of mota AME 
Chrento Leulaemia 

L P. 582 F 54 marrow 13 
L.P. 601 H 63 Bone marrow 13 
LP, 255 F 55 Bone marrow 7 

Peripheral blood 6 
L.P. 419 M 85 Bone marrow 12 

Peripheral 11 
LP. F 46 Bone marrow 20 
BE 478 ar 5 Bone marrow js 

. 94 Penrpbera! blood 
L.P. 680 M 72 Pertpheral blood 13 
LP. 467 K 51 Perrpheral 11 
L.P. 578 N 84 Pempheral blood 15 
L.P 597 F 37 Penpheral blood 18 
LP. R r 46 6 
Alegakaryocytic Myelons 
LP. 558 F 31 Bone 12 
ica 
. 599 F dl Bone marrow b 
(Caso IT) 
Normal Oontrols 

JW M 36 Pertpberal blood 12 
J.A. F 21 Pertphera! blood 16 
R.P. M 22 Peripheral 15 
J.H. F 23 Peripheral blood 16 
V8 F 26 Peripheral blood 17 
J.A. M 20 Peripheral blood 11 
A.R. E 19 Perpberal blood 4 
R.R. F 13 Pertpheral blood b 
K.A. N 22 Peripheral blood 1 


distributions of the ratios in known cases of chronic 
granulocytic leukaemia and in normal individuals for 
comparison. It was first ascertained that there were no 
significant differences in distribution between individuals 
within each of these two comparison groups, so that all 
the cells recorded in each group could be treated as a 
single population. Then the ratios for each of the cases of 
megakaryocytic myelosis were ranked jointly with those 








resulting distributions would, in any event, 40 
be awkward functions to handle. Accord- 
ingly, it was decided to use emnirical 


100 40 60 80 100 
«=m, 
Fig 1. Cumulative empirical distribution of Ris 
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for the normal group and thoee for the chronic granulocytic 
leukaemia in turn, and Wilooxon's* rank test applied. 
The resulta were ivocal. In Case I, the pattern of 
‘@ chromosome aize differed widely from that of normal 
cells (P =0-002), but agreed satisfactorily with that for 
chronic granulocytic leukaemia (P—0-452). In Case II, 
the reverse was true (P=0-447 and 0-008 respectively). 
Tests with the two ratios led to similar conclusions; the 
R, probabilities are quoted above. Since R, is simpler to 
calculate than R, and there is little difference in sensitivity, 
R, seams preferable. 

The Wilooxon rank teet would be a little troublesome 
to apply on a routine basis, so an alternative non- 
parametric procedure is proposed. The graphs of Fig. 1 
give the cumulative empirical distribution of R, for 
normal cells and for cells from the peripheral blood and 
the bone marrow of chronic granulocytic leukaemia 
patients. If the ratios obtained for cells of a case of un- 
certain status are arranged in order, they may be compared 

‘with these graphs by the Kolmogorov-8mirnov test. 
(Strictly speaking, the Kolmogorov-Smirnov test is appli- 
-cable only to theoretical distributions; as an approximma- 
tion, however, ita use for empirical distributions based on 
fairly large samples, as in the present case, may be 
accepted.) This is best explained by an example. The 
twelve ratios determined are shown in the first column of 
Table 2. In the second column are given the proportion 
of the sample which each ratio equals or exceeds, and in 
the third and fourth columns are the i 
figures from the two graphs of Fig. 1. One now looks 
down the columns to find the largest discrepancy between 
the two sets of figures. In comparison with the normal 


Table 2, KOLXOQOROY-BMIRXOY TERT APPLIED TO RATIO R, 
» Proportion of cells < R, in 


Bn, x f Ohronic 
Unknown orma granuloocytio 
lenkaem)je 
0 500 0 083 0-001 0-045 
0-647 0 167 0-006 0-163 
0-703 0-250 0 081 0 246 
0-T14 0-417 0-031 0201 
0 766 0-500 0-063 0 372 
0-777 0 583 0 078 0411 
0-866 0 607 0-202 0-670 
0-904 0-760 0-325 0-757 
0-915 0833 0-475 0-812 
0 937 0-917 0 555 0-841 
1-000 1-000 1-000 1-000 
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series this ooours in the sixth line and is 0-505; in oom- 
parison with the leukaemic series it ia in the fourth line 
and amounts to 0-156. These maximum di cies are 
then compared with figures tabulated (for example, by 
Owen!) for different levels of significance. We find that, 
for a sample of twelve, a value of 0-375 will be exceeded 
onoo in twenty times, a value of 0-449 once in one hundred 
times. Accordingly we conclude that this perticular case 
is most unlikely to be normal but agrees satisfactorily 
with a diagnosis of chronic granulocytic leukaemia. 

It may be noted that the curve for bone marrow in 
Fig. 1 for leukaemia patients has a zone of reduced slope 
in the middle. This agrees with the impression from visual 
observation that two cell populations may be distinguished 
in these patiente—one with and one without a distinct PA? 
chromosome. Similar statements bave bean made about 
cells in peripheral blood, but the resulting bimodality 
cannot be detected with certainty in ita curve. 

The Ph! chromosome is usually found in a higher pro- 
portion of cells from preperations of bone marrow than 
peripheral blood. The distribution of the R, ratio for 
leukaemic patienta does in fact differ between these two 
types of preparation (the Wilooxon rank test gives 
P —0-014), but the difference for R, doce not reach sig- 
nificance (P —0-140). The means are respectively: 


R, R, 
Bone marrow 0 650 0 761 
Blood 0-710 0-705 


The smallness of the difference may also be seen in com- 
paring the curves in Fig. 1. For the test described in this 
article there thus seams little advantage in the use of bone 
marrow preparations. 

. We thank Dr. A. G. Baikie and Mrs. H. Trowell for help, 
Mr. P. Onesti and Mr. R. Pozzi for assistance, and Mise N. 
Wood, Mrs. P. Giroud and Mrs. M. Bulanyi for help with 
calculations, some of which were performed in the Com- 
puting Centre of the University of Western Australia. 
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A COMPARISON OF THE GLYCOLIPIDS FOUND IN DIFFERENT 


STRAINS OF ASCITES TUMOUR CELLS IN MICE 


By Dr. G. M. GRAY 
Lister Institute of Preventive Medicine, London, S.W.1 


N the past few years a number of different complex 
glycolipids have been found in several mammalian 
tissues’. Usually they were detected as very minor 
components in the total lipid extracts from the tissues though 
relatively large quantities were found in some diseased 
tissues'+*, Although only a limited number of tissues have 
been investigated the results have suggested that small 
amounts of several types of complex glycolipid might be 
present in most mammalian tissues. All the glycolipids 
that have been isolated from different tissues contain 
ceramide (an amide of sphingosine and a long-chain fatty 
acid) and the differences in their individual physical and 
chemical properties are due to variations in the size and 
structure of the carbohydrate moiety of the glyoolipid 
molecule. 
The elegant immunochemical studies of Rapport e al.’ 
in recent years showed that certain glycolipids were lipid 
haptens and that probably all glycolipids posseased hap- 


tenic function. The differences in specificity were attri- 
butable to differences in the carbohydrate moiety of the 
glycolipid molecule, and with two compounds, cytolipm H 
and galactocerebrogide (ceramide galactoside), Rapport 
was able to relate immunological activity to & specific 
chemical structure. Cytolipin H was first isolated’ from a 
human epidermoid carcinoma in conditioned rata, 
and later chemical studies!* ahowed that it was a ceramide 
lactoside. Following up an earlier report! on a glycolipid 
found in ox-spleen, which contained sphingosine, & fatty 
acid and two sugars, Rapport et al.) isolated a compound 
which was chemically and immunologically similar to 
cytolipin H. Some oytolipin H activity was detected in 
aheep and dog spleens also, but not in rodent, cat or horse 
spleens?. Although cytolipm H was detected in some 
normal tissues and was not detected in all the cancer 
tissues which were examined, Rapport et al.” stated that 
it accounted most frequently for the differences observed 
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between the reactions of lipid extracts of normal tiasuca 
and those of cancer tissues on the basis of reactions with 
antisera against the latter. x 
Minor amounts of glycolipids were found in the Epid 
extracts of Landschuts ascites carcinoma cella and BP8 
ascites sarcoma cells, and as a result of a more detailed 
investigation! of the glycolipid composition of BP8 
ascites sarcoma celle, maintained in 08H mice, four 
of glycolipids were isolated and partially RAe ae 
ceramide monchexogide, ceramide dihexoside, ceramide 
trihexoside and ceramide hexosaminyltrihexoeide. Similar 
studies carried out on OL? ascites leukaemia cella main- 
tained in BAL B[o mice showed, however, a very different 
glycolipid composition (Gray, G. M., and Wells, J. J., 
unpublished resulta). The major glyoolipid component 
was identified as a ceramide hexosaminyldihexoeide. 
These findings suggested that tumour specificity and/or 
mouse specificity might be factors which affected the 
distribution of the types and the propartions of glycolipids 
in the tiasue. In order to examine further this possibility 
the glycolipids in several strains of ascites tumour cells 
MOLIM and SAl ascites sarcomas were maintained in 
O8H and A mice i , BLA and OL2 ascites 
leukaemias were maintained in 057 BL and BALB/o mice, 
respectively, and T'48 ascites carcinoma was maintained 
in A mioe. The mice were bred at the Microbiological 
Research Establishment, Porton, Wilts., and the growth 
and recov: of the tumour cells were as described by 
Davies". “The quantities of different freeze-dried cells 
used ranged from 20 g to 68 g. Each batch of freeze-dried 
tumour cells was extracted with 8 volumes of chloroform: 
methanol (1:1, v/v) followed by 8 volumes of chloroform: 
methanol (2:1, v/v): the two extracts were combined, 
washed with 0-1 M. potassium chloride (0-2 vol), dried 
over anhydrous sodium sulphate, filtered and evaporated 
to dryness in vaouo'*. Each lipid extract was dissolved in 
light petroleum (b.p. 40°-60°) and dialysed through a 
rubber membrane“ against light petroleum to separate 
the neutral lipids from the phospholipide and glyoolipids. 
The phospholipid/glyoolipid fraction was treated with 
0-07 N methanolic sodium hydroxide: chloroform (2:1, v/v) 
to remove the diacyl glycerophospholipids as water soluble 
phosphate esters!’. The fatty acid methyl esters formed in 
the reaction were seperated from the alkali-stable phos- 
pholipids and glycolipids by dialysis through a rubber 
membrane. The approximate composition of each alkali- 
stable lipid extract was determined by chromatographing 
samples on silicic acid imp paper" and ailica-gel 
G (Merck) thin-layer plates‘, At this stage the lipid 
extracts from all the strains of tumour cells contained at 
least eight components and in each case the majot one 
was sphingomyelin, the main contaminating phospholipid. 
Previous work showed that the standard procedure 
for the removal of phospholipids from a glycolipid fraction 
by adsorption on ‘Florisil’ was unsuitable for lipid 
extracta from ascites tumours and better resulta were 
obtained with alumina**. The lipid extract was loaded 
on to an aluminas column (0-5 p horus/g alumina) 
in chloroform methanol (1:1, vh and tions were ool- 
fected from tbe column and monitored by thin-layer 
chromatography. Most of the phospholipid (sphingo- 
myelm) was eluted from the column with the same solvent. 
The solvent was changed to chloroform:methanol:water 
(10:10:1, by vol.) and the water content was gradually 
increased from approximately five up to ten per cent. 


Table 1 
Amounts of lipids wolated from aseites Glycolrpids 
Ascttes tumour/ PPE aede cn Ee Fer 100 freon oM of 
mouse dried lipids 
Taika ups ger mam a h 
AfC1iM/O8H 8-6 41 0-29 
TASA 10-0 68 27 0-16 
SA41/A 6-0 62 7 0-05 
BIA/CS7BL 5-6 6-7 61 050 
OL&/BALB}o 60 72 064 0:48 


NATURE 


July 31, 1965 von 207 


fractions were analysed for phosphorus and carbohydrate". ^ 


ids from each of the five strains of ascites 
contained small amounts of phosphorus after 
alumina chromatography and, with the exoeption of the 
glycolipid fraction from SA1 ascites tumour, these were 
successfully removed by passing each fraction dissolved in 
chloroform:methanol:water (2:5:2 by vol) through a 
small column of ‘Deacidite FF" (anion resin) 
in the same solvent. The yield of glycolipids obtained 
from each strain of ascites tumour was very amall (Table 1) 
and it was impractical to attempt to separate individual 
glycolipids on a quantitative basis. However, the glyoo- 
lipid compositions of the five different ascites tumours 
were compared after thin-layer chromatography of the 
total glycolipid fractions on silica-gel G (Merck) with a 
M — NIA 8AL OL* MOIM TAS M M 





EL4 SAI CL2 MCIM 
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solvent system of chloroform:methanol:water (65:25:4). 
Ceramide monohexoside, ceramide dihexoside, ceramide 
trihexoside, ceramide hexosaminyldihexoeide and ceramide. 
hexoeaminyltrihexoeide were chromatographed st the 
same time for reference . The solvent front was 
allowed to travel about four-fifths of the plate height, the 
plate was dried and sprayed with 5 per cent phenol : 60 per 
oent sulphuric acid (1:1, v/v) and heated at 120°. The 
glycolipids showed up as purple-brown spots. 

There was & considerable variation in the composition 
of each strain of tumour (Fig. 1 a, b). The major oom- 
ponent in MOLIM, EIA and SAl was & ceramide mono- 
heroside, in TAB a ceramide dihexoeide and in CL2 a 
oeramide hexoeaminyldihexoeide. 'This perticuler glyoo- 
lipid, which was characterized as ceramide XN-aoetyl- 
galactosaminy. Iglucoside (Gray, G. M., and Wells, 
J. J., unpublished results), occurred only in the OL2 
ascites tumour, but this strain did not contain ceramide 
trihexoeide nor ceramide hexosaminyltrihexoside, both of 
which were present in the other strains of tumours. (The 
glycolipid fraction from SA1 contained a phospholipid 
contaminant which had similar chromatographic pro- 
perties (Fig. 1) to ceramide trihexoside and it was not 
p therefore, to confirm the presence of the glycolipid 


strain.) OL2, MOLM and TAB also contained - 


significant amounts of two glycolipids (Fig. 1b (6 and 7)), 
which, by their chromatographic behaviour, had carbo- 
hydrate residues which were either larger than & tetra- 
saooharide (Fig. 1b (5)) or contained sialic acid. 

The ‘double spot’ obtamed for each glyeolipid com- 
ponent after thin-layer chromatography on silica-gel G 
(Merck) represented a separation of glycolipids containing 
normal straight chain fatty acids from those containing 
hydroxy fatty acids’ (the slower moving component). 
Moet of the glycolipids (Fig. 1) contained hydroxy fatty 
acids, and in several cases the hydroxy compounds 
appeared to be present in amounta equalling those of 
the normal straight chain fatty acids. The apparent 
proportions of glycolipids containing mono-, di-, tri-, and 
tetrasaccharide moieties in the MO1M ascites sarcoma 
maintained in O8H mice were similar to those reported“ 
for BP8 ascites sarcoma also maintained in O8H mice. 
However, the proportions of the glycolipids in T.43 ascites 
carcinoma and SA1 ascites sarcoma, both maintained in 
A mice, were quite different (Fig. 1), and thus mouse 
specificity does not seam to be a factor controlling the 
general composition of the glycolipids. It is important to 
realize that although the differences in the proportions of 
glycolipids present in different strains of tumours and 
mice may not be & function of tumour or mouse specificity 
small variations in the fine structure of each giyoolipid, 
such as a different linkage between two sugar residues, 
may be so related. There is no doubt that subtle differences 
do exist. Rapport (personal communication) tested the 
lipid extracts from BP8, OL2, BIA, SA1, TA8 and 
Landechutz ascites tumours for cytolipin H activity by 
the very sensitive immunochemical ique’ and found 
that only the BPS8 ascites tumour lipids contained oyto- 
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lipin H (ceramide lactoside; compare Gray). It has been 
shown that all these tumours contain a ceramide dihexo- 
side (Fig. 1) and so it is concluded thet the structures of 
the dihexoeides in the tumours other than BP8 (MOIM 
was not tested) are different from lactose. A ceramide 
digalactoaide, which was found in the BP8 ascites 
tumour as well as ceramide lactoside, may be the dihexo- 
side present in some of the other tumours. Differences 
within a particular class of glycolipid may be the result 
of variations in the linkage of one sugar to another. A 
glycolipid has been isolated from C.L2 ascites tumours and 
identifled as a ceramide Iglucoside (Gray, G. M., 
and Wells, J. J., unpublished resulta); however, as no 
cytolipin H activity was found im the lipid extract from 
OL2 tumours it seems likely that the galactose to glucose 
linkage is not B(1—4). If the gtyoolipids containing di-, 
tri-, and tetrasaccharide residues have related pathways 
of biosynthesis“, the structural differences which appear 
to exist between the ceramide dihexoside from different 
ascites tumours may also occur in the glycolipids con- 
taining the larger carbohydrate residues. 

The isolation of the glycolipids in quantities which are 
necessary for the identification of their chemical structures 
has not been possible because of lack of tumour material. 
The problem of insufficient material may not be so serious 
in the future if a variety of glycolipids within the classes 
described in this article can be synthesized"; with these 
compounds of known structure available the immuno- 
chemical technique described by Rapport would provide 
an excellant means of characterizing the glycolipids in 
vory small amounts of tissue. 

I thank Dr. D. A. L. Davies for a gift of various tumour 
cells, and the British Empire Cancer Campaign for 


` Research for supporting this work. 
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GENETIC PROPERTIES OF EXOGENOUS DEOXYRIBONUCLEIC ACID AT 
VARIOUS LEVELS OF DEGRADATION IN Drosophila melanogaster 


By Dr O. G. FAHMY and Dr. MYRTLE J. FAHMY 
Chester Beatty Research institute, Institute of Cancer Research: Royal Cancer Hospital, London, S.W.3 


"S injection of deoxyribonucleic acid (DNA) into 
the haemoooel of adult Drosophila males was shown! 
to initiate the induction of small chromosome deletions 
resulting in the Minute phenotype. The same activity 
was later detected with a diversity of natural? and syn- 


thetic® macromolecules, such as ribonucleic acid (RNA), 
deoxyribonucleoproteins (DNP), representative of acidic, 
basic and neutral proteins (albumins, histones and 
globulins), as well as some anionic polymers (polynuoleo- 
tides, polyghitamio acid, polymethacrylic acid). None of 
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these agents possessed any chamical reactivity which 
could have resulted in direct damage to the genetic 
material. Their mutagenio action must have &ocordmgly 
been indirect, and it was poemble to infer** that the 
underlying mechanism involved disturbances in DNA 
synthesis during chromosome rephoation, as a consequence 
of the inhibition of some of the requisite enzymes. 

In contrast to the activity of DNA in the production 
of chromosome deletions, it was completely ineffective in 
the mediation of specific locus transformation and gavo 
weak and rather inconsistent activity as regards the 
induction of sex-linked recessive visibles and lethals)", 
The negative resulta with transformation could have been 
the outoome of the physiological incompetence of the 
tested samples of DNA, perhaps as a result of their partial 
degradation. Oonversely, the inconsistent activity as 
regards the point mutations might have been the outcome 
of insufficient DNA degradation, if mutagenicity was not 
due to the polymer itself, but to the nucleotides and 
nucleosides derived from ita intracellular breakdown. 
Some of the samples of Drosophila DNA used in the 
earlier genetic experiments! were extracted! from develop- 
ing embryos (before egg hatching) and were of low 
viscosity, which suggested a certain degree of degradation. 
More recently, better methods of DNA extraction from 
the adult flies were developed’, which yielded samples of 
larger molecular sire, thus warranting the repetition of 
the transformation teats. For the mutagenicity testa, the 
large DNA molecules were artificially degraded by ultra- 
sonics or high doses of y-rays. The resulta with irradiated 
DNA were of significance not only to the understanding 
of the polymer’s mechanism of action, but also in relation 
to the problem of genetio harards to man that might 
arise as a result of food stenlization by ionizing radiation. 
The possibility of such hazards has been indicated by a 
recent report!! that an irradiated sample of DNA was 
highly mutagenic in Drosophila, particularly as regards the 
induction of sex-linked recessive lethals. A comparative 
examination was accordingly undertaken of the muta- 
genic activity of untreated and degraded DNA (both by 
sonication and irradiation) as regards the mduction of 
chromosome deletions and point mutations. and the resulta 
are presented in this article. 

The DNA samples used in the work recorded here were 
all extracted from the adulte of Drosophila melanogaster 
(‘Oregon-K’ strain) by our colleagues, Hastings and 
Kirby’. In principle, their procedure involved the pre- 
liminary separation of RNA, by the use of naphthalene- 
1,5-disulphonate and phenol/8-hydroxyquinoline?®, fol- 
lowed by the isolation of DNA by the p-aminosalicylate/ 
phenol technique’. Purification and concentration of the 
isolated DNA were undertaken with minimal exposure to 
low ionic concentration and organic solvents, so as to 
reduce molecular fragmentation. Physico-chemical 
measurements (viscosity, sedimentation patterns and 
melting curves) on the isolated material indicated a 
homogeneous and satisfactory order of molecular in- 
tegrity. DNA samples with the largeet obtainable 
molecular size (mol. wt. ~ 4 x 10*, as estimated from 
sedimentation velocity experiments) were used for the 
transformation experiments and some of the muta- 
genicity teste. The material was dissolved at the required 
concentration in isotonic saline (0-4 per cent sodium 
chloride) and administered by micro-mjection into the 
haemoooel of adult males, immediately around their 
testes. Aliquota of the same sample of DNA were then 
subjected to the degradation procedures and their muta- 
genic activity waa reassayed by the same genetic tech- 
niques as with the untreated material. For degradation 
by ultrasonics, a DNA solution of high concentration 
(0-5 per cent w/v in isotonic saline) was cooled in an ice 
bath, and subjected to short-wave sound waves (20 ke/s 
/60 W) for 8 min; the sonicated material was then 
heated in a water bath (100° O) for 10 min. After this 
treatment the initial DNA solution virtually lost ita 
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viscous consistency and was found to contain DNA frag- 
menta of fairly small size (mol. wt. ~ 200,000). For 
degradation by radiation, & DNA gel (1-0 per cent, w/v 
in isotonic saline) was subjected to Y-r&y8 (from a cobalt-60 
source) at a dose rate of 1,370 r./min for 2 h 50 min, 
corresponding to a total dose of 232,000 r. After irradia- 
tion, the DNA gel was changed into a somewhat viscous 
hydroeol, and was found to contain larger fragments of 
the polymer (mol. wt. ~ 500,000) than after sonication 
and boiling. 

The genetical techniques used in the investigation 
recorded here have already been described in detail else- 
where!-*, Transformation was examined at seven recessive 
loci: yellow (y), vermilion (v), miniature (m) and forked (f) 
on the X chromosome; brown (bw) on the second, ebony 
(e) on the third, and poliert (pol) on the fourth chromo- 
somes. The detection of the mutations was undertaken 
by the attached-X technique for the visibles— both sex- 
linked recessive and autosomal dominants (especially 
Minutes); and by the Muller-5 method for sex-linked 
recessive visibles and lethals. In all the mutagenicity 
testa the treated males were repeatedly mated to an 
approximately equal number of females every threo days, 
and the mutation rate ın each brood was determined 
separately. Breeding was undertaken in maas cultures, 
with a maximum of ten pairs per half-pint bottle. 

In previous transformation experimente!, DNA was 
extracted from the wild-type flies and injected at various 
concentrations into malea homorygous for the 7-mutant 
(abbreviated 7-m) marker stock. With this technique it 
would be possible to detect the displacement of the 
mutant looi by the wild-type alleles from the administered 
DNA. In the event of successful transformation, homo- 
rygosity at the affected site would be changed to hetero- 
zygosity, which would lead to reversion to the wild-type 
expreesion at the transformation site—beoause of the 


recessiveness of the marker genes. In fact, no such . 


revertante were observed, either in earlier experiments 
with somewhat degraded DNA, or in tho more recent 
ones with better samples of the polymer. The total 
chromosomes carrying tho test markers which were 
exposed to the various samples of DNA from the wild- 
nue flies were accordingly pooled (+ DNA in 7-m flies, 

able I) to give an ides about the size of sample which 
failed to incorporate wild-type DNA instead of the 
mutant genes. The improved DNA samples were also 
used to test for the reverse transformation: the incor- 
poration of mutant DNA in place of the wild-type genes. 
For this purpose, DNA was extracted from the stock 
homozygous for the 7-mutant loci and injected into wild- 
type males. These were then crossed. to femalea homo- 
zygous for the multiple recessive markeras and their 
progeny were scored for any of the mutant phenotypes. 
In the event of specific locus transformation, the mutant 
DNA segment from the extract replaces ita wild-type 
allele in the genome of the treated male and is later 
rendered homozygous by the back-cross to the marked 
female, thus revealing the mutant phenotype of the 
transformed gene. No such transformants were detected 
(7-m DNA in + flies, Table 1) at any of the teet looi, 


Table 1. ANALYSIS OF THE TRANSFORMATION HIPNRIMENTS 
Showing the size of sample observed for the 7-mutant (7-m) loo —y » m / bw € 
sot—whieh failed to exchange with thetr allelomorphe when supplisd as 

exogenous 





Treatment Sample observed 
Chromosomes and lel +DRAin 7-4DMAin Ohromo- 
exposed 7-m fibs + flies somes Loa 
X:y, 
in Sot aid xygotes — 46,149 78,313 119,402 477,948 
In only 85,423 (62,807) t 85,425 341,692 
bw, e, pol : 
> 6, 
In gonads and zygotes 88,309 186,120 224,429 678,287 
In zygotes only 88,909 — 88,809 204,017 
Total 308,100 200,433 617,628 1,767,764 
* Assuming passive transfer of DNA by the 
t Male y recahing the DA X-chromosome, which 
precludes boating for transformants, 
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thus showing that exogenous DNA (whether normal or 
mutent) was not readily acceptable for incorporation into 
metazoan cella—as genetically functional unite. On the 
basis of the negative resulta so far obtained (last column, 
Table 1), the probebility of transformation per locus in 
the germ line of Drosophila cannot exceed 2 x 10-* (the 
upper limit of the Poisson expectation at P = 0-025). 
The administration of mutant DNA imto wild-type 
males, although ineffective as regards transformation, 
showed of mutagenic activity as regards the mduo- 
tion of point mutation visiblee.' Among the male progeny 
from the back-croas of the DNA-treated fathers to the 
multiple recessive mothers, ten eye-colour mutants were 
detected through their interaction with vermilion (v), 
which resulted in various shades of orange eyes. Genetic 
analysis of these abnormal males revealed that in four 
instances the induced mutants were alleles of the sex- 
linked recessive visible garne (g); three others were 
autosomal dominants, and the remaining three were with 
large rough eyes and proved sterile. The g-mutations 
were in the multiple marked maternal X-chromosome and 
could, therefore, have oocurred either spontaneously, or 
indirectly through the passive transfer of DNA—which 
was injected in the males—vis the sperm during fertiliza- 
tion. The four garnet instances were recovered from 
separate cultures and broods, indicating that they arose 
as independent mutational events. The maternal 
X-chromosomes (among which the g-mutante occurred) 
would be passed to their sons, the number of which was 
62,807 (X-chromosomes exposed in zygotes only, Table 1). 
The mutation rate at the g-locus would, therefore, be 
0-4 x 10-, which is considerably higher than the spon- 
taneous rate and is equivalent to that ing after 
1,500 r. of X-irradiation’. There can be no doubt, there- 
fore, that the mutants observed were not of spontaneous 
origin, and must accordingly have been induced by DNA 
conveyed at fertilization with the treated sperm. 
Attention has already been directed" to the possibility 
that the mutagenic activity of DNA might depend on the 
degree of its molecular integrity. For the same sample 
of DNA, the mutagenic activity—as regards the M$nutes— 
was roughly proportional to the injected concentrations. 
On the other hand, different samples at the same con- 
centration gave various mutagenic activity and there were 
indications that the larger DNA molecules were less 
effective. To test this possibility, a comparison was 
undertaken of the mutagenio activity of untreated DNA 
relative to that of samples degraded by ultrasonics and 
y-radiation. The mutagenic activity, as regards small 
chromosome deletions (Mimass), was significantly above 
the control level with all the three tested ee, but 
was markedly higher with the degraded DNA (whether 
sonicated or irradiated) than with the untreated materials 
(Table 2). The rate of Minutes with tho present sample 
of undegraded DNA was not significantly different from 
that induced by the same concentration (0-5 per cent) of 
& previous sample extracted from adulte by the same 
chemical procedure’ (ref. 2, Table 1). This activity, how- 


Table 2. 


THE Mímwtes AWD SHX-LOFKED RRCESSIVE VISIBLES (v 
IN THB F, MALES FROM ATTACHED- 
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ever, was considerably lower than that expected for the 
same concentration of embryonic DNA, which was ex- 
tracted by a different isolation technique’. In fact, the 
mutagenicity of the embryonic DNA le was of the 
same order as that of the sonicated material in the work 
recorded here, suggesting that it was degraded by the 
isolation technique then used. This demonstrated the 
superiority of the recent extraction method from adults, 
which yielded larger DNA molecules of lower mutagenic 
effect. It should also be noted that there was no marked 
difference in the rate of Minutes with the sonicated and 
irradiated DNA, in spite of the higher concentration of 
the irradiated matenal. This again might be a function 
of various degrees of degradation, since the irradiated 
sample contained larger fragments of DNA than after 
sonication. 
Table 8. THs SEX-LIXKND LETHAIS (1) AND VISIBLMe (v) 
PROGNNY 


RECEBMIYA 
IXDUOND BY BOXICA*TMD OR IRRADIATED DNA DETECTED IX THE F, 
FROM MULLER-b HIPFERDCNNTS 


(Moseaio mutants entered in brackets) 


Oontrol 0-596 Bonicated DNA 1% Irradiated DNA 

Brod Chm. | , Ohrm. [| * œm. | r 
I 8,453 21 1 522 2 0 41 1 0 
II 5220 5 1 484 0 0 614 (1) 2 
III 2,037 1 0 403 2(1) 0 280 1 0 
IV 1512 2 0 480 0 0 601 0 0 
v 9e? 2z 0 161 0 0 10 0 0 
VI — — — 1585 0 0 

Total 18,234 81 2 2,266 4(1) 0 1,777 3 2 
Mutants 

per 10* 170 011 1:50 0 1:60 1:18 


In contrast to the decisive activity of DNA in the 
induction of small chromosome deletions resulting in 
Minutes, our previous work!" yielded no consistent 
evidence for the polymer’s activity ın the production of 
point mutations (sex-linked recessive visibles and lethals). 
This has now been ascertained for the degraded samples 
as well, by both the attached-X and Muller-5 techniques. 
The rate of the sex-linked recessive visibles in the 
attached-X teste was the same with the undegraded and 
degraded DNA and did not differ significantly from the 
control level (Table 2). In the Muller-5 teste, no visibles 
were recovered with the sonicated DNA; but the irradi- 
ated material induced two mutants in 1,777 chromosomes 
(Table 8), which is above the upper limit of the Poisson 
expectation (P = 0-025) on the basis of the spontaneous 
visible rate. Comparable pomtive resulta as regards the 
induction of visibles have previously been encountered 
with unirradiated DNA (ref. 1), which suggested that these 
mutations could rarely be induced in the presence of the . 
polymer, under appropriate cellular conditions. On the 
other hand, the sonicated and irradiated DNA (Table 8), 
like the untreated material'?, were completely ineffective 
in the induction of sex-linked recessive lethals; the 
mutation rate in this respect was the same as among the 
progeny of males injected with isotonio saline. 

The results presented here showing the inactivity of 
degraded homologous DNA, as regards sex-linked recessive 
lethals, are in clear contradiction with Parkash’s report?! 


MICATED OR IRRADIATED), DETECTED 
, Mosalo MUTANTS ENTERED IX 
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pa 
Minutes Minutos v 
Males b Xo Per10*| No. 
5,256 21 t 5-44 1 
5,006 20 (1 610 0 
4,632 3 357 0 
5,232 — — — 
4,080 

3,308 = = E 
1116 a= oS = 
L c ram 

18,719 44 (29) | 552 1 





























510 


that these mutations were produced at a high rate (5-7 per 
cent) among the progeny of flies fed with an i 

sample of irradiated DNA (presumably heterologous). 
This mutagenic activity was stated to be the direct effect 
of the irradiation products of DNA, and was attributed 
to the incorporation of parte of the macromolecule into 
the nuclei of the fly’s germ line. Great care was accordingly 
taken in the design of the present experiment with 
irradiated DNA, to favour the induction of recessive 
lethale, on the basis of Parkash’s proposals. Homologous 
DNA was used, in the hope of favouring exchange between. 
oe material and the genome of the germ 


Degradation of DNA was undertaken by its exposure 
in the gel-state to a maasive dose of y-rays (> 230,000 r.), 
which was more than double that used by Parkash. The 
irradiated DNA was immediately injected around the 
males’ testes, in the hope of capturing any metastable 
mutagenic compounds that might have resulted from 
irradiation. The injected males were tested throughout 
the full period of their fertility, so as to ensure the 
recovery of treated in the spermatocytic and 
sparastogonial seigen, These were the cells predominantly 

to the treatment (in the larval testes) with 
Parkash's feeding procedure, and they would be sampled 
with the brood technique used in the present work on 
injected adulta in the fourth and later broods, more than 
9 days after treatment’. In spite of these precautions, 
the irradiated DNA showed no signs of actavity—as 
regards sex-linked recessive lethals—either in the early 
or in the late progeny (Table 8). The results ın the 
fourth and later broods were of particular interest, since 
they showed the response of the early sector of the 
germ line. The progeny in these broods was invariably 
low with the higher injected doses of all the tested macro- 
moles, because of their preferential cytotoxicity on the 
metabolically active early germ oells. Nevertheless, in 
the Muller-5 test with irradiated DNA, it was possible to 


recover 511 chromosomes after the ninth day of treet- , 


ment, the majority of which must have been treated in 
the meiotic and premeiotio stages. If mutagenic response 
to irradiated DNA was restricted to these stages, the 
tested X-chromosome sample would be to oon- 
tain & minimum of 19 lethale (the lower limit of the 
binomial expectation at P = 0-025) on the basis of ita 
reported!! activity (5-7 per oent); instead none was 
observed. There can be no doubt, therefore, that the 
recessive lethals which occurred in Parkash’s experiment 
- were not the direct outoome of the incorporation of DNA 
fragments (released by irradiation) into the genome of 
the fly’s germ line. The possibility still remaing, however, 
that the DNA irradiation products might have been 
metabolically converted into mutagenically active de- 
Tivatives as a result of their passage through the flies’ 
alimentary canal. This possibility is now under investi- 
gation, in view of its implications as regards human 
genetic hazards after food sterilization by ionizing 
radiation. 

The demonstration of the higher activity of degraded 
DNA in the induction of Minutes that ita 
mutagenicity might—in part at least—be due to its 
intracellular to the constituent nucleotides 
and the corresponding nucleosides after dephosphoryla- 
tion. In support of this possibility were the recent 
resulta‘ with the nucleosides of pyrimidine analogues: 
the -bal derivatives of deoxyuridine—FUdR, 
BUdR, IUdR; cytosine arabinoside, 6-azauridine, and 
6-azacytidine. All these compounds showed the DNA 
type of mutagenicity, in so far that they were mainly 
effective in the induction of Minutes, were rarely active 
for recessive visibles and inaotive for lethals. 

From a comparison of the biochemical and mutagenic 

ies of the tested nucleosides, it was possible to 
deduce that mutagenicity was the outcome of the shortage 
of particular nucleotides, through the specifo inhibition 
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of the enzymes required in their theais. A alight dis- 
turbance in this way would be iln to result in the 
loss of one—or a few-—nuoleotidea during the synthesis 
of jio DNA, thua resulting in point mutations (recessive 
visibles). On the other hand, a drastic metabolio dis- 
turbance at the nucleotide level would upset the balance 
between the four requisite DNA precursors, thus blocking 
polymerization and resulting in the loss of whole mole- 
cules, and the eventual induction of chromosome deletions. 
A comparable disturbance in the optimal equilibrium 
between DNA ee ee well arise as a result of 
intracellular accumulation of the polymer’s degradation 
products, which could lead to the same errors in the 

lymer's synthesis and the associated mutagenic effecta. 


t seamed, however, that the natural nucleosides (derived 


from DNA degradation) produced the alight metabolio 
disturbances (nucleotide losses) more frequently than 
their synthetic analogues, since there were more point 
mutation visibles after DNA injection than with the 
tested eens nucleosides. It is most unlikely, how- 
ever, the whole of the biological activity of DNA is 
due to ita degradation producta. An appreciable rate of 
Minutes occurred with Ey undegraded DNA, as well as 
with various synthetic polymers, some of which (like 
polymethacrylic acid) were known to be completely 
resistant to intracellular enzymatic degradation. This - 
suggested that, at least in so far as chromosome deletions 
were concerned, part of the DNA effect waa produced 
while the molecule wes still in some polymeric state. Its 
mutagenic effect in such a state—as with other polymers 
—was probably due to generalized inhibition of cellular 
enzymes, including some of those involved in DNA 
synthesis. 

To conclude, the resulte preeented here with intact 
(untreated) as well as degraded DNA (treated with ultra- 
sonics or irradiation) confirmed and supplemented our 
previous results! concerning the genetic mode of action 
of this macromolecule in metazoan cells. Specific locus 
transformation was unsuccessful, both with wild-type and 
mutant DNA, even with samples of fairly large molecular 
size. In contrast, DNA at various levels of degradation 
was decisively active as regards the induction of small 
chromosome deletions (Minutes), weakly active for the 
recessive visibles, but completely inactive for the 
recessive lethals. Evidence was found indicating that 
DNA mutagenicity could be produced indirectly, through 
its passive conveyance by the sperm during fertilization 
and the subsequent induction of mutation in the course 
of chromosome replication at cleavage: mutants occurred 
in the maternal X-chromosome when treatment was 
restricted to the paternal germ line. Degradation of 
DNA, by ultrasonics or y-radiation, did not alter the type 
of mutations induced, but only increased the mutagenic 
efficiency as regards the induction of small chromosome 
deletions (Ménutes). 

We thank Prof. A. Haddow for his advice, and Dra. 
K. B. Kirby and J. R. B. Hastings for their efforta to 
improve the techniques for the isolation of Drosophila 
nuoleio acids. 
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LETTERS TO THE EDITOR 


RADIOPHYSICS 


Lunar Occultation of the Radio Source 
CTA 2I 


Tru radio sources OTA 21 and OTA 102 have been of 
considerable interest since they were first reported by 
Harris and Roberte! from observations et 958 Mo/s. 
Later work? showed that the radio spectra of these 
sources differed from those of most other sources and that 
each source had a maximum of emiseion neer 900 Mo/s. 
It has been suggested? that this form of spectrum is 
produced by self-absorption of synchrotron radiation 
within a source of small angular size, and from the shape 
of their the very amall angular diameters of 
~ 0-01 sec of aro have been predicted for both O7'A 21 
and OTA 102. OTA 102 has recently been identified’ as a 
quasi-stellar radio source, but for O7'A 21 no optical object 
can be detected on the 48-m. Sky Survey plates within 
the limita of error (+ 6 sec of arc) of the existing radio 
source position*". It appears that an identification of 
OTA 21 with an optical object can only be made if the 
radio source position is more precisely known and the 
region of sky can be examined with more powerful 
optical techniques. 

An ity to measure an extremely precise position 
for the source has been presented by the series of lunar 
oocultations which oocurs during 1964-65. No further 
oocultetions of this source will then be observable for 
several years. Two oocultetions were predicted for the 
C.8.Il.R.O. radio telescope at Parkes, Australia. The 
first occurred close to the local horizon and could not be 
observed, and even on the second occasion (February 9, 
1965) only the disappearance of the source occurred 


within the normal working altitude range of the telescope. 
This disappearance was observed at 2,650, 416 and 154 
The measurements at 2,650 Mo/s showed well- 


Mo/s. 


40° 





defined Fresnel diffraction fringes, and preliminary caloula- 
tions suggeet that the source is single and that it has 4 
radio diameter of less than 1:5 sec of aro. This result is 
consistent with that obtained from some recent inter- 
ferometer measurements* which have shown that the 
source has an apparent diameter < 0-4 seo of aro. Re- 
appearance occurred 8° below the altitude limit of the 
e and was observed at 154 Mo/s only with an 
eed. Even at this frequency the measured signal- 
rie ratio was appreciably reduced from the on-axis 
observations and no useful off-axis observations could 
have been made at the higher ies. The use of 
off-axis observations and the low ftux density of the radio 
source at 154 Mo/s have meant that the signal-to-noise 
ratio and hence the accuracy of timing are much poorer 
at the re-appearance than at the disa ce. 
The measured, times are given in Table 1. 


Tabio 1 
Dtmappearance 10h 10m 4768 + Qed U.T. 
He-appearanoe 11h 28m 0*»5 + be 5 V.T. 

These times correspond to æ position of the radio 
source of R.A. 03h 16m 98°11, Deo. 16° 17’ 407-8 (1950-0). 
A value of 388-5 has been assumed for the difference 
between ephemeris and universal times in order to bring 
the deduced position on to the FK8 system’. The source 
position together with the limita of error are shown in 


A a T RE E qu E 
radio position on the best existing plates which have been 
taken with the 200-in. telescope on Mount Palomar. 

We thank Mr. B. F. O. Cooper and many others on the 
laboratory’s staff for their assistance with the observa- 
tions, and Mr. W. Nicholson of H.M. Nautical Ahnanac 
Office for sending details of the ciroumstances of the 
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PHYSICS 


A New Role for the Electrophorous 

TEE electrophorous! consists of a flat polymeric plate 
placed in contact with a flat metal plate. The two surfaces 
are separated only by the higher ities of the surfaces 
and ao aatual Gotan ia only madaat a few pointe. If 
the polymer surface has been previously negatively 
charged by the diffusion of electrons into it, then the 
metal will be negatively charged at the few places where 
contact is made and positively charged by induction 
where there is no contact. If & time-varying dynamic 
load is now applied to the system so that the plates never 
lose contact and the variation of the distance between 
them is due to the elastic deformation of the asperities, 
then there will be time-dependent variations in the 
induced electrostatic charge on the metal plate. If the 
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induction effects predominate, then it is of interest to 
measure the current flow to, and from, the plate when it 
is connected to earth through a high-resistance voltmeter 
or oscilloscope. 

In these investigations a charge is put on the polymer 
surface by heating in contact with a metal surface at the 
softening point of the polymer and then applying & static 
preesure which just deforms the polymer. This process is 
considered to be the most promising for investigation 
because the initial electrifloation action must be electronic 
diffusion from metal to polymer at the softening tem- 


Although simple to manufacture, it seams likely that 
the electrical response of the system to a dynamio load 
may be complicated. This has therefore bean subjected 
to preliminary i tal investigation using the 
pressure bar method to apply dynamic preasures. A steel 
rod 2-5 cm diameter and 120 cm long with plate ends is 
supported horizontally. Longitudinal impact by a 2-5 om 
diameter steel sphere, which. is‘ suspended as a simple 
pendulum, produces & stress wave pulse in the rod. The 
maximum preasure corresponding to a given height of fall 
of the impactor is obtained from the results of Barton 
et als. 

In the present high-pressure experiments the polymer 
used is polymethyhmethacrylate (PMMA). The transducer 
unit tested using the pressure bar consists of a (PMMA) 
plate 2-5 am x 2-5 am x 0-1 om oemented on to one of 
the two plane end faces of.a short cylindrical steel rod 
which is 5 cm.long and 2-5 cm diameter. Electrostatic 
charge is then produced on the free PMMA surface as 
described here. A clean tin foil is next cemented on to 
the face of a polymer blook 2-5 om x 2-5 am x 1:0 am. 
The free tin and charged PMMA surfaces are put in contact 
and the clamped together under a amall static oom- 
preesive foroe. The unit ia then wrung on to the measuring 
end of the pressure bar and a compressive stress pulse 
generated by the impactor. The maximum pressure in 
the stress pulse is much greater than the statio pressure. 
The voltage-time signal recorded from the unit consists of 
an initial pulse followed by a wave train which decays in 
amplitude. 

The maximum voltage of the initial pulse is com: 
with the maximum stress pulse preasure for heights of 
fall, 4, of the impactor over the range 1-15 om. Up to 
h ^s 10 am, corresponding to a maximum pressure of 
70 x 10* dyn/am?, the experimental observation 18 that 
maximum preasures and voltages are direstly propor- 
tional. Since pressure is proportional to the velocity of 
the measuring end of the bar, that is, the charged PMMA 
surface, then it follows that the recorded maximum 
voltage or current is directly proportional to the velocity 
with which the charged PMMA surface moves towards 
the metal surface during dynamio compression. 

The value of this experimental result is that it 
makes e the application of electrostatic properties 
to the development of olectrical devices which can be used 
~ to investigate any continuous mechanical vibration. 
Various types of dynamic electromechanical transducer, 
which utilize electrostatic properties in conjunction with 
the wide range of polymer mechanical propertiee, are being 
considered for the examination of the dynamio forces in 
im problems, and acoustic vibrations. 

er possibilities for the utilization of electrostatic 
surface charges initiated by eleotronio diffusion are being 
explored. : 
J. RoBERTS 
M. A. STEAL 
Explosives Research and Development Establishment, 
Materials Research Laboratory, 
Waltham Abbey, Essex. 
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Distribution of Near Neighbours in a 
Random Packing of Spheres 


Duarxa some work on the tensile strength and cohesion 
of wet particles, it became neceasary to have some know- 
ledge of the number of contacta and near contacts 
existing m & random packing of equal spheres. The 
range of centre to centre separations from 1-0 to 1:8 
diameters waa of particular mterest to this work because 
expermental results had shown that liquid bridges existing 
between spheres separated by these distances were likely to 
play & major part in the cohesion of a wet bed of epheree!. 

Both Bernal! and Scott? have measured radial distribu- 
tions in packings of spheres for use in their work on liquid 
structures. However, they were both concerned with a 
somewhat greater separation range, and their results lack 
the detail in the narrow range required here. 
To obtain some additional information in this range the 
following experiment was performed. One thousand and 
six good-quality teble-tennis balls, diameter 1-5 in., were 
placed in a polythene bag, and the whole was buried in 
sand. The sides of the bag had been deformed 
to prevent systematic packing on the outside of the system. 
The bag was then filled with & 2 per cent w/v agar solution 
at 45° O which filled the between the balls. The 
balls were from floating up in the solution by 
weighting the top of the assembly. The agar was allowed 
to set at room ture, and the complete assembly 
removed from the beg. The balls were removed one at 
& time. As each sphere was removed the number of 
contacts was counted, and the distance of any near 
neighbours meesured through the agar with a simple 
needle-type probe. This was a direct measurement with 
an accuracy of 0-25 mm. The total number of contacts 
and the distribution of near neighbours are counted for 
the whole bed. The values obtained for the outer layers 
did not differ significantly from the values for the central 
core, consequently all the counts are included in the resulta. 
These are plotted in the co-ordinates used by Scott in 
Fig. 1. This illustrates the high incidence of actual oon- 
tacts, and shows the significant number of non-touching 
near neighbours lying in the range 1-0-1-8 diameters. 
An interesting noms is the appearance of an apparently 
significant peak m the region of 1-22 diameters. 
The overall packing density of the bed was measured and 
the limiting value at large values of r is shown in Fig. 1. 
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1n an interval of 0-0656 (0-25 mm) 
in sphere diameters from the centre of an average 
We thank the Central Electricity Generating Board for 
financial support of this work. 
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GEOLOGY 


Interpretation of Geological Features on a 
Satellite Photograph 


Durme examination of automatic picture transmission 
system photographs taken by Nimbus 1, & photograph 
exposed from 308 miles above Lake Ontario, during orbit 
254, on September 14, 1004, clearly showed the complex 
folded pattern of the Appalachian Mountains in the 
Pennsylvania region. The photograph, produced by & 
slow scan kinescope method, designed and developed by 
the National Research Council of Canada, specifically to 
record and reproduce the full capabilities of the 800-lme 
high-resolution automatic picture tranamission vidioon 
of this American meteorological satellite, was one of many 
received at Ottawa and Frobisher Bay ground stations. 


Detailed examination of the photographic pattern as to ` 


size, ahape and tone of these Appalac features showed 
close correlation with the rock-type unite as depicted 
by the 1/250,000 Geologic Map of Pennsylvania, published 
by the State Geological Survey, 1960. By projecting a 
pho hically reduced map (Fig. 1) on to the photo- 
graph (Fig. 2), variations in tonal pattern agreed in fine 
detail with the rock groups. The rock groups which were 
predominantly shales showed in light tones, sandstones 
and conglomerates were dark, and the boundaries of 
each distinctive group were clearly delineated on the 
photograph. 

The well-known Pennsylvania anthracite coal region 
in the Wilkes—Barre-Scranton area is a good example. 
On the map this area is shown as & crescent-shaped rock 
group, 50 x 6 miles in extent, known as the Post-Potte- 
ville formation (No. 2 of Fig. 1). It oonsiste of brown or 
grey sandstone and shales with some conglomerate and 
numerous minable coals. This group is completely 
ringed by a border, about 2 miles wide, of the Pocono 
group (No. 1 of Fig. 1), & predominantly grey massive 
cross-bedded conglomerate and sandstone with some shale. 
On the photograph we find an exact duplication in 
and size, a crescent light-toned area for the Post-Po e 
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Group (No. 2 of Fig. 2) bordered by & dark-toned strip 
corresponding to the Pocono Group (No. 1 of Fig. 2) in 
spite of tho fact thet this area is shown on & land-use map 
as foreat-covered. . 

Again, in the Great Valley running through Harrisburg, 
we find the Martinsburg Formation (No. 3 of Fig. 1) 
comprising grey to dark grey, light grey to olive weathermg 
shale with interbedded sandstone appearing on the 
photograph in a light tone (No. 8 of Fig. 2), corresponding 
m shape and mre to that formation on the map. Along 
the northern edge is & narrow 1-2 mile wide border of 
Shawangunk Formation (No. 4 of Fig. 1), & grey to ten 
thick bedded impure quartzite sandstone conglomerate 
with interbed of shale. This border is duplicated on the 
photograph as a narrow dark-toned strip of shape and 
oxtent corresponding to the formation. Other stripe of 
this formation occur to the north and west, and also 
appear on the photograph (No. 4 of Fig. 2). Along the 
southern edge of the Martinsburg Formation, west of 
the 8 River, is the Beekmantown Group 
(No. 5 of Fig. 1) of white to grey medium thick-bedded 
fine-grained quartzite sandstone conglomerate showing on 
the photograph aa a dark-toned area (No. 5 of Fig. 2). Haat 
of the Schuylull River, the southern border is Pre-Cambrian 
granite gneiss (No. 9 of Fig. 1). On the photograph its 
identical pattern is repeated in dark tone (No. 9 of Fig. 2). 
Similar correlation is repeated across the map area with 
the various geological groups (Nos. 1—12 of Fig. 1) closely 
delineated on the ph h by corresponding tonal 
patterns (Nos. 1-12 of Fig. 2). 

It is appreciated that the tonal variations can be linked 
to the forest cover, and forest boundaries are also known 
to mark changes in geological formations, particularly as is 
evidenced to the north-east in the Adirondack Mountam 
area. However, in the Pennsylvania area, forest cover 
alone is not sufficient to account for the very distinct 
and uninterrupted sizes and shapes of the tonal pattern 
that relate to the rock group areas on the map. Large 
portions of these individual group areas are known to be 
under intense varying cultivation, with other areas of 
considerable magnitude given over to industrial com- 











. 8. Ordovicdian—dlarünsburg Formation. i. Billurdan— 
. 7. Ordovielan— 


9. Pre-Cambrian—Granite pam. 10. Brunswick, Lockatong 
Formation. 12. Ordovictan—. mniate, Bald Hegle Foerationa ' 
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plexes and large urban developments. These, of course, 

influenoe but do not upset or disrupt the shapes, sizes 

or tones of the geological patterns seen on the satellite 
h. 


This particular photograph is not a peculiar freak of 
lighting, camera position, eto., for the same features are 
also reproduced in an earlier Nimbus automatic picture 
transmission, from orbit 137, taken on September 6. 
On it, the same features appear in similar shapes, sizes 
and tones as on the photograph taken eight days later, 
but they are not Bo eamly seen due to the presence of 
haze and some cloud over the area. 

It is therefore felt that the variations of tones shown 
i related to the rock types of a 
i map, and are greatly influenced by 
the different reflectivity of the various basic roock-soil 
textures. Further, it would appear that these textures 
have & greater influence on the tonal rendition in & very 
high altitude photograph than when their pattern is 
cluttered with i i and, directly visible features 
such as vegetation and man’s developments of the Earth's 
surface—as is the case with conventional aerial photo- 
graphy. 

Additionally, it has also been noted in the original 
photograph that a faint line runs in a slight arc across the 
loture where the Susquehanna River enters the 
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Appalachian Mountains to Chautauqua Lake, which is 
barely visible through thin cumulus oloud along the south 
shore of Lake Erie. This linear may possibly be explained 
by a deep-seated crustal disturbance, such as a buried 
‘graben’ suggested in this area by Prof. J. Tuzo Wilson!. 


C. I. Taggart 
Satellite Data Laboratory, 
Meteorological Service of Canada, 
Ottawa. 
1 Wilson, J. Tuzo, Amer. Sci., 47 (1059). 


Eocene-Oligocene Boundary in New Zealand 
Tma planktonic foraminifera Hantkenina, Globigerapsis 
and P. igeri: miora are widely distributed 
throughout the world and their last a has 
been considered to mark the top of the Eocene!-*. 
Hornibrook stated that .H. alabamensis, G. index and 
P. mora make their last appearance in the Runangan 
Stage, and consequently regarded the Runangan—Whain- 
garoan boundary as the Eooene-Oligooene boundary in 
New Zealand‘. 
Blow and Banner gave ranges of planktonic species in 
the Lindi area of Tanganyika and showed that the genera 
Hontkenina and Globigerapsis make their last appearance 
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well below the top of the Eocene, the Eooene—Oligocene 
Bauder Where hang based On the rangs of neuer 
foraminifera’. The larger foraminifera of this age do not 
occur in New Zealand, but from the ranges of planktonic 
speciea given by Blow and Banner, Jenkins concluded 
that the extinction of Hantkenina and 1 is does 
not mark the end of the Eocene in New Zealand and that 
the Eooene—Oligocene boundary lies within the Whain- 
garoan stage’, which contains most of the ‘Oligocene’ 
species mentioned by Blow and Banner. . 

Finlay and Marwick defined the vop of the Runangan 
Stage at the type locality on the west coast of the Bouth 
Island as marked by the last appearance of G. index’. 
I have found that the last appearance of G. index there 
coincides with that of 1 linaperta and G. 
pseudoampliapertura, and that G. euapertura and G. 
ampli make their first appearance immediately 
above, at the base of the Whaingaroan stage. H. alaba- 
mensis extends only up to the lower part of the Runangan 
and this is consistent with its range at Oamaru on the east 
coast of the South Island (Hornibrook, personal com- 
munication). On the other hand, P. miora extends up 
to about the middle of the Whaingaroan stage. 


MEW ZEALAXD 


LINDI, TANGANYIKA 
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CHEMISTRY 


Photochemical Degradation of Paraquat 
Tue establishment of world-wide and varied uses of 
*Gramoxone'! herbicide requires & complete understanding 
of the behaviour of ita active constituent, paraquat, in all 


circumstances. The present rt is concerned with the 
photochemical tion of the chemical. SE 
When t dichloride (I) in aqueous solution is 


irradiated with ultra-violet light in the presence of oxygen, 
rapid decomposition occurs. The reaction has been 
conveniently examined on a small goale (10-20 ml.) by 
stirring a 0-1 per cent aqueous solution of “C-methyl 
paraquat dichloride with a magnetic stirrer in a beaker 
covered with a sheet of quartz glass and shining a Hanovia 
model 16 lamp (used without a filter) on it. Fifty mioro- 
litre aliquots were removed at intervals and applied as 
spota at the top of a strip of chromatography paper, which 
was afterwards developed using a mixture of n-butanol, 
acetic acid and water (4:1:2). An autoradiograph 
(Fig. 1) of the resulting Sa e dir cad (prepared by 
exposing the chromatograph to X-r&y ) showed. that 
only two major radioactive decomposition pro- 
ducte were formed. 

Compound A in Fig. 1 is t itself (shown 
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by comparison of its Rr value with that of an 
‘authentic specimen, and by the grey colour ib 
produced when sprayed with potassium iodo- 
platinaste’). After three days’ irradiation with ultre- 
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Fig. 1. Obart com. 


the stratigraphic ranges of some of the U 
Lower Oligocene Zealand and tho I 


Foraminifera in New 


The stratigraphic rangea of the significant planktonic 
species common to New Zealand and the Lindi area are 
compared in Fig. 1. The only range which is markedly 
inconsistent is that of the genus Globigerapsts, which 
makes its last appearance earlier than H. alabamensis 
and Globorotalia centralis in the Lindi area but later than 
H. alabamensis and G. centralis in New Zealand. 

tinere 1 is must be regarded as un- 
reliable for oorrelation between the Lindi area and New 
Zealand, and from the other planktonic species the 
Runangan-Whaingaroan boundary appears to be equiva- 
lent to the Eocene—Oligocene boundary as delineated by 
Blow and Banner. 

I thank Dr. Paul Vella and Prof. H. W. Wellman for 
their advice. 

M. B. Spovtvasaw 


Department of Geology, 
Victoria University, 
Wellington, 

New Zeland. 

1 Bol, H. M , Bull, U.S. Nat, Mus., S18, 159, 161 (1957). 

* Bolh, IL AL, Losbfeh, A. B., end Tappan, H., Dell. U.S. Nai. Mus., 315, 

3 Carter, A. N , Geol, Surv. Victoria Pull., No 55 (1988). 

1 Hornfbrook, X. de B., Micrepalsontolegy, 4, 25 (1958). 

! Blow, W. H., and Banner, F. T., in Eames, F. H, Banner, F. T., Blow, 
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violet light, no paraquat remained. The conoentra- 
tion of compound B inoreesed to a maximum after 
irradiation for 1 day, but itself decomposed untie 
eventually only compound O remained. 

Compound B quenched. the induced fluorescenol 
of the paper when the chromatograph was observed 
under ultra-violet light (whereas compound C did 
not): this provided & useful means of stud; the 
formation of the compound when non-rediosotive 

t was used. Paper hy of an 
irradiated solution on a larger scale yielded suffi- 
cient compound B for measurement of its ultra- 
violet spectrum. In aqueous solution, this showed 
maximum abeorption at 265 mu; when the solution 
was acidified, the absorption bend underwent & 
bathochromio shift. A large-scale reaction waa per- 
formed so that sufficient compound B could be isolated for 
its identification. One litre of 0-1 per cent aqueous pare- 
quat was irradiated using & Hanovia 10L photochemical 





Fig. 1. Autoradiograph of chromatograph of ultra-violet-irradiated 
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reactor with quartz down-tube whioh contained a medium 
pressure mercury vapour aro tube. Oxygen was passed 
through the wradisted solution, snd irradiation was con- 
tmued until more than 95 per cent of the paraquat bad 
decomposed (judged by paper chromatography of ali- 
quota). This occurred after 4 days and the resulting solu- 
tion was paseed through & column of ‘Dowex 50W-X8 
cation-exchange resin. Compound B was eluted from the 
column with 2 per cent formio acid (ita elution was 
followed by observing the ultra-violet absorption of the 
elusate at 270 mu). Removal of the solvent gave a white 
solid, which was crystallized from ethanol. 

The nuclear magaetio resonance spectrum of the com- 
pound was consistent with & methyl quaternary pyridin- 
ium compound substituted at the 4-pomtion (8 = 4-43 (3 
protons); 8-13, 8-23 (2 protons) ; 8-74, 8-85 (2 protons)), and 
elemental analysis and comparison of ite infra-red and 
ultra-violet spectra with those of an authentic sample 
showed that the compound was the N-methyl] betaine of 
isoniootinio acid (IIT). The bathoohromio shift in the ultra- 
violet spectrum of III on acidification has been noted 
before’. Compound B also had the same Ry value as 
authentic IM on paper chromatography in three solvent 
systems (4:1:2 n-butanol, acetic acid and water; 
8:3:4 n-butanol, formic acid and water; and 4:1 
isopropanol and water). 

Ultra-violet irradiation of paraquat labelled with 
carbon-14 in the a- and B-positions of the pyridine rings 
followed by paper chromatography showed that only one 
major radioactive compound was formed, namely, com- 
pound B. Thus compound C must have been formed from 
the methyl group of paraquat, and could not have con- 
tained any carbon atoms originating from the a- and 
B-positions of the pyridine rings. 


2Cl- 
I 
O 
[ roS a | 
SN 
II 
—— OH,—'N O- —+ CH,NB,HOI 
HCI ——— 
II IV 
Wig. 2 


When the hydrochloride of the N-!*C-methyl betaine of 
isonicotinic acid in aqueous solution was irradiated with 
ultra-violet light it decomposed to yield compound OC as 
the only isolable radioactive product. This reaction was 
repeated on & large scale using non-radioactive methyl 
quaternary isoniootinio acid, and the solution was 
irradiated until no starting material remained. Removal 
of solvent yielded compound O and comparison of its 
infra-red spectrum with that of an authentic sample 
showed it to be methylamine hydrochloride (IV). This 
was confirmed by examination of its paper chromato- 
graphic behaviour in the three solvent systems already 
described here. 

Carbonyl compounds are probably formed as transitory 
intermediates ın the decomposition since addition of 
2,4-dinitrophenylhydrazine to an irradiated solution pre- 
cipitated a small amount of an orange derivative. Thin- 
layer chromatography on silica gel showed that this was a 
mixture of at least six componente. 

A likely early intermediate is the unsaturated amino- 
aldehyde II (similar compounds have been obtained from 
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the reaction of bases with pyridinium compounds‘), 
which must be rapidly oxidized. The fragments resulting 
from this oxidation or a similar one include carbon dioxide, 
since “CO, is evolved from t labelled with 
carbon-14 in the a- and B-pomtions of the pyridine rings. 
When aqueous paraquat is irradiated with ultra-violet 
light in the absence of oxygen, it decomposes, but com- 
pounds ITI and IV are not formed. Instead, a brown resin, 
presumably polymeric, remains when all the paraquat has 
decomposed and the solution is evaporated to dryness. 
This could result from polymerization of compound II or 
similar materials. 

The same decomposition producta (III and IV) are 
formed when paraquat adsorbed on filter paper or thin 
layers of silica gel is exposed to ultra-violet light from a 
mercury vapour lamp, or to sunlight. This decomposition 
in sunlight seems to occur only when the paraquat is 
adsorbed on a surface, since paraquat in aqueous solution 
does not decompose 1n sunlight to any appreciable extent. 

More importantly, paraquat which has been sprayed on 
plante can be photochemically decomposed on the surface 
of leaves by sunlight, and compounds III and IV are 
formed (both of which, incidentally, have very low oral 
toxicities in mammals). Details of work on the decom- 
postion of paraquat on plants will be published elsewhere. 

I thank Dr. J. A. Farrington for asistance in the 
interpretation of the nuclear magnetic resonance spectrum. 


P. SLADE 


Imperial Chemical Industries, Ltd., 
Agnoultural Divimon, 
Jealott’s Hill Research Station, 
_ Bracknell, Berkshire. 
1 Reqnatered Trade Mark of Plant Protection, Ltd. 
m Le RN MIN MNT COSMAS Teohmiquet, 1, 306 (London 
* Green, R. W., and Tong, H. K . J. Amer. Cham. Soo., 78, 4086 (1060). 
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Autoradiographic Electrophoresis of Tritium- 
labelled Compounds in a Thin Layer of 
Buffered Photographic Gelatine 


GEL electrophoresis allows the detection of radioactive 
unds by contact with a photographic film. I have 
tried to separate radioactive ions by electrophoresis, using 
a thin l&yer of radiosensitive photographic gelatin as 
supporting medium. I hoped thus to locate smaller 
amounta of radioactive substances within a shorter time 
and, above all, to achieve higher efficiency in detection 
and location of tritium-labelled molecules through auto- 
radiography. This communication gives a brief account of 
the first runs of autoradiographic electrophoresis in & 
thin layer of buffered photographic gelatine and affords 
a glimpse of the posmbilities of this new type of supporting 
medium. 

A stnp of double-laid ‘Kodirex’ X-ray film, 10-15 cm 
long and of the proper width, is immersed for about 20 
min et room temperature in a suitable buffer, then 
quickly blotted between two sheeta of filter paper. The 
film strip 18 laid on & glass plate on which ıt sticks tightly. 
The sample (1-6 ul.) is directly applied on the gelatine 
layer, without scratching the damp surface. The glass 
plate used as & support is set on the cover of Petri dish 
full of crushed ice, ın the central compartment of an 
electrophoresis apparatus. Two filter-paper wicks, soaked 
with buffer, ensure the electric Junction between the upper 
surface of the ends of the film and the compartment next 
to the electrode chambers. A similar glaes plate i set 
on top of the whole system, as & means of reducing 
evaporation; ite weight ensures adequate electric con- 
nexion between the filter paper and the gelatme; the 
thickness of the wicks prevents any contact between the 
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tographic emulsion and the glass plate used aa & cover. 

the separation process laste more than 1 h, evapora- 

tion is prevented by the use of another system: the strip 

is sandwiched between two cooled glass plates, so that 

the upper plate supporting & second cooling Petri 
dish comes mto close contact with the film. 

The electrophoresis is carried out at potential gradients 
of 15-80 V/cm applied for 10 min to 1 b, as the case may 
be. The flim strip is quickly dried in a stream of warm 
air and stored in the dark until ita development through 
the usual p 

The entire experiment is carried out in the dark room, 
with the help of properly filtered light. 

(A) Hleotrophoretic migrations. — (1) The first runs 
dealt with the io migration, at pH 7-25 
(tris/HOl buffer, 0-01 M, containing 5 cent of glycerol 
88 & means to reduce evaporation), o K an aeea hei 
alone or mixed together: sulphate and teurine-*!B, 
taurocholate-“O, tritiated succinic acid, & strongly 
es ee methionine, eto. Fig. la shows that 
one oan us separate and detect histidino-14C, glutamio 
acid-“O and tritiated valine from a given mixture of 
these three amino-acids. -The same oen be carried out 
Bee eee m oan Cy red end ae 
"B8. Adsorption is definitively negligible, separati 
quite sharp, diuo i moak ul uite ILS stie 
compounds’ gpeoiflo activities are very high, radioactive 
ions have no time to leave any track as they move in the 
photographic gelatine. 

(2) The electrophoretic separation of the three above- 
named amino-acids was also achieved at pH 5:25 using a 
volatile buffer (acetio acid/pyridme/water 20/9-5/970 
(v.v) containing 5 cent of glycerol) ) ig. 1b). 

(B) N io migrations. The importance of 
phenomena due to electro-osmosis and evaporation was 
assessed with the help of a non-ionized oompound: 
d-gluooee-*O solution was regularly ied m small 


dropa 1 om apart all along the flm strip and 17 V]em 
potential gradient applied for 1 h. The tracks of Fig. 2 
show that at pH 7-25 the radioactive molecules have not 
been moving exoepb for radial diffusion. Similar resulte 

were found at pH 5-25 (pyridine/acetic acid buffer). 
ey or e ee Radicactive compounds 
in 


close contact with the silver bromide grains 





L feparodon of , H*-valine g add-*0 
(0). af SH T25 (ins Gl bate 001 M; 6% giroeroD, 20 V/am for 
20 V/can for 80 min. AP Got LOM are talented Ee El ATO 








Fig. 2. Ghieose-“O deposits 1 om apart; 17 V/am for 60 min. The radioactive glucose has but there is pon-elsctro- 
radially diffused, no 
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ofa trl thomabelled 
activity of the substance 
23 V/em for 60 min 


electrophoresis 
and tracks due to 
rula buffer, 001 M; 5% 


within the very photographic gelatine layer in which 
they have been moving, this technique affers a high degree 
of sensitivity ae is shown by the shortness of required 
exposure and especially by the ability of detecting triti- 
ated substances. Thus, nothing came out of a contact 
autoradiography between & ‘Kodirex’ X-ray fiim and a 
paper eleotrophoregram pepe ee tritiated methionine, 
whereas in the case of & direct autoradi hio electro- 
phoresis and with ten times less methionine, & 
definite darkening was achieved after for 2 
days. The method allows the detection of 0-001 pe. of 
tritiated valine after exposure for 6 days. 

This technique gives quick detection el of ionized radio- 
active impurities in the course of ing or storing 
labelled molecules, i when they have been 
tritiated. Fig. 8, for example, shows the result of the 
autoradiographic electrophoresis of a strongly tritiated 
methionine, which had undergone radiolysis within the 
course of storage for three years. 

gee use, 88 iced Loan] medium for autoradiographic 

glass plates coated with a thin layer of 

peter nua nuclear emulsion should allow, after development, 

the microscopic detection of the silver grains or the indi- 

vidual tracks left by the radioactive ions after their 

migration. A stil higher degree of sensitivity would 
thus be achieved. 

Autoradiographic electrophoresis offers an opportunity 
of estimating by densitometry or grain count the relative 
amounts of tritium in the ionized compounds of a mixture. 

I thank Dr. P. Fromageot of the Department of Bio- 
logie, Commissariat à l'Énergie Atomique, Saclay, for his 
advice. 

MAURICE LAMBIOTTE 
Centre de Recherches sur la Nutrition du Centre National 
de la Recherche Scientifique, 
Bellevue (Sine et Oise), 
France. 


Nitrous Oxide as a Scavenger in tne 
Radiolysis of Water 


NrrRouB oxide has been widely used as a specific 
scavenger for the solvated electron in the radiolysis of 
liquid water!'3; the rate constant for reaction (1) being 
greater than that for reaction (2) by æ factor of 10° or 
more: 

ew + NaO >N, + 07 


(— OH) (1) 


H + N,O —N, + OH (2) 





T . d, 


(n. 


+ 
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N40 concentrations > 12 x 10- M have invariably been 
found n to obtam values of G(N,) independent of 
[N,O] despite the large magnitude of k, Values of 
G(N,) = 3-0 + 0-1 obtained with this high concentration 
of N,O have been equated to G{eeq)- 

Usmg an experimental technique similar to that 
reported previously’, we have examined the variation of 
G(N,) as & function of [N,0] in pure water at natural pH 
irradiated with cobalt-60 y-rays. Contrary to the findings 
of Damton and Poterson!, who used larger dosea, we 
obtained the results shown in Fig. 1 for doses of 7 x 1017 
eV ml.-. The curve for G(N,) consists of two distinct 
steps: first, & very rapid increase in G(N,) from 0 to 
2-45 + 0-1 with increasing [N40] from 0 to 4 x 10-5 M; 
33oondly, a slow increase from 2-45 to 3-1 + 0-1 with 
increasing [N,O] from 4 x 10 to 1-2 x 10-3 M, above 
which G(N,) waa independent of [N,O] up to 2-5 x 10-* M. 
Values of G(N,) < 29-45 were obtained at [NO] < 4 x 
10-* M but these are not shown in Fig. 1 because with a 
total dose of 7 x 10” eV ml. depletion of N,O ocgurred. 
However, we have shown at smaller doses, where very 
similar curves to that given in Fig. 1 are obtamed, that 
G(N,) = 1-9 at 2 x 10 M N,O. 

We interpret this curve as indicatmg that the very 
efficient scavenging step representa reaction (1) and hence 
that G(N,) = 2-45 + 0-1 = G(esq). This is more in accord 
with the values of G(¢q) obtained using other techniques 
than is the value of 3-1 + 0-1 found at 1-2 x 10-* M. 
The efficient scavenging by 4 x 10- M N,O, when oom- 
peting for egg with radiation products only is also more 
cates with the high value of k, = 0 86 x 101*M-1g-: 
ref. 4). 

The second step in the curve seems to be the scavenging 
by N,O of a second radiation produced species, rather 
than & consequence of a back reaction or intra-spur 
scavenging of esq, because the plot of (G(N,) — G(esq))- 
versus [N,O]- 18 linear. The identity of this species 
having a yield of 0-65 + 0-1 is at present uncertam but 
it may be equivalent to the hydrogen atom or to the 
entity designated H, by Denton and Peterson!. The 
increase m G(N,) at (0-4 to 1) x 10+ M N,O cannot be 
attributed to intra-spur scavenging of esq because no 
region where G(N,) was mdependent of [N,0] was observed 
and at 10“ M. N,O where the second step was > 30 per 
cent complete the lifetime of e4q would need to be an 
order of magnitude longer than the 10-7 seo predicted for 
intre-spur processes to be completed. Furthermore, 
although G(H,) falls from 0-5 to 0-1 due to the addition 
of 4 x 10 M N,0, further addition of N40, up to 2-5 x 
10-* M, does not affect G(H,) = 0-1, so that the species 
soavenged by N,O in the slower step does not normally 
lead to the formation of H4. It can be noted also that, 
bearing in mind the possible alternative reactions of this 
species, the 1-2 x 10“ M N,O necessary to scavenge it 


4 





0 5 10 15 25 
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Fig. 1. Variation of AG(N,) and O (G(N4) + KHa) + G(04)) with N,O 
concentration. Total dose in eaoh experiment = 7x10" eV ml 
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completely 1s consistent with its rate constant for reaction 
with N,O being 10*-10' M-' s-1, the probable order of 
magnitude of k, (ref. 2). 
Fig. 1 also indicates that G(H,) + G(O,) is constant at 
~ 0-5 over the full range of [N,O]. In fact, G(O,) increases 
as G(H,) falls and both processes are markedly dependent 
on dose in contrast to the yields of G(N,). This dose 
dependence and certain competition investigations will be 
discussed elsewhere. Values of G(N,) shown in Fig. 1 
were corrected for small ‘background’ yields of N,. Plots 
of G(N,) versus dose showed positive interoepte as others 
have reported’. We attribute these to the fact that 
when added to an apparently thoroughly de-aerated 
sample of water (de-&er&ted by freezing-p ing—thawing 
cycles or by boiling and pumping) N,O is able to release 
traces of dissolved nitrogen (and probably oxygen) from 
the liquid—amounte up to 0-2 moles from 25 ml. of 
water, depending on the N,O pressure. 
We thank Dr. H. F. Batho and hus staff of the British 
Columbia Cancer Institute for their assistance in per- 
forming the irradiations. This work was supported by 
the National Research Council of Canada. 
D. Heap 
D. C. WALKER 
Department of Chemistry, 
University of British Columbia, 
Vanoouver 8, Canada. 
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Spectroscopic Evidence of Chemical Interactions 
at the Gold Film-Silica Substrate Interface 


CmHRTAIN ‘intermediates’, when placed between a sub- 

strate and an evaporated gold film, promote adhesion 
between the film and the substrate’. As a preliminary 
part of a systematic study of the nature of the chemical 
interactions in such systems, it was necessary to examine 
the effect of varying the temperature of the substrate 
during deposition of gold in the absence of intermediates. 
The mteractions at the ceramic subetrate-gold interface 
were examined with the potassium bromide pellet infra- 
red spectroscopy technique. 
Silica powder (‘Caboel’) was heated at different tempera- 
tures up to 1,100° C on & tantalum heater strip within an 
evaporation vessel at a pressure of 10-10 torr. The 
amount of powder used was approximately 3 mg, and it 
was maintained at a given temperature for 10 min before 
evaporation of the gold at that temperature. The sample 
was allowed to oool in vacuum, then thoroughly mixed 
with potassium bromide (spectroscopic grade), and preased 
at 80,000 lb./m.* to yield a pellet conteinmg 0:25 mg of 
the silica per 400 mg of potassium bromide. The potas- 
sium powder was stored in an oven at 50° C and the 
pellets stored in a vacuum desiccator at room temperature 
before ing. 

The thickness of the deposited layer, calculated from 
the coaine distribution equation and verified gravi- 
metrically, was approximately 150 A. At tureg 
above 900° C, the high rate of re-evaporation of gold from 
the surface and the high partial pressure of gold at such 
temperatures close to the melting point of gold (1,068° C) 
mtroduced additional complicatmg factors which will be 
considered in later reporte. The temperature of the 
exposed surface of the powder was meesured with a 
ehromel-alumel thermocouple to a precision of + 8 per 
cent at all temperatures. 

The pellets were scanned using a Beckman /R-4 
spectrophotometer in the range l—lðu. The reproduocibi- 
lity of scans of different samples of the same system was 
approximately 1-2 per cent (transmittance) throughout 
most of the 1-15 range. 
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Silica powder (‘Cabosil’) exhibits absorption bends at 
8-86, 12:12, and 14-15p (ref. 2). Other weaker bends at 
about 2-8 and 6:1y correspond to the —OH vibrations of 
the silanol surface groupe or to the different forms of 
water associated with the silice powder*. We have found 
that the evaporation of gold on to silica at room tempera- 
ture increases the transmittance of the ‘flat regions’ at the 
sides of the band, thus improving the sharpness of all 
three absorption bands. 

Fig. 1 presenta the tranamittance spectra between 6-0 
and 18-04 of pure silica powder that had been heat-treated 
at different tures and made into pellets about 2h 
after the heat treatment. The spectra corresponding to 
the different samples superimpose, and no distartion of 
the band is apparent. The spectra of silica powder in 
Fig. 2 are for samples which were subjected to identical 
heat treatment procedures and were held at the heat 
treatment temperature while being plated with gold. The 
potassium bromide pellets were made about 2 h after the 
gold deposition. 

In Fig. 3 are shown the spectra for the same silica powder 
as in Fig. 2, with the exception that the potassium bromide 
pellets were made about a week after the gold evaporation. 
The spectra of the different samples fall right on top of 
each other once again. 

The decrease in tranamittence at the short-wave-length 
side of the 8-801. band with increase in temperature of the 
silica during gold deposition (Fig. 2) was also observed to 
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Fig. 1. Infra-red spectra of pare slice heat-treated at various 
temperatures and scanned 2h afterwards. ——, 25°C; 
———, 400°C e eee " O — - —, 800° 0; — —, 1,000* 0 
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Infra-red spectra of the same mioa samples as in Fig. 2%, bat 


8. 
oe acl One week after the beat treatment-gold filming operabons. 
500° 0, —-—, 800° 0, ——, 


Heat-treatment: ——, 25° 0, --- 
1,000* O 


oocur when certain metals were evaporated on to the silica 
substrate at room temperature. However, the 
corresponding to these metal-silica systems did not change 
with time. In contrast, it is apparent from Fig. 8 that for 
&ilica-gold the effect causing the decrease m transmittance 
with increasing temperature is reversible. i 

‘Intermediates’ such as germanium, bismuth and 
chromium in the form of the oxide have been found to 
increase the adherence of gold films to a silica subetrate. 
If we postulate that excitation of the silicon—-oxygen 
energy-levels is related to bonding at the sihca-metal 
interface then the excitation caused by the pure gold 
when deposited at high substrate temperatures would 
indicate, by analogy, formation of an oxygen—gold bond at 
the silica-gold interface. The formation of a surface gold 
oxide at high temperatures has been suggested previously‘. 
The oxide when formed was found to decompose rapidly. 
This is collaborated by the present resulta where the 
instability of the surface gold oxide could account for the 
de-excitation with time shown in Fig. 8. 

The reversibility of the proposed formation of the surface 
gold oxide may be expressed in equivalent form as either 
the oxide is unstable or that the silioon-oxygen-water 
interaction is energetically more stable than slicon- 
oxygen-gold. 

For the purpose of this preliminary analysis, we oen 
assume that the vibrations of the silicon—oxygen group are 
approximated by those of an anharmonic oscillator’. In 
the absence of rotational interactions, the broadening of 
a fundamental infre-red absorption band may be attributed 
to & delocalization of either the ground-state-level or of 
higher levels or a combined delocalization of both. In 
liquids, for example, Brownian motion may delocalize the 
ground state to cause symmetrical broadening’. 

For the present system, we may postulate that the 
interaction between gold atoms and silicon—oxygen surface 
sites at high temperatures produces, on cooling to room 
temperature, & delocalization of the silioon—-oxygen vibra- 
tional levels. This could either be in the farm of a lowering 
of the ground-state-level or of a lowering of all levels. In 
either case, the delocalization will result in a broadening 
of only the short-wave-length side of the absorption band, 
as in fact ia observed (Fig. 2). Since the silicon. — 
gold interaction is unstable, relaxation of the delocali 
levels occurs with time. Apparently, for the interaction 
with other metals such as bismuth the delocalization is 
stable, indicating strong bonding to the silioon-oxygen 
surface sites. 

Further research is in progress to olarify the details of 
the probable formation of surface gold oxide and to 
quantify the interactions of silica surfaces with gold and 
other metals. 
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z-Dehydro Dimer—a Major Product in 
Irradiated Methyl Laurate 

Dvzrwa investigations of the effect of radiation on 
En componenta of food we have examined the effect 
of y-radiation on methyl laurate. There 1s little informa- 
tion in the literature on the effect of y-tadiation on 
higher saturated fatty acid esters’. Here we report the 
constitation of the major product in the fractions of higher 
~ boiling point than methyl laurate. 

The methyl laurate used was Eastman Organio Chemi- 
cals practical grade which was further purifled by vacuum 
distillation through Pid ci. column. Only the middle 
fractions from the di ion were used for irradiations. 
Using gas chromatography with a flame ionization detec- 
tor, purity was estimated to be > 99-9 per cent. Tho 
methyl leurate was thoro y degassed and then sealed 
under vacuum into an all- ampoule before irradiation 
to 40 Mrads with y-radiation from spent fuel olemente. 
Tho dose rate was 0-22 Mrads/h, estimated by using the fer- 
rous sulphate dosimeter, taking Gpgi+ = 15:6. 

Most of the unchanged methyl laurate from the irradi- 
ated material was removed by vacuum distillation, and 
the residue was fractionated using column chromato- 
graphy with silica gel as adsorbent, and gradient elution 
by a petroleum ether-diethyl ether mixture (Fig. 1). 

Using gas o hy, the fractions in peak A 
(Fig. 1) were found to be almost entirely unchanged 
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Fig. 1. Oolumn of the distillation residue from methyl 
laurate irradiated to 40 Oolumn load, 4-533 g; material 
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Fig. 2. Mam spectrum of «-dooosane 11, 12 dimethyl carbozylate 


methyl laurate. The first three fractions in peak B ware 
orystaline, and examination of this material by gas 
chromatography using a column packed with 1:5 per cant 
SB. 30 on silanized ‘Chromosorb W^ indicated that it 
had one major component. The component was found 
to be the a-dehydro dimer, m-dooosane 11, 12 dimethyl 
carboxylate (DDMO), CH, (CH,), OH(000Me)CH(0OOMe) 
(CH,),CH,, on the basis of the evidence which follows. 
After reorystallization from ethyl alcohol, the melting 
point of the compound was found to be 54°-84-5° O un- 
corrected. The subsequent fractions contained the 

und in diminishing amounta up to fraction 200; 
these and all other fractions were found to be complex 
mixtures. Although the retention times of some com- 
ponents were ibly too great to be detected by the gas 
chromatograph, it can be seen from Fig. 1 that the indi- 
vidual amounts of all other components are likely to be 
relatively small. 

The infra-red spectrum cloeely resembled that for 
methyl laurate, showing a strong absorption at 1,787 cm-t 
in the ester carbonyl region. The relative intensity of the 
carbonyl to the CH, absorption in carbon tetrachloride 
solution was similar to that for methyl laurate. Abeorp- 
tion at 718 om~ indicated that the (CH,)s uping was 
present, although the irregular spacing & series of 
absorptions in the of the crystalline material 
over the region 1,190-1,275 om suggested that the 
OH, groups were not in & simple straight chain. 


The t peak in the mass spectrum (Fig. 2) corre- 
Adel te à molecular weight of 426, which suggested 
that it was a dehydro dimer of methyl laurate (mol. wt. = 
214). The absence of peaks at M-73 (loss of CH,COOCH,), 
M-105 (loe of CH,COOCH, + OCH, + 2H), which are 
characteristic peaks in tho mass of methyl 
esters of normal chain dibasic acids’, indicated that 
no a-OH, groups were present and therefore both methyl 
laurate níoieties were linked at the a position. Further 
evidence for this structure was the presence of strong 
at M/e = 218 and 214, and peaks at M/s = 286 
and 170, all of which nded with those reported 
by Harrison et ai. for the related compound which 
they synthesized, the «-linked dehydro dimer of methyl 
stearate. 


The nuclear magnetic resonance spectrum of the oom- 
peiie pr A 3) gave further evidence that the linkage was 
the a-carbon atoms. The hydrogen atoms 
attached to the a-carbon atom in methyl laurate gave a 
triplet as expected, with a chemical shift, 3 = 2:3 p.p.m. 
approximately and J = 6 o.p.s. approximately; the ratio 
fom the iniegral of the abbcrpGon due Er ike cham 
methylene groups to that due to the a-hydrogens was 
8-5:1, in t with the expected ratio of 
9:1. Absorption attributable to an «-OH, grouping 
was absent from the spectrum of the ine com- 
pound, but an unresolved multiplet centred at 3 = 2-64 
p.p.m. is consistent with an a-methine grouping, linked 
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3. Nuclear magneto resonance of laurate 
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asin DDMO. The additional complexity of the a-proton 
signals was expected because of the coupling of the 
methine protons with each other as well as with the 
&-methylene groups. The shift downfleld was due to 
the mfluence of a second carbonyl group, together with the 
usual downfield displacement of methine protons versus 
methylene protons. The ratio of the intensity of this 
band to that of the chain methylene groups was approxim- 
ately 1:20, in reasonable agreement with the expected 
ratio of 1: 18. 

The G-value for the formation of DDMO from methyl 
laurate was estimated at 0-19 using gas chromatography 
to determine the p ion of this compound present 
in the fractions constituting peak B, Fig. 1. The gas 
chromatogram of the distillation residue from methyl 
laurate irradiated to 5 Mrads reveals that DDMO is still 
the major reaction product. 

We thank Dr. A. Robertson of the Chemistry Depart 
ment of the University of Sydney for providing the 
nuclear magnetic resonance date, and Dr. K. E. Murray 
for helpful advice and for recording the mas spectrum. 
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BIOCHEMISTRY 


identification and Estimation of Tocotrlenols in 
Hevea Latex 
Tru four tocotrienols related to «-, B-, y- and 8-toco- 
pherols have been reported to be present in pelm oil? 
(Table 1). Same of these compounds are not distributed 
widely; in fact, palm oil has hitherto been the only known 


NATURE 


521 





source of 8-tocotrienol. This communication reporte the 
resence in a sample of latex from the rubber tree, Hevea 


Tienes, ot Sey recipe ridere 
esterified a-, y- and 8-tocotrienols together with a much 
smaller amount of a-tocopherol. 

Concentrated latex containing about 60 per cent of 
rubber and stabilized with ammonia was kindly provided 
by the Natural Rubber Producers Research Association 
through Dr. E. G. Cookbain. The latex was extracted by 
the Folch method, giving 1-1-2 per oent of an oily, 
slightly yellow lipid mixture. An extraot from 20 g of 
latex was chromatographed on æ column of alumina 
(acid-washed and weakened to Brockmann Grade 3) and 
fractions eluted by ether/light petroleum mixtures were 
collected. The 2 per cent (v/v) ether in light petroleum 
(B/P) fraction had an ultra-violet absorption 
closely resembling that of «-tocopheryl acetate (Fig. 1), 
while the spectra of the 4 per cant and 10 per oent E/P 
fractions indicated the presence of free tocopherol (Fig. 2). 
The 4 per cent E/P fraction showed an absorption 
maximum of 298 my and an inflexion at 292 mp (in 
cyclohexane) similar to the spectrum of a-tocopherol, and 
the 10 per cent E/P fraction had peaks at 200 my and 
301 mp and so resembled both y- and 3-tocopherol. 

Thin-layer chromatography of the 4 per cent and 10 per 
cant fractions by the two-dimensional method of Pennock, 
Hemming end Kerr! showed four tocopherols to be 
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Fig. 2. Ultra-violet absorption of free 
fraction—20 6 mg per oent in 


present. Chromatographic comparisons with authentic 
tocopherols, together with colours given by diazotized 
o-dianisidine, indicated that a-, y- and 3-toootrienols and a 
little a-tocopherol were present. Larger amounts of the 
tocotrienols were obtained by preparative thin-layer 
chromatography and each substance was hyib-omenated i 
the presence of platmous onde catalyst. The products 
had thin-layer chro hio properties similar to those 
of a-, y- and 8-tocopherols. 

Portions of the ester fractions were saponifled* or 
hydrolysed with acid‘ and the products exemined by two- 
dimensional thin-layer chromatography. After alkaline 
hydrolysis the mai surviving product was y-tocotrienol 
with smaller amounts of a- and 3-tocotrienols, while after 
acid hydrolysis there was more 9-toootnenol and lesa 
Y-toootrienol (Table 2). Two reducing spots with lower Rr 
values than 3-tocotrienol were evident after acid hydro- 
lysis. Whether these materials, which had ultra-violet 
absorption spectra resembling those of both y- and 
8-tocopherols and gave stains with o-dianisidine, were 
artefacts of acid hydrolysis remains to be decided. 


Table 2. TOOOTRINKOLS FROM THA HETER FRACTION oF LATEX LIPID 


of compounds Toocotrienol [4 * 
hydrolysis (mg/g latex) - ane Composition 
Add 514* a-T-3 trace — 
508t Y-I-8 260 83 3 
o-T-8 52 16-7 
Alkali 5081 a-I-3 13 26 
y-r-3 474 93.2 
é-T-3 21 £2 


7-tocopherol (that us, 294 ma 05-4). 


Quantitative determinations were made of free and 
esterifled toootrienols. a-Tooopherol was present but in 
concentrations too low to be measured. Latex (5-0 g) waa 
extracted by the Folch method and the resulting lipid 
(67 mg) was chromatographed on alumina. The ester 
fraction, eluted by 2 per cent E|P, was hydrolysed by 
refluxing with ethanolic sulphuric acid for 3 h (ref. 4). 
Toootrienola were estimated by the Emmerie-Engel 
reaction following two-dimensional thin-layer chromato- 
graphy according to Whittle (Table 2). Tocotrienols were 
also obtained from another 2 per cent W/P fraction by 
alkaline hydrolysis and estimated (Table 2). Neither 
method of hydrolysis seamed to give full recovery. Free 
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Table 3. Frwe TOOOTRINNOL CONTENT OF LATEI LIFID 


Tocotneno!] * xg/gm Latex 96 Composition 
a-T-8 124 909 
y-I-* 253 62-0 
2—T-3 25 63 
Total reducing substance + 436 
* a was also t but only in trace amounts, 
t In the 10 per cent E/P Rasaon: á 


tocopherols were eluted. from the column by 10 per cent 
H/P and estimated asa already mentioned (Table 3). 

Thus a-, y- and 8-toootrienols occur both free and 
esterified in the lipid fraction of Hevea latex, and together 
these tocotrienols make up about 8-2 per cent of the hpid 
or 0-9 per cent of the latex. 

Rubber latex is collected from the tree every other da 
and so synthesis of ite components must be quite rapid. 
If latex were collected from a tree which had not been 
tapped for some time the tocotrienol/tocopherol 
might be quite different. It was suggested earlier! that 
tocopherol synthesis could ooour by successive methylation 
of 3-tocotrienol followed by hydrogenation of the side- 
chain. The presence of mono-, di- and tri-methyl toco- 
trienola and of only the trimethyl toool (a-tocopherol) in 
Hevea latex agrees with the scheme. 
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Automated Peptide Synthesis 

BoLrp-PHASE peptide synthesis was conceived and 
developed with the view of eventually automating 
the synthesis of polypeptides!*. In principle the process 
has certain characteristics which lend themselves to 
mechanization, and by exploitation of these properties 
an apparatus has now been constructed which performs 
automatically all the manipulationa involved in the 
synthesis of a polypeptide chain. 

Solid-phase peptide synthems depends on the stepwise 
assembly of the peptide chain while it is oo 
anchored at one end to an insoluble solid particle, followed 
by liberation of the peptide from tho solid support after 
completion of the synthesis. This technique provides a 
number of advantages over conventional methods. One 
important advantage is that the peptide chain, while 
firmly attached to a totally insoluble particle, can be 
carried without loes through the many separate steps to 
which it must be subjected during the synthesis. In 
addition, the solid support provides important physical 
properties which greatly simplify the mechanical mamni- 
pulations involved in mixing, filtermg and washing of 
the peptide. Thus it becomes possible to carry out all 
the synthetic steps in a single reaction vessel without the 
need for repeated transfer of material from one container 
to another, and without the usual losses associated with 
such manipulations. After any synthetic reaction an 
effective purification procedure is necessary. Classically 
this has been recrystallization. In the solid-phase method 
the purification procedure is simply thorough and efficient 
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washing. Effective washing is readily carried out mechan- g 


ically while reorystallization is not. 

The polypeptide chain has one inherent property which 
lends itself to automated synthesis—the repeating peptide 
bond which forms the backbone of the molecule. In 
principle, the addition of each amino-acid can be done in 
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exactly the same way. Thus the chain can be assembled 
in @ stepwise manner by & relatively simple series of 
reactions which 1s repeated for each peptide bond, using 
the appropriate’ amino-acid derivative according to the 
sequence desired in the peptide. 

Utilization of the combined advantages afforded by 
peptide structure aad solid-phase synthems has led to the 
construction of the instrument to be described. While 
the instrument has so far been operated with one 
particular set of amino-acid derivatives and reaction 
conditions, it was designed with sufficient flexibility to 
be adaptable to the use of a wide range of protecting 
groups and coupling reactions. The apparatus can be 
divided into two mam parts, the first being the reaction 
vesel with the components required to store and select 
reagents and to transfer tham into and out of the vessel, 
and the second being the programmer which automatically 
controls and sequences the operation of the various 
components. 

The reaction vessel is similar to one previously de- 
soribed!, but modified to contain a amall fritted disk at 
the top in addition to the large disk at the bottom. 
Reagents and solvents are stored in suitable reservoirs 
which are connected by ‘Teflon’ tubing to a motor-driven 
12-port circular ‘Teflon’ selector valve. The proper 
solution is then ped into the bottom of the reaction 
vessel for & i time by an all-"Teflon' diaphragm 
metering pump. Air is displaced at the top through & 
ea tube which is then closed by a solenoid-operated 

ve. The oontente of the vessel are mixed by rotation 
of the vessel through 180° at a rate of 10 oyolee per min. 
After a suitable period the vessel is stopped in a vertical 
position and the solvent removed by filtration under 
vacuum through the fritted disk at the bottom, while 
dry ar is admitted at the top. The rotary valve then 
selects the next reagent or solvent, and the pumping, 
mixing and filtering steps are repeated. During one 
complete cycle of the synthesis the rotary valve makes one 
complete revolution and thus selects in sequence each of 
the reagenta and solvents required for the lengthening 
of the peptide chain by one amino-scid residue. The 
correct amino-acid solution for each succeeding cycle is 
selected: by @ second rotary valve which advances one 
position for each cycle of the synthesis. 

In order to control these events a steppmg-drum 
programmer is used. Properly positioned pms on the 
drum activate micro-switches which in turn operate 
individual components in the apparatus. At the end of 
each operation the drum is stepped to the next position 
by a time-oontrolled signal. The programme can be 
readily changed by resetting the pins and timers to con- 
form to the conditions required by the particular reactions 
which are bemg used for the synthesis. 

The apparatus was p y to carry 
out the synthesis of peptides using i-butyloxyoarbonyl- 
amino-acids and the dioyclohexyloarbodiimide-mediated 
coupling reaction. Under these conditions 80 separate 


^ drum- were needed for the addition of one amino- 


-acid residue to -the peptide oham.. This cycle was oom- 
pleted in 4 h, after which the programme was automatic- 
ally repeated in exactly the same way exoept that a new 
amino-acid was introduced. In the present model, 
provision has been made for sequential addition of six 
amino-acids during a 24-h period without manual atten- 
tion. 

The operation of the Instrument thus was 
tested by repetition of the recent solid-phase synthesis of 
bradykinin’. The reaction vessel was loaded with 10 g 
of ¢-butyloxyoarbonyl-nitro-L-arginine-ream. The coupling 
of the eight additional amimo-scids to complete the pro- 
eno ur cip drap diis a ce orth 
accompli in 32 h of contmuous operation of the 
machine. The peptide was cleaved from the resin, 
hydrogenated, and purifled by countercurrent distribution 
as previously described. The results, based on yield, 
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purity, and biological activity, were comparablo with those 
obtained by the manual solid-phase , while the 
time and effort were signifloantly reduced. The improve- 
ments in overall time and effort are expected to be major 
beneflta when syntheses of long-cham polypeptides are 
undertaken. 


This work was supported in part by U.8. Publio Health 
Service grant A-1260. We thank Dr. D. W. Woolley for 
his advice, and Mr. Nils Jernberg for the design and 
construction of the rotary valves. 
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Malic Dehydrogenase Isozymes 


Ir has been shown previously! that at least two iso- 
zymes of malic dehydrogenase are present in the extracts 
of various tissues. addition, the distinct characteristics 
of these isozymes have been demonstrated by the recent 
reports‘. 

In 1968 Thorne, Grossman and Kaplan’, using electro- 
phoresis on starch gel, separated mx fractions from malic 
dehydrogenase in the pig heart mitochondria. We recently 
reported! that two or more isozymes of malic debydro- 
genase in the ble form (NAD, oxidoreductase 
EC 1.1.1.87) were found in the extracts of rat and human 
tissues on the cellulose acetate paper &ooording to the 
method of Barnett’. The present investigations are con- 
cerned with the se ions of malic dehydrogenase iso- 
rymes (NAD, NADP, oxidoreductase EC 1.1.1.40) in 
rat tissues. Rat tissues were bom i in distilled 
water, frozen and thawed twice, and then these solutions 
were cleared by high-speed centrifugation (for 30 min 
at 15,000g). ‘The separation was electrophoresed on 
cellulose acetate paper at 4° C. After electrophoresis 
the resulting papers were incubated with NAD, NADP, 
phenaxine methosulphate, malic acid and nitro blue- 
tetrazolium or INT (for 10 min at 37° C in the dark). On 
separation by electrophoresis three bands were obtained, 
dependent on the presence of the specific substrate. The 
resulta obtained with rat tissues are shown in Fig. 1 and 
Fig. 2. It has been shown that the first and third bands 
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2, Isoxyme patterns of malo AD) in rat teue 
pl Gare rie ett er ed heey pred AD) in rat tame 


were of malio dehydrogenase (NAD) and the second band 
was of malio dehydroganase (NADP) enzyme respecti 
The former was inhibited y by the increasing 
concentration of oxaloacetate, but the latter was not 
inhibited by oxaloacetate or pyruvate. It was 
that the latter is malic enzyme established by Ochoa!*:t, 
The same number of bands were present in the different 
extracts. However, the significance of the presence of the 
isozymes is not known. We are now trying to elucidate 
the significance of their function. 
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Short Pseudo-repeat In Paramyosin 


PARAMYOSIM, a flbrous protein which has so far only been 
found in the muscles of invertebrates, gives an X-ray 
pettern with sharp 1-5 and 5-1 A meridional and diffuse 
10 A near-equatorial reflexions and so is classified with 
a-keratin, myosin and fibrinogen as an a-flbrous protein. 
The X-ray patterns of these proteins differ, however, in 
the low-angle re where the pattern may be indexed on 
a repeat of 198 A for a-karatin?, 420 A for striated muscle’, 
226 A for fibrinogen? and 725 A for paramyoein*. The only 
one of these low patterns which is clearty understood 
is that of paramyosm which may be interpreted in terms of 
either the two-dimensional] net shown im Fig. l(a) or a 
helix’. Electron micrographs have shown a two- 
dimensional pattern of spote* similar to the lattice in 
Fig. 1(a) where the axial repeat is 725 A, and this is reduced 
to 145 A im axial projection (Fig. 1(6) ). This oommuni- 
cition reports a pesudo-repeat of 29 A in axial projection 
which shows up when the paramyosin is treated with silver. 
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INTANZC'PES OF MERIDIONAL REFLEIIONS ON X-RAY PATTERNE 
FROM NATIYB AND BILYER-PRRATHD PARAMYOSIN 


Reflexion (order of 145 A) 


Table 1. 


Native fitver- 


oo-30 € 4- CO MP I— 
"iT gBidd 
TB" 45d | 


It is well known that if atoms of high atomic number 
can be isomorphously meorporated into ic crystals, 
itis podani. ne Dess abore sara Gadi; Aone by 
X-ray methods’, and information can often be obtained 
about the structure of the reet of the molecule. This 
technique has been successfully applied in the complete 
structure determination of globular proteins*. In the case 
of fibrous proteins, metal treatment of collagen’, a- 
keratin! and feather keratm! leads to changes in the 
intensities but not the positions of low-angle K-ray re- 
flexions, and this may be taken aa an indication that these 
proteins have taken up metal atoms isomorphously. 
Although complete structure determination of these 
fibrous proteins has not been achieved by this method, it 
is clear that when isomorphous replacement occurs, the 
possibility of obtaining information about the molecular 
structure is considerably increased, especially in the case 
of paramyosin where the low-angle pattern is readily 
interpreted. 

Paramyosin-contaming fibres from the Sydney rock 
oyster (Orassostrea commercialis) adductor muscle were 
dried $n stu over phosphorus pentoxide and then removed 
and soaked for four days in & 1 per cent us solution 
of silver nitra E The fibres were then 
washed for one day in distilled water, and air-dried. The 
X-ray diffraction pattern (Fig. 2) was obtained by opens 
the fibres for 2 days in a 5-om microcamera using & | 
glas capillary; the camera was evacuated during exposure. 
In Table 1, the intensities of the low meridional 
reflexions from the native and the treated fibres are com- 
pared. The axial period was the same in both cases and 
the only striking difference in the relative intensities was 
the intensifloation in the gilver-treated case of the merid- 
ional reflexion corresponding to & spacing of 29 A which 
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Tie. 2. Low-angle X-ray pattern of sitver-treated paramyosin 


was one-fifth of the 145 A projected periodicity in the native 
material. Since no new reflexions appeered this means 
that the metal atoms had entered the protein in such & way 


as to the original lattice and also to show up & 
peeudo-repeat of 29 A in axial projection illustrated in 
Fig. 1(o). 


Hs mui to gue na era m 
peeudo-repeat. Periods of 1400 À have observed in 
electron microscopy of roprecipitated fibrils” and this has 
been associated with molcoules lying parallel to the fibre 
exis in the native material and by an axial 
translation of 725 A (ref. 14). The 725-A axial ing 
could also arise from anti-parallel pecking of mo en 
1400 A long and the spot pattern observed in electron 
micrographs of native material, since it corresponds so 
closely to the lattice predicted by the X-ray pattern, may 
be due to the fact that nei ing molecules are dis- 
laced by 290 A relative to each other along the fibre axis 
Trig. 2) and, in addition, the striations in the electron 
micrograph spaced 145 A apart may indicate a sub-unit of 
this length in the molecule. The 29 A peeudo-repeat would 
indicate a regular distribution within this sub-unit of 
amino-acids which bind silver atoms. It may be noted 
that paramyosin has a high helical content (about 00 per 
cent) and the distanoe 145 A corresponds to an integral 
number (98) of amino-acid residues along the fibre axis. 
The distance 29 A does not correspond to an integral num- 
ber of residues and this draws attention to the fact that 
the X-ray evidence requires only a pseudo-repeat and not 
a true repeat of this length. The actual distance along the 
fibre axis between any two silver atoms could lie between 
28 and 31 A and all such distances need not be the same. 

It is possible, as suggested by Petruska and Hodge*, 
that the situation in peramyoein is similar to that in 
collagen where the tropocollagen molecule i8 thought to 
consist of sub-unita of different length, and it is likely that 
the peeudo-repeab described here will help to fix some of 
the sub-unit parameters. A more precise description will 
&walt detailed analysis with the electron microscope and 
further investigation on the effecta of metals onthe X-ray 
pattern. 
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I thank Dr. R. D. B. Fraser and Mr. T. P. MacRae for 
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A. MULER 
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Molecular Weight of Acid Proteinase of 
Aspergillus sattol 


Tum recent development in this laboratory of methods 


` for producing acid proteinase of Aspergillus satoi (EC, 


3.4.4.17, ipii quin Aq A) from culture filtrate has 
made available ient material for a correlative study 
of its enzymatic properties!?. The optimal pH for milk 
casein digestion is in the pH range of 2-5—3-0 and the 
proteinase is fairly stable over the pH range of 2-5—6-0 (ref. 
8). Aspergillopeptidase 4 is capable of activating trypeino- 
gen and chymotrypeinogen A at pH 4-5 (ref. 4). The fur- 
ther purification method for separating acid proteinase has 
been improved by c io procedures with the 
use of ion exchange materials, lite OS-101', DEAE- 
cellulose and ‘S#-Sephadex’*. The purified aspergillopep- 
tidase A appears to be homogeneous on free boundary 
electrophoresis over a pH range of 2.0-10-0 and on 
ultracentrifugation at pH 4-1. The iso-electric point has 
been found to be at pH 3-65 in Serensen’s citrate buffer. 
In the investigation here, the molecular weight 
of aspergillopeptidase A was found to be 34,900 from sedi- 
mentation and viscosity, according to Scheraga—Mandel- 
kern's formuls".’, and was also determined to be 34,200 
according to Yphantis’s treatment*. 

For determination of the sedimentation constant’ at 
zero concentration, runs were made at 50,780 r.p.m. with 
0:438, 0-876, 1-318 and 1-751 per cent solution of asper- 
gillopeptidase A in 0-1 M acetate buffer, pH 4-1, using a 
model ‘Æ’ Spinco analytical ultracentrifuge. All runs were 
made at room temperature. Five photographs were taken 
at 15-min intervals. The extrapolation has led to a value 
[Siew] of 8-38 S at zero concentration. The i 
specific volume (V) of aspergillopeptidase A calculated 
from the specific volumes of constituent amino-acid 
residues!* waa calculated to be 0.722 ml/g. The specific 
volume values of the amino-acid residues are the values 
given by Meekin e£ al.", and by Cohn and Edsall. The 
buffer used for viscosity measurement contained 0-1 M 
acetate buffer, pH 4:1. Viscosity was checked at five 
different concentrations at 20° C. A value for intrinsio 
viscosity, [n], of 0-032 dl./g was obtained. 

The molecular weight was computed from the Soheraga- 
Mandelkern's formula’, 


4690 [Siow ia [ni 
a epa £e 


In equation 1 a value of B equal to 2-16 x 10* has been 
used. With g = 8-88 x 10-5, [n] = 0-032 and V = 
0-722, the molecular weight is calculated to be 84,900. 
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The second method used for determination of the 
molecular weight of aspergillopeptidase A was Yphantis’s 
procedure of sedimentation in ultracentrifuge’. The 
molecular weight was calculated from: 

M x (82) E 

Fo, Nar) paz ar Pg) a 
The molecular weight value of aspergillopeptidase A was 
checked at four concentrations using circular channel 
cells, and the individual values were obtained from the 
run at 12,590 r.p.m. in 0-1 M acetate buffer, pH 4-1, at 
22°0. The time required to attain equilibrium was seen 
to be about 48 min. The extrapolation to zero concentra- 
tion haa led to M.= 84,200 with V = 0-722, which is in 
fairly good agreement with the M value determined from 
sedimentation—viscosity measurement. 

We thank Dr. K. Suzuki, National Institute of Radio- 
logical Science, for the operation of sedimentation 
analyses, and Dr. S. Yagisawa, University of Tokyo, for 
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Quantitative Determination of Plperine with the 
Labat Reagent 

IN the presence of concentrated sulphuric acid and 
gallio acid, methylene-dioxyphenyl compounds produce a 
green colour which changes to blue when the solution is 
heated’. This reaction has been used to determine small 
amounts of methylenedioxyphenyl-containing mun 
synergiste* and gafrole*. Its apphoanian to the determina- 
tion of the piperine content of pepper is described here. 
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The colour exhibits maximum absorption at 660 mu 
(Fig. 1). 

The t used consisted of 50'mg gallic acid (re- 
dysllacd ® dios Homie enter) diseolved in 100 ml. 
of concentrated H,SO,. It was stored in an amber bottle 
under refrigeration and a freah batch was made up every 
2 weeks. 

For colorimetric analysis, a standard curve was con- 
structed as follows: 1 ml. containing 0-0—0-1 uM of piperine, 
m.p. 129°-180° O (K and K Laboratories, New York), dis- 
solved in absolute ethanol, was placed in consecutive glasg- 
stoppered borosilicate test-tubes. Nine ml. of the reagent 
was added, the tubes were loosely stoppered, heated m a 
boiling water bath for 60 min., and then cooled in an ice- 
water bath and allowed to stand at room temperature 
29? + 1° O for 80 min. The absorbance of the colour 
developed was then measured at 660 my against a reagent 
blank, ermilarly treated. 

For the determination of the piperine oontent of pepper 
an alcoholic extract of the (black or white) was 
prepared according to the method of Lee*. One ml. of an 
& priate dilution was then used for aseay. 

Pod conditions for reproducible assay are aa 
follows: a heating time of 60 min at 99? + 1? O, a level of 
0-5 mg of gallio acid per ml. of the reagent and 36 N 
O,. The reagent, stored in an amber bottle under 
i ion, is atable for 2 weeks and the colour 
is stable for at least 4h. The method is highly reproducible 
and very sensitive wh with other methods 
(Table 1). The deviation for 10 different determ- 
inations of piperine was found to be + 1-12 per cent. 
Over three levels of 10, ERA sl ee qd 
pepper samples, average recoveries of 99-4-100-0 per 
cent were obtained. The molar extinction coefficient of the 
chromogen was found to be 2-2085 x 104. Beer’s law 
held good over the range of 0.002—0-01 uM of added 
pee par mii of sagan The standard curve may be 
eecribed by the following equatian: 
w = 016415 y — 0-00118 
where 2 = concentration of piperine per ml. of reagent, 
y = absorbance at 660 mu 


Per cent piperine in sample = 
æ (0-028533) (dilution factor) 
Sample weight (milligrams) 


Table 1. COMPARISON OF DETERYINATION OF PIPERIKR CONTENT OF Parra 
BANFLFES BY DIFFERENT METHODS 


x 100 


Method used Pipens, content p peppers snared” 
(white pepper) 
Ultra-violet 
6-70 5-70 5-00 
Ohrormotropáe acid 7:80 7-40 6 85 
Labei's reaction 7-76 TAS 6-25 


*Averags of five determinations 


The mechanism involves the cleavage of the methylene- 
dioxy group in the of strong sulphuric acid to 
pone formaldeh: 
orm @ coloured product. Therefore, piperic acid, piperet- 
ine and chavicine** will respond. As a result, the method 
measures ‘‘the total bite principles of pepper’’, as does the 
chromotropic acid method. 

All compounds which contain the methylendioxy group 
or which can produce formaldehyde in the of 
concentrated HSO, as well as the ethylenedioxy group’ 
glycolic, tartaric, glyoerie and glyorylio abids will also 
respond to the Labat test*. However, under the condi- 
tions of extraction of the piperine with ethanol‘ it is highly 
unlikely that interference these sources will be en- 
countered, since such substances are either present in 

per at rather low levels or will not be readily extracted. 
Other possible precursors: of formaldehyde listed by 
Beroza’ can likewise be ignored. The possible contribu- 


tion of glucose due to the —OH,OH grouping as shown by 


which couples with gallio acid to : 
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Beroza ia much lower in this ure than in the 
chromotropic acid method’. This is due largely to the fact 
that with chromotropic acid the wave-length of maximum 
absorption of the glucose colour is the same as for piperine 
(580 mu), whereas with the Labat reagent the glucose 
colour has maximum absorption at 540 my, which is 
appreciably removed from the absorption maximum (660 
mu) for the piperine colour. 

This method, in conjunction with the development of 
colorimetric methods based on colour complexes formed 
by piers with alkaloid reagents, and coloured salta 
fi with some of the concentrated acids**, can provide 
useful and easily executed alternatives to the methods now 
being used for the determination of the piperine content of 

; The reagent as described is more stable than the 
chromotropio acid reagent which is usually prepared daily. 

Horace D. GRAHAM 
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University of Puerto Rico, - 
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Use of Methylene Blue for Staining Sialomuco- 
proteins on Paper 


For some time we have used in our laboratory & simple 
and senattive method for the location of sialomucoproteins 
by electrophoresis on paper. 

tman No. 8 MM. paper strip (10 cm wide x 34 om 

long) was moistened with a volatile buffer solution such as 
pyridine—acetic acid—water (10 : 0-4 : 90, by volume) buffer 
of pH. 6:5 (ref. 1) and then preesed between two sheets of 
filter paper to remove the excess of the buffer. 'The strip 
was then placed in an electrophoretic apparatus. Sample 
solution containing sialomucoprotein was applied at the 
ongin. Electrophoresis was carried out in the buffer by 


The dry strip was immersed in a solution of methylene 
blue (100 mg of Merck’s methylene blue ‘B’ was dissolved 
in 200 ml. of 90 per cent methanol) for 20 min, and excess 
dye was removed by washing with 90 per cent methanol 
until the strip had only a light blue tint. The strip was 
then dried at room temperature. The sialomucoprotein 
pve a blue, while acid mucopolysaccharides such as chon- 

itin, chondroitin sulphate, hyaluronic acid and heparin 
gave each a blue violet, metachromatic spot under the 
same conditions. 

Methylene blue gave better resulta than toluidme blue 
and alcian blue for the staining of sialomuooproteins under 
the same conditions. 

We thank Prof. T. Furuhata for his advice. 
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Portal Venous Transport of Free Pelargonic 
Acid following Intestinal Instillation of 
Tripelargonin 

SATURATND odd-chain fatty acids such as valerate (C5) 
and pelargonate (C8) are metabolized differently from 
even-numbered saturated fatty acids in the same range of 
carbon-chain length, caproate (C6) and caprylate (C8)-*. 
The threo terminal carbons of the odd-chain aeids appear 
to be metabolized as a unit, which can serve a8 & carbo- 
hydrate precursor, in contrast to the behaviour of the 
terminal two-carbon unite of even-chain. acids. Digestion 
of glyoeridee of odd-chain fatty acids and abeorption and 

of the digestion products appear to have been 


portal vein. Thirty-five g tripelargonin hi | 
20 ml. of a 2-5 per cent aqueous solution of sodium 
taurocholate was injected directly into the duodenal 
lumen. The pylorus was occluded by a non-traumatic 
clamp during the 5-min instillation period. After the 
injection the portal vein catheter was exteriorized and the 
abdomen closed. The catheter was kept open by means of 
a alow infusion of 0-9 per cent saline solution. Samples of 
blood were obtained from the portal vein before, and at 
frequent intervals for 4 h after, intraduodenal instillation 
of the glyoeride. The lpida were extracted from each 
plasma sample and the lipid residue separated by thin- 
layer silicic acid chromatography into phospholipid, free 
cholesterol, FFA, triglyoeride and cholesterol ester. The 
lipid esters and FFA were eluted with chloroform-methanol 
and the fatty acid moieties were identifled by gas-liquid 
chromatography (GLC) followmg methylation. To provide 
sufficient quantity of lipid ester for fatty acid analysis, 
the post-prandial samples were pooled by lipid eater class. 
Samples were run at both high (175° C) and low (100° C) 
column temperatures in order to obtain a more complete 
spectrum of fatty acids. 

Resulta in one experiment are shown in Figs. 1 and 2. 
In Fig. 1 are shown the fatty acid patterns by GLC of the 
FFA from portal venous plasma in the post-absorptive 
state and 9 h after intraduodenal instillation of tmpelar- 
gonin. Under both high and low column temperatures, 
poet-abeorptive portal plasme FFA did not contam any 
fatty acid below C,, However, in the post-prandial 
sample, pelargonio acid was readily demonstrated in the 
FFA fraction. In contrast, the lipid ester fractions from 
the post-prandial plasms did not contain any detectable 
amount of pelargonio acid under either high or low 
temperature column conditions (Fig. 2). 
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Since only non-esterified pelargonio acid appeared in the 
portal venous plasma Sales ng the ed dene Senne: 
tration of tripelargonin, it must be inferred that the 
triglyceride was first hydrolysed in the intestine. Indeed, 
the mechanism of absorption and portal venous transport 
of pelargonate appears to be similar to that reported for 
caprylate**. It seams unlikely that any significant portion 
of the pelargonate travelled by the lacteal-thoracic duct 
system since our own (unpublished) experiments in ruta 
have shown that io acid comprised leas than 5 per 
cent of the total fatty acids recovered from thoracic duct 
Iymph during a 24-h collection period after oral adminis- 
tration of 

Tt is concluded that after intestinal hydrolysis of the 
parent triglyoeride, the absorbed pelargonate ie transported 

principally in the portal vein as & free acid. 

This work was supported by U.8. Publio Health Service 

grant AM -08107. 
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Heterogenelty of the Protein Molety of the 
Human Serum High-density Lipoprotelns 

Tam possibility of preparing a water-soluble, essentially 
lipid-free protein, «P (ref. 1), from human serum high- 
densiy lpopevtems (EDI) af a 1003 LOL gana has 
a means for studying its physical and chemical 
properties and the reason for ite avidity for lipids’. 
As a partial aid to the elucidation of these problems a 
comparative analysis of the antigenic properties of HDL 
and aP was conducted. Normal human serum HDL 
was separated by flotation at density between 1-063 and 
1:21 gm'/ml. (NaCl—NaBr) in a Spinco model L ultra- 
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centrifuge (40-3 rotor, 114,480g, 16° C, 24 h) and re-spun 
(eo e cse bale s etie din 
serum protein contaminants. 
cP was fram HDL by & modification of the 
ure of u & adl. and dissolved in buffer (tris 
xymoethylamino methane), pH 8-6, 0-1 ionic strength. 
For immunisation, rabbits were injected intramuscularly 
with HDL or «P in complete Freund’s adjuvant, 
at weekly intervals for a total of 4 weeks. Blood was taken 
8 days after the last injection. Antibody titres were de- 
termined according to Kabat and Meyer’. Immunodiffa- 
Bion studies in agar gel (Bacto Agar, Difoo Laboratories, 
Detroit) were conducted according to Ouchterlony and 
Scheidegger’. By agar electrophoresis (Fig. LA) HDL 
showed a major fast band stainable for protein (Amido 
Schwartz) and lipid (oil red O) and a minor alow one de- 
tected only by protein stain. With xP, the major band 
was close to the origin, while a faint one moved anodioally 
in the «,-globulin area. Immun horetio analysis of 
HDL using anti-HDL or anti- «P sera showed three protein 
stained aroe of precipitation: only the major one (Figs. 
1B and C) was detected by lipid stam. Three aros of 
precipitation, lipid-fast, were noted in reactions between 
«P and anti-aP or anti-HDL sera (Figs. LB and O). The 
position of the major arc, as compared with HDL, was 
closer to the origin, an expression of the low mobility 
of aP in agar gel*. Antigenio heterogeneity of either HDL 
or aP was also detected by the Ouchterlony technique 
(Fig. 1). Anti-HDL sera adsorbed with «P failed to react 
with HDL. Srmilarly, no reaction was noted between aP 
and anti-aP sera, after adsorption with HDL. Immuno- 
electrophoretic analysis of mixtures of HDL and «P 
(HDL: aP; 20:1; 
sera gave results similar to those seen with whole HDL. 
However, the intensity of the arc of precipitation closest 
to the origin varied according to the concentration of aP 
in the mixture. Both HDL and aP exhibited a high 
electrophoretic mobility in a neutral gel medium (‘Agarose, 
J—2404—8", Fisher Scientific Co., Chicago). The immuno- 
diffusion patterns were the same as those in plain agar. 
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The fact that HDL and «P produced in rabbits an iden- 
tical qualitative immunological response seams to favour 
the concept that the antigenicity of HDL resides in ita 
protem moiety. However, quantitative mmmunoprecipitin 
experimenta in the presence of either HDL or aP showed a 
significantly higher activity of anti-HDL sere 88 com 
with anti-aP, thos suggesting that HDL lipid, which is 
inert by itself", haa an enhancing effect on the antigenic 
activity of the probem moiety, aP. 

Antiganic homogeneity of «P waa previously noted by 
Scanu et al." during investigations using horse anti- 
normal human sera. Di between previous and 
prosent findings was related to the difference in antibody 

, Weaker antisera being able to detect only tho 
major of the three antigenic determinants. The reasons 
for the antigenio heterogensity of HDL, recently 
also by Ayranli-Jarrier e£ al." and Burstein and Fine!', 
are not clear. The position of the arce of precipitation in 
the agar plates suggests that the three anti o determ- 
inants of aP are different in sire and/or That 
aP may exist in solution as molecular forms containing & 
various number of monomeric unite is indicated by the 
work of Shore, It is possible, however, that aP hetero- 
geneity ia related to changes of the primary amino-acid 
sequence of ita polypeptide chains or of their carbohydrate 
contenti", Work in progreas on aP fragments obteined by 
chemical or enzymatic cleavage of HDL protein may shed 
light on this problem. 

This work was fed ae by grants FR-05067 and 
HE-08727 from the U.S. Public Health Service, the 
Chicago Heart Association and the Life Insurance Medical 
Research Fund. I am the recipient of a research career 
development award, 1-K8-H#-24,867, from the U.S. 
Publio Health Service. 
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Effect of Freezing and Thawing on the 
Stability of Double Helix of DNA 


IwonaaaIG attention has been directed in recent years 
to the effects of freexing and thawing on the structural 
and functional integrity of various biological materials, 
especially fram the poit of view of low-temperature 
storage. At tho level of isolated enzyme proteins, it has 
been shown that there exists a critical of tempers- 
ture in which some proteins are denatured during froesing 
and thawing. The range in which the maximal level of 
denaturation was produced is, for example, fram — 12? C 
to — 175° O for ontalase, and from — 20°C to — 72? C for 
myoain!!, 

On the other hand, there is little mformation concerning 
the effects of freezing and thawing on the stability of 
deoxyribonueleic acid, that is, the io material. 

This communication deals with the effecta of freezing 
and thawing on the stability of double-stranded helical 
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structure of calf-thymus DNA in terms of the hyper- 
chromic effecta at 260 mp on denaturation. Calf-thymus 
deoxyribonucleic acid used waa & d from Bxgma 
Chemical Co. (sodium salt, type 1). is preparation was 
characterized by ite extinction per gram-atom of phos- 
phorus st 259 mp, the value of which s(p) was 6650. 
The ‘melting’ tem: (Tm) for this preparation was 
also determined as follows: 8-5 ml. samples of DNA solu- 
tion (30 ug/ml.) were heated in stoppered tubes in a 
thermostat set to eaah required temperature. After 10 
min the heated samples were removed, and cocled rapidly 
to 0° O in a few seconda, and the spectroscopic measure- 
ments were carried out at room tem . In 015M 
sodium chloride plus 0-5 mM phosphate buffer (pH 7-0), 
the ‘melting’ tem: was 01-5? O and it was decreased 
to 59-0°C in 0-5 mM phosphate buffer, pH 7:0. These 
results for I'm were almost similar to those reported by 
Lee et al.*. 

In my experiments, the effecta of freezing and thawing 
on the ultra-violet pisi nip of DNA were investi 
under the following ions: 3-5 ml. samples of DNA 
solution (30 ug/ml., 5-5 x 10-* M in phosphorus) were placed 
in test-tubes and frozen by immersion in a low-temperature 
bath for a gi time. The frozen ware then 
removed thawed rapidly in a bath at 20? C, and the 
spoctroscopic measurements were carred out at room 
temperature (20? C). All contro] samples were immersed 
without freexing in an ice bath at 0° C. 

Table 1 shows the percentage increase in the absorbance 
at 259 mu on freezing DNA for 10 min at each temperature. 
In 0:16 M sodium chloride plus 0-5 mM phosphate buffer, 
pH 7:0 (Tm=91-5° O}, no increese in the ultra-violet 
absorbance of DNA by freexing and thawing waa observed. 
In 0-5 mM phosphate buffer (Tm = 59-0? C), on the other 
hand, there oocurred a slight decrease, rather than some 
increase, in the absorbance at 259 my by freezing and thew- 
ing. These circumstances wero the same with the time of 
freezing for § min to the next few hours, and also the same 
with the concentrations of DNA of 3 ug/ml-80 pg/ml. 
The alight decrease (lees than 5 per cent) in the ultra-violet 
absorbance which occurred by freezing DNA in the low 
ionic strength may be attributed to the possibility that 
soms partial loogenees in the helical structure of the DNA 


down to —192° C, it can be concluded, therefore, that 

the double-stranded helical structure of DNA would not 

be broken down by freezing and thawing, in terma of the 
ic effect of denaturation. 

compared with the fact that there exists a definite 

critical region of temperature for denaturation of proteins 

by freezing and thawing, the remarkable stability of the 


Table 1. CHANGES IN THE ULTRA-YIOLET ÀBEOXBANON OF DNA BY FREXIIKG 


AXD THAWING 
AÀ ew cent)* 
(pet 0-15 M NaCl plus 
ture 0-65 mM te buffer Meses user cir: 
©) Tm = 600° GC Tw=01-5° 0 
0t 0 (0 $78) Q (0-318) 
~10¢ 24 o 
—1- 0 
—10 -ti 0 
—24 0 
—90 —*1 0 
-26 0 
—40 -t6 9 
34 0 
— 850 —3-4 0 
—59 0 
-60, -45 0 
-41 0 
-70 -42 0 
—-47 [ 
-75 -47 0 
—47 0 
—191 ^ D 
0 
* AA ss is the percentage increase in absorbance at 250 ma. DNA solu- 
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helical structure of DNA during freezing and thawing 
suggests that some different types of interaction with 
water are involved in these biological macromolecules. 

Ithank Prof. K. Aoki for his advioe. 

Karst SurkAMA 

Biological Institute, 

Faculty of Science, 

Tohoku University, 

Sendai, Japan. 
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*Shikama, E., Sci. Rep. Tohoku Unw Ser. IV (Brol.), 89, 01 (1063). 
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Heart Valve Lesions following Papillary 
Muscle Damage 


THE genesis of rheumatic valvular disease in man has 
been difficult to establish owing to the scarcity of human 
material in the early stages and the absence of any oom- 
parable condition in experimental animals. On the evı- 
dence at present available it has been stated that the 
calcific lesions found m human rheumatic valvular disease 
are unlikely to be the direct result of the rheumatic process 
m the valve cusps!. In recent experimenta we have been 
studying the effects of papillary muscle damage and 
mactivation on the function of the mitral valve and the 
left ventricle of the dog*. In these experiments either the 
anterior or the posterior papillary muscle was injected 
with 0-5-1:0 ml. ethanol and the animal allowed to 
recover. A surprising finding was that when the animals 
were kuled three months later, four out of twelve dogs in 
addition to papillary muscle also had fibrotio, 
calcifio or chondrific lesions of the mitral valve cusps 
(Fig. 1). In all four animals the valvular lesion was m the 
segment of the aortic cusp of the mitral valve which was 
attached to the damaged papillary muscle and there was 
no continuity of the valvular lesions with either the 
papillary muscle lesion through the chordae tendinae or 
the atriotomy scar m the three animals in which this had 
been carried out. In ten dogs used as controls in which 
the ethanol injection was mace into the lateral wall of the 
left ventricle between the papillary muscles, no valvular 
lesions were found. Histological examination of the 
lesions showed a fibrous plaque on the atmal surface of 
the valve ousp with replacement by calcification and 
chondrification (Fig. 2). There was no evidence of an 
infectrve lesion. 

Chondrification of endothelial vascular tissue in 
to trauma has been reported previously in both dogs and 
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chickens’. Cartilagenous tissue was found in the chicken 
beyond an artificial coarctation‘ and it was suggested that 
it was the consequence of abnormal compression forces; 
but invagination of the left atrial appendage over a ailastio 
ball, although producing pepilliform excreecencea on the 
heart valves, did not produce chondrification withm the 
heart*. 

Endoscopic photography in these animals has shown 
excessive ‘flutter’ in the valve cusps and mitral incom- 
petence’. Our present resulta suggest that the absence of 
normal papillary muscle action may give rise to abnormal 
stresses within the valve cusps which may produce caloific 
and chondrific lemons. It is therefore possible that in 
human valvular disease, also, calcification is the conse- 
quence of traumatic stress. 

This research was carried out under a grant from the 
Scottish Hospitals Endowment Research Trust. 

D. E. M. TAYLOR 
J. D. WADE 
- C. F. HER 
Departments of Physiology and Thoracic Burgery, 
University of Edinburgh. 
Pur in gne ay Aqui DM of the Hoari and Great Vessels, 
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Some Behavioural Correlates of the Trans- 
cephalic d.c. Potential in Cats 


Nuunar direct current (d.o.) potentials have recently 
received much attention’. A steady d.c. potential acroaa 
amphibian cortex in a fronto-occipital plane has been 
obeerved*. These measurable exterior surface potentials 
are correlated with anaesthesia and sleep**. High oor- 
relations have been reported between transoephalio d.o. 
potential (measured between mid-forehead to low union), 
level of anaesthesia and electro-encephalograph (EEG). 
In the awake state the surface-recorded steady potentials 
are frontally negative, while in anaesthesia the frontal 


No, 4996 July 3L 1965 


negativity decreases, that is, the forehead becomes more 
positive with respect to the occiput. The general relation- 
ship between EEG activity and viour (sleep—wakeful- 
need) of humans and animals is, of course, well known’. 
This correlation of behaviour and EEG breaks down 
following the administration of anticholinergica Buch a8 
atropine. The EEG activity is slowed, whereas the 
animal appears excited. Such dissociation of EEG and 
behaviour under atropine haa been observed in cet”, dog’* 
and rabbit". 

Becker et al.3 have suggested that the organized d.o. 
activity of the brain functions as & controlling mechanism 
by influencing the rate of message—flow action potentials, 
that is, that this potential represents a primitive form of 
control system. They raise the possibility that this d.c. 
potential state was the original functioning system in 
the first primitive nerve nete. It seams reasonable to 
assume that if the organized d.o. activity of the brain 
representa a sort of primitive control system, such steady 
potentials should be & more stable (less easily modified) 
reflexion of observed behaviour under certain basio 
physiological conditions than the EEG. This examination 
attempted to investigate the preceding assumption by 
recording EEG and d.o. fronto-oooipital potentials from 
atropine-treated cate. Four adult male cats with food 
and water available ad lib. were used. 

A Hewlett Packard d.c. meter in conjunction with large 
surface carbon saline electrodes was used to determine 
bioelectrio d.c. potentials and a Grass model 5 polygraph 
to record EEG. A commercial shielded observation box 
was used to contain the animal. 

Five stainless-steel wire electrodes were placed on the 
calvarium of each of four adult male cats anaesthetized 
with pentobarbital under aseptic conditions. Each wire 
was soldered to a contact on a miniature socket which 
was anchored to the calvarium of each cat with dental 
cement. Five weeks of convalescence were allowed before 
the first individual testing. Each cat was extensively 
pre-bandled and given five succeesive days of 0-5 h 
unrestrained exploration (adaptation sessions) in the 
observation box. On the initial test day perietal-oocipitel 
EEG was recorded for several minutes, and the fronto- 
occipital d.c. potential (mV) measured. Each cat was 
then immediately injected intraperitoneally with either 
2 mg/kg atropine in 5-0 0.0. 0-9 per cent saline or 5:0 o.c. 
saline alone. Half the cats received atropine with 
saline and the other half only saline. Following a 80-min 
observation period of gross behaviour, EEG and d.o. 
potential were again recorded. Five to seven days later 
the foregoing procedure was repeated, but those animals 
that had received atropine with salme were given saline 
alone and vice versa. Approximately two weeks later 
each cat was placed in the observation box, the d.c. 
fronto-occipital potential measured and 2 mg/kg atropine 
injected intraperitoneally. Measurements of d.o. potential 
were taken 30 seo after the injection and again after a 
30-min interval. 

Prior to atropine or saline injection, parietal-ocoipitel 
obtained from each of the four cata tested. Thirty min 
after atropine injection (2 mg/kg) the EEG recordings 
were of typical sleep pattern. e usual manifestations 
of atropine were obeerved following injection, that is, 
pupil dilation, tachycardia, eto. Thus, under atropine the 
classical behavioural dissociation occurred. No changes 
were found in observed behaviour or EEG activity after 
saline administration compared to the pre-injection 
measurement. No appreciable differences oocurred in the 
d.c. potentials of cate receiving saline alone as compared 
with those receiving atropine, that is, no d.c. potential 
shift oocurred. The d.c. potential reflected observable 
behaviour, the EEG did not. These data are summarized 
in Table 1. 

When d.c. potentials were measured immediately before 
atropine injection, 80 seo after injection and again at 
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Table 1. ERG, BEHAYIOUR AKD FRONTO-OOGIPITAL D.O. CHANGES UNDER 
ATROPINE AXD Saline INJEOTION 
Pre-injection 90 min post-Injecon 

d.e. Po d e. Po- 

Oat HEG  Bebaviour tential HHG Behaviour tential 
pattern pattern (mY) (mV) 

Atropine 

1 Awake Alert -12 Sleep Alert -12 
2 Awake Alert +6 Sleep Alert +4 
3 Awake Alert -T Sleep Alert —2 
4 Awake Alert —10 Sleep Alert —10 
1 Awake Alert +4 Awake Alert —4 
2 Awake Alert +1 Awake Alert 0 
3 Awake Alert —11 Awake Alert —14 
4 Awake Alert +8 Awake Alert +4 


30 min, a positive d.o. shift occurred at the 30-sec 
measurement. The forehead of each oet, compared with 
the pre-injection measurement, became more positive with 
respect to the occiput 30 meo after injection. The relative 
positivity was transient and 30 min later the standing 
d.o. potential no longer showed any consistent pattern 
compared with the pre-injection level for each animal. 
These data are given in Table 2. 


Table 2. Bivreor oF ATROPINE OX THE FROXTO-OOCIPITAL D.O. POTEKTIAL 


$0 seo 30 mn 
Cat Pre-injectian Post-njection Post-njection 
1 + 0-0 00 
2 —105 +45 —*0 
3 —40 +1-0 +20 
4 +1:0 + 38-0 +20 


Previous investigations have indicated high correlation 
between wakefulness cycles, EEG and halic 
d.o. potentials. This work has demonstrated a dissoci- 
ability of EEG and fronto-oocipitel d.o. potentials with 
this standing potential retaining a much closer relation- 
ship with observable behaviour. The d.c. potential was 
not correlated with atropine administration. Atropine 

EEG sleep patterns but did not produce a 
uniform positive shift of the d.c. potential. Therefore, the 
d.o. potential was a more accurate representation of 
observable behaviour. It may be speculated, then, that 
the transcephalic d.c. potential underlies EEG activity 
and representa the more fundamental parameter of nervous 

The transient positive d.o. shift obtained immediately 
(30 sec) after injection may suggest the momentary 
internal stimuli orientation of a primitive control system. 
To evaluate this internal stimuli orientation & preliminary 
food deprivation investigation was carned out. Water 
waa available ad lib. during this food deprivation period. 
Fronto-cocipital d.o. potential measurements (mV) were 
taken on ten individually caged adult malo cate deprived 
of food for 24 h. Following these initial d.o. measurements, 
the cats were fed commercial cat food, and $0 min after 
eating the standing d.o. potential for each animal was 
again d i In nine of the ten cases: (a) the fore- 
head was negative with respect to occiput prior to food 
intake; (b) 30 min after eating the frontal-oocipital 
itive. As evaluated by 


tend to support the suggestion of Becker e£ aj.!* that the 
organized d.o. activity of the brain represents 4 primitive 
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form of control aystem inasmuch as such steady potentials 
were dissociable from EEG under atropine and yet 
paralleled observable behaviour. If the d.o. potential 
shift immediately following enteric stimulation represents 
& primitive parameter of system arousal then it may be of 
interest to Investigate EEG manifestations associated 
with various d.c. potential patterns. 

M. A. Cowmx 

R. D. MoDosarp 


and Department of Psychiatry, 
Upstate New York Medical Center, 
Syracuse, New York. 
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Underwater Breathing Device utilizing 
Oxygen dissolved in Water 


THs respiration of an animal oan be supported if ita 
expired air is re-oxygenated, freed of carbon dioxide, and 
re-inhaled. At the water’s surface dissolved gases equi- 
librate with the air above, providing a partial pressure of 
oxygen (pO,) of approximately 150 mm Hg. The thick- 
nees of the water layer with an oxygen concentration 
approximating that at the surface varies widely in the 
oceans; in the Atlantio south of 50° B. it extends to 
about 50m doth and at 100 m the water is stall 800-95 per 
oent 1, In expired air of man pO, is 116 mm Hg 
(ref. 2). Thus, for & considerable distance from the surface 
there existe & pO, gradient of roughly 35 mm Hg from 
water to expired air. Since the partial pressure of carbon 
dioxide (pCO,) in water is negligible, a gradient existe for 
the diffusion of CO, from expired air to water. 

An apparatus was constructed to allow a guinea-pig to 
maintain respiratory exchange by means of these diffusion 
gradients (Fig. 1). A ‘Teflon’ membrane was interposed 
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between the guinea-pig’s expired air and the water; the 
air above the water was at atmospheric preasure. Oxygen 
diffused into thé expired air and carbon dioxide diffused 
out. The gas mixture was then re-breathed by the guinee- 


pig. 

membrane unita were supported on an open 
frame and had a combined surface area of 5-9 m*. Hach 
unit was made by placmg screening between two ‘Teflon’ 
membranes 12-5u thick. Expired air flowed between the 
two membranes, which were sealed by autoclavable 
maakmg tape. A manifold at each end of the apparatus 
led to one side of a iratory valve attached to the 
trachee of an ized guinea-pig. All membranes were 
submerged but the apparatus was kept close to the surface 
by two buoyant pieces of io. The animal was secured 
to the apparatus above water. The membrane array 
moved through the water at ximately 6 m/min. 
Gaged enticed at ihe back and lat ut tho font elatiyo t6 
movement through the water, the purpose being to aid 
diffusion by countercurrent. It was realized that the 
effect might be amall in this case. 

The pool was 3-5 m by 1:9 m. borra ae 
of 0-7 m with tap-water aerated for 12-16 h. 
aeration was stop and the water waa allowed to stand 
from 2 to 24h. pO, of the water at the time of experi- 
mentation was within 4 mm Hg of that of the room air. 
The pO, and pCO, of water and gases were measured with 
modified Clark and Severinghaus electrodes using & 
‘Model 105’ Instrumentetion Laboratory meter. 

In each of two experiments & guinea-pig was anses- 
thetired, a tracheotomy performed, and tracheal cannula 
connected to a respiratory valve. The valve allowed 
exhaled gas to enter one end of the membrane array and 
the animal to ro-breathe from the other end. Respir- 
atory frequency, pO, an 1 of expired and inspired 
gases were measured. Nitrogen equal in volume to the 
withdrawn samples was added to the closed circuit. 

The possibility existed that room air would leak into 
the system through the tracheotomy or valve. Con- 
sequently, at the oonolumon of each experiment the 
animal and valve were disconnected from the membrane 
array and connected to & ‘control apparatus’, consisting of 
& closed circuit of Erlenmeyer flasks with volume totalling 
that of the membrane array. If there were no air leaks 
one would expect that within the control ug 
oxygen would quickly be used up and carbon dioxide 
would accumulate. 

An animal weighing 306 g was used in the first experi- 
ment. Psal ee 
through the apparatus. The rise is seen as the difference 
between. ari ed air pO, and inspired pO, (Fig. 2) and 
resulted pri ity from oxygen diffusion from the water 
but to a lesser extent from oxygen trapped within the 
apparatus at the begining of the experiment. For tho first 
3-5 h the pO, of the inspired and expired gases fell, thereby 
causmg an increase in the diffusion gradient for oxygen 
from water to expired air. As a result, the quantity of 
oxygen that diffused across the membrane increased until 
it equalled the amount of oxygen utilized by the animal. 
This occurred after 3-5 h; at that time the pO, of inspired 
and expired gas were constant and remained so for an 
hour. The respiratory frequency rose, however, presum- 
ably because of increasing hypoxia and fatigue. Shortly 
after disconnecting the animal from the apparatus its 
respiratory rate was 82 and the minute volume was 
100 ml. From the respiratory parameters it was caloulated 
thet the apperatus furnished approximately 4-0 ml. 
oxygen/min or transferred 0-68 ml. oxygen/m*/min. 

At the end of the experiment the animal was attached 
to the control apparatus. Within the first 15 min pO; 
went from 146 to 52 mm Hg and pCO, from nearly zero 
to 107 mm Hg. We conclude thst there was no significant 
air leakage through the valves or tracheotomy. i 

In the second experment (Fig. 3) & guinee-pig weighing 
211 g was used, but the membrane apparatus was first 
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flushed with an air-nitrogen mixture of pO, 108 mm Hg. 
inspi pO, this time rose for the first half-hour 
and thereafter the inspiratory pO, expiratory pO,, and 


gas of initial pO, of 128 mm Hg and a pCO, close to zero. 
After 10 min pO, was 65 mm Hg, pCO, 55 mm Hg, and 
the animal’s respiratory rate was 50. 

In both experiments the pCO, of the inspired gas 
remained below 10 mm Hg. A control iment showed 
Trae Ee Gores wilt NIE OAP d flow per 
cuit Gren (no ental attached), the CO, fe fan an 
initial 28 mm Hg to 2 mm Hg. Also, decreasing the gas 
flow into the apparatus led to & higher pO, of gas leaving 
since more time was allowed for equilibration. It was 
not, therefore, surprising that the smaller animal had the 
physiological range. 

The membrane apparatus allowed trenamembrane dif- 
fusion of oxygen and carbon dioxide at the rates at which 
the animal utilized oxygen and gave off carbon dioxide. 
We conclude that respiratory gas exchange can be main- 
tamed with the ap tus for an indefinite period of time. 

The apparatus bed has, however, certain inherent 
limitations. Sea-water contains at best only 9 ml. of 
oxygen per litre’. Thus, a large quantity of water as well 
as a large membrane surface area are necessary to support 
the respiration of even a small animal. More significantly, 
the & described can function only within & metre 
of the water’s surface. As a diver deeper the air 
pressure. Nitrogen furnishes four-fifths of air pressure. 
As total intrathoracic pressure is increased the parfial 
pressure of nitrogen within the system is also increased. 
eee ee 

ore nitrogen cannot be used to maintain a high 
within the system. However, if a physiologically 

inert gas oould be found to which a given membrane were 
impermeable, a small amount of the inert gas would last 
mn me messe. ue E 
preasure. The membrane, it it were permeable to oxygen 
and carbon dioxide while impermeeble to the inert gas, 





‘Time (h) 


Fig. 2. Respiratory parameters as a function of time after attachmg 
a 306-g anomal to the membrane apparatus 
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3. Respiratory parameters ss a function of time after attaching a 
-g antmal to the membrane apparatus which was first flushed with an 
air—nitrogen mixture 


would then allow oxygen flow regardless of hydrostatic 
preasure. 
We thank Dr. John F. Perkins, jun., for his many 
helpful suggestions. 
This investigation was supported by a grant-in-aid 
from the John A. Hartford Foundation. 
RüucHARD H. STRAUBS 
Perse V. MOULDER 
University of Chicago School of Medicine, 
Chicago 37, Dhnois. 
1 Richards, B. A., Geol. Soc. Amer. Mem., 67, 185 (1057). 


*Rueh, T., and Fulton, J., Mediol «nd Brophynos, p. 703 
ue Ty ind Pues, ata 1060). P 


Hypophysectomy and Blood Sugar Regulation in 
a Cyclostome, Myxine glutinosa 


Tus removal of the pituitery has contributed to the 
und ing of the endocrinology of many groupe of 
vertebrates. owever, ablation of what is probably the 
most primitive extant pituitary’, namely that of a myxi- 
noid cyclostome, has, to the best of our knowledge, not yet 
been reported. 

This operation has been successfully performed recently 
on the hagfish, Myzéne glutinosa, at Kristineberg Zoo- 
logical Btation, Sweden. The animals were anaesthetized 
by immersion in 0-25 per cent propylene phenoxetol 
(Nipa Laboratories Ltd.) for 10-15 min’. A ventral ap- 
proach was used, & median incision being made in the akin 
just bebind the mouth for a distance of about half an inch. 
The protractor muscles, that is, the copulo-gloesus profun- 
dus and superficialis muscles and the copulo-pelatinus 
muscles, were retracted back from the centre line. The 
retraction exposed the basal plate which was medially 
bisected with a sharp scalpel. The fore-gut in the region of 
the lingual teeth thus exposed was retracted to one side to 
reveal the caudal termination of the oartilagenous floor of 
the nasohypophysial canal. This cartilage was then bi- 
sected back from the junction of the nasobypophysial canal 
with the fore-gut to expose the pituitary lying embedded in 
the cartilage forming the roof of the nasohypophysial oanal 
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and floor of the brain. Using oblique light the oval patch 
marking the position of the &denohypophysais could be 
Been. With the aid of a fine scalpel and a binocular dis- 
secting microscope a rectangle of cartilage containing the 
pituitary was removed, exposing the hypothalamus. The 
cavity was plugged with sterile gelatine sponge. The 
wound was ligatured in the usual manner. On return to 
water the hypophysectomized animals resumed active 
respiratory movements within 10-20 min and were kept 
im aquaria for iods up to three weeks. As control 
experimenta, iso mechanical lesions were made in the 
hypothalamio region. Sham operations included exposure 
af the pituitary without its removal. Microscopio exami- 
nations were carried out at autopsy to ascertain the 
completeness of pituitary removal and the extent of the 
hypothalamio lesions. Repeated blood samplings were 
performed $5 vivo via the large caudal venous sinuses and 
the blood gluooee-level was assayed by the glucose oxidase 
method as described previously‘. Altogether 28 hagfish 
were successfully hypophysectomized and 7 were used as 
controls. 
The most ing feature of the operation was tha 

unlike the lamprey**, the hagfish did not become strikingly 
pale after the operation; no change in pigmentation could 


to some extent also the sham operations, caused an increase 
in blood glucose values, from about 16 mg/100 ml. to 
about 60 mg/100 mL, one or two days after the operations. 
After 10-20 days these elevated values returned to normal. 


the eleva 


that the equivocal situation of pituitary 
regulation of cortex, thyroid, and gonads in myxi- 
noids might be investi 

migh vestigated. n 
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PHARMACOLOGY 


A Highly Selective Carcinolytic Agent 
Isolated from Cobra Venom 
CRUDE cobra venom oonteins a number of proteins 
which can be demonstrated by agar electrophoresis 
(pH. 8:3) (Fig. la). By the use of column chromatography 
in carboxymethyl cellulose and ammonium sulphate 
fractionation of cobra venom, it has been possible to 
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venom. e, Whole venom; b, the 
neurotoxin; e, the fraction of low toxicity whioh produces lysis of tumour 


Agar electrophoresis of cobra 





separate the protein fraction which is responsible for the 
toxicity~of the venom in whole animals (Fig. 1b) from 
another fraction which has low toxicity and remains close 
to the origin in agar electrophoresis, using the method of 
Wieme and Rabasye!. This is shown in Fig. lo. The 
MLD for this fraction was 100, whereas the MLD for 
the crude venom and the neurotoxin was 17 and 4, 
respectively (the AfLD minimum lethal dose in ug of 
protein of the material ired to kill a mouse wei 
20-25 g within 18 h). This comparauvely non-toxio 
fraction still has a remarkable action on Yoshida sarcoma 
cells. 

The interference microscope has been used to observe 
changes in cell membrane permeability leading to loes of 
cytoplasm from these cells and from various normal cells. 
The affecta are similar to those examined in the familiar 
phenomenon of lysis of erythrocytes leading to the loss 
of haemoglobin and appearance of cell ghosts. Inter- 
ference microscopy, because it is so sensitive to small masa 
changes, makes 1t posaible to examine the lysis of tissue 
cells’. Results obtained using Yoshida rat sarcoma cells 
and on various normal rat cells suspended in Tyrode's solu- 
tion and in rat serum are shown in Table 1. The 
erythrocytes, lymphocytes from lymph nodes and bone 


marrow cels were all observed as suspensions prepared 
without the use of chelating agenta or i The 


intestmal muoosa cells were obtained as areas of 
epithelial sheets containing 20-50 cells, also prepared 
without the use of chelating agents or trypsin. The 
mucosa cells were therefore obtained in their natural 
Bheet-like state and would be in a very similar situation 
to that occurring $n vivo. It can be seen from Table 1 
that this fraction of low animal toxicity is extremely 
toxio for tumour cells and is highly selective in ite action. 
Serum has a protective action on the normal cells but 
has little effect on the sensitivity of the tumour cells. 
These observations support the view that c in 
the cell membrane of tumour cells are of a characteristic 
nature. The low adhesiveness and high mitotio rate of 
the tumour have not been brought about by membrane 


Table 1. Crroroxiorrr OF A OOMRA VINOM FRACTION 


Dilution af a solution of 1 
enum required to produce 60% of audias f 8h 
Y. sarcoma 1/128 1/128-1/04 
Lymphoeyime " iene. i 
marrow n A 
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properties mmilar to rapidly dividing normal cells such as 
intestinal mucosa, nor are they similar to those of relatively 
non-adhesive erythrocytes, lymphocytes or bone marrow 
cells. Ambrose and Easty* obtained evidence for slight 
selectivity using whole venom (Russell’s viper) in oompera- 
tive investigations of tumour and normal cells in culture. 

Preliminary in vivo investigations using this fraction 
have been quite ing, and several animals have 
been cured of Yoshida ascites tumours; but in vivo 
effecta involve problems connected with blood supply 
to the tumour, rate of elimination of the agent, eto. 
Whatever the final success obtained with this fraction 
in vivo, the experiments described here on lytio action 
indicate that the necessary ifleity of a structure is 
present on the tumour cell in this case. It may be 
possible to exploit this by the use of biological macro- 
molecules containing the required properties in their 
amino-acid, sugar or nucleotide sequence as carcinolytic 
agente. 

We thank Prof. A. Haddow and Dr. A. R. Gopal- 
Ayengar for their advice. One of us (E. J. A.) also thanks 
the U.K. Ministry of Overseas Development and the 
Atomic Energy Commission, Government of India, for 
their support (Colombo Plan). 
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ident Rats 

Acid by Thiamine in Thiamine-deficient 

TwrRAPHAITONBAL Injection of (+)-«-lipoic acid has been 
reported to be toxic to thiamine-deficient ratat. Develop- 
ment of the toxio effect was prevented by simultaneous 
injection of 100 ug of thiamine hydrochloride. It was also 
noticed that (+ )-a-lipoio acid, unlike ithiamine, had 
no effect on thiamine excretion. The toxicity of (+)-a- 
lipoic acid to thiamine-deficient rats therefore could not 
be related to the depletion of the thiamine reserves present 
in the organs of thiamine-deficient animals. Obviously, 
the results obtained from the use of the racemic form of 
lipoic acid could not reveal whether both or one of the 
isomers had been responsible for the toxic effects in the 
deficient animals. In order to clarity the relative toxicity 
of the isomers of lipoic acid in thiamine-deficient rate, the 
expermments were repeated with the natural and unnatural 


isomers of a-lipoio acid. The preparation of pure (+)-a- 


octanoio acid (-)-ephedrine salt*. 
acid was found to be contaminated with 15-20 per cent 
of the dextro-rotatory enantiomorph’. Therefore, the pure 
(-)-a-lipoic acid was synthesized from the purified (-)- 
6,8-dichlorooctanoio acid (+)-ephedrine salt. This was ob- 
tamed after converting & sample of (—)-6,8-dichloro- 
octanoio acid (—)-ephedrine salt into the (+)-ephedrine 
salt. (The (—)-6,8-dichlorooctenoio acid (-)-epbedrine salt 
waa generously supplied by Dr. W. J. Wayne of Du Pont.) 

In the experimenta with the various forms of lipoio acid, 
20 mg/kg of a-lipoie acid was administered intraperi- 
toneally to thiamine-deflcient Sprague-Dawley rata of 
100-150 g average weight. When the animals developed 
the ‘acute stage’ of polyneuritis*, they were divided into 
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Table 1. Toxior*Y or (—-a-LIPOIO ACID AND ITS EFFEOT ox URINARY 
THAME RIMPI 


OX IN THIAMINE DEFICIENT RATS 


Oompound deficdent ra m m 
(€) Li 

+ }a-Lipoto acid 76 (16 — — 
X -a-Lipolo acid -+Thiamins (250 au) 0 (10 09 28 
+} Lipow add 40 (16 = has 
+)}-a-Lipots &oxd + Thiamine (250 xg) 10 (10 64 20 
—)}- a Lipots aci 80 (16 — — 
— Tipako ackt-t-Thiximino (90 D 20 (10 70 28 
eopyn 27 (10 — Tz 
NXeopyrithiamine 250 xg) 0 d 150 60 
Isotome saline + Thiamine ( xg) 0 (6 60 24 


The animai tn the various rece ved i.p. infection of 20 mg/kg of the 
IE TERE 


ug ies Mega gore 
by of lipoic acads, or 
brackets. 


followed 
Mo. of animals x» given In 


subgroups as shown in Table 1. After the daily collection 
of urine, the animals were fed in the morning and the food 
was withdrawn. When the urinary thiamine values fell 
below detection, some of the snimals in each group 
received 250 ug of thiamine HCl intraperitoneally, fol- 
lowed by i.p. injection of lipoic acid or neopyrithiamine. 
The urine samples were 24-h collections. They were 
collected for three days and were daily analysed for 
thiamine excretion. The values in Table 1 represent the 
total thiamine excreted m three days. Earlier it was 
established? that the 20 mg/kg (+)-a-lipoic acid corre- 
sponded to 1/4 of the LD,, dose. Since intraperitoneal 
injection of isotonic saline was not lethal to the thiamine- 
deficient animals, it is apparent that the mechanical effect 
of injection per se is of no consequence. Again it is obvious 
from Table 1 that the simultaneous injection of thiamine 
and lipoio acid prevented death, which ordinarily oocurred 
when lipoic acid was administered alone to the deficient 
rata. Interestingly, (-)-«-lipoio acid seemed to be ex- 

tremely torio to thiamine-deficient rete whereas: its 

injection into thiamine-suffleient animals had not pro- 

duced any undue physiological effects. As a further 

confirmation of earlier findings’, it has been demonstrated 

that a single intraperitoneal injection of 250 ug of thiamine 

hydrochloride followed by the injection of any of the 

lipoic acids does not lead to increased urinary thiamine 

excretion during the succeeding 72 h. The results show 

that neither the racemate nor either of the isomers’ of 

a-lipois acid had any effect on thiamine mobilization 

while intraperitoneally administered neopyrithiamine (5 

mg/kg) produced signifloant increase in thiamine excre- 

tion. No significant difference between the amounts,of 

thiamine excretion before and after lipoio acid treatment 

could be observed in the experiments with thiamine- 

sufficient rats. At present the marked toxicity of (—)-a- 

lipoio acid is interpreted as an interaction between the 

thiaminethiol of the thiamine and (—)-«-lipoic acid, yielding 

a toxic intermediate in the brain possibly through & 
heteromerio interaction between thiamine and sulphydryl 

groups as suggested by Banhidi*. Such interaction could 

yield a toxic intermediate which would not only tie up 

thiamine reserves in the brain but also could cause the 

displacement of the natural isomer of c-lipoio acid from 

the sites of enzymatic decarboxylation of a-keto acids. 

The search for existence of such an intermediate is pro- 

posed to be undertaken with the aid of labelled isomers 

of a-lipoic acid. 

This work was supported by grant AM 06021 of the 
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Metabolic Diseases. 
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HAEMATOLOGY 


Role of Hi adel 0° Factor, Polyinosinic 
Acid, and Thrombin In the Haemolysis of 
Paroxysmal Nocturnal Haemogiobinuria 
Erythrocytes 

ABSORPTION of serum at 15? O with zymosan renders 
the serum deficient in properdin and destroys the capacity 
of such RP serum to haemolyse paroxysmal nocturnal 
haemoglobinuris erythrocytes (PNHE). Absorption of 
serum with zymosan at 0° O does not remove properdin, 
. but does remove a zymoean specific fraction (‘0° factor’), 
so that on incubation with fresh xymosan at 15° C pro- 
perdin is no longer affected’. Recent work in this labor- 
atory has defined the PNHE haemolytio system aa one 
dependent on fluid phase complement (0’) activation 
resulting in red cell membrane destruction as & result of 
direct attack by C’3 sub-componente®. O'1 esterase or O'1 
activators have been shown to enhance PNHE lysis and 
in addition certain O'l activators such as polyinosinio acid 
(poly I) may initiate the haemolysis of normal human 

(NHE), presumably by similar fluid phase 
complement reactions‘. Thrombin has also been shown 
to enhance PNHE lysis, but the mechanism of this 
enhancement has been the subject of considerable oon- 
troversy. The observations shown in Table 1 were 
designed to aaeees the relative role of properdin and 
‘0° factor’ in native and poly I enhanced PNHE lysis, 
and to compare the stimulating effect of poly I on PNHE 
haemolysis with the ability of thrombin (“Thrombin’, 
bovine, Upjohn Co., Kalamazoo, Mich.), both absorbed 
with NHE and unabsorbed, to enhance PNHE lysis. 


Table 1. HEFBOT oF PROPERDIN AND ‘O° FAOTOR DEPLETION ow POLY I- 
XKHANCED HAEMOLYSIS OF PNH BED CELLS; COMPARISON OF POLY I 
Hrr»ot WITE THROMBIN HirNCT 


yas 
H 7-6 gE 6-5 
- super- 
Addition to Normal natant RP Normal natant RP 
test serum merum scrum serum serum serum serum 
Paria amer B M dd E o Hoa 
U 66 65 63 73 T3 
Absorbed thrombin u 1 53 53 


&beor thrombin to normal serum at pH 6-5 does not 
result in signifloant enhancement of PNHE haemolysis. 
The latter observation agrees with those of Hinz’, but is 
at variance with the experience of two other groups’, 
who have found residual capacity for PNHE acid haemo- 
lysis stimulation in thrombin which haa been exhaustively 
absorbed by NHE. More in keeping with these latter 
reports, however, we have found that absorbed thrombin 
can provoke moderate enhancement of PNHE haemolysis 
in normal serum at pH 7-6, and can partially restore 
haemolytic capacity to RP serum at pH 6:5. Removal of 
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es eius pan diminishes, but does not completely 
aboli ity of I to voke haemolysis of 
NHE at pH 6-5 (ref. 3 aii me 

Apu es iocur seers ‘0° factor’ are not 
required for poly Ia4nduoed haemolysis, although poly I- 
induced haemolysis is reduced somewhat in RP een 
‘0° factor’ is also not required for native PNHE haemo- 
lysis. Viewing properdin as related mtimately to the 
i components of O' (ref. 8), and recognizing the 
peculiar affinity of zymosan for O8 (ref. 0), one could 

te that properdin is, in fact, a sub-component of 

8. Such & possibility haa been reinforced by our recent 
observations that the intermediate complex, PNHEms, 
formed by of PNHE to i purifled human 
Bie globulin (C’8a), is highly susceptible to haemolysis in 
RP serum in the presence of Na, HEDTA (ref. 8). i 
in mind the concepts recently devel on the i 
relationship of late-acting & ud to PNHE 
haemolysis*‘, it is conceivable that partial depletion of 
such a C’8 sub-component might critically affect & haemo- 
lytio system dependent on threshold amounts of activated 
fluid phase, late-acting CO’ components (native PNH 
haemolysis); might partially, but not completely, inhibit 
a haemolytio system capable of activating more efficiently 
residual fluid phase late-acting O components (poly I- 
induced haemolysis); and might inhibit only slightly, if 
at al, a haemolytic system capable of activating and 
utilizing the residue of such a factor with great 
efficiency at the oel membrane (classical immune 
haemolysis). 

Most observers that much of the ability of 
commercial bovino seein to enhance PNHE haemo- 
lysis is attributable to the presence of red cell hetero- 
&ntibodies'-'. However, our observations, in agreement 
with those of Jenkins e al.* and Crosby and Benjamin’, 
demonstrate that even after extensive absorption with 
human red cells, such bovine thrombin is still capable, 
under certain conditions, of ing PNHE haemolysis. 
Jenkins et al. have clearly shown that thrombin per se is 
not involved in this enhancement; since the factor in 
question is heat stable, they conclude that it is non- 
absorbable antibody*. On the basis of the mechanisms 
discussed in this communication, however, this enhancing 
factor could be either a substance which, like poly I, is 
capable of activating O'l, or the bovine counterpart of 
one of the heat stable C’3 sub-oomponente of guinea-pig 
serum (C'8e, O'35) (ref. 10). That at least one of the bovine 
C3 sub-components can function in a h iflo CO 
system has been demonstrated by Linsoott and Nishioka, 
who used bovine plasms as a rich source of O’3d 
(ref. 10). 
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Function of Collagen: Blood Pressure in 
Lathyritic Rats 


QornnAGmw constitutes approximately one-third of the 
body protein in mammals. ite significance in masin- 
taining form is obvious, little is known of ite possible role 
in physiological processes. Discovering functions of 
collagen would be of particular importance in regard. to 
ageing. Physical properties of collagen change markedly 
with age, presumably because of increased crose- 
but theae changes have not been related to the decrease 


in efficiency of physiological processes characteristic of 


ageing. The changes in collagen with age and their 
possible signi ve recently been reviewed!. 
Beceuse of its distribution in and around blood vessels, 


Bollbgen would be expen to RES 

The production of yriam in laboratory ani 
administration Gr oertain Mate providos a- Sraa 
whioh the role of collagen in bl vessel reactivity can 
be studied. In lathyriam, maturation of collagen by croea- 
linking is defective, and affected animals have leas than 
the normal amount of mature oollagen*. The present 
work was based on the supposition that if mature collagen 
influences the reactivity of blood vessela, differences in 
blood pressure between control and lathyritio animals 
should be detected when animals are treated with nor- 


ca. 
by the 


epinephrine. 
` Malo Holtzman rata weighing approximately 110 g 


+ as controls and 

i fumarate intra- 
peritoneelly, one g wt. per day, as a 20 per 
cent solution in 0-15 M NaCl. After 8 days treatment the 
animals were anaesthetized with 0-2 ml. ‘Nembutal’ per 
100 g body wt. and heparinized polyethylene catheters 
(gauge No. 50) were secured in femoral arteries and veins. 
Each arterial catheter was attached to a mercury mano- 
meter and mean blood preasures were read directly. After 
baselines were established, each animal was given, in the 
venous catheter, 0-1 mL 5 containing 
i i the control rats showed a 


Peete ce P hol prem canis Lorie One. 1). 
rise for the controls 
was 49-5 mm Hg; that for the lathyritice, 88-0. 

A possible explanation for this obeervation is that 
mature collagen fibres are oriented in such & way that, 
when arterioles constrict, they stabilize the vessels in 
their new configuration and maintain . Without 
collagen support, the smooth muscle cells cannot remain 

tely contracted in opposition to the force exerted 
by blood. Similar conclusions concerning the role of 





L Mean blood pressures of control and lathyritic rats funet:on 
Ae. deo fiebre dae af intra VERD eae a nep epis. 
Control, — — — —, lathyritic rats 
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oo fibres in the aorta were arrived at on morphologi- 
cal grounds by Wolinsky and Glagov’. If future work 
indicates that lathyriam causes significant changes in 
&mooth muscle cells, other explanations may be 
reasonable. 

This work was supported by U.S. Publio Health Service 
grant HD-00669 and a grant from the Muscular Dystrophy 
Association of America. 
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Growth-promoting Effect of Chondroitin Sulphate 
on Solid Ehrlich Ascites Tumour 


Iw the course of studyi the interaction between 
connective tissue and cancer , I found that chondroitin 
sulphate promoted the growth of solid Ehrlich ascites 
tumour. Tumour cells used in this study were of Ehrlich 


chorioallantoic membrane (OAM) of the White Leghorn 
chick embryo. A disk, 8 mm in diameter and 3 mg in 
weight, made of ‘Spongel’ (Yamanouchi Seiyaku Co. Ltd., 
Tokyo), was soaked with solutions of various con- 
centrations of chondroitin sulphate O (av. mol. wt., 
50,000; Kaken Yakukako Co. Ltd., Tokyo). For con- 
trols, 0-85 cent salme was used. 0:01 ml. of Ehrlich 
tumour ascitic fluid containing 5 x 10* cella was dropped 
on to the disk placed in a Petri dish. Then the disk, 
which contained both tumour cells and the solution, was 
implanted on the CAM of the chick, on the 6-7th day 
of its incubation. The embryos were killed on the 8th day 
after tumour implantation, and the solid tumour developed 
in and around the ‘Spongel’ disk on CAM was excised and 
weighed. 

The effect of chondroitin sulphate on tumour growth 
on CAM is shown in Table 1. A statistically significant 
increase in weight of tumour tissue was noted in all the 
chondroitin sulphate-treated groups. The chondroitin 

hate absorbed in the ‘Spongel’ disk was demonstrated 
in the excised tumour mass as & metachromatic spot on the 
filter paper. 

The second series of experimenta were mado with SM 
male mioe about 100 days old, fed with standard pellet 
diet and water ad libitum. One ml. of 2 per cent chon- 
droitin sulphate O solution was subcutaneously injected 
into the right flanks of the mice, immediately followed by 
inoculation of 0-1 ml. of the Ehrlich tumour aacitio fluid 


Table 1. Hrrrcot OF CHOKDROTTIK SULPHATE ON GROWTH OF SOLID HWRLICH 
Asorras TUMOUR OX CAM oF CHICK HMBRYO 


Ip. No. 1 1 3 4 5 6 7 Total 
No. tumour 10 7 8 10 € 10 6 57 
Control 
Ko. tumour 9 7 8 6 4 H 
2% Obondr. B. 
Tumour 112 127 1930 123 125 133 
Oontral % 1 
No. tumour 6 8 2 8 6 30 
0-3% Ohondr. 8. 

yoght 177 144 235 128 110 129 
Oontroi % 1 
No. tumour 4 8 4 9 6 31 
0-034 Obondr. B. 
gumou weight 111 153 146 154 188 127 
Oontrol % 1 

Average tumour weight + S.E. based on: (ms) 
705 + 3:3 mg 
Chondroitin sulphate 919 + 4:1 mg 34) P<0-001 

0-3% Obondrortin 91-1 + 40 mg P<0-001 

Chondroitin 90-0 + 3:7 mg 31) 0-001« P« 0-006 
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Table 2. ErrmOT OF CHONDROITIN BULPHATS ON GROWTH OF SOLID HEXIIOH 
AsOrrESs TUMOUR In 5M-KALE MICH OW THU OTH DAY AFTER TUMOUR IKOQU- 


LATION 

Hxp. No. No. mice Tumour + 
Control Hxper. (Control = 100) 

1 8 8 178 

2 15 15 184 

3 13 12 205 

Totals 85 85 188 

A tumour 
ht d LN. 1,007 + 78 mg 2,008 + 130 mg P<0-001 


containing 5 x 10* cells into the same site. In the control 
group, | ml. of 0-85 per cent saline was injected before the 
tumour inoculation. The animals were killed on the 8th 
day after tumour inoculation, and solid tumours developed 
in the subcutaneous space of mice were excised and 
weighed. As ahown in Table 2, the average tumour weight 
in the chondroitin sulphate-treated groups was 2,008 + 120 
mg, whereas it was 1,067 + 73 mg in the control, and the 
difference is statistically significant. 

In other experimenta, the effecta of heparin and collagen 
were tested on the CAM of chick embryos, but no signifi- 
cant promoting effect was observed. i ts are 
now being made on the effect of human umbilical cord 
extract and hyaluronic acid. 

Oxzello e al! demonstrated the growth-promoting 
activity of acid-mucopolysaccharides on & strain of human 
mammary carcmoma cells in vitro, and I‘ have also 
reported that chondroitm sulphate solution enhanced 
the growth of subcutaneously inoculated Brown-Pearoe 
rabbit carcinoma. 

Rogers? rted “water retontion, rate of diffusion, 
ea fanctioh: lubrication and others” as the 
physical functions of acid-mucopolysaccharides. It is my 
opinion that they may have some action which preserves 
the inoculated tumour cella, which may be due to the 
negative electric charge of acid-mucopolysaccharide, and 
ita viscosity. 

Vasiliev’ showed that formation of new connective 
tissue around neoplaams may be important in many 
cases for invasive growth of malignant cells, and the 
present experiments, I believe, appear to indicate that 
the proliferation of new connective tissue which produces 
acid-mucopolysaccharides is favourable to the growth of 
canoer cells. 

I thank Prof. H. Tauchi for his advice. 


JUN TAKEUCHI 
Department of Pathology, 
Nagoya University School of Medicine, 
Nagoya, 
Japan. 
1 Kazxtwara, K., Cancer Ras., 14, 705 (1054). 
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fochemical Booty Sympoa No. B) P. rg den mgri een 
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Effect of Aerobic Pre-incubation on Glycolysis in 
Resting and Proliferating Liver Celis 


A BHORT &erobio pre-incubation period before the onset 
of anaerobiosis greatly stimulates the rate of anaerobic 
glycolysis in slices of tissue. This fact, discovered by 
Rosenthal and Lasnitrky many years agot, has later bean 
confirmed; but the mechanism of action of the previous 
incubation remains up to now largely unexplained. 

In the course of work on the events connected with the 
glycolytic stimulation by previous aerobiosis, we have 
examined the occurrence of this effect in various tumours, 
as well as in diverse injured tissues; in this communication, 
work on Yoshida ascites hepatoma cells, non-tumour 
actively proliferating liver cells, and normal liver is 
described. 


Glycolysis has been measured manometrically in a 
conventional Warburg apparatus at 37^ C. The composi- 
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Table 1. Glyeolynis of normal, , foetal rat slices 
Yoshida ascites hepatoma ool; nod pre inedia iod es tneubetad * 
gage ie. ges peg NC EE 
EUR 118 x 10*M, WaHOD, 16 x 10-915; ghiowe, 8 x 103 AD^ 
Normal rat rer Regenerating rat Hyer 
Basal Btomn- Sthnu- Basal B - tmu- 
lated lation ee iis 
1 3-6 9-6 +60 46 T , 
2 4:8 9:5 +4°8 2 5-1 8-0 1n 
3 5:2 9-0 +8-8 3 8:1 9-3 +152 
4 5:6 9:8 442 4 3-5 53 +18 
5 6-6 10:7 T41 5 4:5 63 +18 
Foetal rat Hrer E Hepatoma ascites cells 
Basal 8ümn- Btümn- Basal Baumu- Btimn- 
lated lation lated la&on 
15-9 10-6 10:5 45:2 44-1 —-1 
17.8 10-7 —0-6 2 37-0 38-6 "t 
3 18-7 15:1 +14 3 45-0 45:5 —155 
4 14°7 15-6 +09 4 41:6 38:0 —2-7 
5 17-6 17:8 —0-3 5 441 44:2 +01 
tion of the medium is given in Table 1. For the sake of 


uniformity, glucose was added in all cases, since glycolysis 
in tumour cella is strictly dependent on the presence of 
glucose in the medium. 

Pre-incubation was carried out in 95 per cent oxygen + 


: stim y yoolysis without 
pre-incubetion is called simply glycolysis or ‘basal glyooly- 
gis’. 

Yoshida ascites hepatoma oells were collected from 
albino rate 8 days after intraperitoneal transplantation. 
The ascitic fluid was diluted with cold saline and oentri- 
fuged for 5 min at 500 g in the cold; the cells were then 
washed twice in cold saline and finally suspended in the 
medium used for the experimenta. 


were taken during the last four days before birth; 
slices from several foetuses of the same litter were pooled 
together, and distributed at random in the vessels. Re- 
generating livers were taken from fed rats, 6 days after 
partial hepatectomy. Normal livers were from fed rata. 

. In normal livers from fed adult rata the pre-incubation 


In regenerating 
basal glycolysis is not particularly high, but stimulation is 
reduced, in partial agreement with previous results’. 

On the contrary, foetal rat liver displays a high basal 
glycolysis; but this is in no way increased by serobic pre- 
moeubetion. The same holds true for hepatoma cells, which 
show an even higher rate of basal glyoolyais. 

The comperison of the behaviour of the glycolytic 
stimulation in these various tiasues rests on the i 
that they are basically composed of tho seme ocfinine 
types, living and growmg in their own peculiar ways. 
However, slices of normal, regenerating and foetal livers 
can contain different amounts of connective tissue, while 
Yoshida ascites hepatoma is a population of pure cells. 
Besides, in foetal liver slices, cells involved ın haemopoiesis 
are found mde-by-side with parenchymal liver cella’. If, 
as is generally done, the tissues are considered sufficiently 
comparable, the problem of the failure of aerobio stimula- 
tion in foetal and neoplastic liver cells can be discussed. 

It may be suggested that a higher glycolytio activity 
in liver cells is attained only under the influence of some 
factors formed in the normal tissue—but not in foetal or 
tumour ing aerobioms. Alternatively, it could be 
said that aerobioeis removes some limiting factors which 
are present in normal tissue but not in foetal and tumour 
cells, the glycolysis of which is already fully ‘released’. 
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In view of our present knowledge on the glycolysis of 
tumours, and on the basis of resulta which will be fully 
reported elsewhere, the second hypothesis seems more 
probable. The existence of mitochondrial factors which 
5 interfere with glycolysis in normal cells and which are 
lacking in cancer cells has been shown by Neifakh ei al.". 
Moreover, it should be noted that deficiency in the number 
of mitochondria seams to be & feature common to foetal 
and cancer cells. 

GQ. Gaza 
GQ. RAGNOTTI 
A. BERNELLI-ZAYZZHBRA 
Istituto di Patologia Generale, 
University of Milan, 
Italy. 
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1 Fatti, IL, and Perona, G., Spertwentale, 107, 876 (1957). 
* Berneili-Yazzera, A, and Gaja, G., Sperwneniale, 118, 47 (196). 
t Negniein, WL, and Noll, F., Biochem, S., 338, T28 (1963). 
3 Nol, F., Biochem. Z., 238, 785 (1963). 
* Burek, D. Syme. Berpieetory Bresymes (Untv. Wisconsin Prem, Madison, 


* Nelfakh, B. A, Gaitakhok!, V. 8., and Kazakova, T. B., Ads Un. Ia. 
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IMMUNOLOGY 


Potentlating Effect of Neonatal Ny Aaa 


on sray induced Intercapillary 
Glomerulosclerosis 


X-TRBADIATION (160—900 rads) accelerates the course of 
interoepillary glomeruloaclerosis (IGS), & naturally oocur- 
i i ageing process in mice, rate and hamsters’. 


ia directly irradiated and is preceded by 
the duration of which is dependent on age of the animal 
at exposure. 

There 18 some reason to think that an immune meoh- 
aniam might be involved in the pathogenesis of IQS. This 
is suggested by the ive nature of the renal leaions, 
by the of y-globulin at the site of the glomerular 
lesions, ite mmilarity to changes observed in experimental 
immune disease of the kidney*, and the occurrence of & 
latent period before cytological changes are demonstrable. 
The resulta of neonatal thymectomy on the course of 
K-ray-induced IGS are reported in this communication. 

Swiss-Webster mice were taken from their mothers 
within 24h of birth, kept at room ture for at least 
80 min, and then given & single whole-body dose of $75 rads 
of 250-kV X-ray (42-45 rads/min). Groups of five animals, 
selected at random, were then returned to mothers chosen 
at random. In the case of animals to be thymectomized, 
the returned litter size was eight to allow for the large mor- 
tality followmg operation. Thymectomy was done within 
24 h of irradiation by means of sternal exposure and suo- 
tion. The wound was sutured and the animals placed 
under a heat lamp for 1 h before they were returned to 
foster mothers. Cannibalism was largely prevented by 
trimming the teeth of the mothers just prior to return of 
offspring. Animals were weaned at age 28 days, then 
housed in small aluminium pans with wood shavings, 1—4 
animals per pan, and fed a commercial pellet ration. 

All survivors at age 28 days were skin Tail- 
akin from & one-month-old (O57BL/6By x BALB/cBy) 
F, female mouse waa transplanted to the tail of the host 
as described by Bailey and Usama', but modifled by 
eliminating antibiotics and substituting several folds of 
masking tape for collodion and wound clips to hold the 
glass tube in position. Recorded observation of graft 
survival was begun on tho fifth day after grafting and 
continued at two-day intervals. 

Animala were killed by cervical dislocation. The histo- 
logical methods for prepare the kidneys, involving the 
use of 'lellyeeniorky's ive and the Rinehart-Abdul- 
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Table]. Muan GRADE OF IGS AND SURVIVAL OF HoxorLoeaous BKIN 
ANINAIA 


FOR KILLED At AVERAGE OF 47 AXD 67 Days OF Aas 
Age No. of grafis 
Mean surviving 
Group En grades 67 days grades over 
Ko. of mics No. 18 daya/total 
I Sham X-ray 8 58+0-6* 13 75406" 8/21 
II Sham X-ray and — = 6:8t11 0/6 
sham operation 
III 3765 rads 10 375421 12 458128 6/21 
IY Complete 5 562104 18 95108 17 
V $75 rads and 8 40-0441 14 63-0426 17/21 
complete 


degree of IGS were as desorbed previously*. Lymphatio 
and thymic tissues were also stained with haematorylin 
and eosin, pyronin-methy] green and Giemsa. All residual 


series; the first, an exploratory 
average of 47 days of age and the second at an average of 
67 days. Grades were eatablished to represent the mean 
values of all animals in each group. For each kidney, the 
grades were derived by totalling values of 0-4 for each of 
25 glomeruli based on histological criteria of degree of 


change. . : 

In t with previous findings’, there was & 
decided effect of X-irradiation on the grade of IGS. The 
difference of mean IGS of irradiated and non- 
irradiated groups with or without thymectomy was highly 
significant (P « 0005). The difference between the 
X-irradiated group and the X-irradiated-thymoctomized 

up was also statistically significant in both the first 
and the second (P « 0-005) series killed. 
chareocteristice of the kidney lesions in these 
latter two groups were the same, differing only in degree. 
The difference between the non-irradiated-thymectomized 

and either of the sbam-control groups was not 
i t. 

Examination of the spleen showed lymphoid depletion 
of the white pulp in all thymectomized animals. Irradia- 
tion alone or combined with thymectomy did not result 
in measurable effect on the degree of lymphoid depletion. 
Of signi was the presence of marked concentra- 
tions of pyroninophilio cells in the reticulum about the 
oantral arteries of the white pulp and their finer branches 
in all animals which were completely thymectomiszed 
at birth. Many of these showed characteristics of 
mature plasma oells. The lymph nodes also showed 
large numbers of pyroninophilic cells in the lymph oords 
and marked depletion of lymphocytes in the cortex. 

The number of mice graft-tested in each group is given 
in Table 1. There were three technical failures. Thymeo- 
tomy with or without X-irradiation significantly increased 
the number of surviving grafts (P < 0-001) in y test. 
X-irradiation with or without thymectomy had no 
apparent effect. 

From these observations it is clear that neonatal 
thymectomy potentiates the effect of X-rays on the 
development of IGS. The nature of the lesion was un- 
changed and there was no indication of a superimposed 
inflammatory process either in the irradiated or non- 
associated renal disease, such as described by DeVries 
ei al.', had not developed in our strain of animals at the 
time of killing. One may speculate whether the thymus has 
some tissue regulatory function, œ deficiency of which 
may lead to soceleration of degenerative changes, or 
whether IGS is a manifestation of an immune reaction. 
With respect to the former, no pertinent evidence appears 
to be available. With respect to the latter, there is 
indication that the ummune mechanism is altered in our 
animals following neonatal thymectomy, as shown by 
increased tolerance to akin grafts in confirmation of results 
of other investigators*". There are some recent data’ 
indicating that neonatal thymectomy may also evoke 


gro 
(P < 0-025) 
Histological 
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&uto-immumity. The presence of large aggregates of pyro- 
ninophilie cells in the spleen and lymph nodes in our 
neonatally thymectomired animale, and similar observe- 
tions in rata by Wakeman ei al., also suggest this 
possibility, although aa yet we have no proof of immune 
competence of these cells. Whether suto-immunity playa 
a part in the pathogenesis of radiation-induoed lesions of 
the Kidney remains to be demonstrated by defimtive 
immunological examinations. The present findings 
warrant further investigations of this possibility. 

We thank Dr. H. I. Kohn for his in the experi- 
ment. This work was supported by U.B. Atomic 
Energy Commission. 

PaunL H. Gorman 
Doxanbp W. Banwy 
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Antigenic Properties of Burnt Skin 

On surveying the literature ining to this subject, 
it was found that workers m the Eastern 
countries} maintain that the use of convalesoent serum 
in burnt patients is of considerable therapeutic value due 
to a hypothetical antibody to burnt akm*. Workers in 
the Western world?” in the same field have been unable 
as yet to prove the existence of such an immunological 
mechanism and have claimed that any antibody demon- 
seai as Tae haw ban. one coduned Ue bacteria: tina 
not gpeciflo to burnt tissue. 


Table 1. ANTIGEX-AXTIBODY ReACTIONS WYTH SERA OF LLANATTS DONUNTXND 
"WITH VARIOUS PORTIONS OF RABAT? BXIN, BY DIFFERENT IWXUXGLOGIO 
SXXOLOGIC PROCEDURES 


BDB Tane acid Paye 
* ptn gia c test 
gen 
aera E best t test} (BDB) OI 
A 1 0 0 0 Not dane 0 
B 0 0 0 Wot done 0 
o 1:2 1 1200 1: 1960 Bpeans + 
D ~ Oone. 1 : 12860 1:180 ot dons + 
H 1.2 1+ 1260 1.1260 Hot done + 
PF 1:2 1: 1280 1: 1860 BSpedtfio + 
Controls 
*W.R.8 0 0 0 0 Bpeelfic 0 


in oven to 120° O for 
ware a visible precipitation. 
sera gare app eene 
Itnked with hie instan benidine (BB). 
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A pilot experiment on this subject waa oonducted, 
using several immunological procedures. Three groups of 
rabbits were immunized with antigens, prepared from: 
(1) & portion of sterile skin from a freahly killed. rabbit; 
(2) & portion of akin of the same rabbit after havmg been 


e E ee en oe a 
(8) & portion of akin of the same rabbit, after having been 
exposed to burning over a gas flame. Six rabbite were 
immunised; A and B, with antigen 1; O and D, with 
antigen 2; E and F, with antigen 3. 
The antigens were prepared by hamogenixing the three 
portions of skin in @ Waring blender, with subsequent 
extraction in normal saline. The antigens were defatted 
with ether durmg 24 h. Sterility was confirmed by 
culture. 
The sera obtained from the rabbits after repeated 
immunization for & period of about 6 weeks were studied 
by several methods, such as haemaggiutination and 
haemagglutination inhibition teste (BDB and tannio acid 
method), ipitm tests, gel-diffusion and passive 
cutaneous anaphylaxis in the guinea-pig. The resulta are 
summarized in Tables 1 and 2. These resultas show that 
burnt akin has aniigeriio properties, producing antibodies 
in rebbrta, different from normal skin. It has to be 
pointed out that there are still considerable difficulties as 
to the reproducibility of the experiments, their croes- 
Teactivity among the various portions of the skin, ete. 
Although antibodies in rabbits have been, uoed from 
burnt skin, the speoifleity of these antibodies, and their 
relationship to human burns, has to be investigated in 
greater detail. 
S. Zvi KANTOR 
I. KAPLAN 
ESTAR GRUANBERG 
B. Gmm 
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HISTOLOGY 
Venous Output of Lymphocytes from the 
Thymus 


Fornrowrsa the extensive quantitative investigations 
of Kindred)* on the frequency of mitosis in different 
lymphatic organs, it has been known that intense lympho- 
cytopoiesis occurs in the thymus. This observation 
has repeatedly been confirmed by other workers, using 


Table 2. CROSE-ERAOTIONS OF IxMUNER SERA WITH VARIOUE SEIN ANTIGENS 
































Rabbit sera A 3 Bn | F A | B | [o> E F 
Antugens* 3 
Prarie test mE 0 + + I 0 + + + + + 
B haemaggztu p 
test t 0|0 1.60 |1:160| 1:80 |1.80 |1-:320| 1:80 |1:320,1. 52560 | 1- 1260 | 1: 1200 | 1 : 1180 
acid - 
giuttnaton test t 0/0 1:80 |1:100| 1 80 |1 160|1:100| Xot 1:6040|1 8320 | Mot 1.1280 
Passive cutaneous 
ylaxt (POA) reaction (+) Q 0 t +t L t t 
Controls N H.8. 0 o |o 0 0 0 0 0 | 0 0 0 
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the same as well as other methods for demonstration of 
lymphocytopoiesis*. 

The fate of these lymphocytes has been a matter of 
controversy. Kindred suggested that they leave the 
thymus, but he presented no direct proof of this assump- 
tion. Some indirect evidence has since socumulated, sug- 
gesting migration of lymphocytes from the thymus into the 
blood, and seeding of these thymic lymphocytes into other 
lymphatic organs‘. Among this indirect evidence can 
be mentioned observations in sections of the thymus, 
suggesting di is of lymphocytes into blood vessels’. 
The direction of such diapedesis cannot, however, be 
judged from sections and, in & recent review, Sainte-Marie 
and Leblond* pointed out ‘‘that no route has been demon- 
strated by which thymic lymphocytes might leave the 
organ". Gowans, Metoalf and others summarized the 
question in the same way’, that is that it has not been 
conclusively demonstrated that thymic lymphocytes do, in 
fact, migrate from the thymus. The lack of direct evidence 
proving that lymphocytes leave the thymus, is also con- 
sistent with the theory that the lymphocytes formed in 
this organ remain there, die, undergo cytolysis and 
perhaps release nucleic acid or some other non-cellular 


factors into the circulation. 

Three routes for mi ion of lymphocytes from the 
thymus are poasible—lymphatic channels, perivascplar 
lymphatic spaces and blood vessels. It is generally claimed 
that the thymus contains few lymph vessels. The role 
of tbe perivascular lymphatic channels is not known, 
and it may be that they do not oontinue outside the 
organ. The most probable route is the blood vessels, 
and these have, in fact, most often been presumed to 
receive migrating thymic lymp No studies on the 
lymphocyte content of the efferent blood veesels from 
the thymus seem to exist in the literature. 

Growing male guinee-pigs (200-800 g) were ansesthe- 
tazed with sodium nembutal, i.p., and their thymus glands 
dissected out. Blood samples were taken from the carotid 
artery near the origin of the thymic arteries, and from the 
efferent thymic vems. In some animals, blood was also 
taken from the femoral veins. 25 mm? of blood was 
diluted with 475 mm? of Toisson’s solution (containing 
methyl violet, for staming the white blood oells). Blood 
smears were prepared simultaneously, and stained with 
Giemsa stain. The number of white cells per mm’ was 
counted in & Bürker counting chamber—288 squares 
(corresponding to 0-00625 mm? each) being counted for 
each sample. The percentage of lymphocytes was oalcu- 
lated from the smears, 200 white cells being counted. 

The number of lymphocytes per mm? and the percentage 
of lymphocytes were (mean + S.H.): 


Tame Xo. ami No. 


06071265 25 +2728 25 


Afferent thymus sarda ede 2,382 
60901252 25 3,4054+567 10 


Efferent thymus blood (thymic vetns, 


The difference between the percentage of lymphocytes 
in afferent and efferent thymio blood is significant at the 
0-05 level (t = 2°55). The difference between the absolute 
number of | per mm? blood is not significant 
(t = 1:82). percentage of lymphocytes and’ the 
number of lymphocytes per mm? in the femoral vein 
blood were approximately the same as in the blood from 
the carotid artery. This implies that similar increases 
in percentage and number of 
strated in efferent thymic blood also when compared with 
femoral vein blood. 

In view of differences between the animals with respect 
to white cell count and percentage of lymphocytes, lees 
variation is obtamed if the calculations are based on 
mean differences between the lymphocyte content of 
samples from the thymic veins and from the carotid artery 
or femoral vein in the same animal. Such calculations 
gave the following mean differences (abbreviations: 
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TV, efferent thymic blood (from thymio veins); OA, 
blood from the carotid artery; FV, blood from the 
femoral vein): 

Differences m percentage of lymphocytes (mean + 5.E.): 


TY—0A: 8364214, No. - 25] P «0-001 
TV—FV: 11-85 + $14, No = 18, P<0-001 


Differences ta number of iymphooytes por mm’ (nean + 5.8): 
TY—O0A: 1,025 + 208, No.= 9, P«001 
TV—FV: 704+ 204, No.—- 8, P«0 06 
The resulta demonstrated an increased content of 
lymphocytes in the blood leaving the thymus. 
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RADIOBIOLOGY 
Effect of Cysteamine, Cyanide and High-pressure 


Oxygen on Splenic gen Tension and 
Su salis du ide 


Tax mechanism of action of cysteamine, one of the 
moet potent compounds which protects against ionixing 
radiation, remains obscure. 

Many of tho less effective i ive compounds 
have now been reported to exert their action in the intact 
animal by causing tissue hypoxia. Thus adrenaline, 
histamine, chlorpromazine and dinitrophenol all lower 
tissue oxygen tension! and their effect is potentiated by 
lowering the oxygen concentration in the gas breathed 
by the animal, and inhibited by breathing oxygen at 
pressures above normal!*. 

ine, however, produces little or no change in 
tissue oxygenation in the spleen of animals breathing air* 
and the radioprotection shown by this compound is only 
slightly reduced when rata are irradiated during exposure 
to 5 atmospheres of oxygen‘. The combination of CN- 
plus cysteamine pretreatment slightly reduces the radio- 
protection of cysteamine alone and the combined treat- 
ment with cyanide plus oxygen at 4-5 atmosphores further 
counteracts ine protection against X-rays (van den 
Brenk, lished observations). Similar effects are 
seen with 5-hydroxytryptamine and cystamine*. 

It was thought that CN-, by reducing o consump- 
tion by the cells, may potentiate the action o m cr 
pressures in raising tissue oxygen tensions. was 
tested using the oxygen electrode technique for the 
measurement doceo Pts leen, the latter tissue 
being & radiosensitive locus. Canberra black male rata, 
160-190 g weight, were used in all i ta. The esti- 
mation o pes poi with 60u bare-tipped gold electrodes 
has been in detail and the apparatus for 
pressurization was the same aa that used in previous 

T T 


The resulta of splenic pO, measurements in control rata 
breathing air at 1 atmosphere or oxygen at 5 atmospheres 
are shown in Table 1 and compared with similar values 
obtained from rata pretreated with cysteamine 180 mg/kg 
10 min before compression. of the animal, and cysteamme 
plus CN- (2 mg/kg), the cyanide being given 2 mm before 
cysteamine. 
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Table 1. Sra pO (mn Hg E MS IN BATSIN ATR ee 
on IN GEN at b ÀATNOSFHERES ABSOLUTE 
t Air Maximum a O, after 20 min 
(Mo. trials) S eui id vn 
Controls ($5) 156223 Hi 247 + 87 
Oysteamins (30) 18 +2 B1+%(P<01)* 138 + 26(P<0-05)* 
Orts s 130 Wik £46 c53(PcO1* 1414 87(P<01* 


and 

Gi ogg) (r3) 

* P values compared with controls, 

Tt can be seen that in rats breathing air cysteamine had 
no significant effecta on splenio pO, as reparted previously 
by van der Meer et al.'. me plus ON- also did not 
significantly affect normal Te 1. At 5 atmospheres 


pressure is maintained constant. 
thought to be mediated through the adrenergic nervous 
system. Oysteamine has bean shown to have an action in 
releasing catecholamimes per se’, so it is possible that its 
iation of the ‘hump’ response is by this mechanism. 
In Fig. 1 an example of & marked ‘hump’ response to 
ixation after oyBbeemine is shown. | 
Whatever the explanation for the form of the pO, 
response in the spleen to pressurization, it is obvious that 
ine has some action in lowering splenio pO, during 
high for the 


ayanide on rat splenic pO, was almost exactly the same aa 
oysteamine alone, both in air or § atmospheres of oxygen 
(Table 1). Thus oyenide plus high-preasure oxygen does 
not able to inhibit cysteamine radioprotection 
simply by altering tissue oxygen tensions. 

Tt was thought that perhaps high-preesure oxygen 
reduced the number of active — groups through 
increased auto-oxidation, as occurs im vtiro!". Thus total 
sulphydryl and disulphide contents of the spleens of rate 
were after exposure to 5 atmospheres of oxygen, 
and after combinations of high-pressure oxygen with cyste- 
amine and cysteamins plus cyanide. The amperometrio 
titration method with methytmerourio iodide was used as 
described by Jamieson, Ladner and van den Brenk! for 
lung tissue of rata, but in the present experiments 8 spleens 
were pooled for cach determination. 

Tt is seen from Table 2 that cysteamine raised the 
sulphydry! level in the spleen (P<0-001), while the 
disulphide level remained constant. There is evidence 
that the spleen accumulated —SH groupe, as the —SH 
content after cysteamine is higher than expected from 
equal distribution amang tissues, and this result agrees 
well with the resulta of radioactive tracer experiment 
by Eldjarn and Nygaard. Five atmospheres of oxygen 
had no effect on the endogenous —SH or —S8S— content 
of the rat spleen. However, exposure to high-pressure 
oxygen did significantly reduce the increase of total 
splenic —SH. groupe produced by cysteamine (Group MI v 


COMPRESS. /5«tm. SO mm Hg O1 
| *4 miri 
FLUSH Oz DECOMPRESS 
Ea poop RU a 
pronouneed version “hump” response & rapid moresse in esas 
oxygen tension followed by a serere soondary fall oven though the 
chamber pressure ts tained b atm. 
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Table 2 BuLPHYDERYL (SH) AWD DIBULFHIDA (-88—) ComTENT OY Rat 
AFTAR HIGH-FENSSUERB OIYGEN (5 ATH 
NRITONEAL 


Total -&H. content Total —B3- content 


(No. trials) ase) d wet tissus munie wet taxe 
i 8.B.M. + S.E.M. 
I nae (0) 19-0 + O6 a4 + 06 
II , 6 almospheres 185 + 0-6 $4408 
I Oystein. jo rain 22-0403 87 4 05 
Wo 

before (8) 
IV 5 5 21-3 + 4 3-5 + 8 
Y ect aot 5 ax cinere 21:T 4-04 40 + 06 

is 

oN- Q) 


Group IV, P « 0-01, in Table 2), suggesting that oxygen 
administered under pressure tn vivo produces faster 
tration of CN- to cysteamine-treated rata failed to alter 
the changes in splenic —SH or —BS— content produced 


cysteamins. 

Thus the slight reduction of cysteamine radioprotection 
by high-pressure oxygen may possibly be due to a reduc- 
tion by the latter of total —SH groupe present during 
irradiation. However, ON-, which appeared to act 
synergistically with high-pressure oxygen in partially 
inhibiting the radioprotective action of oysteamine, does 
not appear to exert this action by raising tissue o 
tension in spleen, or by altering the —SH level of this 
tissue. 

Dana JaMminson 
Radiobiological Research Unit, 
Cancer Institute Board, 
Melbourne, 
Australia. 
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Restoration of Irradiated Algae after a 
Period of Darkness 
Ir has been found?! that illumination applied between 
fractionated doses of X-rays slightly increases survival in 
the alga . Iluminatjon during X-irredia- 


Chlamydomonas 
- tion decreases survival in the same alga". Acoordmg to 


Godward’, visible light, if administered sufficiently soon 
after irradiation, hae some restorative effect on X-irradi- 
ated algae. 

In view of these findings, the effect of light and darkness 
on the survival of the unicellular deemid Mtorasierias 
truncata (Cords) Bréb. was investigated after Y- 
irradiation with a 860-o. cobalt-60 source. The algae 
were grown on mineral agar prepared according to 
Pringsheim‘. For irradiation, young growing caltures 
were used. The cultures were illuminated with white 
fluorescent tubes for 15 h daily at 90 + 10 ft.-candles (two 
experiments were repeated at about 220 ft.-candles, but 
there was no ible difference in the results). Under 
these conditions the oella did not divide during the first 
part of the light period, that ia, at the time when the 
irradiation was carried out. In order to follow the 
development of each cell after irradiation, irradiated cells 
were isolated with mioropipettee and put on an agar 
surface in 10-cm Potri dishes (100—200 oells per diab). 
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A net consisting of 100 square fields drawn 
on & ‘Cellophane’ sheet was mounted 
outside on the bottom of the Petri dishes 
to facilitate counting. 

Post-irradiation treatments consisted of: 
(a) incubation in 15 h hght followed by 
9 h darkness daily for 30 days; or (b) 
incubation in continuous darkness for 
various periods (from 1 to 4 days), after 
which the algae were exposed to the dark 
and light cycles as under (a). 

Cells which grew into colonies with more 
than 10 cells in 80 days were designated as 
BUrVivors. 

The dose-response curve obteined after 
irradiation is & sigmoid, and in this respect 
corresponds to the curves obtained with 
other algas (Osdogonium', Chlamydomonas’, 
Stichococous*). This curve, plotted on a 
semi-logarithmic scale (Fig. 1), exhibits 
a marked shoulder up to doses of 4 kr., 
after which it descends approximately 
linearly. The straight portion of the curve 
(between 4 and 8 kr.) has æ slope corre- 
sponding to & value of D, = 2 kr. (dose 

to reduce the surviving fraction S 
to 0-87 S). At doses higher than 8 kr. the ated 
curve is not reliable, as more cells should 
be used than permitted by our method. 
The extrapolation number’ is approxim- 
ately 5. Each pomt representa means of 
values of 300-600 cells which were examined in 3-5 
experiments. 

Post-irradiation incubation in darkness for 2448 h 
had no significant effect on survival. An increase in the 
period of darkness following irradiation up to 3 and 
especially 4 days resulted m a visible increase in survival 
in the experiments with 5-11 kr. The survival of the 
irradiated algas increased after 3 days incubation in the 
dark following irradiation by a factor of 1-4-1-9, and 
after 4 days by a factor of 1-5-3-2 (for doses from 5 to 
8 kr.) For lower doses the effect was leas marked, as the 
surviving fraction was much higher. For this reason, 
with 4 days of darkness only doses from 5 to 9 kr. were 
used. The results are shown in Fig. 2. 

Survival is not changed significantly and may even be 
improved if some lght is admitted before the dark 
period (for example, if the irradiated algae are plated in 
light and afterwards put in darknees). It seems to be 





4D 
5Kr 


> 


1 — 
08 
06 
04 
03 
B 
Bu l 
. 
0 08 
0 2 4 e 8 10 
Dose (klloroentgsna) 


Fig. 1. Survival of Micrastenas truncate after y-Irradiation. 
lines represent + 1 standard deviation 
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Fig. 2. Effect of hight and darkness on the survival and cell divaslams of wrrecie ted aga 
Alvcrastenas 


Vertucal columns represent the distribution of different colony- 
days moubation: L, insubetion in hght and dark cycles, 
chlowed unirradi 


colonies 
cells; oblique ies, colonies with 2-9 cells, dotted, colonies with all cells dead after division 
except for one that survived. 
200 cells and, therefi 


ore, the discrepancy 1n the number of surviving cells does not seem to be 
of mpartanoe) 


important that the algae ahould be placed in the dark 
before any cell duplication takes place. 

No visible change in the oells could be microscopically 
detected before some development in the hght takes 
place. During the period of darkness no growth or 
division occurs. It seems that the best results were 
obtained when the dark period exceeded the generation 
times of the control, which 18 77 + 4 h. 

Our resulta could not be compared with the findings of 
Jacobson on Chlamydomonas: es the duration of illumin- 
ation period in his experiments was much shorter and 
was applied between fractionated doses. However, they 
agree with the fact shown by various &uthors (see, for 
example, refs. 8, 9) that different treatments which retard 
growth during the period 1ummediately after irradiation 
increase survival. A Maré 5 
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Fixation of Carbon-II in the Cells of 
Protor-irradiated Blood 

Wuan considering the possibility of marking oell popula- 
tions with a short-lived, positron-emittmg nuclide, 
earbon-ll (MO, T,—20-6 min) appears to be suitable 
because, when produced through nuclear reactions in 
proton-irradiation of cells, it may be expected to react 
chemically with the intracellular material in the same 
way as it does with simpler organio syatems!. Therefore 
it was decided to study to what extent 40 produced 
during irradiation of citrate blood is fixed im the cellular 
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fraction of the target. This report describes observations 
of the localization of C in human blood irradiated with 
186-MeV protons. The radioactivity of whole blood, 
blood oorpusoles and supernatant waa followed during the 
course of a step-wise procedure after irradiation. 

Three blood specimens, A, B and O, each containing 
1-5 ml. of freshly drawn venous blood and 0-5 ml. "Aoedex' 
(for blood preservation), were irradiated individually with 
5,000 (4), 5,000 (B) and 11,000 (O) rads in a broad parallel 
beam of 185-MeV protons from the synchrocyclotron at 
Uppeala’. After irradiation for five minutes the radio- 
activity was followed through intermittent measurement 
of the positron annihilation radiation under ftxed 
in a Nal (Tl) well scintillation crystal counter (efficiency 
for detection of one 110 Peas pedet 6). Results are 
given in Fig. 1 for ‘whole ' = specimen A and for 
the ‘blood corpuscles’ of en B collected after ten-fold 
washing in Ringer-phosphate at pH 7:4 (each volume of 

fluid = each volume of removed supernatant == 
2 ml). Fig. 2 shows the radioactivity in the ‘blood 
corpuscles’ and supernatant for specimen O at various 
intervals during the procedure (washing con- 
ditions as above). In the latter case the blood corpuscles, 
after eleven in in Ringer-phosphate, were stored in 
‘Acedex’ for 1 h before washing was started again. 

It can be concluded from the curves shown in Fig. l 
that the radioactivities measured 50 min after irradiation 
or later m of. whole blood and of thoroughly 
EORUM pem i , are in both cases to 
a dominating extent due to disintegration of 10. Both 
curves reveal an effective half-life of 20 min, which is, 
within the statistical uncertainty, identical with that of 
uC, The ratio between the specific radioactivity of the 
washed and that of the whole blood is seen 
to be 0-47 and thus within the normal range of the venous 
haematocrit of man. Fig. 2 reveals that the !1O of the blood 
corpuscles at the employed dose of 11,000 rads has been 
strongly attached to the cells, since, after about ten 
centrifugations, neither subsequent washing nor incuba- 
tion in 'Aoedex' is able to remove any appreciable 
amount of radioactivity (leas than 1 per cent for each of 
the two procedures). BDO Mbectncri Were mene 0 
haemolysis noted visually 

We consetetur ie findings that “OC may be 
fixed in the body of E blood cells simply through 
irradiation of blood with high-energy protons and this to 
an extent that seams to be of practical importance for 
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labelling purposes. The site of fixation and the possible 


influence S varying vonditioni dusia wid after Cruriation. 
including the effect of systemic circulation, will be tested 
in further experiments. 

This work waa supported by the Swedish Atomio 
Research Council and the U.S. Air Force School of Aero- 
space Medicine under contract AF 61(052)-740 through 
the European Office of Aerospace Research, U.8. Air Force. 
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BIOLOGY 


Rhythmic Activity in Littoral Fish 


Toar rhythms in invertebrates have been known for 
some time’+. Recently, Williams* has described, by means - 
of under-water observations, a tidal cycle of movement m 
Olinocottus analis (Girard) and Girella nigricans (Ayres). 
The tidally controlled movements of Leuresthes tenuis** 
and Enochelyopus o&mbrius (L.)* are restricted entirely to 


breeding. 

imi investigations have been made on the 
activity patterns of several littoral fish using & modifloation 
of the apparatus designed by Harder and Hempel!*. These 
have shown & very stro marked tidal rhythm of 
activity in Blennsus pholis (L.), peaks of activity occurring 
during Hie thros to four hours eround biet water (Pie: 1). 1). 

This periodicity continues under conditions of constant 
light and tem for at least five days, after which 
time the relative amplitude difference between active and 
inactive phases rapi decreases. For the first 48 h the 
peak occurs approximately 1 h before high water, but 
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grad the period length tende to increase, so that the 
highest level of activity occurs nearer the predicted time 
of high water. 

Table 1 gives the results of nine iments per- 
formed in conditions of constant light (Nos. 5-10) and 
darkness (Nos. 16-19) 


Table 1 
Experiment Moan period Phase difference Duration 
No. Finah of experunenta 
(h) (b) (b) h) 
5 12-5 —11 —-0-7 30-5 
6 12°5 —52:8 0-0 44 
8 124 -15 -07 74 
9 126 -01 0-0 
10 12:8 —O7 +30 115 
16 12:4 +02 O4 
17 12:4 —1:6 —11 e4 
18 12:3 -04 —11 88 
10 12-0 ~—1°5 +1:8 T5 
The mean periods for the ta in darkness 


(19-50 h) and in light (12-5 h) are only slightly greater than 
the period of the lunar cycle. 

is no diurnal component evident in the rhythm, 
as in Carosnus maenas (L.)‘, although in conditions of 
constant illumination the fish have a mean level of activity 
which is greater than that in constant darkness. 

Records obtained in alternating periods of light and 
darkness showed that the fish respond directly to light by 
increased activity. This resulte in a different pattern of 
activity in light and in darkness. Peak activity in the 
light is sustained at a higher level for a longer period 
than in darkness. 

Other fish studied were Acanthocoitus bubalis (Euphrasen) 
and Otliata mustela (L.). A. bubalis showed a short-lived 
(24 h) tidal e after which activity remained at & con- 
stant level. C. mustela when studied in the same apparatus 
& to be arrhythmio in its activity. 

The functional significance of the tidal rhythm in 
Blonrnius pholis iw as yet unknown, although there are 
indications that it is connected with feeding migrations 
outside the tide pools in which it resta at low tide. 

R. N. Grsson 
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Micropores in the Cross-wall of Geotrichum 
candidum 


Two types of septal pores have go far bean conclusively 
demonstrated in fungi, the simple pore of the ascomycete 
type’ and the more complicated pore found in the 
basidiomyvcetes**. 

Tt was therefore most interesting to read of res in the 
i ect fungus Geotrichum candidum as shown by & 
shadowing technique. These did not correspond to either of 
the foregoing types of pore*. Hashimoto ef al.‘ stated that 
they were not as yet able to demonstrate these pores by 


thin sectioning, but we have now confirmed their resulte 
by this method. A 94-hour-old culture of Geotrichum 
candidum was fixed in 2 per cent KMnO, for $0 min, and 
embedded in epoxy reein*. After being out, the sections 
ware stained with lead hydroxide to increase contrast’. 
The material was viewed with a Siemens Ehnakop 
electron microscope operating at 80 kV. 

Fig. 1 shows a cross-wall in section with two pores in 
median section and two other pores. These pores widen 
towards the cell interior, having & minimum diameter of 
approximately 800 A and a maximum ing into the 
call of about 600 A. The crose-wall is com of a thin 
electron-transperent central layer, between two thicker, 
more electron-dense, layers. The veka nerds cannot be 
resolved clearly. The dense nature of the micropore 
indicates a dense cytoplasmic connexion between the 
cells. Fig. 2 shows that the micropores often occur in 





Hiectron micrograph of part of the oroas-wall of Geotrickum 
C000 ons between adjacent oils. 
x 
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The term ‘septal pore’ proposed by Hashimoto et al.* is 
not accepted in this case since this term has been applied to 
the much larger pores of the ascomycete and basidio- 
myoete type. The term ‘septal mi ' j8 proposed for 
the type seen in Goleier candidurs- 

Hashim oto & al.* have likened the amall pores observed 
to the pita in higher plant cell walls. This interpretation 
should not be &ooepted because the pit of a higher plant is 
an unthickened part of a secondary wall, and plasmodes- 
mate in higher plante are the cytopleamio connexions 
between adjacent cells. In the ascomycete and basidio- 
mycete type of pore the intercellular connexion is not 
considered a plasmodesmata by virtue of the way in which 
they are formed’. The ‘septal micropores’ shown here, 
however, are of the nature of plaamodeamata. 

We thank Dr. H. J. Swart for supplying the culture of 
the fungus studied. 

R. WiLsENAOH 
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Department of Botany, 
University of the Witwatersrand, 
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Retarded Embryo Sac Development in 
Irradiated Clones of Malus silvestris Hort. 
cv. ‘Golden Deliclous' 

Smyxx ‘Golden Delicious’ apple clones propagated from 
buds irradiated at 5,000 r. in a oobalt-00 source were 
selected for high, intermediate, and low pollen abortion. 
Pollen abortion was 4-9 per cent in a typical check clone, 
and varied in the irradiated clones from 10-4 cent to 
84:8 per cent. Blossoms collected at anthesis were 
sectioned serially at 10u thickness and stained with Heiden- 
hain’s iron alum hasmatoxylin for embryo sac examina- 
tions. ‘ 
Increased pollen abortion was associated with decreased 
proportions of differentiated (migrating polar nuolei) 
8-nucleate embryo sacs. The check clone Aad 52-2 per 
cent of ita embryo saos at this stage; the treated clones 
with 52-9 per cent or leas pollen abortion (group 1) had 
36-2 per cent at this stago; the intermediate clone (group 
2) with 68-0 per cent aborted pollen had 24-3 per cent of 
ita embryo saos at this stage; and the clones with 70-6 per 
cent or more pollen abortion (group 3) contained only 
9:6 per cent differentiated 8-nucleate embryo sacs. There 
was a highly significant negative rank correlation (r, = 
— 0-952) between the percentage pollen abortion and the 
peroen: of differentiated 8-nucleate embryo sace. 

As en abortion increased, relatively more embryo 
sacs preceded an 8-nucleate stage. The check clone had 


14-0 per oent of ita embryo sace at the 2- or 4nucloate 
stage; group 1 had 20-5 per cent; group 2 had 31:4 per 
cent; and group 8 had 86-4 per cent of ita embryo saos at 
this stage. Mogaspore mother cella and megasporea were 
found only in clones with 70-6 per cent or more pollen. 
abortion, except that one megaspore was found in olone 
23-26. There was a highly significant positive correlation 
(rs = 0-952) between pollen abortion and the total per- 
centage of mogaspore mother cels, mogasporea, 2- 
or 4-nuoleate embryo saos. The average number of ovules 
per pistil was fairly uniform from clone to clone and 
showed no olear relationship to pollen abortion (Table 1). 
Irradiation did not materially reduce the proportion of 
normally developing embryo saca, or influence the 
relati i occurrence of supernumerary or 
degenerate embryo saos. 

The results of investigations with this cultivar suggest 
that irradiation resulted in retardation of female gameto- 
phyte development. Furthermore, there was a close 
association between pollen abortion and retarded embryo 
sac development. 

We thank K. Lapins of the Canada Department of 
Agriculture, Research Station, Summerland, British 
Columbia, for his advice and for making available his 
irradiated clones for blossom collections. This work was 
supported by the National Research Council of Canada. 
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Effect of Light aga d on the Metabolic Path- 
ways in Photosynthesis 


Tracwe experiments indicate that different substances 
(carbohydrates, proteins, Impids) are synthesized in planta, 
even after a short exposure to “OO, (ref. 1). Therefore, 
although photosynthesis starte with a single primary re- 
action, a number of photosynthetic pathways lead to 
various photosynthetic producta. We have investigated 
the effect of light intensity on these alternative pathways. 

The investigations were made in a light thermostat’, 
using Phaseolus vulgaris L. (var. ‘Sugar Bean’) planta 
grown in sand culture. Low light intensities were applied 
because the effect of the light factor (near the minimum) 
is in this way more pronounced. Carbo tes* and 
nitrogen‘ were estimated from three-week-old planta. 

It was found that an increasing light intensity propor- 
tionally raises the relative carbohydrate contents of the 
plants (Fig. 1). This rise seamed to be steady in the starch 
and soluble carbohydrate fractions up to 2,000 lux; how- 
ever, at 4,000 lux there was a dramatic increase in the 
starch fraction of the leaf and in the soluble carbohydrate 
fraction of the stem. 


Table 1. OONDITION OF HW*XYO 8408 IX CHBOK AND IRRADIATED ‘GOLDEX DELICIOUS’ APPLE CLONES ARRANGED IX ORDER OF INORRASTKG POLLEN ÀBORTIOX 

















Chook 
Abortty polien (per cent) ar 
6 
verago number of ovules per pisil 144 
Number of embryo sacs 178 
Megaspore moter enit — 
2- and 4-nucleate embryo sacs 146 
8- embryo saos 
* 230 
ted* 52-2 
Multiple embryo sacs 1 
sao too irregular to clamify — — e 

















* &-nnoleato sacs wore classified as differentiated when the polar nuolel had begun to migrate. 
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‘The relative nitrogen contents of the plants decreased in 
proportion to increasing light intensities (Fig. 1). The 
decrease appeared in the soluble nitrogen fraction. The 
level of protein nitrogen remained constant at different 

light intensities. 
~ Tho resulta indicate that at low light intensities photo- 
synthesis resulta in a hi er proportion of nitrogen 
compounds, while at higher light mtensities the formation 
of carbohydrates is dominant. Referring to Ksatchman’s 
in igations®, we interpret our findings to show that the 
metabolic pathways of the production of photosynthetic 
carbohydrate and nitrogen compounds are i 
through pyruvic acid. In consequence of its lower energy 
content the low light intensities allow photosynthesis to 
follow pathways utilizing leas energy. During photo- 
synthesis a considerable amount of energy is utilized for 
the fixation of OO,-&nd for the reduction of phospho- 
glyoerio acid. This second energy-requiring step may be 
missed when phospho-glyceric acid is transformed, with- 
out reduction, into alanine through pyruvic acid (Fig. 2). 
In this case amino-acids are formed rather than carbo- 
hydrates. The former way continues to build up proteins; 
this process, however, requires energy because of the 
synthesis of peptide bonds and because the activation of 
amino-acids requires ATP’. The lower level of soluble 
nitrogen and unchanged level of protein nitrogen, evoked 
by increasing light intensity, are in line with the fore- 
going statement. 

During the carbohydrate-produaing pathway of photo- 
synthesis ph o-glyceric acid is reduced to the trioee- 
phosphate 1 (Fig. 2). It is reasonable to suppose that 
this reduction may prevail over the other pathway of 
photosynthesis only at high light intensities*. In our 
experiments it was observed at 4,000 lux. This light 
intensity is nearest to those under which photosynthesis 
takes place under natural conditions, en primarily 
carbohydrates are produced, accumulated in the leaf, and 
transported to other perte of the plant. The sudden in- 
crease in the starch content of the leaf and in the soluble 
carbohydrates in the stem, measured at 4,000 lux, confirms 
these statements. 

The energy necessary for these oe oe 
processes is available to the plant as ATP and NADPH. 


These energy carriers are produced during photophos- 
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Ribulose-1,5-diphosphate + CO, 
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2 Glyceric acid 3-phoephate 
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Glyoeraldehyde 3-phosphate Phospho-enol-pyruvio acid 
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Sugars Amino acids 
(Soluble carbohydrates) (Soluble nitrogen) 
Starch Proteins 
terna metabolio pathways in photosynthesis. At low 
By, eddidee westone marked <> are Tore achive, but at high 
light intensities reactions marked ———— are dominant 


orylation. Studying the dependence of photophoephory^ 

ion upon the light intensity, several authors’ have 
established that it shows & lag phase below 1,000 lux and 
then a linear relationship up to 10,000-20,000 lux. These 
statements are in line with our findings about the prevalence 
of energy requiring carbohydrate synthesis above 2,000 
lox. 
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Chromatic Adaptation in Benthic Marine Algae 


Tw rocky coastal waters of the North Atlantic the well. 
defined zonation with depth of green, brown and red 
is still frequently ascribed to changes in the quantity 
and ity of light reachmg the different habitats. There 
is little direct evidence that this ‘chromatic adaptation’ in 
fact occurs, and reports (for example ref. 1) other 
parts of the world indicate that this zonation may not be 
universal. 

To determme whether light is & primary factor in oon- 
trolling the standing population of attached marine algae, 
& site is needed where as few other factors as le 
change with depth. It seemed desirable to select a locality 
where the currente and the amplitude of the tide are small 
and the water is clear, and to investigate a site with 4 
vertical rook face. These enta are met on the south 
coast of Malta where there are rock faces falhng sheer to 
sixty metres below ses level. ing the summer of 1963 an 
expedition was organized to study vertical distribution 
of the algal species. Aqua-lung diving equipment was used 
to sample the algal population, and a fixed vertical line, 
suitably marked, indicated the depth. 
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To ascertain what should be the area of & sample, 
samples of varying sixe were collected and the number of 
ies in each was recorded. When this number was 
P against area it was found that 400 om? approxi- 
mated to the minimal area of the community. The method 
of collection was to remove the algae by means of a chisel, 
and collect them in a heasian bag attached to the frame 
of the sampling quadrat. Four collections were made at 
arch, selected depth end were later sorted into species, 
dried at 80° O ighed. In addition, heata of cambus- 
tion of the dried samp were determined using a Gelen- 
kamp ‘O.B.870’ bomb calorimeter. Light measurements 
were made with a Weston ‘Universal’ exposure meter 
(5461-4): a comparison of the data with those of Jerlov# 
indicated that the transparency of the water waa between 
his types 1 and 2. 


Of 40 algal species present, the following formed more 
than 95 per cent by weight of the standing ulation : 
Chlorophyceae—Udotea petiolata (Trev.) .» Halim- 


eda tuna (Ellis and Sol.) Lam. Phasophycese—Dtayoia 
dichotoma (Huds.) Lam., Padina pavonia (L.) Gail., Oyato- 
Sera Bpp., Sargassum vulgare Ag. Rhodophyveas—Peys- 
sonnelia spp., Polysiphonia De, Pores (Ag.) Harv. 

From Fig. 1 it is at once apparent that there is no olear- 
cut zonation of green, brown and red algae with depth. 
Near the surface the stand consista very largely of Phaso- 
phosas, whereas at 45—60 m the proportion is very small. 

proportion of Chlorophyceae becomes significant at 
15 m, and the trend is for the proportion to increase with 


Dry weight/quadras (g) 
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-depth. Although a few Rhodophyceae were observed at 

depths of 15 and 60 m, appreciable amounts were con- 
fined to 80-45 m. In Fig. 2 the total weight collected per 
quadrat is plotted against depth, together with the changes 
in light intensity and temperature. 

Two facts emerge quite clearly: first, that the igment- 
ation of the dominant algae seams to be unrelated to their 
distribution with depth; secondly, that the i 
population um measured by dry weight (and by calorific 

ue) bears no simple relationship to light quantity, 
AP TAES QE Capt, lowe to 60 m. 

though the work of Haxo and Blinks* on the en- 
banoement of photosynthesis in red algae at certam light 
wave-lengths has been taken as evidence for chromatic 
adaptation, the link between photosynthetic efficiency and 
standing population is tenuous. The standing population 
represents a balance between complexes of synthesis and 
attrition, and Blinks* data which show that the 
net yield of a variety of algal species bears little relation 
to the mass of the standing population. Perhaps more 
important is the inability of some species to establish 
themselves in a particular habitet*'*. It is possible that a 
more efficient growth in the sporeling stage accounts for 
the increase in the number of red algal species with depth’ 
despite the dominance of the biomass by the other algal 
species, such as the green algae Halimeda and Udotea, 
which seam to propagate mainly by vegetative means. 

It is concluded that the theory of chromatic adaptation 
is inapplicable to the results of the present investigation. 
Field observations on the causation of zonation in the 
marine environment oan only be adequately interpreted 
in the light of long-term studies on establishment, environ- 
ment, competition and productivity. 

We the Royal Society for a travel grant, and the 
Linnean Society, Sir Maurice Bowra, members of the 
Royal University of Malta, and many others for invaluable 
help and advice. We also thank Prof. G. E. Blackman for 
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ENTOMOLOGY 
Photo odic Control of the Maintenance 


and Termination of Larval Diapause in 
Chironomus tentans 

DUBING recent years, dipterous larvae possessing giant 
polytene chromosomes have provided important new 
insight into developmental phymology at the sub-cellular 
level. This is in large measure attributable to the 
phenomenon of chromosomal ‘puffing’, which has afforded 
the opportunity for visualizing the changing pattern of 
genetic activity within individual tissues during the course 
of development}. Clever" has reported mgnificant alters- 
tions in the puffing pattern of salivary gland chromosomes 
from a laboratory pe vane of Chironomus tentans which 
experienced a state of spontaneously arrested development 
under conditions seemingly favourable for continued 
wth and metamorphosis. Although not previously 
ibed for this organism, the developmental arrest 
resembles the diapeuse which typifies the life-historiea of 
many Insect species. Diapause is commonly induced or 
terminated by extrinsic environmental factors, particularly 
temperature and photoperiod, which exert their effect by 
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influencing the activity of the endocrme system which 

insect and metamorphosis’. In view of 
the paucity of information on these matters in the case of 
O. tentans, coupled with the general utility of diapeusing 
insects and the special cytological attractions of this species 
for investigations of biochemical mechanisms underlying 
growth and differentiation, we have examined the natural 
occurrence of a larval diapause and ita photoperiodic 
control under laboratory conditions. 

The insecta used in the work recorded here were ool- 
lected among mud and debris from the bottom of a shallow 
woodland in Ann Arbor, Michi They were 
transferred to the laboratory and housed at 18°-22° C 
1n covered. dishes of pond water contained within closed 
incubator cabinete. Smal] pieces of filter paper were added 
to aid the larvae in constructing their -tubes; and 
food was provided regularly in the form of & powder 

dried nettle leaves*. Illumination was 
supplied in each cabinet by a 20-W ‘cool-white’ fluorescent 
lamp located, at a distance of 35-45 am, and set to provide 
either 8 h of light alternating with 16 h of darkness (henoe- 
forth termed short-day conditions), or 16 h of light alter- 
nating with 8 h of darkness (long-day conditions). 

Two of larvae were examined. The first group 
included 50 of apparently mature size collected on 
October 14. These were maintained under short-day 
conditions. During the next 40 days none exhibited any 
substantial or showed any sign of commencing the 
sequence of developmental changes which commences 
with formation of thio Pe and which, at 20°0, 
culminates about one later with the emergence of the 
fully formed adult insect. A total of 12 larvae were then 
transferred to long-day conditions. In the next 9 days, 8 
prepupae and 2 pupae had already formed from among the 
insects exposed to long-day conditions, while none of those 
under short-day conditions initiated development. A 
total of 9 larvae died under short-day conditions, while 2 
of those under long-day conditions died, all without 
initiating development. Liane teen was terminated 
at this pomt to provide ma ial for other investigations. 

The second group of larvae also consisted of 50 in- 
dividuals of mature size, collected on December 16 from 
beneath the pond’s ice cover of 10 cm. Under short-day 
conditions during the next 36 days, the majority failed to 
exhibit any developmental and remained as 
larvae. A total of 20 larvae were then transferred to 
long-day conditions. Of these, 13 initiated development 
shortly thereafter, yielding 6 prepupae, 5 pupae, and 2 
adults in & iod of 2 weeks; while 2 larvae died and 5 
remained alive without initiating development. This 
prompt resumption of development in the majority of 
individuals transferred to long-day conditions contrasts 
aharply with the beHaviour of the larvae maintained under 
short-day conditions, among which only 5 individuals 
sporadically initiated development from the time of their 
collection until termination of the experiment. Under 
short-day conditions, 17 larvae died during the 7 weeks’ 
duration of the experiment. 

On the basis of the foregoing findings, it is likely that 
the arrest of development in O. tentans is not simply a 
quiescence enforced directly by temperatures too low to 
permit development, since the majority of larvae did not 
develop when maintained at tem tures suitable for 
rapid growth and metamorphosis. terms of the criteria 
summarized by Lees*, & genuine diapause appears to be 
involved. Short-day conditions favour the maintenance 
of diapause, while ita termination is favoured by exposure 
of larvae to long-day conditions. To the extent that our 
population of O. tentons is representative, the larval 
diapause reported here resembles that of the pitcher plant 
midge, Meirioonemus knabi, and the other Diptera sum- 
marized by Paris and Jenner‘, also the larval dia of 
the European corn borer, Ostrinia nubialist, aa well an the 
pupal diapause of the Chinese osk silkmoth, Antherasa 
pernyi’ to mention but a few examples. 
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The fact that larvae of O. tentans and related species 
do not continue to develop under natural conditions in 
autumn and winter has previously been reported’; but 
little attention has been directed to the underlying 
physiological basis. Based on his findings during the mass 
rearing of C. tenions 80 years ago, Sadler” suggested. 
that the arrest of development was a direct effect of low 
temperature, because metamorphosis was observed when 
the was maintained above the prevailing 
outdoor level. However, these conclusions now seam open 
to re-examination since the effect of photoperiod wae not 
considered at the time. Indeed, Prof. Sadler has informed 
us in & personal communication that his cultures were in 
fact routinely exposed to daylight supplemented by at 
least several hours of artificial light. The net result 
appears to have been illumination almost equivalent to 
the long-day conditions used in the work recorded here. 
While the critical day-length has not yet been determmed, 
our findings appear to be reconcilable with those of Sadler 
as soon as photoperiod is taken into account. 

Although the induction of diapause by appropriate 
photoperiodio stimuli is known to occur in many insects", 
reports on the photoperiodic control of ita maintenance 
and termination have been relatively scarce’. Together 
with those of the recent investigations already cited‘, 
the findings reported here provide increasing evidence 
that photoperiod is of widespread significance in regulating 
the maintenance and termination of diapause as well aa its 
induction. The prompt response of C. tenians in initiating 


develo t when exposed to long-day conditions, 
oo with its rather stable di when exposed to 
a short day-length, suggests that this species may provide 


favourable material for examining the physiological pro- 
cesses that intervene between imposition of æ particular 
photoperiod and ita developmental Of 
particular interest in this connexion is the endocrine basis 
of the diapause, the means whereby the photoperiodic 
stimulus is integrated in a manner capeble of controlling 
the endocrine system, and the cytological manifestations 
in the endocrine and target organs. Experiments are now 
in progress to elucidate these and other matters which 
remain unanswered yo results. Meanwhile, in view 
of the characteristic driferences in the pattern of chromo- 
somal puffing in tissues of non-developing as compared 
with d ing larvae of C. tenians*, the results of this work 
suggest that contro] of photoperiod is deairable during in- 
vestigations of chromosomal function 1n this insect, and on 
the action of the insect’s endocrine system thereupon. 

We thank Dr. H. K. Townes for confirming the identi- 
fication of C. tentans, end Prof. W. O. Sadler for helpful 
information. This work was by research grant 
GM-—00101 from the U.S. Public Health Service, and by 
a fellowship to one of us (W. E.) from the Thyssen- 
Stiftung. 
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Non-conservation of H*Thymidine Label 
in the DNA of Growing Yeast Cells 


WHILE investigating the kinetios of transfer of DNA 
from the parent to the progeny in yeast cella with the 
help of tritium autoradiography, we found that there 
oocurs considerable degradation of the labelled DNA at 
the onset of the stationary phase of growth. The relevant 
experimenta are described and the underlying possibilities 
are discussed. 

A small moculum of S. cerevisiae was grown overnight 


in 1:5 ml. of a nutrient medium containing 1 per cent. 


peptone and 4 per cent maltose in distilled water (pH 5-0) 
supplemented with 8-8 uc./ml. of *H-thymidine (specific 
activity: 360 mc./mM, Schwarz Bioresearch, Ino.) The 
cells were then centrifuged down, washed thoroughly and 
resuspended in 10 ml. of 'oold' medium without 'H- 
thymidine. At specified intervals, haemocytometer counts 
were taken and smears were prepared on tinized glass 
slides. The cells were fixed for 3 h in the following fixative: 
l per cent chromic acid, 25 ml.; 2 cent acetic acid, 
5 ml; 2 per cent mercurio chloride to make 100 ml. 
Fixed cells were then treated with oold 2 per cent- per- 
chloric acid (PCA) to remove all unincorporated nucleo- 
tides. 

After thorough washing and dehydration, the slides 
were covered with autoradiographic strip ing film (Kodak 
‘AR 10’) in the usual manner, air iv dvied end in 
an atmosphere of dry OO, at 4° O for 16 days. 
slidee were then developed in Kodak devel: ‘D198’ for 
10 min and fixed in Kodak acid fixer—all at 20? C. After 
washing, the alidea were air-dried and briefly stained with 
toluidine blue (0-05 per cent w/v in distilled water). 

Autoradiographio grain counta were done at a magni- 
fication of 1,250 using an oil-immersion objective. A 
representative autoradiograph ia shown in Fig. 1. The 
background varied between 0-1 and 0-8 grains/25u", which 
is the average area of a yeast cell. To check that the 
DNA a few dida containi -thymidine incorporated into 
the DNA, a few slides con 

ior to autoradiography, 100 y/ml. of arystalline 

Nase I (W n Biochemicals Corporation) in 
0-005 M Mg, pH 6-8, at 37° O; 15- and 80-min treet- 
ments ramoved 50 per cent and 70 per cent of the grains, 


respectively. . 

The total number of grains that would have been pro- 
duced by the labelled cells contained in 1 ml. of culture 
(column 4, Table `l) is pro to the amount of 
labelled DNA/ml. and should therefore remain constant 
unless dispersion and/or degradation occurs during the 
growth of the cells. It will be seen from Fig. 2 that 
between 2-5 h and 4h of growth, that ia, while the per- 
centage of budding cells in the population is constant 
and high at ~ 80 per cent, the amount of the labelled 
DNA/ml. of culture remains constant. During this period, 
the cell number also increases- exponentially (column 2, 
Table 1). Thus during the nential phase of growth 
there ia no degradation of DNA, which is in accord with 
the generally accepted view that nuclear DNA is meta- 
bolically stable. 

However, after 5 h, when the rate of formation of buds 
begins to alow down, that is, when the cells enter the early 
stationary phase, the total number of ins or the 
amount of labelled DNA/ml. falls sharply to about half 


Table 1. GRAIN OouvFr Data 


Time ef growth Ni pm Jvc: Xo Total AO grains/ 
0. 

in cold medium of greina/ ml of medium 
(b) culture ( x 10“) (£S.D.) (107) (2) x (3) 
25 174 21:23 + 0-46 30-94 t 0-80 
3-0 2-00 19-18 t 0-44 38-96 + 0-58 
$5 2-01 17°76 + 0-42 35-7040 84 
40 2:85 12-60 + 0-36 35-81 +100 
50 474 3:37 + 018 15-97 +1 00 
60 570 3-43 +018 109-04 +1 00 
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its value im the exponential phase. The sharpness of 
the fall in the amount of the label, as well as its coincidenoe 
with the onset of the stationary phase, suggests that it is 
not due to some dilution prooees arising out of asymmetric 
distribution of the labelled DNA during cell growth and 
that an actual release of incorporated "H-thymidine must 
have taken place. 

Schmidt et al! have shown that starving yeast oelle 
release nucleotides in a cold TCA-soluble fraction, thereby 
showing the instability of nucleic acid under these con- 
ditions. Halvorson®.® claimed that intracellular turnover 
of proteins and nucleic acids is characteristic of resting 
yeast cella, while it is almost absent during the period of 
active growth. Using 1*O-adenine as nucleic acid precursor, 
he also showed? that when the oells are incubated under 
conditions favouring protein degradation, the radioactive 
label is released into the TOA-soluble fraction and to a 
lemer extent into the medium. However, chromato- 
graphio analyses by other workers‘: of materials released 
into the nding medium did not reveal the presence 
of DNA or ita Peen products such as thymidylic 
acid, di 

Tate Rubi of in above iv is plausible to 
ei UE dM eni duis Hat UNA. EA Eo Ee 
degraded at the onset of the stationary phase, then is 
released into the cytoplasm and finally removed by the 
treatment with POA prior to autoradiography. In this 
connexion it will be interesting to ascertam the genesis of 
a small single-stranded polydeoxyribonucloctide which 
has recently been found associated with the crystalline 
I{ +) lactic dehydrogenase (YLDH) cytochrome b, of dry 
baker’s yeast. 

Another possibility is that there is no actual degradation 
of DNA during any of growth, but it is rendered 
more susceptible to cold POA treatment as the cells enter 
the stationary phase due to some unknown alteration in 
the structure of DNA or of the DNA-protein complex. 

We thank Prof. N. N. Das Gupta for his advice. One 
of us (8. K. 8.) is supported by & senior research fellow- 
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India. We thank Dr. J. Chakraborty for suggesting the 
fixative, and Mr. J. O. Mondal for assistance. ' 
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Plaque-formation on'the Chorioallantoic 
Membrane, by Isologous Spleen Cells, under 
the Influence of omoro gons Bursa of 
Fabricius Celis 


Tux thymus and the bures of Fabricius are both 
esential for the develo t of immunological com- 
petence in birds. The bursa of Fabricius seems to be 
responsible for the development of the cells producing 
serum antibodies! and delayed hypersensitivity reactions, 
whereas the thymus is more particularly involved in 
homograft reactions»‘. The fact that the thymus shows 
evidence of at least partial activity when implanted in a 


‘Millipore’ chamber impermeable to cella* suggests that its 


influence is humoral. 

If the bursa is instrumental in inducing cells to become 
immunologically competent it could extend this fanction 
either (a) by creating conditions which enable inactive 
cells to start making antibody, according to their pre- 
determined capacity, or (b) by inducing responsive cells 
to produce antibody in answer to any antigenic stimulus. 

o test this, we used the phenomenon of production of 
Y (nodules) on tbe choricallantoic membrano 
( of developing chick embryo by inoculation of a 

ion of blood or spleen cells*’. When the recipient 
embryo and the donor of the blood or spleen cella belong to 
different straina, the intensity of the plaque reaction is 
determined by the genetic differences between the strains’. 

We found that with highly inbred strains which are com- 
parable with pure linea of mioe, very few plaques & $ 
Pic E eoid itrenn the ecabryoeahow PATa 
in great numbers. Numerous plaques appeared at 95-08 
per cent of the embryos when cells of a foreign strain such 
as Australop —(A), White-Rock or New-Hampehi 
were inoculated on the CAM of Leghorn Schatz L 
(LSI) embryos. In contrast to that when LSI embryos 
were inoculated with cells of an adult hen of the same 
inbred strain, galy un ea ee ee 
the appearance of occasional plaques*:?*. 

The i that we rt here consist of the 
inoculation of a combination of isologous spleen cella of 
adult (6-8 month) hens (10¢ cells per inoculation) with the 
seme quantity of homologous bursa cells. This oombina- 
tion caused the appearance of p ea. Bursa and spleen 
cells alone were ineffective. The ability of the bursa cells 
to induce plaque formation was dependent on the age of 
the bursa donor. 

Tnoculations on the CAM were performed on the 9th day 
of incubation and the resulta were examined after another 
5 days. Of 112 LSI embryos moculated with bursa cells 
(2x 10* cells per inoculation) of A-chicken (5-16 weeks) 
none showed the appearance of plaques. Only 5 out of 
- 108 LSI embryos inoculated with LSI spleen cells (2 x 10* 
cells per inoculation) showed plaques. In 60—54-0 per cent 
of the embryos inoculated with the combination of spleen 
and bursa cells of this age-group, plaques appeared in 
significantly great numbers in contrast to moculations 
with spleen and bursa cells alone. When the bursa donor 
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"gx HéTeck of Inoculation with bares colls and spleen cella. Bune 
alone caused no formation of Bpieen cells alone; 
, bursa + spleen cells 

was younger or older, the number of positive resulta 
imini as seen in Table 1 and Fig. 1. Maximum 
reactivity of the bursa oells was observed at the age of 
11-18 weeks. 


Table 1. APPEARANGS OF PLAQUES ON THE CAM oF LSI HXERYOS MOOT- 


LATED OX THE OTH Day, 5 DAYS AFTER X WITH SPLEEN CALLS OF 
AX ADULT ÀD BUXSA CELLS OF OTRADI A 
Age of A bursa LSI spleen oes A buma cols + 
bursa donor ocells alone alone spioen cells 
(weeks) 
6 0, 1/1 X 2/10 % 
8 00 0/10 0 3/13 13 
10 0716 1/15 8 2/8 25 
n 0/12 0/8 0 enm 66 
12 0/14 0/8 0 9/14 e 
18 0/11 0 0 6 54-0 
Oà 9m om oy mos 
16 Ofte 0/17 0 0/14 0 


Number of cella inoculated was 2x 10^ per Inoculation; numerator = the 
number of embryos with plaques; denominator = total number of embryos 
tnoenlated; % — percentage of positive results obtained. 

These experiments confirm the fact that isologous spleen 
cella are unable to react in the CAM of their own strain. 
The small number of plaques in a low percentage of em- 
bryos could be explained through some residual antigenic 
heterogeneity of the ‘pure’ strain, possibly because of sex 
differences, although we tried to use only hens and no 
cocks as donors. 

The resulta of the experiments show that isogenic cella 
cannot react against their own antigens present in the 
embryo; in the terminology of Burnet", these spleen cells 
are tolerant to isologous cells, but are induced to recognize 
the same antigen as foreign when under the influence of 
homologous (allogenio) bursa cells. 

Addendum. Attempts to reproduce the resulta with 
other strain combinations were not fully successful. The 
strain Leghorn Schatz has now lost its purity through 
croea-breeding. 
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VETERINARY SCIENCE 


Tolerance and Excretion of Mimosine 
in the Fowl 

Hegarty, Schinokel and Court! have rted the use 
of isolated mimosine (B-[LN-(3-hydroxypyridone-4)]-o- 
aminopropionio acid) in meteboliam investigations with 
sheep. reported that the major metabolite 3,4-di- 
hydroxypyridine (DH P) was present in the urine, and 
that degradation of mimogine to DHP oocurrod in the 
Tumen, the animal being unable to detoxicate the material 
after absorption. No comparable work on the fowl has 
been located in the literature. 

As a continuation of toxicity investigations of Leucaena 
leuoocephala in the fowl, an experiment was designed to 
determine the route of excretion and possible degradation 
of mimosine. Since urine and faeces are excreted through 
& oommon opening (cloaca) in the fowl, it was n 
to effect a soparedion of the excreta by surgical ges 
This was lished a modification of the 
method of Ariyoshi and Morimoto’ on a 6month-old 
cross-bred cockerel. 

Mimosine was isolated from the seed of L. 
and purified according to the method of Hegarty, Sohinokel 
and Court!. The sample of mimosine used was analysed 
for purity and ite breakdown product, according to the 
method of Hegarty, Court and Thorne’. The purity was 
found to be 98 per cant mimosine. DHP was not present 
in the sample. 

After the bird had sufficiently recovered from the 
operation, 1 g of mimogine was administered per os in 
gelatine capsules, and the urine and faeces were collected 
in polythene bags supported by & harnesa around the 
bird’s neck. Urine and faecal samples were collected 
hourly over & 24h period and analysed for mimosine 
and DHP. No mimoeine or DHP was found in any of 
the faecal samples. This is contrary to the results obtained 
by Yoshida‘, who reported that 82-42 per cent of i 
mimosine waa excreted in the faeces of rata fed 0-89 per 


cent of mimogine in the diet for 3 weeks. ‘ 


Of the mimosine exoreted in the urine, approximately 
85 per cent appeared in the first 5 h following adminis- 
tration and thereafter only minor amounts or traces 
appeared. No trace of any DHP was found in any of the 
urine samples. Of the 1 g of mimosine administered, a 
total of 42 mg, or 4:2 per cent, was accounted for in the 
urine over the entire 24-h collection period. Since there 
was never more than 0-2 mg excreted during any 1 h 
after the first 10 h of collection, ib would appear that 
most of the ingested mimosine was rapidly metabolized 
by the fowl. 

It is difficult to compare these resulta with those of 
Yoshida‘, since her rats received mimosine aa a part of 
their diet for 2 or 3 weeks. However, the 1 g of mimosine 
that the fowl received would have been approximately equal 
to the amount that it would have consumed in a 24-h 
period if the mimoeine had been added to the diet at the 
rate of 0-89 per cent. On this basis it would appear that 
the fowl is better able to detoxify and metabolize mimosine 
than is the rat: 96 per cent as compared with 15-28 per 
oent*. 

In order further to teet the & t toleranoe of the 
fowl for mimoeine, a 2-month old White Leghorn cockerel 
was injected intraperitoneally with a sterile 1-5 per cent 
solution of mimoeine, prepared as & sodium salt?. The 
bird was injected with 5-8 ml. of mimosine solution a day 
for & total of 9 days, then with 11-6 ml. a day for the 
next 6 days. 

The bird suffered no apparent untoward ill-effecta from 
the mimosine injections. It remained bright throughout 
the period, and continued to thrive and to gain weight. 
There was no apparent increase in the number of feathers 
shed, nor was there shedding of the toenails. 

The cockerel was able to withstand the administration 
of almost 2 g of mimosine in 15 days, that is, at the rate 
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of 2-7 g/kg body-weight. arty, Sobinokel and Court: 
administered a similar solution Qr sheep her tne a: 
the rate of 0-68 g/kg, which resulted in shedding of the 
fleece and hooves, and finally death. It can therefore be 
assumed that the bird is far more tolerant to injections 
of mimosine than the sheep. 


z 
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GENETICS 


Autoradi hic Studies of the Chromosomes 
in Chronic Granulocytic Leukaemia 
THe work to be described here was carried out with 
the particular aim of investigating the labelling pattern 
of the PM chromosome in chronic granulocytic ins: 
miat. Blood and bone marrow samples were obtained 
from one male patient (A. C.) and blood from two female 
patiente (J. 8. and V. C.). 
Bone marrow. imi 


Chromosome preparations were mado by the air-drying 
method, staged with aceto-oresin and photographed. 
These were costed with Kodak '4 R-10' stripping film, ex- 
posed for 4-6 days, processed and re-stained with Giemsa. 

Only PM + ve diploid and polyploid cells were found 
in the bone marrow, the number of Ph! chromosomes 
corresponding to the ploidy of the cell. The mitotic 
index rose slightly from 24 to 72.h in oulture. In cultures 
incubeted with tritiated thymidine for 8 h there were no 
labelled mitoses. After 6 h incubation 60 per cent of 
mitoses were labelled. In both diploid and polyploid cells 
incorporating tritiated thymidine at the of S, the Y 
or Y's were always heavily labelled in oomparison to ' 
the 4 G group chromosomes, that ia (PA! + 8, 21/22 
chromosomes). It was i le to count the grains 
over this heavily labelled Y while that over any G group 
chromosome never exceeded 10 grains. The PA! chromo- 
some appeared to be a member of the later labelling G 
group pair. In tetraploid cells there was some evidence 
from grain counts of an asynchrony in synthesis between 
the 2 diploid complements and between the 2 tetraploid 
complements in 1 octoploid cell. 

Pertpheral blood. Leucocyte cultures were set up by a 
modification of the technique of Moorhead et al.5, with 
and without phytohaemagglutinin. Preliminary experi- 
ments indicated that when a single dose of tritiated thymi- 
dine was given, both the number of labelled mitoses and 
the uptake by the chromosomes were low after a 6-h 
exposure period. This may be due to the fact that 
chronic granulocytic blood causes a rapid degradation 
of tritiated thymidine‘. A total dose of 2 po./10 ml. 
culture was therefore administered in 0-5 po. aliquote over 
a period of 1 h. 6 h before collecting, coleamid being added 
2 h before. By this method both the number of labelled ~= 
mitoses and the thymidine uptake were augmented. 

The peripheral blood cella incorporating tritiated 
thymidine at the end of S were classified according to 
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the labelling pattern of their G group chromosomes. Only 
those cella could be used in which some, rather than all 
or none, of the G group were labelled. Thus, of & total of 
60 cells analysed, 84 provided information. 

.  Ynone cell of (A. C.) the PA! alone of the G chromoeomes 
was labelled (that is, indicating the Ph! to be a member 
of the later synthesizing G paar), while in two cells 2 intact 
G chromosomes only were labelled (that is, indicating 
the PA! to be a member of the early synthesizing G pair). 

In (J. B.) the Ph! was & member of the later ir in 8 
cella, of the earlier in 4 cells. In (V. O.) the PA' was a 
member of the later pair in 7 cells, of the earlier in. 1° 
cells. Thus the PA! did not appear to belong constantly 
to either the eezlier or the later synthesizing peir in any 
patient. In (V. O.) cultures grown with P produced 
a mixed population of Ph! + ve and Ph! — ve cells. The 
latter, presumably lymphocytes, were more heavily 
labelled than the PA! + ve oells with fewer unlabelled 
chromosomes and tho G group separated into 2 heavily 
labelled and 2 lightly or unlabelled chromosomes. 

Ph} chromosome. In order to compare the of 
synthesis of the PA! chromosome with that o its intact 
homologue, it is necessary to be able to sort the other 3 G 
group chromosomes into a ir and an odd one on purely 
morphological criteria. G: et al.§ do this on the 
principle that chromosome 21 has the larger size and is 
i here was there 


later gyntheeiring 
accepted that in normal cells autosomal pairs synthesize 
synchronovaly, either this synchrony has been upset 
by the-chromosomal deletion, and the Ph' varies as to 
what moment it completes its DNA synthesis, or the 
Ph may not always belong to the same pair. Such an 
interpretation cannot but be tentative. The possibility 
of asynchrony im synthesis between the homologues of a 
normal pair of chromosomes at the end of S period cannot 
be excluded. However, it would seem t to 
question the general tion that the Ph! chromosome 
is always derived from the ac Talbo pans: 
Length of G, period. It was f that an incubation 
period of 6 h with tritiated thymidine was necessary in 
all cases to obtain sufficient numbers of mitoses labelled 
at the end of S period. This indicates a longer minimum 
G, period for Ph! + ve ocells than the 8-6—4-5 h found for 
normal lymphocytes in this laboratory. Further evidence 
of this was provided by the mixed population of Ph! + ve 
and PA} —ve cella found in (V. O.); Ph1—ve cells a 
to have been labelled earlier in S period than the PA! + ve 
cella in the same culture. Peripheral blood cultures of 
(A. O.) (producing only Ph: + ve cells) incubated with 
tritiated thymidine for 4, 6, 8 h bad respectively 8, 60 and 
90 per cent labelled mitoses. However, even in cultures 
collected 12 h after addition of tzitiated thymidine, cells 
lato in S were found, indicating & very variable length of 


G, od. 

Surcieal of Pht. Attempta to discover how many 
times a PA! + ve ocell will divide tn vitro! were unsuccess- 
fal. Ph! + ve cella were, however, found in unlabelled 


NATURE. 


"E 
APIS 


553 


periphéral blood and bone marrow cultures of (A. C.) 
after 5 days. 

The mitotic index of (A. 0.)’s bone marrow was highest 
at 72 h. In peripheral blood cultures from all 3 patients, 
grown with or without PHA, 72 h was again the time of 
highest mitotic index of Ph: + ve cells. Thus it seems 
that the Ph! + ve cell does ist in vitro and that, con- 
trary to Tough et al.', the mitotic index for this sort of 
cell is in some cases higher after 72 than after 24 or 48 
h in culture. 

Late-labelling X. Direct cytological evidence for random 
inactivation of the maternal or paternal X chromosome’ 
was obtained from (V. OC.) The late-labelling X was 
either a small, metacentric, size (10-12) chromosome, 
or a longer, sub-metaocentrio, size (6—8) chromosome. Of 
20 Pk! + ve cella with a late-labelling X chromosome, 
9 cells could be assigned to the former group and 11 cells 


Ph! might vary as to whether it is a chromosome 21 or 
22. (2) A minimum time of 6 h incubation with tritiated 
thymidine was necessary to obtain labelled P! + ve 
cells in both blood and bone marrow cultures. The G, 
lymphocyte culture is by 
comparison 8-545 h. (3) The Ph: + ve cell can ee 

ne 


X chromosome. 
I thank Dr. 8. D. Lawler for her advice and the consult- 
ant staff of the Royal Marsden Hospital and the Royal 


Free Hospital for providing material. 
Many HAINES 


De t of Clinical Research, 
Royal Marsden Hospital, London, 8.W.8. 
1 Nowell, P. C., and Hungerford, D. À., J. Nei. Cancer Inst., 25, 85 (1060). 
1 Nowell, P. O., and Hungerford, D. A., Sotemes, 188, 1497 (1960). 
* Moorhead, P. 8. Nowell, E O., Melman, W. J., Batttps, D. ML, and Hunger- 
ford, D. A., Esp. Cell Xss., 20, 613 (1960). 
4 Cooper, H. H. (personal communication). 
"aet. W., Muldal, 8., Lajtha, L. G., and Rowley, J., Nature, 195, 860 
* German, J. L., J. Gail Biol., 89, 37 (1964). 
' Lyon, M. F., Amer. J. Human Genet., 14, 185 (1062). 
* Bender, M. À., and Prescott, D. M., Kap. Call Res., 87, 121 (1062). 


* Tough, I. M. Jacobs P. A., Court Brown, W. AL, Balkie, A G, and 
I R. D., Lancet, 1, 844 (1063). 


Low-alkaloid Mutants of Lupinus digitatus Forsk 

Tus Western Australian blue lupin, which has been 
variously referred to in the literature as Lupinus pilosus 
L.»3, L. varius L.* and L. digitatus Forek*, occurs B8 & 
naturalized exotic in west coastal areas of south-western 
Australia where the annual rainfall exoeeds about 16 in. 
It grows prolifically on coastal sandy soils overlying 
limestone, and is also cultivated to some extent in ad- 
jacent inland areas on slightly acid sands for soil improve- 
ment and sheep feed. 

Because of ite known adaptation to sandy soils of low 
fertility, ita high seed-yield and the high (80-35 per cent) 
protein content of ita seeda, L. digitatus would appear to 
hold possibilities of development as & grain legume for 
i acs ip However, this has been precluded by a 
n of wild characteristics of the species, including 
late maturity, hard seededness, shedding of the seeds as 
soon as they are ripe, and the of alkaloids in the 
seeds and other parts of the plants. The alkaloids, besides 
being somewhat toxio, render the seeds unpalatable to all 
classes of stock except possibly sheep. 


564 


Naturally occurring low-alkaloid (‘sweet’) mutanta, 
which are fully palatable and tly non-toxic’, have 
been selected in L. angustifolius L. and L. luteus L. by von 
Sengbusch’, who found five mutant pena among a field 


Det ais See IM. beequent searches 
ielded similar mutants in several other lupi species. 


There appeared to.be no reason, therefore, y homolo- 
gous mutants could not be isolated from field populations 
of L. digi i 

A search in 1961 among some 220,000 lanta, using 
Dragendorfi’s reagent paper for spot testing, failed to 
disclose any low-alkaloid mutants. It was then decided 
to try artificial mutation methods. Dry scarred. seeds of 
an early-maturing strain of L. digitatus, itself an X-ray- 
induced mutant’, were soaked in 0-3-0-4 per cant ethyl 
methanesulphonate (EMS) at 20° O for 12 h, and sown m 
the field in May 1962. The progenies of surviving plants 
were grown the following year and tested for alkaloid 
content. 

Out of 440 progenies, 11 contained mutants which, on 
the basis of Dragendorff reaction and taste, could be 
classified as sweet. These have been confirmed in the M, 
generation, although strictly quantitative estrmates of 
alkaloid coatent have yet to be made. Of the 11 types, 7 
appear to be associated with reduced vigour or fertili 
disturbances or both. However, 4 appear, from M, and M, 
obeervations, to be normally vigorous, and to have normal 
or nearly normal fertility. Genetio studies of all the more 
promising mutanta are in progress, together with further 
selection within lines for vigour and fertility. 

The success of artificial mutagenesis in producing low- 
alkaloid mutants in L. digitatus, as in producing low- 
coumarin mutants in Melilotus albus*, further attesta the 
usefulness of this method in practical breeding. We would 
like to direct icular attention to its place in the 
domestication of wild or semi-wild species. In these species 
there is seldom much natural genetio variation available to 
the breeder, except aa a result of extensive plant explora- 
tion. At the same time the kinds of characteristics ho 
seeks, such aa reduced seed shedding or freedom from toxic 
factors, are precisely those which would be selected 
against in the natural environment. On the other hand, 
they are usually due to genetically recessive ‘loss’ factors, 
and as such should be fairly readily induced artificially by 
mutagenic agents. 
. J. 8. GLADSTONES 
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VIROLOGY 


Transport of S-Antigen of Sendai Virus as 
revealed T means of Antibody labelled 
with an Organic Mercury Compound 


Ir has been shown that replication of RNA! and 
synthesis of S-antigen of Sendai virus occurs in nucleolar 
structures while synthesis of V-antigen occurs in the peri- 
nuclear zone of cytoplasm’. In later stages of infection 
both components, ribonucleoprotem (RNA + S-antigen) 
and haemagglutinin (V-antigen), accumulate in the 

ipheral zone of cytoplasm where mature virions are 
ormed. A modification of the immunofluoreecence 
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method’ has revealed the details of synthesis of protein 
components of Sendai virus, but failed to reveal the 
details of transport of S-antigen through the territory 
of nucleus and cytoplasm because it was insufficiently 
sensitive. Therefore a more sensitive method of detec- 
e uen ni ene VOX omis ued: namely, 
antibody ed with an organic fer compound, 
para-&minophenylmercurylaoetate (p. s 

Normal gru cells treated with virus-specific 
pAPMA labelled antibody showed only & feeble non- 
specific contrast due to osmium fixation (Fig. 1), being a 
good und for a sharp specific contrast due to 
pAPMA ed antibody bound with viral S-antigen. 


S-antigen appeared in nucleoli 3 h after infection of the , 


cells with the virus and accumulated in cansiderable 
amount by 6 h. Optically dense massea appeared as 
threads and les- formations, the 

tter depending on the plane of the ultra-thin section. 
However, their diameter did not exceed 200 A, which 
corresponds to the diameter of the helix of nucleocapeid of 
Sendai virus‘. By 9-12 h after the inning of infection 
nucleoli became empty and masses of the antigen were 
revealed in nucleus, in nuclear membrane and in oyto- 
plasm (Fig. 2). 1t is characteristic that no antigen was 
inside the mitochondria and cytoplasmic vacuoles; this 


strated by means of application of whole pAPMA labelled 
serum (Fig. 3) which contains both S- and V-antibody. 
Thus the use of antibody labelled with pAPMA provides 
the means not only of establishing topography of synthesis 
of protein components of Sendai virus but also of tracing 
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3. The same cells 12 h after infocton. Mature 
whole 


virions contrasted 
serum which contains both S- and V- 
antibody ( x 23,000) 


the pAPMA labelled 
transport of them from the place of synthesis to place of 
assembly of mature virions. 
V. M. Zupanov 
N. B. AzADOVA 
A. Y. KULBHRG 
The D.I. Ivanovsky Institute of Virology, 
Academy of Medical Sciences, Moscow, U.8.8.R. 
Hgbdanor, V M p oon A G., and Ramenskaya, A. P., Problems of 
Ada Pp arent id N eed Nuberg, A. Y Topography of 
Tynthens of S- and V-antigens of Sendet Virus (In the proms). 
N. B., and Uryvayer, L V., Problems of Virology 


.M. 
Buman), 6, 727 (1904). 
. and Kulberg, A. Y., Problems of Virology 


1 Zhdanov, V. ML, N. B 
ie Y d ene c Klimenko, 8. KL, and Zakatelakaya, L. Y 
Problems of Pucbov dn Eusian), 4, 412 (1954). TU» 


Antibiotic Carry-over in Cell Cultures of 
Herpes Simplex Virus 


Sohneierson and Shore! reported that pues simplex 
virus grown in cell culture was capable of i iting the 
growth of certain strains of bacteria. In a prelimmary 
investigation in this laboratory, attempts to confirm the 
i of Behneierson and Shore were successful. This 
investigation was then expanded to include testing the 
- virus suspensions collected from different cell lines against 
a wide range of Gram-positive and Gram-negative 
organisms representing 15 species. In the course of the 
assays it was noted that the activity of the virus suspen- 
sion against test organisms produced a sensitivity pattern 
similar to that of streptomycin or penicillin. It was noted, 
however, that this antibacterial activity of the virus 
culture was lost following serial passage through cells 
cultivated in antibiotic-free medium. In an attempt to 
explain the loss of antibacterial activity, the hypothesis 
was formulated that the antibacterial activity might 
result from antibiotics carned over from the origi 
inoculum. The purpose of this report is to present the 
resulta arising from the testing of this hypothesis. 

Two strains of herpes simplex virus were kindly supplied 
by Dr. Malcolm 8. Artenstein, Department of Virus 
Diseases, Walter Reed Army Institute of Research. 
Strain Hawkins ZW RK,, isolated in rabbit kidney cell 
culture from & patient's eye, was in ite first oell culture 
passage. It was ascertained that the medium for cell 
culture routinely contained antibiotios. Strain Taylor was 


aseptically obtained from & herpetic lip lesion and sus- 


pended in an antibiotic-free solution. 
The two strains of Staphylococcus aureus and the two 
strains of Klebsella pneumoniae were laboratory stock 
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strains of confirmed identity and antibiotic sensitivity. 
Tube cultures of monkey kidney cells, HeLa cells, Eagle’s 
minimum eesential medrum and the penicillin and strepto- 
myoin mixture were purchased from Microbiological 
Associates, Inc., Bethesda, Maryland. Monkey kidney 
medium ‘P’ (Melnick) and calf serum were purchased from 
Baltimore Biological Laboratory. i 

Fluid was decanted from cultures of monkey kidney or 
HeLa cells and the cell sheet was washed three times with 
Eagle’s minimum essential medium to eliminate any 
residual antibiotics previously present in the cultures. 
One-tenth ml. of virus suspension or Eagle’s minimum 
essential medium was inoculated into each tube. After 
adsorption for 30 min, 1 ml. of antabiotio-free medium was 
added to each tube, and the tubes were incubated at 37° C 
for 72 or 98 h until distinct oytopethogenicity was evident 
in cell cultures infected with virus. The cultures were then 
frozen at —40° C and later thawed in a 87° O water bath 
to free the contents as testing material. For comparison, 
& solution of & penicillin and streptomycin mixture was 
diluted to a concentration of 150 and 15 unite per ml., 
respectively, and distributed mto several teet-tubes. 
Prior to use, half the tubes were stored in the refrigerator 
and the remaining half were treated as if virus suspensions 
or cell culture fluids were bemg prepared. 

The disk sensitivity test, utilizing paper disks umpreg- 
nated with the virus suspension, was conducted as 
described by Schneierson and Shore!. The tube dilution 
test was performed by routine ures. The results 
were recorded after incubation at 37° C for 18 b. 

Paper disks impregnated with the herpes virus suspen- 
sions were used for sensitivity teste against the four 
susceptible organisms. Results presented in Fig. 1 (4-8) 
show that virus suspensions of Taylor stram, regardless of 
the method of preperation, failed to demonstrate any 
antibacterial activity. Antibacterial activity was demon- 
strated in EW RK, strain virus suspension in its second 
e t but not in suspensions of subsequent passages 

ig. 1, 1-8). 





Fig. 1. qst ie teat. teas. ect ttr by paper disks 
ted with vanous viral : (1) FW RK, — sooond 
sage of herpes virus EY RE. 1i monkey kidney oll oaltato, 2) SVEK, 
yii pam of KWEK in pet kidney oel. cutare, 3) 
EWRK, — passage of AIRE, in cell culture; (4 

of virus — first propagation antibiotic-free HeLa oell 


strain in 

culture; (5) — first propagation in antblotio-free 

kodnsy Sates RAUS Taylor strain — first tion tn anübsotio- 
free monkey 7) Taylor stram — 


moubated for 06h; 
to 


ie Crate erat peii monkey - 
J Taylor sirain -second DAMM Hela oel onibors to. Heli 

oell ture control, (10) HeLa cell 
ture control 
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Table 1. SMMAITIVITY OF TEST ORGAKINME TO VARIOUB PREPARATIONS 
Impregnated disks* J 
Organism 1 2 3 4 5 6 T 8 9 
Zones of inhibition (mm) i 
K. preumonias a 0 0 19 12 22 14 22 14 16 
E. pneumoniae (2 0 0 19 10 17 10 18 14 16 
S. estrous b 0 0 23 13 24 15 84 26 17 
BS. aureus (2 0 0 25 15 26 14 29 24 19 


and 
) solution of 


each per mi; 
pec mL, (9) 


oonta:inmg 15 units 
wed. 


with EW RK, strain could be obtained if the primary 
propagation of Taylor virus was prepared in a cell culture 
treated with a known quantity of antibiotics. One-tenth 
ml. of an antibiotic-free solution of Taylor's lip lesion 
fluid was inoculated into tube cultures of HeLa cella. At 
the end cf the adsorption time, 1-0 ml. of medium con- 
taining 150 units each of penicillin and streptomycin was 
added to each tube. After incubation for 72 h at 87° C, 
the virus suspension collected was used as starting material 
and was afterwards propagated in antibiotio-free cell 
culture. For comparison, the same procedure was applied 
to a few tube cultures, exoept that they were first inocu- 
lated with 0-1 ml. of saline instead of Taylor’s lip lesion 
fluid. Sensitivity testa were carried out with these two 
suspensions and with a mixture of penicillin and strepto- 
myoin in concentrations corresponding to those present in 
the virus or cell culture suspension. Resulta are ted 
in Table 1 and Fig. 2. Whereas the antibacterial activity 
is absent in Taylor strain virus suspensions prepared from 
antibiotic-free cell culture (Fig. 1), it is present in sus- 
pensions of the second passage propagated in antibiotic- 
treated ocell culture. Similar results were obtained from 
virus-free cell culture fluid. Furthermore, the size of the 





Fig. 2 Senmtrvity test Dee ae FROM (1) Prdpared 
from Taylor stain m antablotic- HeLa oell culture, (2) 
scond passage of (1) in antibwtic-free HeLa cell culture; (3) Tayler 
stram propagated un HeLa cell culture m medium conta 150 units 
of penxoillin and strep mL; (4) second of (8) ın ant- 
biode-free HeLa cell culture, (5) HeLa cell oulture m um oon! 


taining 
6) HeLa oel! oulture 


150 units of cull and streptomyom per mL; 
mL of (5), (7) solu- 


1n antiblotic-free medium after inooulatzon with 0 
tuon of penxulhn and streptomycin mixture containing 150 units each 

ml; (8) solution o genin snd HODIE mixture containmg 
Te units each per male ( SOUT of US) but mocha ted, frozen enn ten 
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rone of inhibition decreased proportionally with the 
decrease of antibiotic concentration in these materials by 


whether the virus particles or cell debris exert any in- 
fluenco on the potency of the antabiotios. Four antibiotio- 
containing solutiona prepared as described here were 
assayed against two organisms. Since the quantity of 
antibiotics present in all preperations was approximately 
equal, the resulta shown m Table 2 indicate a decrease m 
the potency of antibiotica present in the virus suspension 
and cell culture fluids, as compared with the pure anti- 
biotic solutions. Srmilar results were also shown in the 
disk sensitivity test (Table 1). It is speculated that the 
virus particles or cell debris might adsorb antibiotio 
molecules and thus render them ineffectrve. No further 
Investigation was attempted in this respect. 

Table 2. POTENCY OF AWTIBIOTION DERIVED FROM VARIOUS PENPARATIONE 

Effect of antiblotlo preparation on test organism 


B aureus 
At B e 


mL of 
antiblotio* 


t 
+Htt+++4 1] [oo 








S8SEPERO^ 
+tt+++tt4 | M 
RAI 
T4444 || 


+444] 011 


Te ++ | | 
++I +III] 


++++4++ | | 


* Pentollm-streptom: mixture (5,000 unts each mL) obtamed from 
Microbiological Associates, Be Maryland. Corio! No. 61740, 
t 4, Pentolhn-streptomycin present m Taylor strain viral 


&on. 
tomyam incubated, frozen, and thawed as 
viral 
f— = no growth of organism, + = tee 

In these experiments it has been demonstrated that: (1) 
the herpes simplex virus does not exhibit any antibacterial 
activity if it is isolated in antibiotic-free cell culture 
(Fig. 1); (2) the antibacterial activity of virus suspensions 
Boa in contact with antibiotioe results from anti- 

iotic carry-over rather than from any producta of virus- 
cell interaction. The carry-over mechanism can be visual- 
ized as follows: If the virus were isolated from cell 
culture with medium containing antibiotics of a concen- 
tration about 150 unite per ml., and if 0-1 ml. of the ool- 
lected virus suspension were inoculated into an antibiotio- 
free cell culture, the amount of antibiotics carried over by 
this process would be diluted to approximately 15 units/ml. 
The quantity of antibiotics will be further reduced 10-fold 
by each passage. Such a dilution process readily explains 
why the antibacterial activity exhibited by the herpes 
virus suspensions decreased on each paeeage and finally 
noes Haakon (Figs. 1 and 2). In addition, the experimental 
ts further indicate the possible reduction of potency 
of antibiotics present in the virus suspension or oell 
culture fluid by some unknown mechanism (Tables 1 
and 2). 

Prior to Schneierson’s report, Gan and Warsa? reported 
the isolation of a bacterial lytio factor from the allantoic 
fluid of embryonated eggs infected with influenza virus. 
No further investigations were rted by these authors. 
Whether any antibiotic can be e 
system should be an interesting area of investigation. 
However, the starting material must be known to be free 
of antibiotics in order to eliminate any confusion resulting 
from antibiotic carry-over. 

Yana-Mina Cuu 


Roser C. PARLETT 
Mary Lova ROBBINS 
Department of Microbiology, 
George Washington University School of Medicme, 
Washington, D.C. 


1 Sehnelerson, 8. 8., and Shore, B., Nature, 199, 721 (1963). 
"Gan, E. EL, and Warm, R , Amer. J. Hyg , 09, B3 (1059). 
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A SOCIAL SCIENCE RESEARCH COUNCIL 


HE Committee on Social Studies was set up with 
Lord Heyworth as chairman in June 1968 “to review 
the research at present being done in the field of social 
studies in Government departments, universities and 
other institutions and to advise whether changes are 
needed in the arrangements for supporting and oo- 
ordinating this research”. Ita principal recommendation 
is for the establishment of a Social Science Research 
Council to provide support for research. to keep under 
review the state of research and the supply of trained 
research workera, to advise the Government on the needs 
of social science research, and to give advice on research 
in the social sciences and ita application. Such a Council 
was recommended in 1961 in a report from the British 
Academy (Nature, 193, 1011; 1902), also in 1902 in & 
memorandum by Prof. D. V. Glass and Prof. M. Gluok- 
man submitted to the Robbins Committee by the British 
Association (Nature, 196, 704; 1962), and more recently in 
& paper of the Council of the Tavistook Institute of Human 
Relations (Nature, 205, 729; 1965). This time, however, 
the recommendation has been accepted by the Govern- 
ment, although details are still under consideration. 
However, it is rather curious that in a historical survey 
of the fleld since 1945 the report now issued by the Com- 
mittee on Social Studies of the Department of Education 
and Science* merely refers'to the report of the Clapham 
Committee in 1948 and ite recommendation for an Inter- 
tal Committee of Social and Economio Research. 
The Interdepartmental Committee has not met since 1960 
although it is still formally in existence: most of the 
departments giving evidence to the Heyworth Committee 
appeared to be unaware of ita existence. 

In considering the scope of the social sciences, which 
are regarded as including economics, politics, sociology, 
demography, social anthropology, social administration 
and social psychology, the Heyworth Committee draws a 
distinction between research and fact-finding, the former 
being regarded as something other than routine fact- 
finding, or fact-findmg for specific administrative purposes. 
While the distinction 1s sometimes difficult to draw, it is 
important to make the attempt if the need for social 
research is to be assessed accurately and is to be soundly 
based. The Committee is also wise to emphasize the 
importance of research in the social sciences to the 
administrator. Unless an attempt 1 made to identify 
long-term problems or penetrate behind everyday deci- 
sions, those decisions may be based on wrong or inaccurate 
date. Whether he knows it or not, anyone engaged on 
administration in central or local government, in educa- 
tion or in commerce and industry is using methods and 
techniques to help him deal with his work and solve 
problems that a social scientist would recognize. It only 
strengthens the Committee’s argument that the use of 
the computer is allowing decisions to be based on facta 
to a scale impracticable even a decade ago. 


* Department of tion and Bclence. Report Comenittss on Social 
Studies, Pp.v-101. (Omnd 2660) (London: O., 1965) 72. 04 
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Looking next at developments since 1945, tho Hey- 
worth Committee estimates that between 1938-39 and 
1962-88 the number of university teachers in the social 
gciences increased from 212 to 1,025, while the number of 
studente obtaining honours degrees in the social sciences 
also increased five-fold, from 300 to 1,087; since 1959-60 
the percentage of full-time studente in social science 
faculties has risen from 10-5 to 11:4 in 1962-63 and 12-1 
in 1964-65. In addition, home registrations for external 
London degrees in sociology have increased from 40 in 
1952-58 to 217 in 1963-64 and 460 in 1964-65. Moreover, 
the Committee formed the impresion that a larger pro- 
portion of abler students is now entering the social 
sciences. The rate of growth is not uniform over all the 
subjecta. Thus, while sociology has recently grown 
explosively, growth in psychology has bean largely on 
the biological side and social psychology has been neg- 
lected in British universities compared with ita develop- 
ment in the United Statee, nor is there any centre 
encouraging the study of law as a social science. Again, 
while the number of postgraduate State studentehipe 
awarded in the humanities and social sciences remained 
fairly constant at about 250 during the years 1957-61, 
the number increased in 1962 when 304 were awarded in 
tbe humanities, 48 in the social sciences and 95 in related 
disciplines, compared with 1,607 in science and technology ; 
for 1964 the corresponding figures were, respectively, 
626, 184, 190 and 2,453. 

The universities are still the main centres for research 
in the social sciences, and the Committee is satisfled that 
gince 1946 the social sciences have become firmly estab- 
lished in the universities and that a basis has been laid 
for the future supply of teachers and research workers. 
Total expenditure by the universities on research in 
1962-68 is estimated at £1,575,000 with a further £160,000 
from Oxford and Cambridge College funds and endowments, 
£884,000 from external sources and £300,000 on agri- 
cultural economics. Expenditure by research institutes 
outside the universities, notably by the Tavistock Institute 
of Human Relations (£170,000), the National Institute of 
Economic and Social Research (£79,000) and the National 
Foundation for Educational Research (£35,000), is estim- 
ated at £577,000, and for the three Institutes named the 
expenditure for 196465 is put at £220,000, £94,000 and 
£108,000, respectively. Expenditure by Government 
research organizations (£780,000) and Executive Depart- 
ments (£220,000) and overseas (£90,000) at Oollegoe 
of Technology (£100,000) and by other bodies and individ- 
uals brings the total for 1962—63 to about £5 million, 
and for 1964-85 tho figure is likely to be about £6:5 
million. 

The Committee attempted to estimate the distribution 
of this research effort over different fields, but it was only 
able to do so for some 70 per cent of the total and drew 
no firm conclusions. Of this 70 per cent, 16 per cent seems 
to be spent on health and welfare, 14 per cent an industry, 
11 per cent on education, 10 per cant on agriculture and 
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8 per cent each on the general British economy and on 
developing countries, including race relations, eto. While 
industry and commerce are taking more graduates in the 
social sciences and increasing their ahare of the output, the 
Committee formed the impression that industry made 
little use of social scientista in research within its own 
organization and did not employ them where they would 
be led to identify problems requiring research and give 
advice accordingly. Most voluntary associations com- 
plained of the difficulty of finding even small sums to 
finance research and of discovering what research of 

although substantial numbers of social scientists are 
employed by local government, new town development 
corporation and other statutory bodies, they are seldom 
engaged on research. Local Authorities’ Associations seam 
to realize the value of social science research, but this 
awareness is as yet unaccompanied by a substantial 
increase in the support or direct contracting of research. 

In the Government service the employment of econ- 
omista and psychologists professionally has been increasing 
and nearly all departments now employ statisticians. 
However, the Committee gained the impression that very 
few sociologists and other kinds of social scientista are 
employed in departmenta in a profeasional or advisory 
capacity, and that until a few years ago there had been 
little growth in research in Government departments since 
the Olapham Oommittee reported. In June 1964 the 
National Eoonomic Development Council was employing 
20 economista and one sociologist, some of whose work 
could be described as research, and had arranged for work 
on contract in university departments. In 1964 the Board 
of Trade established an economio research unit and 
research has been strengthened in the Ministry of Housing, 
the Scottish Home and Health t and the 
Ministry of Publio Building and Works, although some 
of this effort is fact-finding rather than research. 

Thia section of the Heyworth Report gives a sidelight 
on the effect of the premature dissolution of the Overseas 
Research Council. When in 1962 the Department of 
Technical Co-operation took over the disbursement of 
finance for social science and other overseas research the 
Colonial Social Science Research Council and the Colonial 
Economic Research Committee were abolished. From 
1958-59 to 1962-683 they had contributed £260,000 
towards the general running costa of research institutes 
in colonial territories, £97,000 as grants for speciflo pro- 
jecta requested by Colonial Governments, £64,000 as 
grants for projects requested by the Colonial Office or one 
of the advisory bodiee, and £31,000 as granta to individuals 
for fleld research in colonial territories. Aa already noted, 
it is estimated that in 1962-63 some £90,000 was expended 
from Government funds in support of research in de- 
pendent territories overseas, and in addition to this the 
Committee estimates that £186,000 went to the developing 
countries from university research funds and £157,000 
from the research institutes. 

In the seoond part of the Report the Committee dis- 
cusses the need for more research in the light of this 
situation. Successive chapters deal with the supply and 
training of research workers, the organization of research 
and the use of research, leading up to the recommendation 
for the establiahment of a Social Science Research Council 
and the issues involved in this recommendation. While 
the Report lista numerous problems suggested to the 
Committee as needing attention, no comment is made 
other than the observation that almost all the problems 
involve contributions from one or more of the social 
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sciences and often from disciplines outeide them. This 
has a close bearing on the supply of research workers; 
the Committee considers that the first priority is a further 
expansion of postgraduate training in the social sciences. 
It suggests that the 220 awards for postgraduate study 
in 1964 should be increased to 400 in 1965-66, particularly 
in sociology and social psychology, with a further increase 
in 1966-67. It also recommends that at least 20 research 
fellowships should be available in the social scienoos in 
1965-66 under the scheme hitherto run by the Depart- 
ment of Scientific and Industrial Research, and not 
necessarily tenable only in a university but also in & 
research institute, a Government research station or other 
research organization. 

While it recommends priority for postgraduate studies, 
it emphasizes algo the importance of research assistanta, 
and suggests that married women who are prepared to 
return to full-time work after bringing up their families 
should be enabled to enter the research field. Furthermore, 
it recommends that universities need to examine not only 
the organization of teaching and research duties in social 
science departments but also the method’ of allocating 
fonds for auxiliary staff and facilities for research. It 
foresees a substantial demand for teachers of the social 
sciences in the technical colleges, and emphasizes the 
importance of giving such teachers opportunities to be 
associated with research. Similarly it directa attention to 
the importance of utilizing the capacity for training of 
Tesearch institutes outaide universities, including the 
Social Survey of the Central Office of Information and 
research units in Government departments. However, it 
urges that expansion of postgraduate training would be 
carried out most effectively and economically if a few 
places are built up as research schools. 

It is in keeping with the general balance and sanity of 
the Report that the Committee recognizes the importance 
of being able to offer reasonable prospecta of a career if 
sufficient able recruits are to be attracted to study the 
social sciencos. The Committee does not consider that 
many people would be best employed in one institution 
during their profeasional career in social science research, 
but this is not the only reason which it advances in reoom- 
mending flexible arrangements by the universities as 
regards teaching duties and research. It is desirable that 
many who continue to pursue research throughout their 
career should be able to move from one institution to 
another. For this reason alone the Committee is on firm 
ground, with authoritative opinion elsewhere behind it, in 
wishing to seo a range of research posta in universities, 
unita attached to universities, independent research institu- 
tions, and Government research establishments, gub- 
scribing to a common policy of interchangeable pension 
rights and seniority grading, and of secondments. 

Beyond this, however, if research workers in the social 
sciences are to have the assurance of a satisfactory career 
which the evidence submitted to the Committee suggesta 
they often lack, it will be necessary to create more estab- 
lished posta for those qualifled in the sovial science dis- 
ciplines and trained in the methods of research. Full-time 
research, however, will often be only a phase, perhaps to 
be repeated, in the career of men and women who, in 
other phases, will be university teachers, managers, 
administrators in the Civil Service or local government, 
professional economista, sociologists or paychologista, eto. 
‘This is another reason for recommending a common policy 
in pension righta, seniority grading and secondment to 
encourage and facilitate the necessary mobility and inter- 
change, nor should interchange between the Civil Service 
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and industry present as much difficulty here as it some- 
times does in other spheres. It is also desirable as oon- 
tributing to meeting the two needs which, the Committee 
suggesta, have to be overcome before we can expect the 
results of research in the social sciences to be applied 
effectively. 

Tho first of these is for administrators and managers to 
be familiar with the scope and value of the social sciences, 
not only as direct aids to administration but also as dis- 
ciplines which can limit the uncertainties within which 
decisions have to be taken and which can evaluate their 
outoome. Clearly this will be facilitated as interchange 
grows. However, because problems rarely present them- 
selves to administrators in a fashion which at once shows 
how they could be clarified by research in the social 
sciences, there is, secondly, a need for social scientists 
to work at points where problems firat emerge and to 
help identify and deal with them: this in itself is a reason 
for encouraging mobility. As the Committee observes, in 

i their research needs and in oonstruoting 
research units or divisions, user organizations must bring 
gocial scientista in a close working relation with adminis- 
trators. 

This is the more important in that in the social sciences, 
when full allowance is made for the difference in the 
nature of applied research, there are very few people 
whose functions correspond to the engineering or develop- 
ment function in the physioal sciences, and nowhere are 
such people trained. This gap needs filling and the Com- 
mittee remarks that the training given to people to fill 
this function should include & basic grounding in business 
economics and also practice in co-operating in research 
with people trained in other disciplines. It is in connexion 
with the use of social research that the Committee is 
anxious to see more social scientists, other than econ- 
amista, employed in the Government service not only for 
the research they will do but also because they will help 
departmenta to identify the problems to which research 
in the social studies can contribute, and to track down 
research already undertaken and apply it to administra- 
tive use. 

The Committee was asked by the then First Secretary, 
Mr. R. A. (now Lord) Butler, to comment on the desir- 
ability of unite of social research in the Departments of 
Health, Housing and Local Government, Labour, Pen- 
sions and National Insurance, and of a unit for demo- 
graphic research attached to the Central Statistical 
Office. After pointing out that if the findings of research 
are to be brought most effectively into the administrative 
process, professionally qualified staff with experience of 
research in the discipline concerned must be associated with 
administrative officers as memberr of a team. There is, 
however, need for some central point in the department 
for the professional social scientists, where day-to-day 
work ia in the various branches. Beyond this, the Com- 
mittee is content to point out that whether better results 
would be obtained from s special research unit operating 
within the department rather than from a programme of 
research contracts depends on various factors, six of 
which ıt specifically indicates, and rather than make 
specific recommendations it leaves departments to make 
their own decision in the ight of such considerations. 

It is at this point that the Committee approaches the 
question of central organization and interdepartmental 
action. Its suggestions here are made on the assumption 
that a Social Science Research Council such as it recom- 
menda will, in fact, be established. Firat it suggests 
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that the syllabus of the træning courses at the Centre for 
Administrative Studies in the Treasury should include all 
the social sciences that have a contribution to make to 
administration. It also recommends that the Treasury 
should review the conditions of employment of social 
scientista in the Government service and undertake & 
central scrutiny of departmental budgets for research for 
their own purposes: this could usefully be supplemented 
by consultation with the Social Science Research Council. 
Better, fuller, more co-ordinated and earher Government 
social statistios are needed, especially if their value as 4 
basis for research is to be improved. Here the Central 
Statistical Office should take the lead, but the link between 
Government and social scientists outside the Civil Service 
should be forged through the Social Science Research 
Council. Dissolution of the Interdepartmental Committee 
on Socal and Economic Research is recommended and 
also the transfer to the Treasury of the Social Survey, 
which is at present inefficiently used. The programme of 
the Survey should be determined by & Committee, under 
Treasury chairmanship, of representatives of the main 
user departments and of the Social Science Research 
Council. 

The Committee’s observations about the needs of the 
Government apply in principle to local authorities, 
statutory bodies, industry and commerce, the judicial 
system and other users of research: it is against this back- 
ground that its proposal for a Social Science Research 
Council should be considered. It rejecta the idea of 
separate research councils for education and the ‘built 
environment’. It considers that the needs of education 
will best be met by establishment of a Board within the 
orbit of the Council. Likewise, the needs of planning 
will be met by establishment of a joint board by the 
Research Councils concerned with technology, the physical 
sciences, the arta and the social sciences—presumably 
after consultation with the bodies which have already 
constituted a Land Use Research Trust and with specially 
interested departments of Government. 

The Social Science Research Council should consist of 
an independent chairman and about ten or twelve mem- 
bers, mainly social scientusts, but some with experience 
in industry or ‘user organizations’, appointed by the 
Secretary of State for Education and Science, and the 
Central Govornment should be represented on the Counoil 
and its Committees by assessors. If the Council 18 brought 
within the system under which the Council on Boientiflo 
Policy advises on the allocation of resources &mong the 
Research Councils, the membership of the latter Council 
should include one or more persons with an up-to-date 
knowledge of the needs of the social sciences. An expendi- 
ture of some £600,000 during the firat year is contemplated 
and £1,000,000 during the second, rising to £2:25 million 
in the third year, but these figures include some existing 
expenditure on studentships and research fellowships and 
on research grante. Existing commitments for research 
granta are estimated at £170,000 in 1965-66 and £190,000 
in 1966-67, but commitments totalling £1 million in the 
first year and £1-5 million in the second are recommended 
over varying periods and the figure of £1:5 million is 
unhkely to be approached until the fourth year. 

The recommendations of the Heyworth Committee on 
finance are subject to review and, in any event, the 
Government has not yet committed iteelf on finance 
beyond accepting the need for some increase in financial 
support for social science research. It has also not accepted 
the proposal for a joint board of the various Research 
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Councils to cover research in the field of urban planning, 
and it is considering what alternative provision should be 
made. It ia noteworthy that the Committee expresses no 
opinion as to the ultimate level which expenditure on 
social science research ahould reach, although the Council 
of the Tavistock Institute of Human Relations in 1964 
envisaged an expenditure of £25 million by 1980. Ite 
estimate of present expenditure was, however, only £8-5 
million & year compared with the £6-5 million in the 
Heyworth Report. 

There are two other points which are important. The 
Heyworth Committee had reservations as to the value of 
& register of research in the human sciences such as is at 
present put out by the Warren Spring Laboratory, but it 
suggests that the new Research Council should consider 
whether it should take over this register and extend it to 
cover the whole field of social gciencee. The Committee 
has no hesitations, however, as to the second point 
relating to library facilities. Clearly the question of 
inadequacies in university library facilities for social 
science must await the report of the Committee oon- 
sidering the needs of university librariee generally. Never- 
theless, the Heyworth Committee is satisfied that a strong 
case existe for providing lending hbrary facilities for the 
social sciences along the lines of those providing for tech- 
nology and the natural sciences by the National Lendmg 
Library at Boston Bpa. It proposes that the Department 
of Education and Science should arrange for a study to 
be made of the feasibihty of extending these facilities to 
include the social sciences. 

That proposal may merit examination, but it is a less 
straightforward proposition than might ap at first 
sight. It requires examination in the light af the library 
services of the whole country: it should be remembered 
that in his presidential address to the Library Association 
last May, Sir Frank Franois insisted that as yet Britain 
has no library system as such. To create such a system 
is ono of our primary needs, and the dilatorinesa over the 
creation of the new Reference Library for Science and 
Invention illustrates the absence of any sense of urgency 
on the part of the Government. 

It is one of the merita of the Heyworth Report that it 
directa attention to the mmportance of such ancillaries to 
research. There is no suggestion that, by iteelf, the orea- 
tion of a Social Scienco Research Council—or even a4 
larger supply of men and women trained in the social 
sciences and techniques of research—will solve our 
difficulties, nor even that more finance is the first need. 
The problem is seen as a whole, and if the Government 
has accepted the recommendation for a Research Council 
it remains for informed opinion to see that the Research 
Council is adequately supported and that its work is not 
hampered by failure to implement the numerous other 
recommendations on which the effectiveness of the Council 
largely depends. 


FESTSCHRIFT FOR HAROLD C. UREY 


Isotopic and Cosmic Chemistry 
Edited by H. Craig, 8. L. Miller and G. J. Wasserburg. 
Pp. xxv+ 553. (Amsterdam: North-Holland Publahing 
Co., 1964.) 1085. 
HE custom of the festachrift has never firmly estab- 
lished itself in the English-speaking countries, 
although from time to time such & compliment is paid to 
some outstanding scientist. For the publication to appeal 
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to & variety of readers, many of wham cannot have had 
the good fortune to meet the recipient, it ia necessary 
that he should have breadth of mtereete, a versatile and 
enquiring mind and, above all, onginality in his ideas. 
In addition, 1t is helpful if he has taught and inspired & 
succession of pupils and collaborators, since they may ‘be 
expected to initiate the production and contribute sub- 
stantially to ite success. 

Prof. Harold Urey undoubtedly fulfils these critena. 
The career of such a dynamio personality is never dull. 
“The present volume of contributions cannot hope to 
matoh the complete range of topics he has enriched, but 
almost every paper bears his mark to a greater or lesser 
degree." It 1s remarkable to discover that he first gradu- 
ated in roology before the First World War. Both the 
First and the Second World Wars profoundly affected his 
life and intereste. The First led him to chemistry and 
confirmed his intention to enter academio life; in the 
Second he played an important part in the Manhattan 
project and it eventually led to his moving from Columbia 
to Chicago. 

Urey spent & short period at Berkeley at the peak of 
G. N. Lewis’s career, and although the precise effect of 
this interlude is only & matter of speculation, undoubtedly 
Urey haa remained interested in thermodynamic prob- 
lems. It is characteristic of both Urey’s wntten and 
spoken word that he applies a very quantitative analyms 
even to the most speculative of theses. For several 
years after this period his principal interest lay ın spectro- 
scopy and quantum mechanics. This phase culminated in 
the collaboration with Ruark in the publication of one of 
the classics of physical chemistry, Atoms, Moleoules and 
Quanta. 


Spectroscopy led to an interest m the properties .of 
different stable isotopic species, their separation and 
abundance. Thus Studies that constitute the 
central theme of much of his subsequent work and 
brought him the 1934 Nobel Prize for Chemistry. Isotopic 
and Cosmo Chemistry is extensively concerned with the 
information that can be gained fram measurements of 
the generally small changes in isotopic composition 
brought about by natural or laboratory š 

His earlier interests are represented by two short 
papers, a note by J. E. Mayer on Loschmidt’s paradox 
and another by A. E. Ruark on classical fields. But the 
majority of the papers deal with these isotopic effects or 
with & branch of science that Urey can reasonably regard 
as his own—coem i . A part of this subject, the 
chemical and radiochemical study of meteorites, had 
indeed been explored for several years by F. A. Paneth, 
but Urey’s work covers a much broader canvas, as can 
be judged from his book, The Planets, thew Origin and 
Development. Urey’s insistence on a broad attack— 
"treatmg the whole problem"'—is another characteristic 
of his intellectual personality. His interest in this 
subject, which he has developed rapidly since the Second 
World War, dates back at least to 1931 when he published 
& paper in collaboration with Bradley on the origin of the 
elements, using thermodynamic arguments based on the 
abundance of the isotopes of the lighter elements. 

Among the many interestmg contributions may be 
mentioned three papers with temperature measure- 
mente by means of !*O/!*O ratios. One deals with the 
application of Urey’s original palaeotemperature tech- 
nique to & series of fossil shells from previously inhabrted 
caves in the Mediterranean area. The other two explore 
the possibility of extending such temperature measure- 
ments to establish the temperature at which oxygen 
equilibration occurred between different minerals in suit- 
able geological formations—geothermometry. A number 
of papers treat geochronological measurements; one rather 
long paper shows how metamorphic processes can in- 
validate conventional measurements, the data relating 
especially to *"Rb/*’Sr measurements. 
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Seven papers deal with meteorites, their origin, fre- 
quency of falls, radiation ages and composition. The 
longest of these gives a scholarly account of the classifica- 
tion of the chondrites on the basis of their chemical and 
petrological composition. The abundance of uranium and 
thorium is discussed in relation to theories of the genesis 
of the elements, and finally one paper discusses the 
chemical composition of comets. ; 

All Urey’s most speculative interests, the origin of the 
elements, tho planeta and life itself are represented. The 
volume is a worthy tribute to a remarkable man. 

A. G. MADDOOK 


GEOLOGICAL AND CHEMICAL 
EVOLUTION OF EVAPORITES 


Salt Deposits 
The Origin, Metamorphism and Deformatian of Evaporites. 
By Prof. Hermann Borchert and Dr. Richard O. Muir. 
(The University Series in Geology.) Pp. x 4-388. (London and 
Princeton, N.J.: D. Van Nostrand Company, 1964.) 80s. 
HIS translation of Hermann Borchert’s important 
book Ozeans Salzlagerstatien (Geb. Borntraeger, 1959), 
with a considerable amount of material added by R. O. 
Muir, the translator, may justly claim to be the first com- 
prehensive work in English on the natural salt deposits, 
the only previous approech to such & treatment being 
F. H. Stewart's chapter in the current revision of Clarke's 
Data of Geochemistry (US. Geol. Survey Prof. Paper 440-Y. 
Pp. 52. 1968). It is most valuable to have this summary 
from one of the leading European euthorities, the more 80 
because the deposits of the German Zechstein are con- 
sidered at some length and these have probably been 
studied more intensely, and for & longer time, than any 
in the world. 

In the case of the evaporites, as with marine iron ores, 
the ‘principle of uniformity’ cannot be applied, in that no 
extensive marine halite or potash accumulations can be 
observed in process of formation at the t. The 
factors controlling development and distribution of salt 
deposits, past and present, thus have to be inferred from 
geological evidence, and from the evidence of physical 
chemistry. After presenting a useful of the 
properties of the 26 important mineral phases found in 
evaporites, the first five chapters deal with depositional 
environment, distribution, sedimentation and tectanics, 
some emphasis being placed on the recurrent rhythmic 
nature of precipitation. Usiglio’s contention that the 
necessary environment is & basin or series of basins with 
tectonic bars to control the influx of new sea-water is 
strongly upheld. 

Isothermal evaporation of sea-water is next considered 
and the paths of crystallization illustrated in terms of 
the quinary system Na,-K,-Mg—Cl, SO,. Oceanographic 
studies show, however, that temperature and concentra- 
tion gradienta exist in all basins, varying with changmg 
current velocities to maintain & dynamic equilibrium. A 
brave attempt to consider the dynamo-polythermal evapo- 
ration of sea-water is therefore made and interesting 
conclusions are reached about the successive stages in 
primary facies variation as a basin becomes more isolated 
from the open sea. 

It has long been known that profound mineralogical 
changes occur in complex salt deposits as they become 
more deeply buried, arising from the changed tempera- 
ture-preesure conditions, and from the activity of solu- 
tions, especially those bemg eliminated from deeper levels. 
Writers in English have hitherto hesitated to describe 
these changes as metamorphic, since they occur under 
conditions where silicate minerals in sedimentation are 
undergoing the changes associated with diagenesis, below 
the lowest recognized grade of metamorphism. Never- 
theless. the authors make a good case for describing the 
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modifications in the evaporites as metamorphic and show 
that they can be considered in relation to the phase 
diagrams for various temperatures in the quinary system 
mentioned here, rather more effectively than silicates can 
be deciphered in terms of present knowledge of the 
physical chemistry of such systems as Na,0-K,0—-Ca0— 
À1,0,-SiO, at elevated temperatures. Chapters 8-15 deal 
with metamorphism and its consequences; with normal 
progressive metamorphism described in terms of melting 
and the activity of melt liquors; and with retrograde 
metamorphism described in terms of the effecta of water 
eliminated during dehydration reactions at greater depth 
and forced upward. The latter type of metamorphism is 
caused by dilute solutions percolating very slowly into 
salt deposita; besides waters originating as already noted 
from the conversion of gypsum (Ca8O,.2H,0) into anhy- 
drite (Ca8O,) and similar sources, the poasibility of activity 
by hydrothermal solutions of magmatic origin is contem- 
plated, and the well-known solution effects due to meteoric 
groundwater are also included. Here there are possible 
grounds for oriticigm, for changes taking place within the 
xone of circulating groundwaters do not form part of the 
silicate petrologist’s conception of metamorphism. It 
must, however, be recognized that it is not easy to avoid 
this difficulty. The essential distinction between the two 
types of salt metamorphism proposed is that normal pro- 
greasive changes are produced by authigenio liquors 
generated by geothermal melting, and lead to a sequence 
of mineral associations of which each successive one is in 
stable equilibrium with & liquid phase that becomes in- 
creasingly rich in MgCl, . Retrograde changes, on the 
other hand, give rise to eeea stable in brines be- 
ooming defloient in l, but increasingly sulphatic. 
With the basic conception of salt metamorphism estab- 
lished, it ia poemible to look at facies variations in the 
deposit and to attempt to assess their primary or secon- 
dary nature; and it is clear that very many have been 
influenced by post-depositional changes. 

A variety of different evaporite districts are described, 
and there are interesting chapters on the mechanical 
properties of salts, on salt-tectonics, and on the relation- 

This book is & very important contribution to the 
literature of the subject, but it is aimed at the advanced 
student or the specialist, for its authors do not hesitate to 
enter into controversies the background of which can only 
be adequately known to those familiar with what has been 
written during the past two decades about evaporites in 
several different countries. A less-sophisticated vermon for 
the ordinary student of geology or chemistry would also 
be welcame. K. C. DUNHAM 


MAGNETISM AND LIFE 


Blological Effects of Magnetic Flelds 
Edited by Madeleine F. Barnothy. Pp. ix--824. (New 
York: Plenum Press, 1964.) 10.00 dollars. 
Bee Bes of Magnetio Fields ie not, as might 
besupposed, yet another report of a conference attended 

by workers with a common interest; it is rather a book 
designed “to provide a theoretical and practical baok- 
ground” for would-be research workers, and also to 
“bring together in one volume the present-day knowledge 
in all the active fields of biomagnetio research". It is 
divided into four main sections: first, "Theoretical Oon- 
siderations” ; secondly, ‘‘Effecta of Strong Magnetio Fields 
in Specimens tn vivo” ; thirdly, ''Eiffeot o Strong Magnetic 
Fields on Specimens tn viro”; and fourthly, “Effects of 
Very Week Magnetio Fields”. Finally, there is a fairly 
oom: ive bibliogrephy relating to tho effects of 
static flelds. 

On the whole I must confess that I found the book disap- 
pointing. Perhaps a failure to achieve same sort of unifled 
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approach should occasion little surprise in a subject which 
has been worked at rather piecemeal, the interest of one 
investigator being oentred in such a ubiquitous and oom- 
monplace phenomenon as geotropism, while the interest of 
another lies in the significance of biomagnetiam for space 
travel, and so on. But it ahould surely have been possible, 
starting from scratch, to have produced a work which 
was a more coherent and satisfactory introduction to such 
an interesting bypath (for that is all it is at the moment) of 
modern investigation than has been done. As it is, most 
of the articles rT to be restricted accounts of special 
pieces of work ra than essays, complete in themselves, 
designed to introduce newcomers into interesting aspects 
of the broader subject. Perhaps the editor was set the 
task of attaining two mutually irreconcilable objectives; 
but it soarcely seams unfair to say that neither has been 
satisfactorily achieved. This is a pity, for a ‘background 
introduction’ and & of present-day knowledge 
and research activity could both have been very useful. 

These criticiams do not mean, however, that -the book 
is of little value. To initiated or half-initiated workers it 
will probably prove very valuable and serve to broaden 
their horizons. It is rather ita lack of any coherent em- 
phasis, treatment and standpoint which is cause for Tegret, 
not ite failure to include good and interesting material. 
But that is a common criticism of modern symposia, and 
no doubt one very difficult to remedy. 

On particular articles the following comments may be 
made from the point of view of a biologist. There is a 
reasonably adequate introduction to the subject of mag- 
netic fields, and of their possible modes of interaction with 
biological unite, though some clear diagrams would have 
been & great advantage. The discussion of the character- 
ization of magnetic in mathematical terms leaves 
rather a lot to be desired; it would surely have been 
better to have made magnetic moment the basia of mag- 
netic definitions rather than pole strength. In this intro- 
ductory section it would have been a great help had there 
been a clear résumé of methods of measuring magnetic 
fields, a requirement which most workers will some time 
have to meet and about which they may well start off 
quite ignorant. 

The second and third sections, dealing with the effects 
of strong magnetic fields, contain accounts of interesting 
but specialized work, such as haematological changes in 
mice, wound-healing and tissue regeneration in animals, 
magnetotropimn in plante, tissue respiration, increase of 
bacterial growth and increase of in activity. These 
articles make it fairly plain that the subject is as yet only 
in ite infancy. 

The fourth section, dealing with the effects of very 
weak magnetio flelds, is probably the most interesting of 
all. The orientational responses of planarians and snails, 
the reflexes of the water-diviner and the navigational 
mechanism of birds are lines of investigation that suggest 
exciting possibilities. Further, the magnetic fields in- 
volved might be described as natural ones, and this gives 
them an added significance. 

This is a book which workers in this field will un- 
doubtedly wish to poaseas. The format leaves something 
to be desired, and so does the attempt to provide a unified 
and adequate approach to the topic of biomngnetios; 
nevertheless it contains much of interest and value. 

D. O. SPANNER 


METAL CHELATES 


Chelating Agents and Metal Chelates 
Edited by F. P. Dwyer and D. P. Mellor. Pp. xv + 530. 
(New York: Academic Press, Inc.; London: Academic 
Prees, Inc. (London), Ltd., 1904.) 121s. 6d. 
HE publication of Ohelating Agents and Metal 
Ohelates is overshadowed by the tragic death of one 
of the authors—Francis P. J. Dwyer. As the inspiration 
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for its preparation derived mainly from him, the book 
provides a worthy monument to his memory. The purpose 
of the book is a good one, and ao, in the main, is the 
execution of this s 

The book is a composite work and as a result there is 
some lack of co-ordination between the different parts but, 
on the whole, its coverage is satisfactory. It begins with 
a useful introductory article on ‘Historical Background 
and Fundamental Conoepta" by D. P. Mellor, followed bya 
dissertation on the ‘Nature of the Metaligand Bond” by 
D. P. Craig and R. 8. Nyholm. The latter suffers 
from the lack of an adequate discussion of the ligand field 
theory. Such discussion seams desirable in view of the 

with which this theory is referred to in some of 
the later chapters, particularly that on oxidation-reduo- 
tion potentials. Tho introductory chapters are followed 
by ters on “Bidentate Ligands” by O. M. Harris and 
8. E. i ne, and “Design and Ste i of 
Multidentate Ligands” by H. A. Goodwin. The “Metal 
Chelates of Ethylene-diaminetetraacetio Acid and Related 
Substances” are the subject of a separate chapter by 
F. L. Garvan. These chapters contain much useful 
information on structure and stability of complexes. In 
a future edition it would be desirable to include a short 
section on the practical uses of chelating agents in analysis 
and sequestration. 

A chapter on “Optical Phenomena in Metal Chelates”’, 
by A. M. Bargeson, describes methods of resolution of 
optical isomers and brings out the value of conformational 
analysis and measurement of optical rotatory dispersion 
in the determinstion of their structure. Sargeson also 
co-operates with D. A. Buokingham in an interesting 
discussion of the factors which determine the oxidation 
reduction potential of metal complexes. This is a fleld of 
considerable importance to those with biological interests 
and it is unfortunate that the sign convention used here 
is the opposite of that with which they are familiar. It is 
a sad commentary on the inability of chemista to agree, 
that two different sign conventions should be used in 
different parte of the same book. This ap to confuse 
even the authors, for on p. 255 the text and Fig. 2 disagree 
in respect of sign. There ia other evidence of carelossnoea 
about signs (for example, in Table 4, Chapter 1, and Table 
4, Chapter 6) which may confuse some of the students and 
many of the biologists at whom the book is aimed. 

The later chapters dealing with subjects of biological 
interest are a little disappointing. In the preface, it is 
stated that the book is primarily intended as a work of 
reference for senior students and research workers. In 
this respect it should be very successful. The hope is also 
expressed that the book will interest biologists and medical 
scientists and this is lees certain of fulfilment. The attempt 
to bridge the gap between those with biological interests 
and the co-ordination chemists is laudable, for metals are 
of great importance in biological processes and our under- 
standing of these processes is often limited by our 
ignorance of the chemistry of metal complexes. The book 
does indeed provide a useful basis for further considera- 
tion of the biochemical functions of metals, but biologista 
and biochemiste interested in this fleld will wish that the 
subject had been developed more effectively in this direo- 
tion. Dwyer’s chapter on ‘inzyme—Metal Ion Activation 
and Catalytic Phenomena with Metal Complexes” deals 
very scantily with the role of metals in enzyme catalynis, 
& subject which has for some time been ripe for considera- 
tion by experts on the properties of metal complexes. The 
chapter on ‘Metal Chelates in Biological Systems”, by 
Dwyer and Shulman, is largely devoted to pharmacological 
and bacteriostatio effecta of synthetic chelates, a fleld of 
interest in itself, but one where our knowledge is too 
empirical to offer much scope for the inorganic chemist 
except in preparation of suitable chelates. The final 
chapter on ‘‘Physical and Oo-ordination Chemistry of the 
Tetrapyrrole Pigmenta", by J. E. Falk and J. N. Phillips, 
provides a good summary of this topic, but again is rather 
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deficient in ita treatment of the naturally occurring 
complexes—the haemoproteins, chlorophyll and vitamin 
B,, and ite derivatives. 

When the time comes to prepare a new edition it is 
hoped that more attention will be directed to these natural 
chelates. In the meantime, those concerned with the 
writing of the book are to be congratulated on the 
production of a work that is well worth possessing. 

G. Laar 


A COURSE IN STATISTICAL 
MECHANICS 


Equilibrium Statistica! Mechanics 
By Prof. Frank C. Andrews. .xii--206. (New York 
and London: John Wiley and Sons, Ino., 1904.) 385. 


Statistical Mechanics and Dynamics 
By R. Hyring, D. Henderson, B. Jones Stover and E. M. 


Eyring. Pp. xiii4-608. (London, New York and Sydney, 
John Wiley and Bons, Ltd., 1964). 113s. 


Ergodic Theory In Statistical Mechanics 
By I. E, Farquhar. (Monographs in Statistical Physica 
and. ica, Vol 7.) Pp. viii +2385. (London 
and New York: Interscience Publishers, e Division of 

John Wiley and Sons, Ltd., 1964.) 90s. 
(0: ne 
obtain & more perspicuous insight into the maoro- 
scopic behaviour of matter from & knowledge of some of 
ita microscopic properties. Conversely, we are also often 
able to extend our understanding of ite muaroscopic 
behaviour by means of judicious comparisons between 
theory and experiment on the macroscopic scale. From the 
educational pomt of view, it is therefore of considerable 
importance to the professional scientist in many fields. 
Unfortunately, as Andrews pointe out in his preface to 
Equilibrium Statistical Mechanics, all too often there is 
little time in the busy te curriculum for & 
unifled treatment of the subject, although incursions are 
frequently made into it from other related disciplines. 
In this connexion, the three books under review, although 
published independently, can be as & course in 
statastical mechanics, of gradually increasing depth and 
scope of treatment. At a comparatively elementary level, 
Andrews has set himself the task of providing an intro- 
ductory &ooount of the basic theory, illustrated by a 
number of the more important applications, while main- 
taining & high degree of mathematical simplicity. On the 
other hand, et al. in Statistical Mechanics and 
Dynamics have uoed & much more detailed treatment 
embracing a wide range of applications, including, for 
example, such topics as chemical kmetics. Brgodio Theory 
in Statistical Mechanics, by Farquhar, is obviously 
for the specialist who is interested in & more formal 
approach to the fundamental ideas of statistical mechanics. 
Andrews approaches the poses of developing a logical 
introduction to the subject by first discussmg the elements 
of probability theory, leading to the concept of the 
ensemble average. It is commendable that the micro- 
canonical, canonical and grand canonical ensembles aro 
mentioned at an appropriately early stage in the book, 
although most of the treatment is in terms of the canonical 
ensemble. The probability distributione corresponding to 
the various ensembles are defined and their significance 
explained in & straightforward manner without recourse 
to the all too familiar device, involving the rather indis- 
criminate use of Stirling’s theorem and Lagrange’s un- 
determined multipliers, that is so often characteristic of 
books at this level, in which it is rarely explained with 
sufficient care to be meaningful (with notable exceptions, 
of course). Andrews then establishes & link between 
entropy and probebility through the ensemble average 
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of the energy; the discussion here, although adequate, 
could profitably have been He then goes on, 
in roughly the remaming two-thirds of the book, to & 
number of illustrative applications, including ideal 
classical and quantal gases, dense gases and fluctuations. 
In particular, the relationahi between fluctuations and the 
mechanical view of thermodynamics is explained in order 
to complete the outline picture of the subject. —— 

While this outlme representa quite a satisfactory 
achievement of the original limited aims, it inevitebly 
lacks completeness in comparison with the more extensive 
treatment afforded by Eyring’s book, to which it would 
nevertheless form a helpful introduction. Eyring has set 
a much higher target: that of describing the main basic 
techniques and including all the applications one could 
hope to see mentioned in & single volume. We are presented 
with three methods of approach to the fundamental 
theory: the technique of compounding & known and an 
unknown system, the classical approach of Gibbs and tho 
Darwin-Fowler method of steepest descents, with support- 
ing chapters on claasical mechanics, thermodynamics and 
quantum theory, which comprise admirable summaries, 
in their own right, of their respective contributions to the 
main theme. It is indeed a luxury to have all this informa- 
tion so neatly aseembled. Furthermore, the list of applica- 
tions is impressive, ranging through specifio hests, 
radiation, electric and magnetic properties, eto., to surface 

i , with & concluding chapter on relaxation times. 
Although the treatment of each individual topio is 
necessarily somewhat compressed, it is still very complete 
end taken to quite an advanced standard, with many 
references. It is this completeness which enhances the 
value of the book, sinoe it extends also to considerations of 
reaction rates, thus emphasizing, in accordance with the 
title, the dynamic nature of all physical processes, including 
equilibrium and the & to ibrium. From this 
point of view, the book is highly to be recommended. 

While Eyring tends to regard statistical mechanica 
as better to be justified a posteriori, he does give a short, 
clear account of the difficulties ee the ergodic 
and quasi-ergodio hypotheses. other hand, 
Farquhar quite defmitely regards the purely pragmatical 
view of statistical mechanics as reducing it to the status 
of an ad hoo technique unrelated to the rest of phymes. 
Ergodio theary is concerned with just this problem of 
examining the precise circumstances in which it is possible 
to pass from a dynamical to a thermodynamical description. 
of & macroscopic system. 

Farquhar’s book is the seventh volume of 6 series of 
monographs in statistical physics and thermodynamics. 
It ia divided into three sections, dealing in turn with the 
general principles of the theory and their subsequent 
application in both olassical and quantal statistics. 
The approach is intended for the physicist rather than the 
mathematician, and includes an outline of any necessary 
mathematios, such as Lebesgue measure, as part of the 
treatment. It is limited also to & consideration of ergodic 
theory within classical and quantal statistics, and it does 
not deal with the approach of & system to equilibrium ; 
these restrictions being in accordance with the aims of the 
serios of which the book forms & part. Nevertheless, it 
constitutes & unique and lucid survey of the problem, 
as it relates to statistical mechanics, without in any way 
disguising the various pointe that still await elucidation. 
The usefulness of this kind of exercise lies icularly in 
the stimulation it provides towards & more critical appraisal 
of the foundations of the subject. 

Of these three books, it is more than likely that Eyring’s 
will be found to be the most generally useful, as a recent 
and moet welcome addition to what are usually regarded 
as the standard texte for the serious student. This judgo- 
ment does not detract from the contributions made by the 
works of Andrews and Farquhar in their respective spheres 
—the latter, especially, warranting the careful attention 
of the specialist. F. J. Paanson 
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Bessel Functions 

By Andrew Young and Alan Kirk. Part 4: Kelvin 
Functions. (Royal Society Mathematacal Tables, Vol. 10.) 
Pp. xxvii+97. (Cambridge: At the University Presa, 
1964. Published for the Royal Society.) 60s. net. - 


HIS volume contmuea the sericea of tables of 

Bessel functions issued by the Mathematical Tablea 
Committee of the Royal Society and ite predecessor, a 
similar committee of the British Association for the 
Advancement of Science. The functions tabulated are 
the real and i parts, and the modulus and phase, 
of the Bessel functions s*I (zeii) and $7* K (ret) 
for real z end n. These occur in the solution of the 
diffusion equation in oylindrical co-ordinates, in the 
description of eddy currente in cylindrical oonductors due 
to fluctuating magnetic flelds, and other problems. 

In & mathematical introduction, formulae relating to 
these functions are listed, the calculation of the tables ia 
described, and a bibliography is provided. In the mam 
tables, the functions are tabulated for n = 0(1)10 and 
æ = 0(0-1)10 to 7 figures, with differences given as aids 
to interpolation. Basio 15-figure tables for the functions 
of order 0 and 1 are also given and are believed to be froo 
of errors. There are also 8-figure tables for n = 0, 1, 2 
and z = 0 (0-01) 2-5, and auxiliary tables for the functions 
sar I, (zemit)and -*2* E (gomit), 

The arrangement and printing of these tables are excel- 
lent. A. ERDÉLYI 


Non-Metallic Inclusions In Steel 
By Roland Kiessling and Nila Lange. Pp. 104. (London: 
The Iron and Steel Institute, 1964.) 425. 


LL commercial steels contain non-metallic inclusions 
which often have important effecta on the properties 
of the steels. Thus, from the earliest days of metallo- 
graphy, these inclusions have been extensively mveeti- 
gated, Swedish metallurgists playmg a prominent part in 
such vestigations. The moet recent report by Prof. R. 
Kieesling and Mr. N. Lango, of the Swedish Institute for 
Motal Research, is à fine example of Swedish research. 

The investigation of inclusions has been revolutionized 
by the development of the technique of eleotron-probe 
analysis, which enables & quantitative analysis of the 
inclusions to be carried out in ew. The use of this teoh- 
nique, together with optical microscopy of the highest 
standard, has produced a report on inclusions which will 
be a standard text for all metallographers who are inter- 
ested in ferrous alloys. 

The authors state that a great many inclusions in steel 
belong to the system MnO—SiO,—A1,0,, and the preeenta- 
tion m the report has been based on this system, but 
inclusions of the genaral formula: l 

FezMn,-40—83iO,—Cr, Al, y0, 

and @ discussion of the different iron oxides are also 
included. The report oonsiste of a disousaion of the 
various phases present in these systema illustrated by 
photomicrographs of hybrid inclusions. Each photomicro- 
graph is accompanied by details of the type of steels, 
ite analysis, the electron probe analysis of the various 
phases in the inclusion and comments. There are also 
useful introductory remarks and comments through the 
text. J. H. RENDALL 


Galvanomagnetic Effects In Semiconductors 

By Albert i Beer. (Supplement 4 to Solid State Physics: 
Advances in Research and Applications.) Pp. xiv+418. 
(New York: Academic Preas, Inc.; London: Academio 
Prees, Inc. (London), Ltd., 1063.) 96s. 6d. 


f em importance of measurements of the Hall effect 
and electrical conductivity in determining the oarrier 
concentration and mobility in a simple extrinsic semi- 
conductor is universally recognized. However, the simple 
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bend model and scattering mechanimma that were widely 
accepted fifteen years ago are now known to be only rarely 
& good approximation. It is in the more complex realistic 
situations that the more detailed investigations of tho 
galvanomagnetic effecta become particularly fruitful. For 
example, measurements of the various Hall and eto- 
resistance coefficients at low magnetio fields have been 
used in determining the effective masa tensors in the 
multi-valley energy bands of several materials. Such 
Measurements are particularly useful when the carrier 
mobility, even at low temperatures, is too small to allow 
cyclotron reeonance end amlar effects to be exploited. 
The extension of the measurements to high magnetio 
flelda is especially useful for mixed or intrinsic semi- 
conduotors. 

Dr. A. C. Beer's book gives a really comprehensive 
treatment of the galvanomagnetic effects, starting from 
the simplest extrinsic model and progressing, for example, 
to multiple bands, non-quadratic energy surfaces and 
complex scattering proceas. It is not a practical book in 
the sense that it does not deeoribo techniques, but it is 
neverthelesa most suitable for experimentalists since it 
seta out the theory in an exceptionally plain and straight- 
forward manner. It is a pity that so little attention is paid 
by Dr. Beer to the thermomagnetio effects, since they can 
often be measured eaaily at the same time as the galvano- 
magnetio effecte and they provide useful additional infor- 
mation; they are, moreover, finding practical application 
in low-temperature energy convertors. However, having 
restricted himself to the galvano tic phenomena, 
which are, of course, themselves aiii devices ranging 
from magnetometers to amplifiers, Dr. Beer has produced 
an excellent text, well up to the highest standards of the 
series of which this book forms part. H.J. Gorpsxrp 


The Natural Philosopher 

Vol. 8. Edited by Daniel E. Gerahenson and Daniel A. 
Greenberg, in association with Dennis Flynn. (A Series 
of Volumes containing Papers devoted to the History of 
Physics and the Influence of Physics on Human Thought 
and Affairs through the Ages.) Pp. 111. (New York and 
London: Blasdell Publishing Company, a Division of Ginn 
and Company, 1964.) 15s. 


T little manual-deals, in four chapters, with a 
variety of themes of interest in the history and evolu- 
tion of physics. Ite particular merit : that the subjects 
selected are off the beaten track, and illuminate some 
unusual recesses of the mind. The first contribution sets 
Einstei well in the centre of the stage during the period 
of the wave-particle discussion. We see an aspect of 
quantum mechanics too often over-simplified, namely the 
properties of radiation and gases, with special referenoe to 
the Bose statistics. This happened m 1924 when Planok's 
radiation law was derived, not from classical elactro- 
magnetic theory as hitherto, but directly from light 
quanta; in the event, the prelude to Schródinger's work. 

The next paper deals with that somewhat obscure 
Swiss mathematician Le Sage (1724-1803), who evolved 
an ingenious theory of gravitation of & strictly meohanical 
kind, comprismg his ‘ultramundane corpuscles’. At the 
time there was no experimental evidence in support of 
such & system, but about a hundred years later the 
matter was taken up again, only to be proved untenable 
by Olerk Maxwell and Poincaré. 

Next comes a useful table of references to Faraday’s 
pepers on electricity, with explanations and notes. 

Finally, the reader 13 given a very clear account of 
the Eleatic School of Greek philosophy, and ita impact on 
physics. In effect, this was the fundamental role of logic, 
even if it contradicted experience. Time waa to correct 
this, without destroying the quest for vigour. Wo also 
owe to this school the beginnings of metephysios, in the 
recognition of various levels of being, an accomplishment 
essentially due to Parmenides. F. I. Q. RAwLINB 
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THE NATURAL ENVIRONMENT RESEARCH COUNCIL — ,, 
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By Sin GRAHAM SUTTON, C.B.E,, F.R.S. 
Chairman 


Tar Natural Environment Research Council came 
into being legally on June 1, 1065. Its formation was 
the outcome of & long process of consideration. Such & 
Research Council was first envisaged by the Slater Com- 
mittee, constituted by the Advisory Council for Boientiflo 
Policy, and later, in & somewhat different form, by the 
Committee on the ization of Civil Science under 
Sir Burke Trend. The statutory authonty for the creation 
of the Natural Environment Research Council is contained 
in the Science and Technology Act, which received the 
Royal Assent at the end of March 1965. 

The new Council is one of four for which the Secretary 
of State for Education and Science is responsible, the 
others being the old-established Medical and Agricultural 
Research Councils and the newly formed Science Research 
Council. In broad terms, the Natural Environment 
Research Council is concerned with those sciences, both 
that relate to man’s natural 


any person or body in the Earth sciences and ecology and 
in particular 


instruction. 

The Council ia thus a ‘federal’ organization, with a 
number of ‘ ent bodies’, that also provides support 
for certain independent institutions, for example, in 
marine and freshwater biology. The component bodies, 
which are directly controlled by the Council, in the past 
have been withm various governmental departments or 
else had a-separate Charter. They are: the Nature 

, the Home and Overseas Geological Surveys 
(including the Geological Museums), the National Institute 
of Oceanography and the Hydrology Research Unit. The 
Oouncil has also taken over the Development Com- 
mission’s responsibilities for fisheries research as well as 
policy direction and financial support for research in 
geophysics (geomagnetiam and seismology) carried out at 
the Observatories of the Meteorological Office. It will 
also be associated with the general programme of research 
of the Meteorological Office and, in consultation with the 
Forestry Commission, will support long-term forestry 
research in the universities. 

The Charter of the Natural Environment 
Research Council lays down that the Council shall consist 
of a chairman and not more than fifteen and not lees than 
ten members. The of State for Education and 
Science, with the advice of the Royal Society and inter- 
ested governmental departments, has appointed the 
following for the initial phase: Sir Graham Sutton (chair- 
man), Lord Howick, Mr. F. C. Bawden, Sir Edward 
Bullard, Prof. A. R. Cla Prof. F. K. Hare, Prof. 
J. E. Harris, Prof. M. V. Laurie, Prof. M. J. Lighthill, 
Prof. O. J. Mitcheson, Mr. N. A. F. Rowntree, Prof. 8. K. 
Runoorn, Prof. J. H. Taylor, Prof. V. O. Wynne-Edwards 
and Dr. O. M. Yonge. The secretary of the Oouncil, who 
is also ite accounting officer, is Mr. R. J. H. Beverton, 
formerly deputy director of the Ministry of Agriculture, 
Fisheries and Food’s Fisheries Laboratory at Lowestoft. 
The Headquarters are at State House, High Holborn, 
London, W.O.1. 


At its first meeting on. June 30, 1965, the Council set up 
a number of standing committees. The Charter stipulates 
that one committee shall be the Nature Conservancy with 


and the Hydrology Committee (chairman, Mr. Rowntree). 
The committees, in addition to supervising the work of 
their respective component bodies, will also be responsible 
to the Council for recommending research granta, training 
awards and fellowships in their fields. 

The interests of the new Council are thus large and 
diverse, embracing both physics and biology. The degree 
of control, however, varies over the fleld of natural en- 
vironmental science. The main effort in meteorological 
research in the United Kingdom comes from the Meteoro- 
logical Office, which will remain with the Ministry of 
Defence, as recommended by the Trend Committee. 
However, as meteorology by its very nature must enter 
into many parte of environmental science (particularly 
nature conservation and oceanography) 
that the association between the Natural 


professional activities such as weather forocasting, will 
continue to be the exclusive concern of the Meteorological 
Research Committee, but in others, notably climatology 
and rainfall studies, it will be eeeential to set up close 
links. In geophysica there are some diffleultios arising 
a8 & heritege of the past. Routine measurements of the 
Earth's magnetic fleld are made at the Eskdalemuir and 
Lerwick Observatories of the Meteorological Office and at 
Hartland Point, which comes under the Royal Greenwich 
Observatory and is therefore with the Science Research 
Council. Regular seismological observations will continue 
at Eakdalemuir under the Meteorological Office, but the 
Fr a! arh i an Cini 

i by the Natural Environment Research Council. 
There is & certain amount of administrative untidiness 
in these arrangementa, but this is not expected to have 
any serious consequences for the research programmes. 
In other flelds the Council should be able to exercise a 
much-needed integrating function. The formation of 
one committee to deal with physical oceanography, 
marine biology and fisheries should be valuable for the 
development of marine scienoe, &nd the oombination 
of geology and geophysios, with the amalgamated Home 

Overseas Geological Surveys as the component 
body, illustrates the desire for close union of service 
and scademio interesta in this fleld. In hydrology, 
there is a clear need for pioneering work to establish a 

of scientific work designed to help the users 
of water. 

The Council recognizes that one of its most important 
functions will be to provide funds for university research 
and granta and training awards in the disciplines that 
come under its control. Hitherto, the administration of 
this programme was with the Department of Scientific 
and Industrial Research. Many of the permanent staff 
that dealt with these mattera are now with the Science 
Research. Council; others will be transferred to the 
Natural Environment Research Council. It is essential 
that the change-over be as smooth as possible, and it is 
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& fortunate circumstance that it has proved possible to 
eee of both Councils in the 
same ding. For the time being, the machinery of 
administration will be much the same as hitherto, with 
the Natural Environment Research Council taking over 
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responsibility for the parts of the grants and awards 
programme that lie within its field. The emphasis on 
continuity should be particularly weloomed by universi- 
ties and others concerned with this important aspect 
of the Government's policy for science. 


A PHYSICAL BASIS FOR LIFE DETECTION EXPERIMENTS 


By Dr. J. E. LOVELOCK 
Bowerchalke, Nr. Salisbury, Wiltshire 


HE design of an efficient and unequivocal experiment 

in extra-terrestrial life detection should take into 
account: (1) A definition of life stated in terms favourable 
for ita recognition. (2) A description of the and 
present environment of the planet to be samp 

As yet, there is no formal physical statement to describe 
life from which an exolumve definition for experimental 
purposes could be drawn. Moreover no comprehensive 
description is available of the atmospheric as well as the 
surface DEUM ent chemical environment of any of the 
planetary ies. 

It is not surprising, in view of the vast expense of space- 
probe experiments and of the formidable unoertamtios 
already stated here, that the proposed experimenta in 
life detection all aak the cautious geooentrio question: 
“Is there life aa we know it? Most certainly it is diffloult 
to envisage in detail an alien biochemistry; it would 
seem pointless and very uneconomic to send a space 
probe to detect a speculative hfo-form. 

It is the object of this article to show that we are not 
necessarily limited to experiments based on the recogni- 
tion of a specific life-form, either Earth-like or alien. 
Also, that it is possible, by accepting a limited phenomen- 
ological definition of life, to design simple experiments 
from the recognition of life phenomena, including 
that with which we are familiar. The application of this 
approach to experiments in life detection is the basis of 
the discussion which follows. 


Recognition of Life 

It is a relatively simple matter to distinguish between 
living and inorganic matter on Earth by biochemical 
experiments even though no formal definition of life in 
biochemical terms existe. Experience suggesta, for 
example, that a system capable of converting water, 
atmospheric nitrogen and carbon dioxide into protein, 
using light as & source of energy, is unlikely to be inorganio. 
This approach for recognition of life by phenomenology 
is the is of the experiments in detection of life so far 
p Its weakness lies not in the lack of a formal 

efmition but in the assumption that all life has a common 
biochemical an x 

It is also possible to distinguish living from inorganio 
matter by physical experimenta. For example, an 
examination of the motion of & salmon swimming up- 
stream suggests a degree of purpose inconsistent with a 
random inorganic process. The physical approach to 
recognition of life is no more rigorous, at this stage, than 
is the biochemical one; it is, however, universal in applica- 
tion and not subject to the local constraints which may 
have set the biochemical pattern of life on Earth. 

Past discussions of the physical basis of life!-* reach an 
agreed classification as follows: “Life is one member of 
the class of phenomena which are open or continuous 
reaction systems able to decrease their entropy at the 
expense of subetances or energy taken in from the environ- 
ment and subsequently rejected in a degraded form". 
This classification is broad and includes also phenomena 
such as flames, vortex motion and many others. Life 


differs from the other phenomena so olassified in ita 
singularity, persistence, and in the size of the entropy 
decrease associated with it. Vortioes appear spontaneously 
but soon vanish; the entropy decrease associated with the 
formation of a vortex is small compared with energy 
flux. Life does not easily form, but persisis indefinitely 
and vastly modifies its environment. The spontaneous 
generation of life, according to recent caloulations from 
quantum mechanics’, is extremely improbable. This is 
relevant to the present discussion through the implication 
that wherever life existe ita biochemical form will be 
strongly determined by the initiating event. This in 
turn oould vary with the planetary environment at the 
time of initiation. 

On the basis of the physical phenomenology already 
mentioned, & planet bearing life is distinguishable from 
& sterile ono as follows: (1) The omnipresence of intense 
orderliness and of structures and of events utterly im- 

bable on a basis of thermodynamic equilibrium. (2) 
Priten departures from an inorganic steady-state 
equilibrium of chemical potential. 

This orderliness and chemical disequilibrium would to 
a diminished but still recognizable extent be expected. to 
penetrate into the planetary surface and ite past history 
as fossils and as rocks of biological origin. 


Experiments for Detection of Life 
The distinguishing features of a life-bearing planet, 
described here, suggest the following simple experiments 


in detection of life: 

(A) Search for order. (1) Order in chemioal structures 
and sequences of structure. A simple gas chromatograph 
or @ combined gas chromatograph — mass spectrometer 
instrument would seek ordered molecular sequences aa 
well as chernical identities. 

(2) Order in molecular weight distributions. Polymers 
of biological origin have sharply defined molecular weights, 
polymers of inorganic origin do not. A simple apparatus 
to seek ordered molecular weight distributions m soil has 
not yet been proposed but seams worthy of consideration. 

(8) Looking and listening for order. A simple micro-. 
phone is already proposed for other (meteorological) 
purpose on future planetary probes; this could also listen 
or ordered sequences of sound the presence of which 
would be strongly indicative of life. At the present stage 
of technical development a visual search is probably too 
complex; it-is nevertheleas the most rapid and effective 
method of life recognition in terms of orderliness outaide 
the bounds of random assembly. 
nonequilibrium. (1) Chemical dis- 
equilibrium sought by a differential thermal analysis 
(DTA) apparatus. Two equal samples of the planetery 
surface would be heated in a DTA apparatus: one sample 
in the atmosphere of the planet, the other in an inert gas, 
such as argon. An exotherm on the differential signal 
between the two samples would indicate a reaction 
between the surface and ite atmosphere, a condition 
most unlikely to be encountered where there is chemical 
equilibrium as in the absence of life. It should be noted 
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that this method would recognize reoxidizing life on a 
planet with a reducing atmosphere. This experiment 
could with advantage and economy be combined with, 
for example, the gas chromatography mass spectrometry 
experiment (41) where it is necessary to heat the sample 
for vaporization and pyrolysis. 

(2) Atmospheric analysis. Search for the presence of 
compounds in the planet’s atmosphere which are incom- 

tible on & long-term basis. For example, oxygen and 

ydrocarbons oo-exist in the Earth's atmosphere. 

(3) Physical non-equilibrium. A simplified visual 
search apparatus programmed to recognize objects in 
non-random motion. A more complex assembly could 
recognize objecta in metastable equilibrium with the 
gravitational field of the planet. Much of the plant life 
on Earth falls into this oa : 

ts Al, Bl and B2 are the most promising 
for the development of practical instruments. Indeed, 
the gas chromatography — massa spectrometry combination 
experiment and the DTA experiment already proposed 
for planetary probes’ are, with minor modifloations, 
capable of recognizing the ordered sequences and chemical 
disequilibrium discussed earlier. Experiment B2, atmo- 
spheric analysis, is simple and practical as well as impor- 
tant in the general problem of detection of life. A detailed 
and accurate knowledge of the composition of tho planet- 
ary atmosphere can directly indicate the presence of life 
in terms of chemical di ium; such knowledge also 
is complementary to the understanding of other life 
detection experiments and to the pu of subsequent 
experiments. Even on Earth ife is abundant 
there are many regions, such as those covered by fresh 
snow, where a surface sample might be unrewarding in 
the search for life. The atmospheric composition is largely 
independent of tho site of sampling and provides an 
averaged value representetive of the steady state of 
chemical potential for the whole planetary surface. 

Fig . 1 shows the abundance of hydrocarbons of carbon 
n between 11 and 88 for abiotic hydrocarbons of the 
Fischer-Tropech procese’ and hydrocarbons of biological 
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origin, woo] wax’. Poisson distributions around the 
predominant hydrocarbon numbers are shown aa solid 
lines. The inorganic hydrocarbons fit closely the expected 
Poiseon distribution for a state of chemical equilibrium. 
By contrast the biological hydrocarbons show large 

in the distribution of their abundance from 


this equilibrium state; also, especially for the higher 


molecular weight alkanes, a two-carbon ordered sequence 
is well established. 

In & similar manner with experiment Bl the dis- 
equilibrium associated with life can be domonstrated. 
A few mg of soil heated in a DTA apparatus in air shows à 
large exotherm when compared with a similar reference 
sample heated in argon. The combustion of even a few 
mi of organic matter in these circumstances is 
capable of generating & detectable signal. 


Detection of Life on Mars 


Ordinarily one does not look for flah in & desert, nor for 
cacti on an ice cap. Should we, therefore, look for micro- 
organiams of Earth-like habits on Mars, or should we 
rather ask one or more of the general questions discussed 
here? The answer to thia must depend on the history of 
Mars, past and present. 

The following is the only sure information so far avail- 
able on Mars. It is dry. The atmosphere is thın and 
contains no more than a trace of oxygen. The flux of 
solar radiation at the surface, although lees than on Earth, 
is also less filtered and may include an appreciable content 
of energetic radiation; in particular, short wave-length 
ultra-violet. ‘The temperature range includes periocs 
above zero centigrade. Finally, but leas certain, is the 
possibility* that oxides of nitrogen are present in appreci- 
able amounts. 

If these conditions are representative of Mars in the 
past 0d ey a ee MEAE er 
ife, if preeent at all, can resemble that on Earth. How- 
ever, it is possible that Mars was once Earth-like (primeval 
non-living Earth) and has changed physically to ita 
present state; or less likely that the present state of Mars, 
like that of the Earth, ia a consequence of biological 
change. For success a geocentric biochemical experiment 
must assume that Mars was once Earth-like and that life 
is still surviving in & highly adapted form yet still reoog- 
nizable to the experiment. 

If Mars is as it always was or has been changed to ita 
present state by biological action, then life, if there now, 
would be very: different from that we know. Could we 
conceive of living in liquid N,O, as an ionizing 
solvent! Could they use hard ultra-violet aa a source of 

? Is cellular life necessary in & dry environment, 
or did cell membranes evolve on Earth to offset the 
overwhelming effecta of dilution in the primeval seas? 
What sort of Martian biochemistry could have generated 


“the present atmosphere ? 


Answers to these questions are important in the design 
of experiments to detect particular life-forms ; thus, with & 
growth experiment, or a biochemical experiment, the 
strength, composition and conditions of incubation of the 
medium are of vital importance. This information, 
however, is not needed in the general detection of life. 
In view of what is not known of conditions on Mars, the 
physicochemical i is in life recognition such as 

i Al and B1 and B2 seem more worth consider- 
ing for early probe experimenta. These simple experi- 
mentas do not require a prior knowledge of the planetary 
environment and are not limited to Earth biochemistry. 

Ithank A. Zlatkis and P. G. Simmonds of the University 
of Houston for their advice and for conducting and provid- 
ing me with the results of the differential thermal analysis 

riments in the discussions here. I also 
thank G. Hobby and Q. Mamikunian of the Jet Propulsion 
Laboratory, California Institute af Technology, Pasadena, 
California, for their advice. 
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BIRTH-DEATH AND OTHER MODELS FOR MICROBIAL INFECTION 


By Paor. PETER ARMITAGE 7 
Department of Statıstla, London School of Hyglene and Tropical Medicine, Keppel Street, London, W.C.l 


D& G. G. MEYNELL 
Guinness-Lister Research Unit, Lister Institute of Preventive Medicine, Chelsea Bridge Road, London, S.W.I 
AND 
Da TREVOR WILLIAMS 
Department of Mathematics, Duke University, Durham, North Carolina 


HORTLEY and Wilkins! have recently analysed 
certain experimental data derived from microbial 
infections. They first consider the relation observed 
between size of dose and the proportion of hoste respond- 
ing, and draw a oonolusion of considerable biological 
interest, namely, that host reaistanoe is often discon- 
tinuously distributed, with the hoste falling into two homo- 
geneous groups. In our opinion these authors lay undue 
streea on the two-group distribution, which we believe to 
be Supporta by very few seta of date. Secondly, Shortley 
and Wilkins find strong evidence in favour of & simple 
birth-death model of infection. Our examination of this 
type of model shows that although ite predictions, quali- 
tatively considered, are in remarkable agreement with the 
date, a detailed analysis ancounters serious difficulties. 

In most experimental infections e given host is unlikely 
to respond to inoculation of a single organism, and this 
finding has been acoounted for by two main types of 
model, originally distinguished by Halvorson’ in 1935. The 
first is derived from the pharmacological work of Trevan* 
and postulates an individual effective dose (LED) for each 
host such that it will certainly respond to a dose equalling 
or exceeding ita IED ; the hypothesis is, therafore, determ- 
inistic in nature. Inoculated organisms oan be thought of 
as co-operating to ‘asturate’ the host defences. In the 
alternative class of model, however, inoculated organisms 
are assumed not to co-operate but to act independently— 
hence the designation ‘hypothesis of independent action” 
—and each organiam is assumed to have an independent 
probability, p, of multiplymg sufficiently to produce a 
response: all hypotheses based on this assumption are, 
therefore, stochastic. Whenever inoculation of one 
organism is not invariably followed by a response, the 
value of p is clearly lees than umty (<1). The reasons 
suggested for this serve to subdivide stochastic hypo- 
theses: 

(1) The culture from which inocula are drawn might 
consist of a mixture of completely virulent and completely 
avirulent organisms (for which p=1 and 0, respectively} 
so that the value of p 15 the proportion of virulent organ- 
isms in the culture. This is unlikely in most systems’. 

(2) All the organisms in the oulture might be fully 
virulent but each of the sites they reach after inoculation 
might be either completely favourable or completely 
lethal to them. This only seems likely when inocula aro 
applied to the external surface of the host, as by ingestion® 
or inhalation’, when is the probability per inoculated 
organism of reaching the interior. Both these posi- 
bilities presuppose that the outcome is decided once the 
organiams reach their final sites of depomtion, presumably 
within a short time of inoculation. 


(3) In contrast, the birth-death model assumes that 
the outcome is determined by suocesaive random events 
which continually operate as long as even one organism 
remains viable in ita host. Thus, in each small interval 
of time dé after inoculation, each organism still extant 
has a probability Adt of dividing, a probability udi 
of dying, and a probability 1—(A—p)d# of doing neither. 
When p > X, the host must invariably survive if the 
dose 18 substantially less than the final number of 
organisms causing the response (C m ref. 8), because 
each clone (that is, each inoculated. organism and ite 
progeny) will be extinguished before it can inorease to 
any extent. The model therefore postulates A» with 
p-—l-(u/AX) for infections leading to a response. The 
increasing probability of onse with increase in size of 
dose can here be thought of as reflecting the chance that 
one or more clones will be ‘lucky’ enough to inarease to C. 
Processes of this sort are considered in many branches of 
science’ and some of the underlying mathematical argu- 
menta are far from novel. For example, equation 14 in 
Shortley and Wilkins!, ED,, = 0-69/{1 — (u/A)}, follows 
immediately from the probability of extinction m & 
birth—death procoes derived by Bartlett in 1946 (ref. 10). 

Many attempts have been made to establiah the model 
that best describes microbial infection. The deterministic 
hypothesis of the IED has been objected to*:!!, because, in 

where the ØD, is relatively small (for example, 
10*), it has always been hard to see how such a dose could 
‘saturate’ the host. However, viable counts show that, 
whatever the outcome of inoculation, the number of 
organisms per host usually increases exponentially at 
flrsti1-3, perhaps for several days, and that only after- 
wards do the counta on non-responders decline while 
those for responders continue to mise to O. Consequently 
it could be argued that the number of organisms determ- 
ining the outcome i8 not that inoculated but the larger 
number present when the growth curves for responders and 
non-responders diverge. It may be noted, incidentally, 
that growth curves on responders certainly do not appear 
to originate from a proportion p of the dose, as might 
ocour if infection complied with possibilities 1 or 2 already 
described here. On the contrary, many growth curves 
rise from the whole dose, whatever the outoome and 
whatever the value of p!t:!*, 

Birth-death models are very attractive, aince they have 
far greater predictive powor than deterministic models. 
Given the values of p and O, and assuming that the hosts 
do not differ in resutance, the basic birth-death model 
developed by Williams! predicts many quantitative 
features of an infection, of which those marked by asterisks 
below also follow from possibilities 1 and 2. They include 
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an exponential relation *, P=1 —e-, between dose, d, and 
proportion of hosta responding, P; that P will be unaffec- 
ted by splitting a total of d i into several smaller 
doses * ; a mean response time, T', tending to constancy * for 
d lees than the HD, with T inversely related to log d for 
values of d exceeding the HD,,; the variance of T; the 
median and variance of the viable counte for a given dose 
at different times after inoculation; the probability that a 
given clone has been éxtinguished by a given time after 
inoculation; and the probability for & given dose that O 
is largely made up of 1, 2,... ar d clonea*. The last pre- 
diction is often phrased as the probability that a host 
given a dose of known size will respond owing to tho 
mnltiplioation of 1, 2,... or d inoculated organisms. The 
model oan be elaborated to inalude heterogeneity in host 
resistance, whose degree may be estimated independently 
by each type of observation such as viable counta or 
response times. Moreover, the can be used in 
reverse to estimate p, O, X, and u from epidemiological 
data like the distribution of incubation periods in epidemics 
of typhoid and streptococcal sore throat’. Bome of the 
predictions have long been used to determine the applio- 
ability of stochastic models, two i dose- 
response curvee'* and responses to single clones’, first 
discussed in 1981 and 1934 respectively. The hypothesis 
of the LED makes only one prediction: that the slope of the 
dose-quantal response curve is infinite when the hosts are 
uniform in resistance. 
The outcome of previous investigations has tended to 
favour a stochastic mechanism. The slopes of dose- 
quantal response curves are almost never greater than 
predicted, whereas oo-operation is consistent with any 
_slope up to infinity, and high values do in fact occur in 
titrations of toxic chemicals and killed igmg* 1, 
Subdivision of the total dose does not affect per cent 
18, The mean response time appears to tend to 
constancy at d < 1ED,, (refs. 12 and 19), and otherwise 
to vary inversely with log d1. Most hoste that respond to 
doses <1LHD,, of a mixture of distinguishable variants of 
the same are to contain preponderantly 
1 clone, but the resulta do not usually conform to predio- 
tion because the organisms to interact at some 
stage during infection. Nevertheless, inoculated 
j evidently behave independently in respeot of 
their ability to form discrete visible fooi in internal organs, 
a8 shown by the number of foci being proportional to the 
dose’ and by each focus containing only 1 clone, although 
a mixture of distinguishable clones is inooulated* M, A 
finding inexplicable on stochastic possibilities 1 and 2 is 
that the course of fatal infections in mice given Salmonella 
typhimurium by intraperitoneal injection is apparently 
determined by the whole dose, d, and not by an 
‘effective fraction’, pd4. It is now clear that this is to 
be expected if the infection conforms to & birth-death 
14 


prooess!^. 

The distinction between deterministic and birth—death 
mechanisms can be made in at least three other ways: 

(1) By measuring the value of u. This can be done 
i in bacterial infections by obtaining -u from 
colony counts and by measuring AX alone by the super- 
infecting phage technique’. The birth-death model 
requires A4>p>O throughout the infection, whereas p 
might be roro on a deterministic model when the viable 
count increases. Such measurements would also test a 
particularly suspect prediction of the birth-death model 
which follows from p = 1 — (u/2): that large changes in 
ED,, oen result from minute changes in A or p- 

(2) By determining the growth ourves for non-responders 
gwen doses differing in size. Tho birth-death model 
predicte that the smaller the dose, the sooner will the 
median viable count fall, whereas on a deterministic model 

ting that the decisive event occurred some time 
after inoculation, the curves might be identical whatever 
the dose. Mice have been given 0-03 or 0-000075 LD,, of 
Salmonella paratyph B by intraperitoneal injection 
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(LLD,,= 107 organisma), bub there was no appreciable 
difference between the two sets of colony counts. f 

(3) By testing all the data from an experiment for internal 
consistency. For example, i would be Inconsistent on any 
model to postulate small differences in host resistance to 
account for a dose-mortality curve when viable counts 
showed the differences to be gross. We have analysed the 
11 in the light of the birth- 


(a) The dose-mortality curves flatten out too much at 
small doses. This is explicable either by a proportion of 


(o) At doses not leading to a response the viable counts 
show & more consistent 
predicted. 

(d) The observed variance of viable counta 18 too high at 
high doses but too low at low doses. 

(e) The logarithmic variance of viable count does not 
increase with time as would be expected if the variability of 


are subject 1 
viable counts” provide no support for this explanation. 


the 
assumption that O is 
estimates of A are 


The 
fore by no means wholly in favour of any form of sto- 
ohastio mechaniam, despite the fact that the overall 
picture provided by the basic birth-death model corre- 
sponds remarkably well to what is found in practice. The 
observation in support of some form of sto- 
chastio mechanism is the relatively small slope of dose- 
quantal response curves in infections as compared to those 
observed in nse to toxic agenta4. Even this could 
be accounted for on a deterministio model by arguing 
that host variation in response to infection would neces- 
sarily be larger than to a toxin because the outcome of 
inoculation ia undecided as long as any organisms remain 
viable in the host, often a period of weeks, So offering 
greater scope for fructuation in host resistance which might, 
moreover, depend on many host functions, each fluctust- 
ing independently. | nk fais 

Whichever model is considered, the distribution of host 
resistance, if allowed for, is usually assumed to be uni- 
modal, whereas Shortley and Wilkins! conclude from their 
examination of reported dose-quantal response curves in 
terms of a stochastic mechanism that resistance is often 
distributed into two almost homogeneous groups. How- 
ever, it should be noted that the compound exponential 
curve then predicted by all stochastic models is very 
insensitive to variability in p (ref. 23) and does not enable 
the precise form of variability to be easily determined. 
In an earlier examination of the two-point distribution, 
Armitage™ said ''the purpose of this discussion is merely to 

of data oen be fitted by a two-point 
distribution and that a reasonably good fit can be made 
fairly quickly”. With & two-point distribution, there are 
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three (the two values of p, and the proportion 
of hosta of each type) to be adjusted at will, so a good fit is 
likely to be obtained to almost any set of rather i i 

data like those obtained from infectivity titrations’. It is 
dangerous to assert too dogmatically that a two-point 
distribution of p is implied by observed ourves unless a 
variety of other distributions has bean examined and 
found wanting. In our view, Shortley and Wilkins! do 


nob provide adequate support for their extensive fitting of ' 


two-point dis&nbutions to dose-response data, and, 
indeed, they show that one set approximates well to an 
integrated log-normal distribution with large variance 
(their Fig. 8), such as would be consistent with a very 
heterogeneous population of hosts the resistances of which 
were distributed unimodally. 

A bimodal, or indeed any irregular distribution of host 
reaigtanoes, would algo reveal itaelf in the distributions of 
individual response times to a given dose, provided the 
two groups of hosta did not differ so much that the doses 
Ro responses in only the more susceptible group. 

ah distributions are known in mice infected by pneumo- 
ooocit" or tubercle bacilli** and possibly in infection by 
tumour viruset, but some e les arise from trivial 
causes like non-specific death following inoculation™, 
inadequate chemotherapy", cross-infection™, and errors 
of ealeuletion*. Convincing examples are difficult to find, 
and, in most infections, the logarithms of individual 
response times appear to be unimodally distributed, often 
approximately normallyt*3'.5, with a variance indo- 
pendent of dose* 3, This that not only is host 
resistance unimodally distributed, but also that the 
response times are not influenced by partial immunity 
acquired during the infection. One would suppose that 
the anti-microbial mechanisms responsible for acquired 
immunity begin to act more efficiently at some time after 
inoculation. Those members of a doee-group which 
responded before this time would, therefore, be in their 
initial state, whereas the course of infection in those which 
responded later would be modified, for example, if the net 
microbial growth fell so that each response took longer to 
oocur than would otherwise have been the case (see Fig. 1o 
in ref. B). In other words, the hoete, though homogeneous 
in resistance initially, would become heterogeneous during 
the experiment. In the few systems in which this appears 
to oocur*;t'-!! the distributions of individual log response 
times have greater variance and skewness at small doses 
than at large doses, which en pes that the longer response 
times associated with doses give anti-microbial 
mechanisms a greater chance to take effect. The fact that 
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the majority of observed distributions are not of this kind 
and, indeed, appear to be the same for all doses might 
mean that antimicrobial mechanisms entirely fail to 
develop in any individual that responds. The other . 
extreme is that these mechanisms develop in each indi- 
vidual but are either completely ineffectual, so that the 
infection progresses undisturbed, or completely affective 
and prevent the response. That is, the mechanisms under- 
lying acquired immunity may generally exert an all-or- 
none effect on the infection which provokes them. 
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SPECTRAL DATA FROM THE COSMIC X-RAY SOURCES IN SCORPIUS 
AND NEAR THE GALACTIC CENTRE 


By R. GIACCONI, H. GURSKY and J. R. WATERS 
American Sclence and Engineering, Inc, Cambridge, Massachusetts 


URING two rocket flights conducted from White 
Sends Missile Range on August 28, 1964 (flight I), and 
October 26, 1964 (flight IT), we have obtained information 
ing the spectral ition of the X-ray source 
in Beorpius (Soo X.-1) and those along the Galactic equator 
in the vicinity of the Galaotio centre. The results were 
obtained from two te detectors and extend over the 
spectral region 1-25 keV. We find that the radiation 
from ScoX-1 extends from 15 keV to at least 2-5 keV, 
and that the tral distribution is not consistent with 
biaak-body iation. ‘The radiation from the region 
along the Galactic centre extends to about 25 keV. The 
latter region apparently contains several distinct X-ray 
sources as reported by Giacconi et al.1, Bowyer et al.* and 
Fisher ef al.*. 


Sinoe the discovery of cosmic X-ray sources by Giacooni 
sé al.‘ in 1962, only grossa information regarding the 
spectral composition of the radiation has besn reported. 
In the same paper an effective wave-length near 8 A was 
reported based on atmospheric attenuation and the 
difference in counting rate in two separate Geiger counters. 
Giacconi ei ai. afterwards reported that the spectrum. 
was consistent with & black-body temperature of about 
10 °K. Bowyer ei al.* attempted to measure the spectral 
composition of radiation from the Crab Nebula between 
I and 10 keV by making observations in two independent 
Geiger counters. Later, they published’ a critical evalua- 
tion of their experiment which showed that one of the 
counters did not function as In the sams paper 
they presented results on the atmospherio attenuation 


consistent with a black-body temperature of 2-3 x 10* 
°K. In another i t X-rediation from the Crab 
haa been observed between 20 and 60 keV by Olark' 

Discussions of the source mechanism for the generation 
of the observed X-rays has centred on three ilities : 
(1) black-body radiation from a neutron ster; (2) radiation 
from an optically thin hot plasma; (8) synchrotron redia- 
tion from high-energy electrons in a weak magnetic 
fleld. Specific literature citations appear in refs. 5 and 
7 cited here and in a review article by Gigoooni and 
Gursky* 


We are reporting here spectral data obtained by lacing 
absorbers in front of the Geiger counters during Right I 
and by orming & pulse height analysis of the output 
of & ium iodide (NaI) scintillation counter during 
flight IL. The several sources along the Gelactio equator 
could not be resolved with these counters and all contribute 
to the spectral data from that region. Other results from 
these rocket flighta have been reported by Giscooni et al.*, 
which demonstrated the separation between ScoX-1 and 
the sources near the Galactio centre, and by Oda e£ al.1*, 
which the resulta of the measurement of the 
angular diameter of SooX-1. 

The Geiger counter detector used during flight I of this 
experiment was a bank of twelve individual argon-filled 
counters with beryllium windows of 9-0 om? thickness 
and a total sensitive area of about 70 cm?. efficiency, 
calculated as the product of the absorption in the gas 
filling and the transmision of the window, lies above 
10 per cent between 17 keV and 1:2 keV and peaks at 
between 3 and 4 keV. This computed efficiency was 
checked experimentally by exposing counters to the beam 
from & tungsten t, windowless X-ray tube operated 
from 1:8 to 10 KV. The observed counting rates were in 
agreement over the entire range of voltage with those 
predicted using thick target yield curves and the oom- 
puted counter efficiency. 

The Geiger counters were equipped with rectangular 
collimators which limited the of view to 15° fall 
width at half maximum (FWHM) in the direction of 
rotation of the rocket and 20° FWHM in the direction of 
the rocket long axis. The counter bank was mounted 
so that ite axis of maximum sensitivity made an angle 
of 80° with respect.to the long axis. Two filters, Fl of 
7-04 mg/om? of beryllium and F2 of 1.72 mg/om! of 
mylar, were placed in front of the detector and were 
aequentially removed during the flight to allow measure- 
ments for approximately equal time-intervals of the X-ray 
fluxes with F1 and F2 in place, F1 alone in place, and no 
filter. 

The motion of the rocket during this flight (flight I) 
consisted of a id rotation with a period of 0-55 seo 
about the long axis plus a slow preceasion of the rotation 
axis with a period of 83 sec along a cone of a small opening 
angle. The X-ray source regions were observed during 
each rotation but, because of the low counting rates, 
data from successive rotations were added in order to 
obtain sufficient statistical precision. 

During each rotation the detector swept out a band on 
the celestial sphere the width of which, 20°, equalled that 
of the collimator. Tho precession results in an approxim- 
ately sinusoidal variation of the angle of closest approach 
of a given celestial object to the centre of this band. 
During each precession cycle the centre of the band came 
within 2° of SooX-1 and moved along the Galactic equator 
between i; = 2° to lg = 27°. 

Three full precession cycles were recorded during the 
rocket flight, and since a filter change occurred almost in 
phase with the precession we have essentially a complete 
precession. cyole of date for each of the three filter condi- 
tions. The data from the precession cycle with no filter 
in place have been the subject of a previous paper”. The 
counting rates with background subtracted observed 
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of X-radiation from the Scorpius source which was- 


Table 1. OouxrUEG RATE OBSERVED DX THE TWO-SOUROE REGIONS WITH 


AND WITHOUT FILTERS 
Counting rate Attenuation 
Filter Sources relative 
condition region opm no filter 
No filter So X-1 6*0 +20 1 
SooX-1 440 +18 07140 04 
Fi+ Fa Sea X-1 850417 0-561003 
No filter Gal oen 250 +18 1 
Gal oen 240118 0-70 + 0-06 
ner Gal om, 210+15 0-62 + 0-05 
background rate 30 c.p m. 


with the three filter conditions when the detector crossed 
ScoX-1 and crogsed the region along the Galactic equator 
are listed in Table 1. The counting rates represent an 
average over the same fraction of the precession cycle for 
the three cases. Listed also is the attenuation, defined aa 
the ratio of the counting rates for the two filter combina- 
tions compared with no filter. 

The significance of the attenuation factor can be 
partially understood from the folowing arguments. 
Photons at 2-5 keV will give the observed attenuation of 
about 0-7 per filter. In order to obtain the same attenua- 
tion factor in the case of a distribution of energies, the 
number of lower energy photons present, which are 
absorbed more strongly, must be compensated for by 
high-energy photons which are absorbed lees strongly. 
Thus, there must be oomparable numbers of photons 
above and below 2:5 keV. The magnitude of the attenua- 
tion depends on the true spectral distribution and oan be 
calculated from the relation: 

Attenuation = [p(A)o r e(A)d Yfp(A)e(ajda 
where q(A) is an assumed spectrum in terms of number 
of photons per unit wave-length interval, (A) is the 
counter efficiency, u(A) is the linear absorption coefficient 
of the filter and w is the thickness of the filter. We 
performed this calculation for three assumed spectra, 
namely,-(1) a power law spectrum of the form: 

: e) = Ax (tU (2) 
Equation (2) is equivalent to a distribution of the form 
v4 (v = frequency) when the spectrum is expreesed in 
terms of power per unit frequency interval. 

(2) An exponential spectrum of the form: 

(A) = (A/Xjexp( —Ao/ ET) (3) 
Except for tho weak energy dependence of the Gaunt 
factor this distribution describes free—free emis- 
sion by electrons having a Maxwellian distribution of 


(1) 


energy. 
(8) A thermal spectrum of the form: 
e(3) = Ad-foxp (ho/AkT) — 1] (4) 
The quantity A that appears in these three distribution 
laws is a constant that can be determined from the 
relation: 
A = N/[o(3)s(2)d (5) 
where N is the observed counting rate. 


For each of the distribution laws and for each filter 
condition, equation (1) was evaluated by numerical inte- 
gration for a series of values of a in the case of the power 
law spectrum and of T'in the case of exponential and 
thermal spectra. The observed attenuations for ScoX-1 
are obtained with a = — 1-1 + 0-8 for a power law spec- 
trum, with T = (8-8 + 1-8) x 10! °K for an exponential 
spectrum, and T = (01r 0-9) x 10* °K for a black- 
body spectrum. The listed uncertainties result from the 
statistical fluctuations expected from the total accumu- 
lated counts. Within the precision of the measurement, 
the spectrum from the two-source regions is the eame over 
the interval of wave-lengths to whioh the Geiger counter is 
sensitive. Furthermore, it is not possible to decide between 
the three spectral types from these date alone. 


Additional resulta come from the observation 
durin g flight of the same two-souroe regions by an 
Nal( ) crystal with aree of 88:5 om* and a thicknees of 1 


mm covered by 6-9 mg/cm! of aluminium. The crystal was 
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Fig. 1. Asmmuthal distribution of counts observed m Mal detector 


viewed by a 7188 OBS photomultipler and the combina- 
tion had & measured resolution of 48 per cent FWHM at 
22keV. The detector fleld of view was limited to 5° x 25° 
FWHM and the detector was mounted with ite axis at 
60° from the long axis of the rocket. During the flight 
this detector scanned substantially the same source 
regions in the sky aa did the Geiger counters in flight I, 
&nd the rocket motion was comparable with that of 
flight I. 

The results from this detector consisted of those photo- 
multiplier pulses above a threshold equivalent to about 
8 keV. These were stretched to 1 ms with their pulse 
height preserved and telemetered in real time from the 
rocket. Pulses from successive spins of the rocket were 
summed as a function of both pulse height and rocket 
azimuth, The azimuthal distribution of all telemetered 
pulses is shown in Fig. 1. Sources are apparent at azimuths 
of 2° and 26° which correspond ere to traversal 
of the regions containing ScoX-1 and the Gelactio equator. 
We have sasumed that the same X-ray sources are 
responsible for the radiation detected in the NaI and 
Geiger counter detection systems. 

The differential pulse height distributions of the date 
within the source regions are shown with background 
subtracted in Fig. 2, as well as the beckground spectrum 
iteelf. The date below 10 keV show the cut-off resulting 
from the electronic threshold. Above 10 keV the dis- 
tribution of heighte observed in the two-souroe 
region is mar different from the background dis- 
tribution. The distribution observed from ScoX-1 is 
consistent with a cut-off in the at about 
15 keV, whereas the radiation from the Galaotio equator 
region extends to higher energies and there is evidence for 
& possible peak at 20 keV from the same region. The 
observation of this peak must be regarded as only tenta- 
tive because of the low statistical precision of the results; 
however, this feature cannot be an instrumental effect 
since it does not appear in either of the other two spectra. 

The ambiguity in the choice of spectral distribution law 
that arises from the Geiger counter data alone can be 
partially resolved by considering the Nal date as well. 
The counting rates observed for the two-source regions 
by the two detectors are listed in Table 2. The ratio of 
idee rates for ScoX.l ıs (14 + 8):1, which can be 
obtai for either & power law or exponential spectral 
distribution with the parametera determined from the 
Geiger counter data. To fit a black-body distribution, 
however, requires a temperature of (17 + 1) x 10* °K 
which cannot be reconciled with the Geiger counter data. 
Table 2. OoUNTING RATES AND ABSOLUTE FLUXES OBÉMRYND FOR THE 

TWwO-SOUROB REGIONS 


Numbers listed for 1-10 keV are derived from 
listed for »8 keV are dertved fram 


eo* 120* 180* 


Counting rate Integrated Integrated flux 
oounia/am*-seo erga/om*-aeo photonsz/om!-seo 
-1 
1-10 keV 16:8 +06 16810 4)x 10” 3246 
>8 keV 12403 *3+08)x10* 18404 
1-10 keV 43+02 tos cay cane 8+2 
>8 keV 0671015 18t04)x10^ 08+02 
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The black-body temperature consistent with the Geiger 
counter data predictas a ratio of about 200: 1. This 
analysis applied to the ratio of counting rates observed 
in the Gelactio counter region yields the same general 
resulta; namely, that the ratio can be fitted with either an 
exponential or power law spectrum but that a black-body 
spectrum yields an insignifloant flux in the Nal detector 

with what is observed. It ıs possible that a 
series of black-body sources gives riae to the observed 
radiation which, however, implies that one of the sources 
has a temperature of several times 10! °K. 

In the case of ScoX-1, if one wishes to fit a thermal 
spectrum of the order of 10" °K. as is consistent with 
the Geiger counter date alone plus a high-energy tail to 
account for the Nal resulte, the power in the tail must be 
the order of 25 per cent of that in the thermal portion of 
the spectrum and to fit & lower temperature requires an 
even more substantial non-thermal tail. Thus, if a neutron 
star is postulated as the X-ray source, a large fraction of 
the observed flux cannot arise from the blaok-body 
radiation from that objeot. 

More generally the absence of a substantial thermal 
contribution to the spectrum indicates that the observed 
X-rays are being generated in regions that are optically 
thin. Whether the X-rays are generated in a hot plasma 
or by the synchrotron process cannot be determined on 
the basis of these date except for noting that, in a hot 
plasma line, emission and edge discontinuities can arise, 
either of which could account for the peak at 20 keV 
for which there is some evidence from the Nal detector. 
The synchrotron cannot give rise to such features. 

Table 2 liste the counting rato, the integrated power and 
photon flux observed in the two-source regions by the two 
detectors. For SooX-1 the counting rates are corrected 
for the shadowing of the collimators and result from the 
fact that the detector axis comes only within 2° of the 
source. No such correction was made in the case of the 
sources near the Galaotio cantre. In the 1-10-keV region 
the integrated power and photon flux were obtained by 
assuming a power law distribution with the spectral 
index obtained from the filter attenuation of the Geiger 
counter results. The uncertainty in the spectral index 
yields the uncertainties in the integral quantity. In the 
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> 8 keV region the integrated power and photon fluxes 

were obtained by summing over the Nal pulse-height 

distribution. 

. In summary, the resulta presented here indicate the 
following: 


(1) The ratio of the counting rate in the Geiger counters , 


to that in the NaI detector is not consistent with a single 
thermal spectrum. 

(2) The Nal detector does not detect significant 
radiation from SooX-1 beyond about 15 keV, whereas 
radiation is observed from the Galactic centre region 
to beyond 20 keV. The minimum detectable flux density 
at 20 keV (defined as equivalent to lo above background) 
is about 8x10" ergs/om!-seo (o/s). Clark” measures 
a flux of (2-4 + 0-6) x 10+” ergs/cm!-seo (o/s) over the 
range of 20-40 keV from the Orab Nebula. The power 
from SooX-1 at theee high energies is thus considerably 
below what is emanating from the Crab even though at 
lower energies (1-10 keV) ScoX-l is the brighter object 
as reported by Friedman’. 7 

(3) For both source regions the attenuation of the 
counting rate in the Geiger counters by the filters indicates 
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that the X-ray flux below 2-5 keV is comparable with that 
above 2:5 keV. This result does not agree with that 
reported by Fisher* that little or no radiation is present 
below 4 keV from these sources. 

The work reported here was sponsored by the U.B. 
National Aeronautics and Space Administration, Office 
of Space Sciences, under contract NASto-898. 
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RECENT PROGRESS IN DETERMINING THE ZONAL HARMONICS OF 
THE EARTH’S GRAVITATIONAL POTENTIAL 


By D. G. KING-HELE 
Royal Aircraft Establishment, Farnborough 


URING the year significantly better values have 
been found for the coefficients of the zonal harmonics 
in the Earth's gravitational potential. Several authors 
have given i seta of values, obtained from 
analysis of satellite orbita, and the different sets of values 
agree well, probebly because orbits are now available 
whioh have a wide variety of molinstions to the equator. 
The coefficients Ja of the zonal harmonics are defined 
as follows. The gravitational potential U at an exterior 
point distant r from the Earth’s centre, and having geo- 
centric latitude 9, is written in a series of spherical 
harmonice as: 
o 
Duc { 
f 
where G is the gravitational constant, M the mass of the 
Earth, and R the Earth's equatorial radius. Ps (sin 9) 
is the Legendre polynomial of degree n and argument 
ain p, and the Ja are constant coefficients. Equation (1) 
does not take iato account the small variation of U with 
PI Dp and represents an average over all longitudes. 
GM is often taken as 398,002 km?®/seo" and R as 6,378-168 
km, but the last figure in each of these constants is slightly 
uncertain. 


Values of the coefficients of the even zonal harmonics, 
Jy Jy... Jan, may be obtained by analysing the rates of 
rotation of the orbital planes of m or more satellites in 
appreciably different orbits, if ib is assumed that Jymrs 

wig. aro xero. Similarly, values of Jy, Js, |.. Samii 
may be found by analysing the amplitudes of the long- 
period oscillations in eccentricity (and other orbital 
oo for m or more satellites in appreciably different 
orbits. 

Recent seta of values of the even and odd coefficients 
are listed in Tables 1 and 2. It should be emphasized 


Table 1. RECENT SETS or VALUES OF THN EYEK Js 


Authors 10, 107,  10'7, 10°, 10'7,  10'7, 10'Ju 
Xing-Hele  1,002-04 — 1.52 057 0-44 = = — 
and Cook! 
Koxal' 1,08263 -163 0-59 -015 -016 —0t9 = 
Amtth* 108204 —170 073 —046 -017 -022 0-19 


that the number of coefficients evaluated is a matter for 
judgement and personal preference. The author who 
evaluates only & amall number of coefficients has to meet 
the objection that he would obtain a better fit by using an 
extra coefficient; the author who evaluates a large number 
of coefficients has to meet the objection that he has fitted 
& polynomial of too igh & degree and that the solution 
gives & potential which oscillates in an unreelistio manner. 
Bo a set with a large number of coefficients 15 not likely 
to be any more accurate than a set with a smaller number 
of coefficients. In fact it can be shown that the perturba- 
tions to close satellite orbita caused by the different sets 
of coefficients in Table 1 (or Table 2) are almost identical 
for satellites with orbital inolinations between 25° and 
90°. Some divergence occurs st inclinations below 25°, 
and there is an urgent need for & satellite in a stable orbit 
at an inclination between 10° and 20° in order to improve 
further the values of the coefficients. 


Table 2. EscEwT SETS OF VALUES OF THE ODD Ja 


Authors 10, 10, 10%, 10%, 10', 
Guler and Newton —-200 -—001 -063 021 = 
King-Hele, Cook and Boott* -256 -016 -—044 012 — 
Kon!’ -256 -018 -—088 O04 030 


A few comments should be made on Tables 1 and 2. 
The standard deviations i the values, as derived by the 
authors, are not gi because the error due to neglecting 
ooefficiente of higher than those evaluated is 
probably greater than the errors given by most of the 
authors. A better impression of the likely errors is 
obtained by comparing the different seta of values: this 

the errors in moet of the coefficients may be of 

o 0-1. It should be emphasized, however, that the 

values of the complete potential, not the individual 

coefficients, are of prime importance, and that the differen t 

seta of coefficients give rise to closely similar potentials, 
ecd the differences in individual coefficients. 

+ is only by chance that the three values of J, in Table 

1 are so close, and J, may well take a slightly different 

value when near-equatorial orbits can be analysed; even 

so, the value seems likely to remain between 1,082-6 and 
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1,082-7 x 10+. If 10'J, = 1,082-64, the value for the 
Vas. P eenig , using the conventional formulas, is 
1 -26. 
The coefficient J,, which expresses the Earth's 

towards a pear has a significantly greater numerical 
value than probable two years ago, being near 
—2:6 x 10 rather than — 2-4 x 10-*. With the second 
set of values for the odd harmonics in Table 2, the see- 
level surface ab the north pole is 89 m farther from the 
equator than sea-level at the south pole. 
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There has also been i rtant progress recently in the 

evaluation of the toweral Dario Ue. which. indioete the 

variation of U with longitude; but this topio is outside 

the scope of the present article. 
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NEWS and VIEWS 


Soclal Studles In Britain 


Ix the House of Commons on June 2, Mr. A. Croeland, 
Seoretary of State for Education and Science, announced 
the publication of the Report of the Heyworth Committee 
on Social Studies (see p. 559 of this issue af Nature). He 


Counsil should be appointed by the Secretary of 
State for Education and Beienoe. It also accepted that 


of the new Council, its scope and , and the 
arrangements for budgetary control, would require further 
consideration, but the Government, while &ooepting that 
further provisions should be made for research in urban 
planning, did not believe that the jomt board of the 
various research councils, proposed by the Committee, 
would be satisfactory. The Government was, in fact, 
considering what provision could be made for this purpose, 
and in a written answer on June 14, Mr. Crosland added 
that the main reagon for not accepting this recommends- 
tion was that the Research Councils concerned could not~ 
provide the professional skills needed, i addition to 
scientific advice, in judging needs and proposals for 
research in this field. Another reason was that under such 
an arrangement research in urban planning would depend 
primarily on support from three Research Councils, none 
of which would have mare than peri i i i 
essentially inter-dieciplmary field of work. Mr. Crosland 
also said that the Government accepted that some increase 
was desirable in financial support for research in social 
science, but it proposed to await the advice of the Council 
itself. The Government recognized the important part 
which social scientists could play in fi ing and 
executing policy and intended to ensure that Government 
departments were so organised and staffed that informa- 
tion and advice from social scientists were available on an 
adequate soale. Mr. Crosland stated that, at this stage, 
the Government could not be expected to comment in 
detail on other recommendations of the Committee. 


National Survey of Staff employed on Information Work 


Sia Jamas Coox writes: “One of the functions of the 
Office for Scientific and Technical Information (recently 
set up within the t of Education and Science) 
is to consider what itional facilities should be provided 
within Great Britain to train staff for information depart- 
menta and special libraries, which are growing in number 
and size as & consequence of the increasing volume of 
scientific and technical information. As a first step, the 
Office is conducting & national survey in order to obtain 
certain facta, estimates and views on the employment of 
such staff. This is being done by means of two question- 


naires—a short one for management and a longer one for 
individuals employed on work of this sort. So as to 
preserve complete anonymity the names of organizations 
and individuals are not being asked for. The distribution 
of the questionnaires is being carried out chiefly by 
Government departmenta, research associations and other 
grant-aided bodies. I should be grateful, though, for the 
hospitality of your columns in order to give general 
publicity to this survey. Anyone concerned with informa- 
tion work, who does not receive a copy of the relevant 
questionnaire by July 81, may obtain it, either by writing 
to the Office for Scientific and Technical Information, or 
by 'phoning Chancery 1262, Ext. 417°. 


Meteorology at the University of Reading 


A DHGRHN course in meteorology is to be instituted in 
the U: ity of ing from October, 1965. Students 
pu Rs ow em read meteorology, physica 
and mathematics for three years. The course in meteor- 
ology will be concerned with the physics and dynamics 
of the atmosphere with special attention to problems of 
weather and climate. Students will attend lectures and 
laboratory demonstration experimenta, will carry out 


‘synoptic weather analysis and undertake field observa- 


tions and experimenta. 

A particularly favourable ciroumstance is the presence 
at Bracknell, only eleven miles away, of the headquarters 
of the Meteorological Office. This is not only the national 
centre of weather services but also the largest meteoro- 
logical research centre in Britain. The authorities of tho 
Meteorological Office have shown great interest in the 
planning of meteorology in the university and, by visits 
to Bracknell and m other ways, studenta will be familiar- 
ized with the work of the Office. It is intended to institute 
also a one-year postgraduate course in meteorology 
which will lead to the degree of M.Sc. It is that 
entry to this course will be restricted to tes who 
have followed the B.Sc. course or have comparable 


Prof. R. C. Sutcliffe, C.B., O.B.E., F.R.S. 


Dez. R. C. Soroya, director of research in the Meteoro- 
logical Office, has been appointed the first professor of 
meteorology. He was educated at Whitoliffe Mount 
Grammar School, Cleckheaton, the University of Leeds 
(1922-26) and the University College, Bangor (1928-27). 
He saw service with the Royal Air Force from 1989 until 
1946 on meteorological duties and was demobilized as 
Group Captain. He has taken a leading position in 
national and international societies and committees for 
meteorology and related sciences. He. is at l for 
example, chairman of one Sub-Committee of the Royal 
Society and member of several others, a past-president 
of the Royal Meteorological Society and a member of 
various Government Committees such as the National 
Ovceanographical Council: He is also closely connected 
with the World Meteorological Organization, being 
chairman of ita scientific Advisory Committees, and is 


x 


d 


No. 4997 August 7, 1965 


vice-president of the International Association of Meteor- 
ology and Atmospheric Physics, and a member of the 
NATO Advisory Group on Meteorology. He has 
published numerous scientific articles, eto. His man 
research intereste are in mathematical and dynamical 
meteorology, ita application to weather forecasting, and the 
detailed investigation of the evolution and development 
of weather systems. 


Prof. W. V. Mayneord, F.R.S. 


Pror. W. V. MAYNBORD has been awarded the Gold 
Medal Pro Meritis Protections Oontra Hadsationers of the 
Royal Swedish Academy of Science. The Medal will be 

resented to Prof. Mayneord at the eleventh International 

of Radiology, which will be held in Rome in 
September 1965. Until his retirement in September 1964, 
Prof. Mayneord was professor of physics as applied to 
medicine in the University of London, and director of the 
of Physiog in the Institute of Cancer Research, 
Royal Cancer Hospital, London. He was a member of 
the International Commission on Radiological Protection 
during 1950-59; from 1950 until 1956 he was chairman 
of the Commission's committees on protection against 
high-energy rediations (see Nature, 204, 22; 1064). 


Central Veterinary Laboratory, Weybridge : 
r. A. B. Paterson 


Ds. A. B. PArERSON has been promoted deputy direo- 
tor of the Central Veterinary Laboratory, Weybridge, 
following the death of Mr. J. L. MoGirr. Dr. Patterson 
graduated from G Veterinary College in 10941. 
He joined the staff of the Biochemistry Department at the 
Central Veterinary Laboratory in 1944 efter undertaking 
training in chemistry during the tenure of an 
Agricultural Research Council grant. After work in the 
field. of metabolic diseases of cattle, he took charge of 
tuberculin production and research, being promoted 
senior research officer, Grade 2, in 1950. Dr. Paterson 
was awarded a Ph.D. degree by the University of London 
in 1954, and became a Fellow of the Royal Instituto of 

i in 1958. In 1959 he became senior research 
officer (Grade 1) m charge of the Virology Department. 


Psychiatry In the University of Manchester: 
Prof. E. W. Anderson 


Pror. E. W. AspHASON, who has been professor of 

i in the University of Manchester since 1949, 

nea Dae appointed p monin ae ite dias orca hice 

Lord or and will relinquish the chair of psychiatry 
on September 380. 

Prof. W. I. N. Kessel 


Ds. W. I. N. Kmesmn has been appointed to succeed 
Prof. Anderson, from a date to be arranged. Dr. Kessel 
is at aseistant director of the Medical Research 
Council Unit for Research on the Epidemiology of 
Psychiatric Illness and honorary senior lecturer in the 
Department of ical Medicine of the University 
of Edinburgh. Dr. Keesel was educated at Highgate 
School and Trinity College, Cambridge, where he was 
awarded & Bde in 1945 and M.B., B.Chir. in 1949. 
In 1958 he obtai the diploma in psychological medicine 
of the University of London with distinotion and was 
awarded an M.D.(Cambridge) in 1968. After qualification 
he was for one year a house surgeon in University College 
Hospital, London, and then held successively posts as 
house physician in the West Middlesex and St. Mary 
Abbotts Hospitals and medical registrar in Bt. Stephens 
Hospital, Chelsea. In 1953 he was appointed to the staff 
of the Maudsley Hospital where for the next five years he 
held successively the posts of sonior house officer, registrar 
and senior registrar, for the most part in the Professorial 
Unit. From 1960 he was for one year honorary senior 
registrer in the Psychiatric Department of University 
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College Hospital and since 1961 has held his present 
appointments in Edinburgh, where he has assumed respon- 
sibility for the psychiatric care of patiente admitted to the 
emergency ward at the Royal Infirmary. Dr. Keesel’s 
major research interests are in suicide and attempted 
suicide, the identification and estimation of psychiatric 
morbidity in general practice, and studies on the epi- 
demiology of io medicine. He is the joint 
author of & book, Alcoholism, and in 1965 he delivered the 
Milroy Lectures to the Royal College of Physicians. 


Electrical and Contro! Engineering !n Battersea College 
of Advanced Technology : Prof. D. R. Chick 


Dr. D. R. Omox has been appointed to a chair in, and 
the headship of, the t of Electrical and Control 
1 ing in Battersea College of Advanced Technology 
(University of Surrey at Guildford designate). Dr. Chick 
took his first degree in electrical i ing in 1937 and 
served in various dealing with military radio and 
radar to the end of the Second World War, in particular 
with the transmitters at Bawdsey and Christchurch, and 
earned a joint inventor’s award for his work on searchlight 
radar control. He joined the new research laboratory of 
Associated Electrical Industries, Ltd., at Aldermaston, as & 
section leader responsible for developing the company’s 
early interesta in nuclear engineering, and later as a group 
leader he co-ordinated the thermonuclear and re 
reactor engi ing. With the late Dr. Petrie he developed 


`a succeasful radio-frequency travelling-wave accelerator 


for protons to boost the energy of particles leaving the 
high-voltage electrostatic generator which his Section 
had built, and he was awarded an M.Eng. by the'Upiver- 
sity of London for this contribution, also an M.Be. in 
physica by the University of Reading for his work on 
static machines. His engineering contributions to the 
thermonuclear work culminated in the successful operation 
of the Scepire serice of toroidal accelerators, and he gave 
overall guidance to the design, construction and operation 
of the first British research reactor, the 5-MW Merlin at 
Aldermaston. For bis many original engineering papers 
he wea awarded a D.Eng. degree by the University of 
London. His work has kept him in olose touch with 
research in many universities in the United Kingdom and 
overseas. He has spent the past two years with the 
Vickers research organization. 


Geography In the University of Edinburgh : 
Prof. J. T. Coppock 


Dr. J. T. Corroox, reader in geography in University 
College, London, has been appointed to the newly in- 
stituted Ogilvie chair of geography. This chair is addi- 
tional to the chair at present held by Prof. J. Wreford 
Watson. Dr. Coppock was born and went to school in 
Wales. After service durmg the Second World War, 
mainly im the Middle East, he went up to Queen's College, 
Cambridge, where he was & Foundation Scholar and 
obtained first-class honours in both Parts of the Geo- 
graphical Tripos. After & further year at Cambridge as 


the degree of M.A. by the University of Cambridge in 
1958 and the degree of Ph.D. by the University of London 
in 1960. Dr. 's principal research interests have 
lain in the flelds of economic and historical geography with 
particular reference to the geography of agriculture and 
the problems of rural land-use and land-use competition. 
In collaboration with R. H. Best he has published a study 
of land-use changes in Great Britain, and he has recently 
been appointed a member of the England Committee of 
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the Nature Conservancy. He has also a general interest 
in the application of mechanical and electronic aids in 
dete processing and map making and has published an 
agricultural atlas of and Wales with the aid of 
the University of London computer and in collaboration 
with the Department of Numerical Automation. Dr. 
Ooppock will take up his appointment on January 1, 1966. 


U.K. Petroleum Statistics, 1963 and 1964 


THE United Ki Petroleum Industry Statistics for 
the yeara 1963 and 1964 have recently been published by 
the Petroleum Information Bureau on behalf of the 
U.K. Petroleum Industry Advisory Committee (U.K. 
Petroleum I: Statistics: Oonsumption and Refinery 
Production, 1963 and 1964. Pp. 8. London. Petroleum 
Information Bureau, 1965). Some interestmg and perhaps 
significant contrasta are revealed. In 1968 total con- 
sumption of all products (excluding deliveries for bunkers 
for ships in foreign trade) was 55,692,382 tons; 
in 1964, 61,199,662 tons. This tion Was appor- 
tioned as between: aviation fuels, 2,238,000 and 2,302,931 
tons (1963 and 1964 respectively); motor spirit, 9,044,378 
and 10,011,922 tons; industrial sprrita, 200,429 and 
229,880 tons; white spirit, 189,955 and 142,654 tons; 
kerosene, 1,673,261 and 1,468,218 tons (burning oil) and 
183,962 and 147,869 tons (vaporizing oil); derv fuel, 
8,805,230 and 3,636,469 tons; gas, Diesel and fuel oils, 
5,453,366 and 6,001,868 tons (gaa/Diesel oil) and 22,704,005 
tons and 24,804,792 tons (fuel oil); lubricating oils and 
greases, 1,003,482 and 1,081,440 tons; paraffin wax and 
scale, 52,488 and 58,797 tons; propane, 99,193 and 
147,576 tons; butane, 871,364 and 621,456 tons; methane, 
nil for 1903, 76,017 tons for 1964; bitumen, 1,314,429 
and 1,491,201 tons; chemical feedstock, 2,700,351 and 
3,126,828 tons; lght distillate feedstock, 900,830 and 
1,347,312 tons; refinery gases, 426,619 and 483,040 tons. 
Thus deliveries into consumption of these produote, with 
the exoeption of kerosene, showed marked increases in 
1964 over the preceding year. The figures for propane, 
butane, methane, chemical feedstock and light distillate 
feedstock for 1964 are significant of the rapidly expanding 
petrochemicals and gas industry. 


Czechoslovak Society of Arts and Sclences In the 
United States 


THE Orechoelov&k Society of Arte and Sciences in the 
United States is & unique ee (Nature, 198, 944; 
1963). Its 800 members, of whom one-third are teachers at 
various universities in the United States, are mostly 
emigrants from Czechoslovakia who have kept their 
interest in their home-land alive and burnmg. The 
Society held two congreases 1n the United States: one in 
Washington, D.O., in 1962, and one in New York in 1964. 
A recent book, The Oxechosiovak Contribution io World 
Culture (edit. by Miloslav Rechoigl, jun. Pp. 682. The 
Hague: Mouton and Co., 1965. Gd. 58.00), is based 
mainly on the papers presented at the first congrees, but 
seventeen of the fifty-seven contributions were not pre- 
sented. The subjects range far and wide over the spectrum 
of Ozechoslovak culture, national and international, past 
and present. The book is divided into ten parte: literature 
and literary criticism, linguistica, music and fine arts, his- 
tory, political science and philosophy, sociology, economics, 
law, science and technology, and Czechs and Slovaks 
abroad. The volume is concluded with & bibliography on 
Czechoslovak arta and sciences containing 1,818 refer- 
ences. Short biographies of the fifty-four authors and an 
index are also included. The individual contributions 
vary so much in scope and subject-matter that any 
reader can find an article or two touching directly on his 
fleld of interest. The book is neither an encyclopaedia nor 
an ordered treatise on Czechoslovakia. To s reader 
interested in all aspects of Slavistics it can be highly 
reoommended; to a student of Ozechoalovakia it is 
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invaluable. It ıs expected that a similar volume, based 
on the 1964 Congress of the Society, will be published in 
due course. 


Tumour Research 


Voruxa VII, Fasoicles 3 and 4 of the Archivo Italiano 
di Patologia e Olwuca det Tumori, is a beautifully printed 
and attractively produced volume containing 15 articles 
on. various aspects of the study of tumours. The subjects 
dealt with include methods of producing experimental 
cerebral tumours resembling human brain tumours, and 
the morphological, biochemical and immunological proper- 
ties of these experimentally produced tumours, the 
difficulties of lanting them and the promising future 
of this fleld of research. Two articles discuss the anti- 
tumoral activity of a series of biguanide derivatives tested. 
on Hbrlich ascites tumour. Two articles discuss the 
effects of urethane on the cells of this tumour. Another 
article describes the morphological, biochemical and 
immunological properties of Ehrlich ascites tumour cells 
which have been submitted to several cycles of freezing 
and thawing. In a paper on the reliability of a technique 
for the early serodiagnosis of malignant neoplasia, which 
is based on identifying a typical phospholipid (maligno- 
lipin) in the serum, the authors conclude that Kosaki’s 
technique obtains only & mixture of organic ions and 
picrate from the solvent, but no mahgnolipin. An 
article on the treatment of patiente with malignant 
tumours with 2,3,5-triethylentminobenzoquinone by differ- 
ent methods describes palliative effects on one group of 
patients with no serious side-effecta. A second group 
showed no deaths in the first year, although deaths were 
recorded among the controls. The volume ends with an 
illustrated description of 5 cases of histologically benign 
tumours of the stomach (haemangio-endotheliomaa, 
lipomas and adeno-papillomas and choristomas (aberrant 

)), and the author discusses the great difficulties 
in differentiating on clinical and radiological data between. 
benign blastomas, choristomas and malignant tumours. 
All the articles give copious references to the relevant 
literature. 


Transplantation Research 
Tua sire of the Proceedings of the sixth International 
Transplantation Conference (five times as thick as the 
first) is an indication of the attraction this subject has for 
research, but the progress made so far in overcoming the 
basic problems of tissue incompatibility seems scarcely 
to justify ite present-day popularity with experimental 
surgeons (Annals of the New York Academy of Sotences, 
120, 1-806; 1964). Perhaps the most intensive effort 
has been directed towards finding means of typing human 
tissues for histooompatibihty, as by this it would become 
possible to pick from a panel of prospective donors that 
one whose tissue would be most hkely to survive in the 
recipient. Probably the most valuable test in the long 
run will be an entirely $^ vitro reaction such as that 
of Bain & al, in which the blood lymphocytes of 
prospective donor and recipient are allowed to react 
together. A clinical seotion (Volume 2) deals largely 
with attempts to transplant a great many organs in man 
and animals. While it includes many interesting descrip- 
tions of surgical technique and of the pathology of the 
grafted organs durmg the rejection which almost invariably 
occurred, the value of the information obtained sometimes 
seems scarcely to justify the i t—especially 
where human patients were involved. The ethios of such 
expermments are considered in & thoughtful survey of 
human kidney transplantation by Murray ei al. Even in 
the few ‘well-tolerated’ human kidney grafts described 
by Hamburger et al., there were recurrent crises which 
treatment with immunosuppressive drugs. It 
thus appears that the presence of the grafted organ alone 
may not be sufficient to maintain the state of tolerance, 
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go that in addition to inducing tolerance before grafting 
we are faced with the problem of maintaining tolerance 
in the long term. It may be that the continued presence 
of donor lymphoid oells, intermingled with those of the 
host, is necessary for tolerance to be ent. It is 
this, no doubt, which prompts the considerable attention 
which is directed to part played by lymphoid tissue 
chimeriam in the maintenance of the tolerant state. 
Unfortamately, no firm conclusions can be reported. As 
a whole, these Proceedings are now rather more specialized 
than previously, and contain less material of interest to 
the general immunologist, but they remain tho best 
assemblage of advances in transplantation research. 


Food Preservation 


Tua report of the 0.8.I.R.O. Division of Food Pre- 
servation for the years 1962—64 records work carried out 
under the following headings: physics, food chemistry, 
plant physiology, microbiology, meat research, fish, freah 
fruit and vegetablea, frozen fruit and vegetables, dried 
foods, canning, ing and irradiation (Pp. vi+77. 
Sydney: Commonwealth Scientific and Industrial 
Research Organization, 1964). Microbiological work has 
included investigations on the relation between chemical 
composition and spore resistance. The heat resistance of 
spores from the eighteen organiams studied varied by a 
factor of more than 700; the principal metal constituent 
in nearly all species was calcium. The calcium content 
increased significantly with heat resistance while the 
magnesium content decreased. Diamino pimelic acid also 
increased with heat resistance and, on a spore unit basis, 
this acid and dipicolinic acid hexosamine were highly 
correlated themselves and with calcium content 
and spore weight. Studies on responses of meat-spoilage 
organisms to changes in. environment showed that species 
of Pseudomonas, the main spoilage organisms on fresh 
meat stored in air, are inhibited in certain other atmo- 
spheres. Investigations to apply this to carcass preserva- 
tion are being continued. Meat research was devoted 
largely to various aspects of meat quality and to a study 
of the complex biochemical eventa occurring in post- 
mortem muscle. Meat from emaciated animals, in 
addition to having a higher pH, produces more hydrogen 
sulphide on heating, with resultant staining of cans, and 
it was suggested that the addition of lactic acid to the 
meat before canning would reduce such staming. The 
effects of the removal of muscle from the bones and of 
proteolytic enzymes on tenderness were also investigated. 
A pea sholler developed by the Division gave higher 
recovery of peas than did commercial viners. The rate of 
damage was reduced, the quality of peas being comparable 
with that obtained by hand shelling. 


Palynological Soclety of Indla 
Tua Palynological Society of India was founded by an 
internationally representative section of palynologista, and 
was inaugurated on January 5 at Calcutta, during the 
Combined 51—52 Session of the Indian Science . 
The Society has undertaken the publication of the 
Palynological Bulletin and the Journal of Palynology (both 
of which are annual publications). The ip of 
the Bociety ia open to all scientiste of all nationalities 
interested m the study of pollen and res. There are 
two types of membership, namely: (1) Life Membership, 
and (2) Ordinary Membership (apart from Institution 
Membership), in each of which there are two categories 
A and B. Institution members and members of cate- 
gory A (Life/Ordinary) are entitled to free copies of 
both the Journal of Palynology and the Palynological 
Bulletin, while those in i i 
are only entitled to the Palynologioal Bulletin. 
ip fees are as follows: Life Membership, Cate- 
gory 5r . 100; 24 dollars; £8 (consolidated). Cate- 
. Res. 80; 8 dollars; £8 (consolidated). Ordinary 
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Membership. Category (A). Re. 10; 2.4 dollara; 14s. per 
annum. Category (B). Ra. 3; 1 dollar; 85. per annum. 
Institution Mombership, Re. 15; 4 dollars; £1 per annum. 
Admission fes, Ra. 2; 48 cents; Bs. for all os jeg of 

ip. information and membership forms 
cen be obtained Dr. P. K. K. Nair, 


secretary- 
treasurer, Palynological Society of dia, National 
Botanic Gardens, Lucknow. 


Testing for Seed Health 


for testing seed health which would command world-wide 
acceptance. A most timely and welcome contribution to 
this end, from the Plant Pathology Division, Ministry of 
Agriculture, The Queen’s University, Belfast, bas recently 
been published by the Association (Seed-Borne Fungi: 
Desoriptions of 77 Fungus Species. Handbook of Seed 
Health Testing, Series 4 (1). By J. P. Malone and A. E. 
Muskett. v. ii+179-884. Wageningen: The Inter- 
national Testing Association, 1964. 2.05 dollars). 
The essential feature of the Ulster method is the plating out 
of seeds on malt extract agar, with or without previous 
surface sterilization. It ia then necessary to be able to 
distinguish the truly parasitic fungi from those causing 
little or no damage, so the Handbook gives sufficiently 
detailed descriptions of 77 species or species groups to 
provide almost forensic standards for recognition. There 
are, moreover, 284 excellent photomicrographs and photo- 
graphs of cultures to assist in diagnosis, all of them the 
sort of practical views encountered in day-to-day exam- 
inations. It should be noted that an effective examination 
for seed contaminants should. declare the greatest risk of 
disease from the sample, but this does not mean that 
guch an amount will necessarily develop, for disease 
occurrence needs favourable conditions of environment 
and host reaction in addition to the oe of a parasite. 
The problem is com licated by the fact that certain seed 
contaminants may ho symbionts beneficial to the plant 
(for example, an endophytic fungus on Lolium spp.) or 
they may diminish the activity of more active parasites 
(for example, Ohastomium app. have been held ible 
for the low incidence of disease caused by Heimintho- 
eporium victoriae on oats in Brasil). On the other hand, 
such potential food grain contaminants as Aspergillus 

i and Claviceps spp. are dangerous to man and 
livestock, and many fungi deteriorate seeds stored for 
food. It is therefore essential to be able to assess seed 
contamination, or more positively seed health, and the 
detailed information in the Handbook should have ready 
and wide acceptance. 


University News: Liverpool 


Dez. J. R. ANDERSON has been appointed to the George 
Holt chair of pathology. Dr. E. Parry has been appointed 
senior lecturer in anatomy. The following lecturers have 
also been appointed: Dr. M. J. Roberts (applied mathe- 
matics); A. H. Cookson (electrical engineering and 
electronics). 

Manchester 

Dr. P. Q. MurrHY has been appointed to the newly 
established additional chair of physics. The following 
lecturers have been appomted : Dr. B. J. G. Jobnson and 
Dr. E. Hutton (chemistry); Dr. F. M. Cole (pathology); 
N. E. Long and Dr. G. K. Garbett (social antbropology); 
Dr. R. A. James (astronomy); K. 8. Williams (mathe- 
matios); R. W. Morgan and R. Morton (mathematical 
statistics); Dr. J. A. D. Ackroyd (mechanics of fluids); 
Dr. D. G. Lees (metallurgy); Dr. J. G. Baker and Dr. 
M. A. H. MoCausland (physice); Dr. L. M. Cook (xoology) ; 
Dr. J. R. Rintoul (anatomy). 
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: Newcastle upon Tyne 


De. A. Jurraxy has been appointed to the chair of 
engineering mathematios from September 1. Dr. E. 8. 
Page, director of the computer laboratory, has been 
appointed to the chair of computing and data processing. 


Sheffield 


De. P. C. KENDALL haa been appointed to the second 
chair of applied mathematics. The following lecturers 
have been appointed: Dr. G. O. Bye (ceramics with 
refractories technology); Dr. D. H. Lewis (botany) ; 
T. Shanin (sociology); Dr. D. A. Bpeers (geology). The 
ind of reader has been conferred on: Dr. J. McKenna 
organio chemistry); Dr. B. Stevens (photochemistry); 
Dr. H. J. V. Tyrrell and Dr. P. A. H. Wyatt (physical 
chemistry). 


Sussex 


Dr. J. D. Thomas (biological sciences); Dr. B. V. Jaya- 
want, P. Lindon and Dr. G. Williams (electrical engineer- 
ing); Dr. R. D. Doherty and Dr. M. E. Ertl (materials 
science); Dr. J. R. Ellis (mathematics); Dr. D. Balin 
and Dr. E. A. Sanderson (theoretical physics) ; i 
Byrne (experimental physics); M. 8. Halliday (peycho- 
logy); Dr. J. F. Boiæevain (sociology); Dr. R. L. 
Harris (social anthropology). 


Possible Anti-matter Content of the Tunguska Meteor 
of 1908 


Pror. W. F. Lisy has written to the Editor stating 
that it has been brought to his attention that Dr. Lincoln 
LaPaz, of the University of New Mexioo, had published 
earlier resulta on several aspects of the Tunguska meteorite, 
referred to in the article by Prof. C. Cowan, C. R. Atluri 
and Prof. W. F. Libby entitled ‘Possible Anti-matter 
Content of the Tunguska Meteor of 1908”, which was 
published on p. 861 of the May 29, 1965, issue of Nature. 
The references which should have been mentioned were 
as follows: ‘Meteorite Craters and the Hypothesis of the 
Existence of Contraterrone Meteorites’, Contr. Soc. Res. 
Meteorites, 2, No. 4 (1041); ''Contreterrene Meteorites”, 
Contr. Soc. Res. Meteorites in Popular Asiron., 49, No. 5 
(May 1941); “Tho Energy of the Podkamennaya Tun- 
guska, Siberia, Meteoritic Fall (+ 1019,609)", Oonir. 
Meteorit. Soc., 4, No. 2 (1948). 


Food Preference and Sensitlvity of Taste for Bitter 
Compounds 


Dz. E. V. GrawviLLa, Dr. A. R. Kaplan and Mrs. F. 
Griffin have written to the Editor stating that in the 
article which a under the above title Dra. 
E. V. Glanville and A. R. Kaplan (Nature, 205, 851; 
1965), in the fourth from the last paragraph it was stated 
that taste ''. . . senartivity to PROP has been shown to 
be correlated with taste sensitivity to a wide variety of 
other compounds, including those tasting bitter, salty, 
sour and sweet (Fischer, R., and Griffin, F., 1964).”. The 
discrepancy between this statement and the content of 
the quoted reference can easily be corrected if the word 
‘quinine’ is substituted for “PROP”. Taste thresholds 
for quinine follow a Gaussian distribution, whereas those 
for PROP, that is, 6-n-propylthiouracil, follow & bimodal 
distribution. Dr. Glanville, Dr. Kaplan and Mrs. F. 
Griffin also state that they have shown (Nature, 200, 343 
(1963), seventh paragraph from the end, as wellas Recent 
Advances in Biological Psychiatry, 7, 183 (Plenum Press, 
New York, 1965)), that subjecta with low taste thresholds 
for quinine are also sensitive tasters of a wide variety of 
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chemically unrelated compounds—with the exception of 
hydrochlorio id, the taste threshold distribution of 
which follows a ian curve. 


Announcements 


A SYMPOSIUM on “The Ecology of Soil Bacteria” will 
be held in the University of Liverpool during September 


THE one hundred and second meeting of the British 
Pharmaceutical Conference will be held in Cardiff during 
September 6-10. Further information oan be obtained 
from the Secretary, British Pharmaceutical Conference, 
17 Bloomsbury Square, London, W.C.1. 


A OONFERENUM on “Internal Friction in Bolide", 
arranged by the Materials and Testing Group of the 
Institute of Physics and the Physical Society, will be held 
in the University of Manchester durmg September 7-9. 
Further information oan be obtained from Dr. G. M. Leak, 
Department of Metallurgy, the University, Manchester 19. 


A BYMPOSIUM on “Some Biological Systems at the 
Molecular Level", by the Commission on Mole- 
cular Biophysics of the International ization for 
Pure and Applied Biophysics, will be held in Naples 
during tember 8-11. Further information oan be 
obtained Prof. R. C. Wilhams, Virus Laboratory, 
University of California, Berkeley, California 94720. 

A OONFAMEENOE on “Fluid Logio and Ámplifloation'', 
organired by the British H ioo Research 
Association and the Production and Industrial Admmistra- 
tion De ent of the College of Aeronautics, will be 
held at d during September 9-10. Further informa- 
tion can be obtained from the Information Office, British 
Hydromechanios Research Association, Cranfield, Bedford. 


Tua first international conference of the International 
Organization for Medical Physics will be held at Harrogate 
during September 8-10. The programme will include 
discussions on: physios in medicme and surgery; hysioe 
applied to physiology; physica i radiology. Puno 
raformation oan be obtained from the Beoretary, United 
Kingdom National Committee for Medical Physios, 46—47 
Little Britain, London, K.C.1. 


A B8YMPOSIUM on “Electromagnetic Distance Measure- 
ments” will be held at Oxford, under the aegis of the Inter- 
national Association of Geodesy at the invitation of the 
Royal Society, during September 5-1]. The programme 
will include seeaions on: microwave distance measure- 
ment systems; electro-optical distance measurement 
systems; application of masers and lasers to distance 
measurements; electramagnetio wave propagation ques- 
tions; airborne and satellite-borne systems; electro- 
magnetic meesuremente of short distances. Further 
information can be obtained from the Secretary, Electro- 
magnetic Distance Measurements Symposium, Ordnance 
Survey, Chessington, Surrey. 


OonzrGHNDUM. In the biographical note dealing with 
the appointment of Mr. W. J. Charley as head of 
Weapons Department at the Royal Aircraft Eetablish- 
ment (Natwre, 206, 1097; 1965), it is incorrectly stated 
that Mr. Charnley graduated at the University of London 
in 1940. Mr. Charnley in fact graduated at the University 
of Liverpool in 1942. Furthermore, he was awarded an 
M.Eng. in 1944 and not 1954 as stated. 
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PLANT PHENOLICS INTO PHYTOCHEMISTRY 


By Dr. E. C. BATE-SMITH, C.B.E. 
Low Temperature-Research Station, Cambridge 


Orlgin and History of the Plant Phenolics Group 


quce pi eium 


to be the starting point of a highly rewarding adventure. 
This meeting on plant tannins was organized jointly by 
Long Ashton and the Low Temperature Reseárch Station 
at Oambridge, and the invited guests were from other food 
research laboratories, from leather and forest product 
research laboratories, and from university departments of 
botany and chemistry, including those of the University of 
Bristol. It was here that ‘phenolics’ were christened and 
the foundation laid, although unwittingly, for the forma- 
tion, five years later, of the Plant Phenolics Group. 

It ie i to reoall why the Group met such an 
immediate and enthusiastic . Bo far as plant 
physiology was concerned, the function of the phenolic 
constituenta was unidentified and apparently unimportant. 
Lignification was an event taken more or lees for granted, 
of concern’ only to the plant anatomist and the paper 
industry, tannins had no evident function and, together 
with many of the simple phenolic constituents, could most 
conveniently be as waste producta of organiams 
unprovided with excretory apparatus. The phenolases 
might perhaps be concerned with respiration, but could not’ 
be shown to play any such part in normal physiological 
processes. Only the anthocyanins of flowers and fruits 
could be allocated a role in fertilization and seed 
Bince there was no one in the world of botany to take an 
interest in the phenolic constituents of plante, the chemists 
set out to look after the field themselves. 

A start had been made in 1947 in the application of 
paper chromatography to the anth ins and flavones 
of flower petals; but it was Dr. A. E. Bradfield, working 
for the Indian Tea Association in the laboratories of 
J. Lyons and Co., Ltd., and later at East Malling Research 
Btation, who really set the wheels in motion. Making 
skilful use of partition chromatography, he separated a 
number of fractions from the tea tannins and showed them 
to be the 8-galloyl esters of catechin and gallocatechin, 
Me using paper chromatography for the first time as 

i tool in phenolic chemistry, he and I 
established the configuration of the diasterecisomers of 
the gallocatechins and their galloyl esters. Al 
unfortunately, he died before it came into being, it was hi 
authority as a chemist which underpinned the phenolics 
group in its formative period. His work for the Indian 
Tea Association and his support of the Group were 
vigorously carried on by his successor, Dr. E. A. H. 
Roberts, who later became the second chairman of the 


. The Plant Phenolics Group was broadly based to cater 
for the botanist and the chemist, for the university 
scientist and for the technologist in industry. The subject 
for discussion at the inaugural meeting at Cambridge, in 
June 1957, “The Oxidation of Plant Phenolics”, was 
chosen to attract as numerous and representative an 
attendance as possible. The same objective governed the 
selection of subjects for discussion ab subsequent annual 
general meetings, the Proceedings of which have nearly 
all been published. 

In addition to these annual general meetings, two 
meetings a year were held on more narrowly based topics. 
The last of these, foreshadowing the widening of the field 
which had already been decided on, was a symposium on 
“The tive Biochemistry of the Leguminosae”, a 
subject largely phenolic in ite content, but including 
also alkaloids, unusual amino-acids, seed proteins and 
carbohydrates. 


Evolution of a Phytochemical Group 


The Plant Phenolics Group had no difficulty in finding 
attractive subject-matter for three meetings a year, even 
though the fleld is a restricted one. The question of an 
extension of the Group’s activities had, however, always 
been in the minds of succeasive committees. It had been 
hoped that other limited subject-areas of phytochemistry 
might be similarly developed, so that in due course a 
‘super-group’ might be formed co-ordinating the separate 
actavities of & number of such associations. However, 
many members of the Group were interested in other kinds 
of plant constituents such as terpenes, alkaloids, caro- 
tenoids and amino-acids, and since there was no indication 
that the group would be trespassing on other people's 
ground if these were absorbed into ite activities, a move 
was made two years ago to test the feelings of the members 
about expanding the Group to include the whole range of 
secondary plant constituents. Finally, at the annual 
general meeting in April, 1964, the Plant Phenolics Group 
voted itself into a new phase of existence as the Phyto- 
chemical Group. 

There are many consequences of this on of 
activity. Piso areont és meu berahi D aaa 0o arpoo 
to increase and, secondly, the programme will inevitably 
become to some extent sectionslized. But one thing above 
ee ee ee 
comfortable informality of the Group’s This 
desire far informality is behind the choioe of title; a group 
can be as formal or informal as it pleases. 

There is also a deliberate intention in the choice of 
‘Phytochemical’ as the descriptive element in the title, 
both a broader and a narrower intention than would be 
implied, for example, by ‘Plant Chemical’ or ‘Plant 
Biochemical’. Perhapa the nearest one oan get to a defini- 
tion is that there is at all times an effort to understand the 
significance of the chemical constituents, the 
secondary constituents, in the life of the plant, and the 
effect they may have on the lives of man and animals. 
NE Oe EiT Pe te he work oF ARE chemin 
isolating and new natural producta, and 
fortify the plant physiologist with kndwladae of the 
identity and possible function of these plant constituents. 

There is one reason why the formation of a Phyto- 
chemical Group is especially timely, and that is the rapid 
growth of chemical taxonomy, or biochemical systemation. 
While much of the initiative for this outburst of activity 
has come from the chemical side botanista are equally 

rominent. One international conference has already been 
hold; and and ite Proceedings have been published'. An out- 
come of this conference has been the proposed formation 
of a Chemical Taxonomy Commission of the Organic 
Chemistry Section of International Union of Pure and 
Applied Chemistry, and the creation of & formal link 
between this and a recently formed committee of the 
International Association of Plant Taxonomists. 

This comes at a time when there is much searchng—and 
some burning—of heat among plant taxonomists them- 
selves, and indeed classifiers and gystematixers of 
knowledge generally. It can be foreseen that chemical 
characters will be needed, although reluctantly admitted, 
along with anatomical, cytological and palynological 
characters, as adjuncts to the characters of classical 
taxonomy, which seem to be reaching the limita of their 
unaided application to problems of classiflcetion. AN 
this interest will promote activity among the members of 
the Phytochemical and will be strongly reflected in 
its programme. the subject of the first annual 
general meeting of the new Group, which was held m 
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Cambridge in April, 1965, was a three-day symposium on 
“Comparative Phytochemistry", a report of which 18 
given in the following article. 

Much of the knowledge of the chemistry of planta has 
been gained by the search for pharmacologically active 
substances, so that the applications of phytochemistry in 
the pharmaceutical field can also be expected to be 
prominently featured in the Group’s programme. But 
there 18 a field of at least equal interest and importance in 
the occurrence of Eee noeoe active compounds in 
actual or potential foods and feeding-stuffs. Outetanding 
examples of these are the oestrogens in leguminous crop 
planta and the recent discovery of aflatoxin in spoiled 
groundnuts. Besides these harmful constituents there is a 
growing need for chemical knowledge—and, in gas 
chromatography, the means of obtaining it—of the nature 
of aroma substances in foods. It is to these constituents 
that go much of the attractiveness, or unattractiveness, of 
food is due. Both in the breeding and growing of the freah 
foods, and in the preservation and enhancement of fresh 
quality the demand is for an understanding of the nature 
of the aroma substances. Just as our knowledge of the 
pigmente has advanced during the past few years so our 

owledge of the ‘aromatics’ can be expected to grow 
during the coming years, and these aroma substances cover 
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& far wider range than the comparativoly few kinda of 
substances to which the plant pigments are confined. The 
usefulness of this knowledge can be expected to extend, 
and is, indeed, already extending, to the palatability of 
animal feeding-stufis, now that mtensive feeding methods 
are beginning to assume Bo much importance in stock 

While some regard must be given to sectional interesta 
in the activities of the Group, ite objectives will be much 
better promoted by emphaairing the more general aspecte 
of phytochemistry. With the increasing complexity and 
specialization both of academic chemistry and the various 
branches of industry there is a tendency for department- 
ation and segregation to increase. It will be one of the 
great advantages of meetings of the Group that depart- 
mental barriers can be broken down in the discussion of 
such topics as biosynthesis and chemical taxonomy, 
subjecta which not only embrace the whole range of 
natural producta, but which also possess an exciting and 
rewarding intellectual content. These are satiafying 
activities for the increasing number of those for whom 
chemistry for chemistry's sake and botany for boteny'a 
sake are not enough. 


1 Chemical T'azonomy, edit. by Swain, T. (Academie Prem, 1964). 


COMPARATIVE PHYTOCHEMISTRY 


By Dr J. B. HARBORNE 
John.Innes Institute, Bayfordbury, Hertford 


N international symposium on tive of 
plant chemistry, organized by the Phy tooheminel 
Group with the financial assistance of the Scientific Affairs 
Division of NATO, was held 1n Cambridge during March 
30-April 1. The main theme of the meeting was the 
taxonomio implication of the natural distribution of the 
various groups of plant constituents, but their biogenesis, 
evolution and general biochemistry were also discussed. 
The taxonomist’s view of phytochemistry was given by 
Prof. V. H. Heywood (Liverpool) in the introductory 
lecture. He dealt with the problems of incorporating 
chemical data into classification and showed why it was 
impossible to recommend the phytochemist to use one 
rather than another of the various plant classifications 
that are available. He pointed out that a number of 
systems will always be needed to fulfil different objectives. 
In a second introductory lecture, Prof. C. R. Mentzer 
(Paris) expounded his well-known biogenetio classification 
of plant constituents, in which substances are placed 
together accordmg to their biogenetic origin rather than 
on the basis of chemical complexity as in Beilstein. 

The first main session, under the chairmanship of Prof. 
L. Fowden, was devoted to the distribution of nitrogenous 
compounds. Dr. E. A. Bell (London) described the dis- 
tribution patterns of non-protein amino-acids he had 
obtained using paper electrophoresis of legume seed 
extracts. These patterns, he ssid, could be used to divide 
each of the genera Lathyrus and Viota into several distino- 
tive biochemical groups. He pointed out that comparisons 
of biosynthetic pathways were probably more valuable 
with unusual amino-acids than considerations of the dis- 
tribution of single compounds. Prof. R. Hegnauer 
(Leiden), in considering the taxonomic significance of the 
comparative chemistry of the alkaloids, found many 
examples of paralleliam and diversification. One of the 
conspicuous succeases of chemical taxonomy has been the 
discovery that betacyanins and betaxanthins are restricted 
to one order of plante, the Centrogpermae, and the final 
paper in this seasion, given by Dr. T. J. Mabry (Texas), 
dealt with these purple and yellow alksloidal pigments. 


After describing the chemistry of these substances, Dr. 
Mabry considered the various arrangements that have been 
proposed for the betacyanin-containing families and 
showed that his results definitely discounted the 
Hutchinson system in this context. 

The second session was devoted to phenolic constituents 
and included a consideration of hydroxyquinones (Dr. O. 
Mathis, Strasbourg), dihydrochaloones (A. H. Williams, 
Bristol), glyooflavones (Prof. H. Wagner, Munich) and 
flavonoid pigments (Dr. J. B. Harborne, John Innes 
Institute). It was clear from thess papers that although 
phenolica are among the most promising of taxonomic 
markers, they have not as yet made much contribution to 
plant systematics. For example, the dianthrone hypericin, 
as Dr. Mathis found, is characteristic of the genus 
Hypericum, but it only oocurs in about half of the 300 
species examined. One difficulty in evaluating the resulta 
of surveys is the occurrence of ‘chemical races’ within a 
single species. A dramatio example of this phenomenon 
was uncovered by A. H. Williams, who found that some 
samples of the dihydrochaloone-containing Smilaw glycy- 
phyla either lacked phenols altogether or contained the 
xanthone, mangiferm, instead. Glyooflavones are more 
widely occurring than dihydrochaloones but little is known 
of their detailed distribution at the generic level. One of 
the main difficulties with glycoflavones is distinguishing 
them from the more common flavone O-glycosides, and 
Prof. Wagner dealt mainly with this aspect of their 
phytochemistry in his lecture. Because of their importance 
as petal pigments, the flavonoids are very interesting from 
an evolutionary point of view, and Dr. Harborne, there- 
fore, sought correlations between flavonoid structures and 
evolutionary advancement. He also described some 
recent surveys in the Geeneriacoae and Plumbaginaceas, in 
which novel correlations have been found between antho- 


cyanin distribution and pollen or leaf morphology. 

The third seemon, under the hairmanahi ip of Prof. H. 
Erdtman (Stockholm), dealt with hydrocarbons and their 
derivations. Dr. G. Eglinton (Glasgow) said that the 


- alkane distributions so far studied indicated a reasonable 
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species constancy, but that the chemotaxonomic use of 
alkane patterns had so far met with only moderate success. 
, The acetylenic compounds also present taxonomic diffi- 
culties, occurring as they do in such disparate groupe as 
the fungi Polyporaceae and the highly advanced Oom- 
positae. Dr. J. D. Bu'Look (Manchester) pointed out that 
some of the anomalous aspects of acetylene distribution 
within the Compositae could be explained by considering 
biosynthetic pathways, so that more knowledge of bio- 
synthesis is vital in this series. Dr. G. Weissman (Ham- 
burg), in considering the occurrence of terpencids in plants, 
also found that biogenetic relationships were of prime 
Hoponeuee in undoes patterns. In the 
final lecture of this session, f. T. W. Goodwin (Aberyst- 
wyth) mentioned that carotenoids were of considerable 
Bystematio importance in lower plante, but were of little 
significance in the angiosperms since all green leaves 
contain the same set of major carotenoids. Fruit caro- 
tenoids do, however, show interesting variations as they 
can be divided into four categories, but the interest here is 
mainly their biosynthetic origin rather than their syste- 
matio distribution. 

The first paper in the fourth and final session of the sym- 
posium was given by Dr. E. Percival (London). In 
surveying the vast and complex field of polysaccharide 
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chemistry, she pointed to similarities and 
differences in structure between algal and higher plant 
acidic polysaccharides. She concluded that generic and 
species differences will only emerge when the fine details 
of these macromolecules have been elucidated. Prof. A. J. 
Kjaer (Copenhagen) also had a large aree to cover, since 
he dealt with sulphur-containmg amino-acids and 
alkaloids, thiols, simple sulphides and polysulphides. His 
main theme, however, was the distribution of the jsothio- 
cyanate-producing glucogides, which show & number of 
interesting correlations with taxonomy. Ina joint paper, 
Dr. T. Swain (Cambridge) dealt with the chemistry and 
Dr. E. C. Bate-Bmith (Cambridge) the distribution of a 
class of substances including aucubm and asperuloside, 
now known collectively as iridoids. It was pleasing to find 
that their distribution in families in the order Tubiflorae 
fits in particularly well with the recently published twelfth 
edition of Engler's Syllabus of Plani Families. Finally, 
Dr. Ruijgrok (Leiden) outlined the distribution of the 
lactone ranunculin in the Ranunculaceae and correlated ita 
occurrence with those of nig csi compounds, which 
are also present in this y. This talk concluded a very 
succesaful meeting, in which both chemista and taxono- 
mists contributed to discussions of the many papers. It is 
planned to publish the proceedings in full later this year. 


HOT-LABORATORY WORKING METHODS 


A international symposium on working methods in 
high-activity hot laboratories, organized by the 
European Nuclear Energy Agency in collaboration with 
Euratom, was held at the French Centre d'Etudes 
Nuoléaires in Grenoble durmg June 14-18. The sym- 
posium provided a forum for discussion, by some 180 

from hot laboratories in the nuclear research 
centres of 15 European and American countries of OEOD 
and Euratom, of specialized methods and equipment for 
handling radioactive materials with activities greater than 
1,000 curies. 

The main purpose of hot laboratories, of course, is to 
permit experimental work on these highly radioactive 
materials without Hera Se personnel carrying 
out the work. Although in past such experiments 
have usually been related to research and development 
programmes, there is now & growing amount of purely 
routine work—such as regular analysis of irradiated fuel 
samples to determine burn-up—for which tively 
simple standardized equipment could often replace the 
complex and unnecessarily flexible apparatus of the pure 
research laboratory. 

i t for both purposes was discussed at Grenoble 
and it e clear, even for complex research purposes, 
that laboratory experte preferred simple and economical 
rather than highly sophisticated equipment provided 
only that it would do ite job in a safe and efficient manner. 

Throughout the symposium there was emphs- 
sis on the need for designers of hot-laboratory facilities to 
work more closely with the users, so avoiding the need to 
make an installation unnecessarily flexible through lack 
of foreknowledge of ite p . Improved liaison was 
also often possible between the hot-laboratory operator 
and his ''client/'—the reactor operator or research engineer 
—so that the one could know as accurately as possible 
what the other wanted him to do. The earlier this liaison 
took place, the leas complicated the hot-laboratory 

i might well be. 

On the other hand, a too-rigid limitation of use could 
lead to considerable expense when, as was often the case, 
advancing technology required modifications to what had 
become standard test procedures. Economics and flexi- 
bility were in fact often m opposition, and an efficient 
compromise waa not always easy to find. 


Altho the symposium was concerned with hot 
laboratories for all purposes, most of the papers presented 
dealt with installations for work on rants iated fuels, and 
several stressed the problems to be from the 
advancement of fast reactors. Monsieur André Valentin 
(Commissariat à l'Energie Atomique Fontenay-aux- 
Roses, Franoe), in summing up the situation, mentioned 
that such reactors would undoubtedly operate to very high 
fuel burn-upe—for example, it was generally thought that 
plutonium carbide fuels would not be interesting unless 
taken to burn-ups greater than 50,000 MW days/tonne. 
This was likely to lead to considerable and important 
developments iu hot-laboratory methods. 

Mr. K. R. Ferguson ( e National Laboratory), 
in reviewing present techniques in the United States, 
streased the value of experience in buildmg up those 
techniques. Such experience enabled consistently reliable 
resulte to be obtained from comperatively simple appara- 
tus having the highest standards of safety and protection, 
while less-experienced operators would feel impelled to 
use more complex equipment which was certainly less 
economical and could also be less reliable. 

A discussion of various types of ‘enclosure’ directed 
attention to the advantages of incorporating all or most 
of the remote handling operations of a particular process 
within a single complex of interconnected containmenta. 
By thus reducing the frequency of transfer across the 
containment barrier, both containment reliability and 
operating efficiency could be greatly increased. Such cell 
complexes are to be used at the Fuel Recycle Pilot Plant 
at the Hanford Laboratories, the Oak Ridge Transuranium 
Le , the Oak Ridge Thorium-uranium Recycle 
Facility, and the AlphaGamma Metallurgical Hot Cell 
at Argonne. 

Concerning the use of ‘boxes’ within hot oells, it was 

agreed that these were necessary for handling 
materials above & certain activity (for example, above & 
total alpha count of 10'*/min was suggested) to avoid 
excessive time loss in decontamination and to provide 
added assurance of safety. Boxes were also needed to 
avoid cross-contamination between different materials 
handled simultaneously in the same laboratory. 

There was some discussion on methods and equipment 
for both individual and general dosimetry, and here again 
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it appeared that there was scope for closer liaison between 
the two specializations concerned, namely the radio- 
chemical technology of the hot laboratory and the 
physico-biological technology of radio-protection. There 
waa at least one suggestion that this matter might be tho 
subject of a future sympoaium. 

It was perhaps not surprising that on most matters 
considered at Grenoble, the conclusions of the experts from 
the various countries represented were ammilar. Indeed in 
many fields it was olear that standard methods were 
beginning to be adopted (particularly for non-destructive 


MENDEL MEMORIAL 


O5 June 13, the birthplace of Gregor Mendel at 
Hynčice, Czechoslovakia, was officially opened to 
the public and a memorial plaque unveiled to celebrate 
the occasion. 

The house, built by Mendel’s father on the site of a 
former wooden building, has been reconstructed, thanks 
to the efforts of the Regional Department for the Preserva- 
tion of Historical Monumonta ia Ostrava, the District Nat- 
ional Council, and the District Museum in Novy Jičín. On 
the ground floor, the Moravian Museum of Brno has 
restored the former kitchen and the room where Mendel 
was born. 


This 
parte, representing, 
on one hand, Mendel’s life aad, on the other, his scientific 
activities. 

In the first part, Mendel’s birth certificate is layed in 
the room where he was born in 1822. Other exhibits there 
record his genealogy, family background, and details of 
the schools where he obtained his basic education. There 
are also photographs and doouments of the period, testi- 
fying to Mendel’s entry mto the Monastery of Old Brno, 
his teaching activities at the Brno Secondary School, and 
finally his election as Abbot in 1868. The final exhibits 
in this section include the obituary notioe issued by the 
Monastery on the day of his death, and the photograph 
of the Monastery vault in the Central Cemetery in Brno, 
where he gamed his final resting place. 
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testing) and that this was leading to the adoption of 
i items of equipment in all laboratories. 
Participants generally weloomed this trend which doubt- 
leas owea its origins to previous international discussions 
which, if on a lees ambitious scale, were none the lees the 
forerunners of the Grenoble Symposium. 

The Proceedings of the Symposium, inoludi all 
Papers and discussions as well as a directory of high- 
activity bot laboratories in operation in OECD ooun- 
tries, will be published by ENEA towards the end of 
September. 


BUILDING, HYNCICE 


The second part, which is aimed at aequaintmg the 
visitor with Mendel’s work and ita significance, partiou- 
larly stresses his interest in natural science. It was this 
interest which led him, after his theological studies 
had been completed, to study at the Univermty of 
Vienna. 

Later he returned. to Brno 
performed. his experiments on 
was these, now classical 
formulation of his th 


where for many yeara he 


the heredity of peas. It 
experiments, which led to the 


The offiaial opening of Mendel’s birthplace aroused 
considerable interest among the general publio, and at the 
ceremony Dr. V. Orel, head of the Gregor Mendel Depart- 
ment of Genetics in the Moravian Museum in Brno, gave 
an inaugural address in which he briefly outlmed Mendel’s 
life and explained the significance of hia work. He also 
recalled Mendel’s close ties with his family and his native 

The opening of this memorial building gave Hyntice 
the chance to inaugurate the official oelebrationa of the 
centenary of the publication of Mendel’s classic paper, 
and in this way of paying honour to its moat famous 
Bon. LUDMILA MARVANOVÁ 


POSITIONS OF THREE COSMIC X-RAY SOURCES IN SCORPIO 
AND SAGITTARIUS 


By G. CLARK, G. GARMIRE, M. ODA* and M. WADA} 
Laboratory for Nuclear Science and Department of Physics, Massachusetts Institute of Technology 
AND 


R. GIACCONI, H. GURSKY and J. R. WATERS 
` American Sclence and Engineering, Inc. 


Wi have determined the positions of three oosmio 
X-ray sources in the constellations of Scorpio and 
Sagittarius within uncertainty areas of 1-2-8 aquare 
degrees. Positions for these sources were reported earlier 
by us at the Austin Conference on Relativistic Astro- 

hysios on the basis of a preliminary analysis of the same 
PIA One of these soc is ScoX-1, which was first 
detected by Giscooni eb al. in 1962 (ref. 2). (Our designa- 
tions specify the constellation and the order of discovery, 
for example, Sco X.-2 for second X-ray source in Scorpio.) 


* On leave from the Untversity of Tokyo. 
t On leave from the Institute of Phymoal and Chemical Research, Tokyo. 


The other two, SgrX-1 and ScoX-2, lie near the galactic 
plane in the complex of sources the existence of which was 
reported in a previous publication’. We have algo located 
& probable fourth source to within 1? of a segment of a 
great circle that is almost parallel to and about 4° below 
the galactic equator. x celer Sn ova remnant 
SN1604 was scanned and no evidence o an X-ray source 
at ita position was found. 

We obtained the date with a rocket that was launched 
from White Sands, New Maxico, on October 26, 1964, at 
a sidereal time of 20h 20m, and reached an apogee of 
224 km. Above the atmosphere the rocket spun around 
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ita long axis with an almost constent angular velocity of 
i 806 deg/sec. The spin axis with 
an angular velocity of 5-51 deg/sec around a circular oone 
the apex angle and spatial orientation of which did not 
vary by more than 0-8° during the 260 seo when useful 
X-ray data were obtained. 

The effects of the rocket motion on the observations 
are most easily visualized in the rocket frame of reference 
which we define to be a co-ordinate system fixed in the 
rocket with ita £-&XiB el to the spin axis. During 
each spin any iven point on the celestial sphere moved 
through 360° o azimuth in the rocket frame at an almost 
constant angle of elevation with respect to the rocket 

: Tn addition, the precession caused the elevation 
angle of an object to vary periodically with an amplitude 
equal to one-half of the apex angle of the precession cone. 
Thus an object was observed repeatedly in snocessive 
spins whenover it moved within the elevation range of & 
given detector’s field of view. 

In describing our analysis, we shall refer to the pre- 
cession frame of reference which we define to be a oo- 
ordinate system the s-axis of which is parallel to the axis 
of the precession cone, and the z-axis of which is in the 
direction of the vector product £g x sp, where sc and £p 
are unit vectors parall to the z-axes of the celestial and 
precession oo-ordinate i . Wo define 
the spin azimuth of a direction to be its azimuthal angle 
measured around the spm axis from the direction of 


‘ ipx £s, whore sg is a unit vector in the direction of the 


spin axis. We define the bearing of a direction to be the 
sum of its spin azimuth and the precession azimuth of the 
i is. During one complete precession oyole the spin 


which were several X-ray detectors and two star sensors. 
The data consisted essentially of the ooourrenoe times of 
from these detectors and sensors. Four of the 
X-ray detectors were banka of Geiger tubes, each having 
sensitive areas of 70 am, beryllium windows 9 mg om-* 
thick, and argon fillings giving & gas thickness of 5-4 mg 
om. Three of the banks had alat collimators that gave 
rectangular fields of view with full widths of 3-0" in the 
narrow dimension, and 30° (detectors GHO and GH20) or 
40° (detector GV10) in the wide dimension. The narrow 
dimensions of detectors GH0 and GH20 were perpendicular 
to the rocket equator, while that of detector GV10 was 
parallel. The fourth bank, detector M00, had a modula- 
tion collimator! the response function of which, in the 
direction, perpendicular to the rocket equator, was & saw- 
tooth function with maxima at rocket elevation angles 
given by the formula 1-4° + aro tan (0-0417n), where n 
is an integer. In the direction to the rocket 
equator the response function of detector GMO0 was 
with a base width of 15°. Tho star sensors, 
SS0 and S830, had effective flelds of view of 1-0? x 5-2°, 
with their long dimensions dicular to the rocket 
. In our detector ignations the number fol- 
lowing the letter code specifies the nominal elevation in 
degrees of the centre of ita field of view above the rocket 
equator. We determined the actual orientations of the 
detectors and star sensors in the rocket frame of reference 
to accuracies of + 0-3? in elevation and azimuth by 
optical measurements on the ground before and after the 
t. 
e solved the problem of determining the orientation 
of the rocket in the celestial frame of reference at any 
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given instant in the following way. We first made use of 
the fact that SooX-1 was within the elevation range of 
the modulation collimator throughout the precession cycle. 
We could therefore determine the amplitude of ita varia- 
tion in elevation from the observed modulation caused 
by the motion of SooX-1 back and forth over the saw-tooth 
response function. This amplitude, which is equal to the 
full apex angle of the ion cone, was found to be 
5-1 + 0-1°. (This angle could also be determined from 
the star sensor data, though not with as high accuracy as 
from the modulation collimator data.) From the relative 
times of the signals from the etar sensor S0, we identified 
seven stars between the second and fourth magnitude as 
the sources of the signals. We then determined the 
orientation of the precession oone axis and the phase of 
the ion motion which minimized the mean square 
difference between the predicted and observed times when 
these seven stars entered and left the elevation range of 
the star sensor during the precession cycle. We found 
that the precession axis lay in the direction with right 
ascension 302-2° + 0-5° and declination 38-2° + 0-8°. 
From theee date we could calculate the celestial oriente- 
tion of the spin axis at any given instant. Analysis of 
the nearly periodic pulses from SS0 produced by various 
stars repeatedly crossing the field of view ahowed that 
the spin frequency increased approximately linearly with 
time by about 0-2 per cent during the useful period of the 
flight. Thus the beating of the axis of any given detector, 
which for constant precession and spin frequencies would 
be a linear function of time, could be expressed by a 
quadratio function of time. The average deviation between 
the computed and the actual bearing was lees than 
+ 0-5? over the useful observation period. 

To determine the relative bearings of the X-ray sources 
and reference stars, we plotted the numbers of counts per 
bearing interval from each of the detectors as a function 
of the bearing of the deteotor's axis, reduced modulo 
860°. The data accumulated over four precession periods 
are shown in Fig. 1. The main peak of the distribution 
for detector GV10 in Fig. la is due to SooX-1. The 
difference between ita average bearing and that of the star 

observed by the star sensor SSO, ia 239-8° + 0-8°. 
A segment of the great circle through the preceasion axis 
direction with this azimuth relative to B-Cetus is marked 
A in Fig. 8. We conclude that ScoX-1 lies within 0-8° of 
this segment. 
The second, broader peak in Fig. la is due to the 
complex of sources near the galactio centre. From the 
fact that the ratio of the amplitude to the area of the 
peak is leas than one-half times that of the ScoX-1 peak 
we conclude that it contains more than two souroes. 
Arcs B and C in Fig. 8 are looi of positions the average 
bearings of which are equal to the values marked B and 
O in Fig. la. They are segments of great circles drawn 
through the precession axis, and they bound the region 
within which these sources lie. The Kepler’s supernova 
remnant SN1604 lies 2° outside this region, and the 
radio source SgrA at the galactic centre is just barely 
within it. The te peak, the average bearing of which 
is marked D in Fig. la, is 3-50 above the background. 
It is probably caused by a separate source that lies some- 
where along the great circle t marked D in Fig. 3. 

The bearing distribution for the GMOO0 detector is 
shown in Fig. lb. It has separate peaks due to SooX-1 
and the galactic centre complex, but it has a low angular 
resolution and does not improve the bearing determina- 
tions already made with the GV10 data. 

Figs. lo and Id show the ing distributions for the 
two detectora GHO and GH20 the fields of view of which 
were narrow slits parallel to the roaket equator. Both 
show the presence of sources which are a part of the 
complex between circles B and O, and which lie within 
the two 8-d wide elevation bands scanned by tho 
detectors during the precession cycle. These bands are 
bounded by the small circles marked GEO and GH20 in 
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Table 1. Posrrioms (HrooH 1060.0) OP THREE X-Ray Sources 
The preliminary values of the position co-ordinates giren earfier in ref. 1 
are shown 


In parentheses 
Bource Tughí ascension, Deaitnation 
Soo X-1 16h 12m —15-0° 
Sex — “ign som 10h Som 308 » 
a ES e. —41 
SqrX-1 17h 44m os 37m, — 232° {$15} 


Fig. 3. It is apparent from the absence of a peak at the 
bearing of ScoX-1 in either distribution that SooX-1 does 
not lie within either of these bands. 

To obtain more precise information about the elevation 
of & source with respect to the precession equator we 
examined the precession variation in the ratea of counts 
in an Sg ea bearing interval round the average 
bearing of the source. At any fixed bearing the precession 
elevation of a detector axia varied with an amplitude 
oe to one-half the apex angle of the precession cone. 

& source lay in the region scanned, this variation in 
elevation caused a variation i the X-ray counting rates 
that could be fitted to the known response curve of the 
detector by a proper choice of the elevation of the source 
with to the precession equator. Fig. 2a shows the 
resulte for the GV10 detector. The abscissa is the relative 
elevation which we define to be the precession elevation 
of the detector axis at the centre of the indicated bearing 
interval minus ita fixed rocket elevation. The fact that 
the counting rate waa a maximum at the maximum 
relative elevation of the spin axis shows that ScoX-l ia 
above the maximum precession elevation of the GMOO 
axis, which limit ia indicated by the dashed line that 
crosses the bearing circle A. On the other hand, SooX-1 
cannot lie above the band bounded by the GH20 linee 
because the observed elevation variation is too small. 
Therefore, ScoX-1 must lie between the dashed line and 
the lower boundary of the GH20 band. 

To refine the elevation determination of SooX-1 we 
used the GMCO0 data the elevation variation of which is 
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Fig. 2. Varinüon of the countung rates with the relative elevation of 
the detector indicated Interval. 


axis at the midpoint of the bearing 
background levels are indicated by the dashed hnes 


shown in Fig. 2b. From the completeness of the modula- 
tion, as well as that of the modulation observed in a 
previous iment with a similar but higher reeolution 
collimator, 1t was poemble to conclude that the angular 
diameter of Scoz-1 is lees than 7 aro min (ref. 5). One sees 
here that ScoX-1 lines on one of the maxima of ‘the re- 
sponse function when the precession elevation of the GMC0 
axis is — 2-3°, —0-2° or +1-8°. The solid lines crossing the 
bearing circle 4 show the positions of the two maxima 
which fall between the limita previously determined. We 
are not &ble to choose between the two intersections on 
the basis of the data from this experiment. The boxes 
around each of the two intersections are 0:6° wide by 
1:0? long, and they indicate the estimated errors in the 
bearing and elevation determinations, respectively. 

Figs. 2c and 2d show the elevation variation of the 
counts from the sources observed by the GHO and GH20 
detectors. In both cases the sources appear to lie about 
0:3° below the midpoint of the elevation scan as indicated 
by the line crossing the bearing circles D and E. We 
determined these latter bearing circles using only the 
data from the parte of the precession cycle when the 
sources gave the highest counting rates. As before, the 
boxes around each intersection mdicate the estimated 
errors in the position determinations. 

The two alternative positions we find for SooX-1 are 
both within the uncertainty circle of 2° radius around the 
position published by the NRL group’. The lower of the 
two is within 0-5? of the position given by Fisher e£ al.". 
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Bighi ascension 
3. Meroator jection of the celestial sphere In the region of the 
DE QA Fe crom-hatehed 
sources as determined in thts 
GV10, GHO, oto., are the extreme 


SgrZ-1 is 5° away from the Kepler supernova remnant 
SN1604. The absence of a significant peak at the average 
bearing of SN1604 in the GV10 data in Fig. la shows 
that any X-ray emission from this remnant must be 
several times smaller than that of the nearby sources. 
Therefore, our observations do not support the identifica- 
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tion of an X-ray source with SN1604, as 
with an 


the NRL group* on the basis of date ob i 
instrument of lesser angular resolution. 

ScoX-2 lies more than 5° away from the position of the 
nearest source reported by the NRL group’. 

Two of the circular arcs along which Fisher e£ al." have 
located sources pass within 1° of our locations for SgrX-1 
and ScoX-2, respectively. 

Finally, we note that there is a 
metry with respect to the galactic centre in the dis- 
tribution of the general X-ray emission from this region. 
The centre line of the emission region between lines B 
and C in Fig. 3 passes tho galactic centre at a galactic 
latitude of bii = +2-5. It is also apparent that the radio 
centre of the galaxy, SgrA, is at most a weak X-ray 
source with the other sources nearby. 

This work was supported in part by the National 
Aeronautics and Space Administration under contracts 
NASw-898 and NsG—886 and in part by the U.B. Atomio 
Energy Commission under contract AT (80-1) 2008. 
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A HIGH-SENSITIVITY SURVEY OF M31 AND SURROUNDINGS 
AT 1,415 MEGACYCLES PER SEC 


By Pror. J. D. KRAUS and R. S. DIXON 
Radio Observatory, Ohio State University, Columbus 


MU ee ae Quo ft Duae 
at 600 and 1,415 Mo/a with the Ohio State Univer- 
sity 260-ft. radio telescope have reoently been published?, 
The telescope date output for these maps was recorded in 
analogue form (pen and paper chart) and all date were 
processed manually. The observations were completed in 
January 1964. By September 1964 a now stepped- 
amplitude twin-feed horn? and digital output had been 
installed for the 1,415 Mo/s receiver and a new survey of 
the M31 region lasting four months was begun at this fre- 
quency. Using a liquid-nitrogen refrigerated parametric 
amplifier! and repeated scans & itivity (root mean 

noise temperature) of 0-01° K was achieved with 
all data reduction done on the University’s IBM 7094 
computer. With this sensitivity and method of date pro- 
ceasing, M31 is resolved into a number of sources, one of 
which is close to the optical nucleus. Much detail is also 
brought out in surrounding arees that was not apparent 
on the earlier map. The region surveyed extends between 
right ascensions of 28h 30m to 02h 00m and north 
declinations of 89° 10’ to 48° 10’. The antenna beem- 
widths at half power are 10’ in right ascension by 38’ in 
declination. 

The resulta of the new observations are illustrated by 
the 17 profiles in Fig. 1 as plotted by the computer. The 
profiles are at declination intervals of 15’. Eaoh profile 
as plotted is the average of no lees than four drift scans 
taken on diffarent days except for one profile which is the 
average of three scans. A total of 72 scans is involved. 
A digital integration time of 10 sidereel sec was used so 
that more than 60,000 basic data pointe are involved in 
the 17 profiles. With additional scans at the central 


declination (41° 10’) a profile involving the average of 
eleven scans was also made. This profile shows little 
difference as compared to the four-scan central profile in 
Fig. l even with respect to amail details, indicating that 
with four scans the results are close to the resolution 
limit of the telescope. This means that a further increase 
in the telescope sensitivity would reveal no more mg- 
nificant detail at this frequency although the same 
resulta could be obtained with fewer scans. 

The galaxy M31 is evident as the extended object near 
the centre of Fig. 1 and appears to be resolved into as 
many as ten distinct radio features. A number of other 
prominent objects appear elsewhere in the figure as peaks 
on several adjacent profiles. (A point source should 
appear on three or four adjacent profiles and should trace 
the antenna pattern in right ascension with a time between 
points of 58 sec.) Two sources in the third 


sources are also apparent. 
OA numbers and are listed in Table 1. The new sources 
are: OA 5, 16-1, 17, 28, 25, 27, 29, 35-1, 35-2, 86-3, 35-4, 
35-5, 35-6, 35-7, 86-8, 35-9, 38-1, 39, 48, 58, and 61. 
Source OA 58 is an extended object which surrounds 
OA 52 and 54. (Sources are listed in Table 1 only for the 
right ascensions of Fig. 3.) 

Fig. 2 is & oontour map of the central region of Fig. I 
showing M31 and ite immediate surroundings. The oon- 
tour interval is 0-025? K antenna temperature referred to 
as an arbitrary xero-level. The contours were drawn 
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manually on & map printed by the computer with each g 


contour Sep Tital by a single digit. The contours 
asymmetry. In both directions from the nucleus along 
the major axis the emission conforms to the axis but 
beyond swings away into narrow north and south spurs. 
The ten radio features associated with M31 are designated 
O.436 and OA35-1 through 0485-9. The source 0435-3 
is leas than 8’ from the optical nucleus. Taking the 
distance of M31 as 2 million light years and assuming 
that this source is in the plane of the galaxy, it would 
be lesa than 2 kiloparaeos from the nucleus. Although 
the sources 0.486 and 0.435-6 may be background objecta, 
their location in the north and south spurs gives some 
probability to their being associated with the x 
There is no indication of emission from NG@O205 and none 
is apparent from M32, but the closeness of 0485-3 makes 
this somewhat inconclusive. The fact that several sources, 
such as OA85-4, 0435-7, 0435-8, rise only one contour- 
interval above the surroundings gives them only a low 
probebility of reality. Sources 0.433, 35-2, 35-5, 36, 87, 
38 and 89 appear at or close to peaks in MacLeod’s 
*, while 0435-6, O.487 and 38 are in the list of Scott, 
Ryle and Hewish*. Besides the much greater detail in 
Pig. 2 es compared with the earlier map!, the most 
BT Gee es ee cee pressing 
and following M31 along ita minor axis. spurs may 
be real features but do not appear in Fig. 2 because 
the computer programme for removi long-term drift 
tended to discriminate against weak ohissts extended in 
Fig. 8 is a partial contour map of a larger part of the 
region of Fig. 1, in which a few selected contours are 
shown to indicate the locations of the principal sources 
with their OA or 30 designations. Of parti interest 
are the two clusters of sources about 80 mm i 
and following Af81 and the ‘cluster to the south. The 
agin A pata consists of O.A14, 16, 16-1, 17 and 18, 
and the owing oluster of 0.442, 45, 46, 50, 52 and 54. 
The cluster to the south consista of 0425, 26, 28, 99, 
8018, 0.486, 87, 38 and 88-1. In the discussion of the 
Seren ets NM. guaio. wae cale as to the possible 
relation the p ing and following clusters with 
M31 (ref. 1). To these might also be added the cluster 
to the south. Thus, might some of the sources in these 
clusters be material ejected from the nucleus of M81 at 
some earlier epoch? There is an apparent north-south 
elongation of some of the sources in the preceding and 
following clusters and a marked beam broadening (east— 
weet elongation) of some of the sources in the south 
cluster. The preceding and following clusters are at 
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Table 1. BOUROES ON ORIO State UMivensrry 1,415 Mojs Map 
Poattdon * (1950 0) 
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In flux units of 10-9 W m-* (oy, error + 50 per onik, 
Vou bee eee gig oia 

opposite ends of an axis through M31. Circles centred on 
the nucleus of M31 and drawn the members of 
theese clusters, as shown by the dashed lines in Fig. 3, 
have-a relatively uniform spacing. We offer the oon- 
jeoture that some of the sources in these clusters may be 
associated with the wave oreste of the shock-front of 
material ejected from M31 in a prior epoch and further 
that some of the sources in the south 
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needed to decide between these 

Scott, Ryle and Hewish’ list thirteen sources in the 
area of Fig. 8. Of these, twelve correspond to O.45, 8, 
16, 18, 24, 85-6, 87, 88, 45, 50, 54 and 59. Omitting one 
source which is complex, the systematic difference in 
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true for the sources OA 24, 26 and 


Fig. 1. Oblique view of M51 shown iy ane profiles made with Ohio State Untvemity 260-fi. radio telescope 31,415 Mes. 
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Fig. 3. Partial contour map of M81 region showing principal radio sources. Data on the OA (Ohto list A) sources are given in Table 1 


their itions and ours amounts to lees than 1 seo of 
time in right ascension and leas than 8 min of aro in 
declination with standard deviations of 5 seo of time in 
right ascension and 8 min of aro in declination. 

A more complete discuasion of the techniques and 
results of our survey with more accurate position and 
flux data will be published in due course. 

During the observations the telescope receiver and 
paiaina mee Op o TD: R. O'Donnell, R. Townsend, 
G. Mikesell W. Truæ. R. O. Fisher, of the Univer- 
sity’s Computer Center, yie eee for much of the 
computer programme, and O. . Haught assisted in its 


execution. §. Y. Meng also assisted in the work. This 
work was supported in part by the U.S. National Science 
Foundation, the U.B. Air Force Cambridge Research 
Laboratories, and the Mershon and Development Funds 
of the Ohio State University. 
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RE-SURVEY OF HURRICANE EFFECTS ON THE BRITISH HONDURAS 
REEFS AND CAYS 


By D. R. STODDART 
Department of Geography, Untversity of Cambridge 


(oe ae cee attention has been directed in recent  Jaluit Atoll, Marshall Islands‘*, and Ulithi Atoll, Caroline 


years to the morphological and vegetational effects of 
catastrophic storms on the coastal features of high islands, 
such as Mauritius!* and Guam}, and of atolls, particularly 


. Talands*. Most of these surveys were carried out shortly 


after the occurrence of major storms, and recorded im- 
mediate effects by comparison with pre-storm conditions. 
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On October 30-31, 1961, Hurricane Hattie crossed the 
atoll and barrier reefs of the British Honduras coast, 
causing major damage to reefs and islands shortly after a 
complete survey of island physiography and vegetation’. 
This made possible the detailed analysis of hurriogne- 
induoed during an expedition three months after 
the storm'*. While the immediate effects of major 
storms is thus well documented, lees is known about the 
long-term stability of hurricane-induoed changes, and 
hence of the significance of such storms in the development 
of the surface features of coral reefs and islands. At Jaluit 
Atoll, the storm effects were re-surveyed three years after 
Typhoon Ophelia, when Blumenstook, Fosberg and 
Johnson!" reported considerable changes in topography and 
vegetation during that period. During March-April 1965 
& small expedition revisited the British Honduras reefa to 
collect data on reef and island changes in the 84-year period 
aince the immediate hurricane survey, in order to 
assess the long-term role of tropical storms in the evolution 
of reefs and roof islands. This report briefly notes the 
major conclusions of this re-survey, whioh may be oom- 
pared with those of Blumaonstock, Fosberg and Johnson 
at Jaluit Atoll, 


Nature of Immedlate Hurricane Effects 

The British Honduras coast is fringed by a 180-mile long 
barrier reef and coastal lagoon with three atolls (Turneffe 
Islands, Lighthouse Reef and Glover's Reef) to seaward. 
Tho reef flata carry numerous small islands or cays, which 
in to phy and sediment composition are strikingly 
Los) in response to exposure to prevailing winds and 
waves. In their natural state the cays carry a littoral 
thicket of Cordia, Bursera and Thrinaz, now largely re- 
placed by coconut plantations. Hurricane Hattie croased 
the northern of Turneffe Islands and Lighthouse Reef 
and the ern berrier reef, accompanied by winds 
gusting to more than 200 m.p.h. and by a storm surge 45 
miles wide and up to 15 fb. above narmal high water. 

Damage to the reef itself was considerable but super- 
ficial: over & narrow zone of the barrier reef more than 80 
per cent of the reaf corals disa , destroying the 
groove-spur system on the reef front; damage decreased to 
north and south of thia zone, but was greater to the north 
where winds were mainly easterly. Damage to islands was 
also concentrated near the storm track. In e central zone 
many small reef islands disappeared, and most others 
were overtopped by the storm surge and underwent surface 
send-strippimg and marginal shoreline erosion. Most of 
the pre-hurricane vegetation was destroyed in this zone, 
which extended farther to the north of the storm track 
than to the south. Outside the high area, topo- 
graphio change was limited to marginal eroeion 
with some deposition inland, and the exposure of semi- 
lithifled cay sediments: this rone extended for some 40 
miles north and south of the storm track. Outside this 
area, wind effects were dominant, resulting in the aligned 
felling of ooconuts and other trees, and the defoliation of 
mangroves, particularly on Turneffe Islands and in the 
barrier reef lagoon. In the area near -the storm track, 
many nearshore planta disappeared with the erosion of 
their substrate; and dominante such as Tournefortia, 
Suriana and Borrich4a were no longer to be seen in a 40- 
mile wide zone north and south of the storm track im- 
mediately after the hurricane. 

In the southern part of the barrier reef lagoon, particu- 
larly on densely vegetated cays off Placencia, and also on 
larger cays near the storm track which had not been 
cleared for coconuts, fresh shingle and coral rubble were 
piled against the vegetation on the windward sides 
of the islands, above high-water level, and in these cases 
the main hurricane effecta were aggradational rather than 
erosional, This suggested that the recent clearance of 
littoral thicket for coconut plantation, especially since 
1850, may have had a major influence on the nature of 
hurricane effects, and may account for the increasing 
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numbers of cays totally destroyed during such major 
storma!!, 


Geomorphic Changes since 1962 


During the 1985 re-survey, islands were revisited, 
mapped, and photographed from land and air over the 
whole area damaged by the 1961 hurricane. By contrast 
with the post-storm changes at Jaluit Atoll, geomorphic 
adjustments in British Honduras have been minor. Reef 
recovery, in particular, has been surprisingly small. In 
the area suffering greatest reef damage in 1961, the only 
corals still living m any quantity are those which survived 
the storm itself, particularly Montastrea annularis, and in 
places Stderastrea siderea, Diploria, and massive Acropora 
palmata. Reoolonization has been limited to a few soet- 
tered 4. palmata, all lees than 80 cm tall, Millepora sp., 
Agoricia agarioties, and infrequent non-frame-building 
corals such as Mantoina, Busmilia, Myostophyliia and 
Porites (P. aatreoides, P. furcata, P. porites). Formerly 
extensive corals, such as Acropora cervicornis, are still rare 
or absent in the most severely areas, and wide 
areas of flat-lying rubble and dead coral heads are thickly 
blanketed by non-calcareous algae, chiefly Padina with 
some Halimeda. Larger algae, such as Turbhinaria turbi- 
naia on beach rock habitats, are much leas numerous than 
before the hurricane. Sponges and gorgonians, while not 
numerous in damaged areas, have made a more rapid 
recovery than the oorals. 

Why reef recovery is delayed is not clear. The substrate 
of mobile debris is probably unfavourable to coral colon- 
ization, and non-calcareous algae are more rapid colonizers. 
In these circumstances the estimate made by Stephenson" 
at Low Isles, Great Barrier Reef, of 10-20 yr. being re- 
quired for reef recovery ia probably minimal following such 
major devastation; it seems likely that the reefs gtudied in 
1959-6] had only recently reached a climax state following 
the major hurricane of 1931. 

Some of the dead reef debris has becn moved on to reef 
cresta and island shores to form rubble ridges since the 
1962 survey, but otherwise there has been little shoal- 
water topographic change since the hurricane. 

Hurricane effects above high-water level on reef islands 
appear relatively permanent. E which 
disappeared m 1961, none has reappeared. the inter- 
tidal und neacshorg areas minor disndes have cooumed in 
beach profiles, with filimg or eutting depending on ex- 
posure, but these changes are generally within the range 
of seasonal fluctuation. In the area of most intense reef 
damage alight erosion of seaward shores has occurred, con- 
sequent on increased exposure. Above and away from 
beaches there has been no topographic change, except at 
Northern Cay, Lighthouse Reef, where wind action has 
built small dunes on a hurricane-deposited sand sheet. In 
cases where large vegetated islands were reduced to 
shifting sandbores by the storm, as at Goff's and Sergeant’s 
Cays, continuous minor changes of form and location are 
taking place, typical of those of unvegetated islands. On 
islands where rubble and shingle bara and ridges were 
built during the hurricane, as at Boipio and Colson Cays, 
these remain essentially intact and are now being vege- 
tated; at Jaluit, by contrast, such bars were largely eroded 
on the seaward sides of islands in the three years follow: 
the typhoon”. Gravel and sand sheets on islands 
channels cut through island surfaces (except where the 
latter have been filled by man) remain essentially unaltered. 

The most in ing geomorphic changes since the 
hurricane were found areas of incipient lithification 
of island sedimenta were exposed at and above high-tide 
level by beach erosion and retreat. This lithification was 
of two main types: cay sandstone and beachrock. At Big 
Cay Bokel, Deadman Cays, Grand Bogue Point and Harry 
Jones, Turneffe Islands, platforms of slightly bonded sand 
and shingle were uncovered, filled with coconut roots 
which could be traced upwards into the overlying un- 
bonded sands. Bonding was so slight that the rock oould 
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be easily crumbled in the fingers. The highest of these 
exposures reached 60 cm above mean sea-level, and the 
lowest only slightly above high water level (tidal range 
about 20 cm), and their height correlated directly with 
the height of the land behind the beach. By 1965, these 
exposures had been converted, mainly by oase-hardening, 
into a tough limestone of reef fragmenta in a carbonate 
sand matrix. 

In all the cases of cage-hardening noted, the rock was 
subject to spray-wetting, and where this was not the case, 
as at Cay pel, the cementation remained weak and the 
rock friable. The sandy examples are similar to the cay 
sandstones formerly noted at Harry Jones, Turneffe, and 
Northern Cay, Lighthouse Reef, and the conglomerates to 
rubble platforms at Half Moon Cay, Lighthouse Reef. In 
these cases the existence of lithifled platforms above 
present sea-level had suggested the possibility of recent 
relative sea-level shifta, but the new data indicate that 
such high-standing platforms oan be produced with 
stable sea-levels, by the lithifloation of sub-island sedi- 
ments exposed by storms. This may have implications in 
the Pacific, where similar, though larger, topographic 
features have been used as indicators of sea-level changes”. 
Weakly bonded intertidal beachrock exposed on many 
islands by the storm (for example, Sandbore Cay, South 
Water Cay) had been strongly though superficially lithifled 
by 1965. 


Vegetation Changes since 1962 


The major reef island changes in the period 1962-85 have 

been vegetational. In the zone of major damage, vege- 
tation recovery, as at Jaluit, has depended largely on 
whether the original soil cover was preserved during the 
storm (mainly in the interiors of large islands), or whether 
it was either atripped by surface erosion or buried by freah 
sand or rubble deposits (on the margins of larger islands, 
and acroes the whole surface of smaller islands near the 
storm centre). In the case of soil preservation, recovery of 
herbaceous vegetation and has been rapid, and the 
ground oover of Wedelia, Oanavalia, Ipomoea and Stachy- 
torpheta may reach 100 per cant. Where soil stripping 
occurred the vegetation cover is leas then 25 per 
cent, and consists of discrete patches of Sesuvitem, Sporo- 
bolus, Ipomoea and Euphorbia. In cases of soil burial, 
vegetation colonization depends on the calibre and thick- 
nees of the hurricane deposits. Thick nearshore sand 
sheeta may be so densely covered with Ipomoea and Oana- 
valia that the physiographic effecta of the hurricane are 
largely hidden. pepo of shingle and rubble especially 
where thin and overlying a deeply eroded cay surface, have 
a very patchy cover of Euphorbia and Sesuvium. Where 
whole islands were reduced to unvegetated sandbores by 
the storm, and in 1962 carried a pioneer strand flora domi- 
nated by Portulaca oleracea, the more stable areas are now 
covered with carpets of Ipomoea, Oanavalia, Buphorbia 
and grasses. 
The dominant nearshore shrubs destroyed by the hurri- 
cane in the zone of major damage have made & remarkable 
recovery. The stripped south shore of Half Moon Cay 
now has a 50 per cent cover of Tournefortia gnaphalodes 
in patches up to 10 metres in diameter and 1:5 m tall. 
Tournsfortia is the moet widespread of the nearshore 
colonizers, but elsewhere Suriana maritima, Sophora 
tomentosa, Borrichia arborescens and Conocarpus erecta 
reach heights of 1-3 m, regenerating from seed 
than stumps. 

Tree recovery has been leas spectacular. Coconuts 
which retained their crowns during the storm are now 
fruiting, and trees planted in 1962 now have heights of 
1-3 m. Fallen trunks and exposed root nete are rapidly 
rotting away. Thrinaz has made a good recovery even 
where blanketed with shingle in nearshore areas. Of the 
littoral thicket dominants, Cordia sebestena has been most 
resilient, flowering freely in 1965 from the most shattered 
stumpe; Coccoloba uvifera, while leas widespread, has also 
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regenerated from stumps in most cases; but Bursera 
simaruba appears to have been killed in all cases of severe 


While vegetation on the sand cays is rapidly reverting 
to normal, that on mangrove islands has suffered per- 
manent damage. Rhizophora, Avicennia, Lagunoularia 
and Conocarpus were defoliated during Hurricane Hattie 
within a zone extending 20-25 miles north and south of 
the storm track: the 1965 survey showed that most of this 
defoliation resulted in death. Particularly in the barrier 
reef lagoon, mangrove islands are grey and deed over & 
50-mile wide zone, the boundaries of which are sharply 
delimited and pass from mainly dead to mainly living man- 
grove within 5-10 miles. Within the mortality zone there 
are small patches of living Rhizophora in areas sheltered 
from extreme winds and waves, but otherwise vegetation 
growth is limited to fresh colonization by Batts marviima 
and Oyperus spp. on higher land. Similar mangrove 
mortality following major storms has been noted elsewhere 
(in Guam" and Florida's) but its precise cause is unknown. 
As & result of this massive mortality, the formerly &bun- 
dant Rhizophora seedlings are now rare in shoal water areas 
throughout the central area, and it may be many 
years before the dead mangrove is replaced by new 
growth. 


Economic and Other Adjustments 


Following Hurricanes Jane? (1955) and Hate (1961) 
economic investment on the cays has practically ceased. 
The failure of coconut rehabilitation projects after Janet 
haa led the British Houduras Government to decline to 
sponsor further projects after Hattis, and private concerns 
have made no large plantings. ing on one large island 
for tourist development has ceased, and with the decline of 
a settled population many of the cays are reverting from 
intermittently cleared coconut plantation to a cooonut- 
dominated thicket. The change in nature and increasing 
density of vegetation will undoubtedly increase island resis- 
tance to catastrophic damage during later hurricanes’. 
Two destroyed lighthouses have been replaced by suto- 
matic lighte, and the Government has built small jetties at 
larger cay and coastal settlements. Few of the, cays 
abandoned after the storm, however, have been reoocupied, 
and in the central area especially, soil-stripping and the 
lack of vegetation growth mean that permanent re- 
ocoupation may be long delayed. Only at St. George’s Cay, 
a holiday centre near Belixe, and at Big Cay Bokel, & 
tourist centre on Turneffe, has any post-hurricane develop- 
ment taken place, but in exposed locations and Jacking 
vegetational protection further destruction seams inevitable 
during later hurricanes. 

Bird life on the cays has returned to normal since 1962. 
The nesting of Sula sula sula, tho pink-footed booby, de- 
layed several weeks in 1962, occurred normally in Feb- 
ru&ry-Marob 1965. Large numbers of pelicans (Pelioanus 
occidentalis), ospreys (Pandion haliastus) and man-of-war 
birds (Fregata magnificens) were seen throughout the 
damaged area in 1965. 


Conclusions 


The conclusions of the 1965 resurvey reinforce those 
tentatively made immediately after Hurricane Hattie. In 
areas of major reef damage, recovery will probably take 
25-80 years, or more if the colonization of unfavourable 
substrates is long delayed. On islands the critical nature 
of pre-hurricane vegetation is emphasized: with dense 
littoral thicket aggradation may oocur during storms, 
whereas with coconuts erosion is more probable. Which- 
ever occurs, the geomorphic changes during the storm at 
and above sea-level appear to be permanent, at least until 
modified by later hurricane action. Vegetation growth on 
favourable substrates has been rapid, and with the 
abandonment of settlements on the cays there may be a 
reversion to littoral thicket vegetation in place of coconut 
plantations, with decreased susceptibility to future hurri- 
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cane damage. Where soils were destroyed, vegetation 
colonization has been slower, and its future development 
will probably depend on the rate of soil formation, about 
which little ia known on reef islands. Useful comparisons 
cen be made between these data and the resulta of the 
Jaluit Atoll re-survey, and continued observation of reef 
and island recovery on the British Honduras coast is likely 
to yield more information on the long-term significance 
of major storms in the building of coral reefs and islands. 

The 1965 re-survey was supported fmancially by Cam- 
bridge University Travelling Fund, the Cam- 
bridge Philosophical Society, and the Royal Geographical 
Geography Branch, Office of Naval Research, Washington, 
for transatlantio transportation, and Mrs. Lenore Smith, 
Mr. and Mrs. N. B. Stalker, Dr. F. R. Fosberg, Dr. M.-H. 
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A POSSIBLE QUANTITATIVE MECHANISM FOR CARCINOGENESIS 
BY ULTRA-VIOLET RADIATION 


By WILLIAM C. SASLAW 
Princeton University, New Jersey 


Y assuming that cells contain two chernioal agents, one 
advancing and one inhibiting growth, it is poasible to 
construct a simple model which quantitatively accounts 
for the growth-rate of cancers induced by ultra-violet 
radiation. This article suggeste and outlines a mechanism 
based on departures of these chemical agents from 
.equilibrium in the oel. It may be regarded as an alterna- 
tive point of view to Blum's theory!?. i 
The experimental results for volumetrio growth of 
ultra-violet-induced tumours are described by Blum* by 
the relation: 


Va SUG 

"76-s 189 
The volume is V, at some initial time è = t, and 24 is the 
time elapsing from t = t, to the time when the volume of 
the tumour is Va. This is usually called the development 
time. The amount of ultra-violet energy per dose is U, 
iis tho interval between doses, S and a are constants. 
This formula will be derived by considering the growth 
to be directly related to the influence ratio, y, of two 
chemical substances, A and I, which respectively advance 
and inhibit cellular growth: 


Fort>a 


A 
T. T-I) (3) 


Evidence has been presented by Szent-GyOrgyi ei a.t" 
showing that certain tissue cells contain two substances 
which promote and retard the growth of ascites tumours 
in mice. However, the interpretation of experimental, 
data on tumour growth rates is not straightforward, as 
pointed out by Blum’, since these rates are coupled to 
the general metabolism of the animal and will change with 
age, feeding conditions, eto. In the case of these experi- 
mente ib ia not clear but that regression of tumours may 
be due to non-selective starvation of local tissue in the 
cancerous region. Only further research can determine 
the scope of reversible effecte and the seriousness of these 
objections. For the present, however, we shall neglect 
such objections in the model which follows. 

We suppose the total amount of inhibiting agent in the 
oell to be governed by radiation decomposition, thermal 
decomposition, chemical decomposition, and regeneration. 
In the normal cell the last three processes are in a steady 
state condition and maintain J constent. When irradia- 
tion oocurs, the balance is upeet by anomalous decomposi- 
tion. When ultra-violet light is the carcinogenic agent, 
tho rate of tumour growth is increased each time the dosage 


is repeated, indicating that a cumulative process is at 
work. Thus we might expect the total amount of I 
present to be inversely proportional to the accumulated 
ultra-violet radiation, which 1s itself proportional to the 
time over which the dosage has been administered. Drffer- 
entiating this relationship gives a formula for the rate of 
change of J in the cell: 
for i> a (3) 
We propose a natural generalization of this formula. 
During a reaction, the change in concentration of a chemi- 
cal species is usually proportional to the amount of that 
Species present. Our interprétation of I as a compound 
in the cell then suggesta that we write the decay rate of 
the inhibitor in a cell in the more general form: 
dr Ü (i — a) I 
d" Un 

This is a hypothesis which can be tested in which « 
representa a threshold effect. If a is a funotion of physio- 
logical conditions—such as previous dosage—and there- 
fore of time, it may be possible to provide apparent 
immunity by using intervals of leas than « betwean doses, 
assuming a(t) to be a monotonic function. It should be 
borne in mind that a may be a function of energy per dose 
as well as of total dosage. We might, for the present, 
interpret this threshold effect as a regeneration mechanism 
for ‘normal’ semicontinuous dosage. If the intervals 
between doses are so short that the destruction of the 
inhibitor becomes a ‘normal’ condition, the (as yet un- 
specified) mechaniam for maintaining & steady state oon- 
centration of the inhibitor will be modifled to a new 
equilibrium-level as the cell adjusts. The value of a found 
experimentally is about 0-5, although setting 2 = 0 and 
thereby assuming no threshold effect still gives a fair 
description of experimental data. In this case the aocumu- 
lated energy would just be U#/s. 

Integrating equation (4) between the limite T'e. T, and 
f, t, gives: 


for i > a; O = constant (4) 


: 3 0 (i — 
en (6) (5 
where: 
—06-— 
I = Te op (— 7 (8) 
Evidently J’, is the amount of inhibitor present at time 
i= 0. Equations (5) and (6) are not meeningful for this 
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model if 4, = 0 since then I = 0 independent of time. 
Possibly this mdicates a discontinuity such as an initi 
ionization by an ultra-violet photon which triggers the 
growth of & tumour. For ¢, finite, I, is lesa than J’, and 
ast, — 0,I,— 0. We shall next suggest an interpretation 
of Ie i BO TENS un 

Since the induction of a tumour requires at least several 


months, we may assume the rate of decrease of the inhibit-, 


ing t to be small and during most of the growth 
period, for t/t, > 1: : 
O (îi — a) 
2613 «1 (7) 


This is the criterion for a first-order approximation. 
Expanding the exponential in equation (5) and ignoring 
second-order terms in O(t — a)/Ut we find: , 

O (i— a 
g-1)=1, Hga l 
This first-order solution to equation (4) for the d 
in I could have been obtained directly by assuming that 
the ultra-violet light ‘ba the amount of the inhibitor 
present in the cell in the manner characteristic of an 
equilibrium system, that is, I = I, + (èD) + (3D' + 
U+ .... Later, however, we will want to return to 
equations (5) and (6). 

It appears that I, which is always less than I,’ (the 
amount of inhibitor preseat initially in equilibrium), is 
the appropriate fiducial point for the measurement of I 
for given values of, O, 4, a, U and te. Then (I — I) is 
the effective amount of inhibitor present. Equation (8), 
which can in prinoiple be tested experimentally, shows that 
the effective amount, J — I,, of the inhibiting agent pre- 
sent after irradiation is begun is inversely proportional 
to the total dosage of ultra-violet light received, modified 
by the threshold constant. As the irradiation continues, 
the amount of I present in the cella decreases from I,’ 
toward I,. It is interesting to examine the ence 
of (I — I,) on the interval between doses and the intensity 
avon If we define a parameter, à, equal to the ratio 

these quantities: 


-— (9) 


and use equation (6), we may write equation (8) as: 


(I -—1,) =I’, 7 noxp(—27) 


Consider equation (10) as a function of X. If we plot 
(I — I.) on the ordinate against X on the abscissa, the 
curve will rise to reach a maximum at A, = #,/0, after 
which it will fall. On the rising portion of the curve, an 
increase in the interval between doses, or a decrease in 


(8) 


A= 


(10) 


U decreases the effective amount of inhibitor. 
doses at long intervals may ap aa single irreversible 
Sete totis salle urd e woes oouperation cagohaniám 
may not become effective in such circumstances. The 
of A, on O is consistent with this interpre- 
tation. For as O becomes smaller, the rate of decrease of 
I, that is, — dI/dt ~ O, also becomes smaller. Hence, as 
the destructive power of the dose is reduced, A, increases 
and there is & larger range of parameters over which 
recuperation is posalble. On the other hand, a8 ¢,— 0, 
A, 0, there is no recuperation, and the model breaks 
down. This may again be due to the irreversibility of the 
singularity associated with the initial triggering event. 
Let us now suppose that. the growth rate is directly 
proportional to the influence ratio, Y, for oell proliferation. 
This may work ae & chemical control which permits 
‘cancer tamplates’ or possibly virus particles to Hoete 
more rapidly as the growth ratio increases thus 
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somehow convey information of the extraordinary condi- 
tions induoed by the ultra-violet radiation to neighbouring 
cells. This modification of information transfer is con- 
sistent with the growth of transplanted malignant cells. 
Here it should be possible to introduce & more detailed 
mechanism for information tranfer and feedback control 
between cells into this chemical equilibrium model when 
i tal work becomes available. 

_ According to Szent-Gytrgyi', the chemical agent 
tending to advance growth is the more stable of the two 
compounds. For simplicity, therefore, we imagine it 
to be unaffected by ultra-violet radiation and thus main- 
tamed at constant value in the tissue cella. Since the 
rate of oell proliferation is also proportional to the volume 
of the tumour, we have: . 

av AU: _ 

a M'-gu-agn" (11) 
where B is a constant. Integrating this between V, and 
Va, and ¢, and ts, the tumour volume is found to be 
piven, to high seen by thooxpormipntal teianon (1) 
Or ia > &, where: 

S= H: (12) 


This model also qualitatively accounts for the observed 
break in the relationship between tumour development 
time and dose’, which suggests that there is an upper limit 
to the idity of tumour growth, aa expected from general 
metabolio considerations. As è becomes very large in 
equation (5), we see that I goes to Ie which 18 given by 
equation (6). However, I approaches I, asymptotically 
and for large t, dI/dt is very small. Hence y is approrim- 
ately constant. From equation (11) it immediately 
follows that for the maximum growth rate: 

1dV (18) 
which is also observed’. 

As a third comparison of this model with experimental 
results, we consider tumour growth and development tima 
after irradiation ceases. Equation (4) then becomes: 

dI RI 
d t1 (14) 
where E is a constant equal to the left-hand aide of equation 
(7) with t replaced by ts, the time ab which the dosage is 
The amount of inhibitor present at this time 
is I., which is inversely proportional to ts. If this time is 
leas than the development time, the tumour has & volume 
V, which is approximately equal to V, since tho growth 
curve is exponential with & lang time constant. Applying 
the same procedure used to derive equation (1) then yields: 


zone ly -1 


In the case that E <1, consistent with equation (7), 
comparison of equation (15) with equation (1) shows that: 

te ~v Viss — tet (16) 
which approximately fits the small amount of data 
available’ *. 

This equilibrium formulation has the additional 
advantage of providing & natural basis for investigation. 
of the reversibility of tumour growth in terms of a stable 
or unstable equilibrium. At present, however, the experi- 
mental date do not appear sufficiently accurate to justify 
a detailed reversibility analysis. 

I thank Prof. H. F. Blum for his advice. This work 
was begun a& the Bartol Research Foundation of the 
Franklin Institute. 

1 Blum, E F., J. Nat. Osncer Inn., 11, 463 (1950). 
1 Blum, H. F., O&roinogenetis by Ultremolat Light (Princeton Univ. Press, 1969). 
tnm H, F., J. Nai. Oencer Ins., 83, 129 (1959) (aleo private communi- 


“Hoga A , MoLaughlin, J.-A, and Srent-Gyòrgyi, A., Sovenoe, 148, 1571 
1 Seant-G: , A., Heqyeli, A., and MoLaugbhn, J. A., Seines, 140, 180 
aa eal i 2 
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CARCINOGENICITY OF 'ALDERLIN' (PRONETHALOL) IN MICE* 


By Dr. R. HOWE 


Imperial Chemical Industries, Ltd., Pharmaceuticals Division, 
Alderley Park, Macclesfield, Cheshire . 


~ A LDERLIN' (I)! was shown by Black and Stephenson! 

in 1962 to block specifically cardiac and other 
B-&drenergio receptors in laboratory animals. In 1964, 
Alcock and Bond? described the production in mice of 
thymic tumours and other sarcomata associated with the 
aavaivisten tion of ‘Alderlin’, which had not appeared to be 
carcinogenic to rata, guinea-pigs or doge. ‘Inderal’ (II)* 
(propranolol) has recently been shown to be about ten 
times more potent than 'Alderlin as s p-adrenergio 
receptor blocking agent and non-carcinogenic to mice’, 
Tate, guinea-pigs or doga’. 


OH 
o8 OCH (ECH, NE Pr 
QU cows 
‘Alderhn’ (1) ‘Inderal’ (II) 
— CH, o 
n C me 
(IIT) (IV) 
NHPr NHPr 
Ore Oy eme 
(V) (VI) 
ol 
OOH, UHCH,NHPr pem 
(VII) (VILI) 
NHPr 
OOH, HCHO 
(IX) 


The major metabolites of ‘Alderlin’ have been identi- 
fled*" for the mouse aad the rat, and their similarity 
suggests that it is unlikely that they oan be concerned in 
the carcinogenicity of ‘Alderlin’. In particular there was 
no evidence to suggest that the ethyleneimine (III), & 
member of a olass of compounds known to be carcino- 
genic’, was a minor or transient metabolite of 'Alderlin' 
in the mouse; nor was there evidence of & sulphate or 
phosphate ester of ‘Alderlin’ which might be a precursor 
of the ethyleneimine (III). Nevertheless some biological 


* The terms ‘Alderlin’ and 'Inderal' are registered trade marks of Imperial 
Ohemwal Indusires, Ltd. 


and chemical observations led us to test the idea that the 
ethyleneimine (III) derived from ‘Alderlm’ might be the 
actual carcinogen. 

The 8-chloroethylamine (IV) related to ‘Alderlin’ was 
originally prepared* as a possible meens for providing a 
slow release of ‘Alderlin’ in vivo. It waa known?’ that such 
B-aryl-8-chloroethylamines could be hydrolysed in vitro 
to the parent ethanolamine via an ethyleneimine. The 
f-chloroethylamine (IV) waa as active as ‘Alderlin’ as a 
B-adrenergic receptor blocking agent. The onset of B- 
receptor blockade was rapid and the compound did not 
show any significantly prolonged activity. The observed 
biological activity is presumed to be due to hydrolysis 
tn vivo to ‘Alderlin’ via the leneimine (III), and 
hydrolysis must be rapid because of the speed of onset of 
B-receptor blockade. This explanation is supported by the 
fact that, whereas the position isomer (V)" of ‘Alderlin’ 
is virtually inactive as a B-reoeptor blocking agent, the 
P-chloroethylamine (VI)* related to it is as active as 
‘Alderlin’. Hydrolysis $n vivo to ‘Alderlin’ via the oom- 
mon ethyleneimine (III) could explain the observed 
biological activity of (VI). Somewhat surprisingly the 
8-obloroethylamine (VII) related to ‘Inderal’ was devoid 
of B-receptor blocking activity, which suggested that it 
was not hydrolysed to ‘Inderal’ tn vwo. It may, however, 
have been hydrolysed $n vivo to the position isomer (LX) 
of ‘Inderal’, which 18 not active as & B-receptor blocking 
agent. An examination of the hydrolysis of the B-chloro- 
ethylamines (IV), (VI) and (VII) and the ethylenerminee 
(TL) and (VIII) has confirmed our interpretation of the 
biological observations. 

The hydrochlorides of (IV), and (VI), were separately 
heated at 100° O with 1 equivalent of 0-04 N sodium 
hydroxide for 1 h and then the solutions were cooled 
and rapidly extracted with ether after liberation of the 
organic base from its salt by the addition of a further 
equivalent of sodium hydroxide. Pure ‘Alderlin’ oon- 
taining no trace of the position isomer (V) (checked by 
thin-layer chromatography) was obtained! in both 
cases, thus substantiating the hypothesis that the 
B-ehloroethylamines (IV) and (VI) are oonverted to 
‘Alderlin’ tn vwo via the common ethyleneimine (ILL). 
Similar conditions applied to the hydrochloride of (VII) 
gave the ethyleneimine (VIII) as an oil (characterized 
as the picrate), and not ‘Inderal’ or ita position isomer 
(LX). The initially elusive ethyleneimine (ILI) related to 
‘Alderlin’ waa obtamed by treatment of the hydrochlonde 
of (IV) with 5 per cent sodium bicarbonate and isolation 
of the free base (IV), which on standing dismutated to a 
readily separable equimolecular mixture of the hydro- 
chloride of (IV) and the ethyleneimine (III) (an oil, 
characterized as the picrate). Pure ‘Alderlin’ was obtained 
when a solution of the ethyleneimine (III) in 1-1 equiva- 
lente of 0-1 N sulphuric acid was heated at 100° C for 
0-25 h, cooled, and then rapidly extracted with ether after 
liberation of the organic base from its salt by the addition 
of 1-1 equivalenta of sodium hydroxide. Under similar 
conditions the ethylenemmine (VIII) was recovered vir- 
tually unchanged. This ethyleneimine was, however, 
hydrolysed to the extent of 10-15 per cent when the 
heating period was prolonged to l h. The product of the 
hydrolysis was the position isomer (LX) of ‘Inderal’. 
Pure 'Alderlin' hydrochloride was obtained!* by heating 
the hydrochloride of (IV) at 100° O for 2 h with water or 
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N hydrochloric acid and then evaporating the solution 
to dryness. Under similar conditions the hydrochloride 
of (VII) waa recovered unchanged. Thus the interprete- 
tions put forward to explain the results of the B-reoeptor 
blockade experiments were substantiated. 

The conversion of the §-chloroethylamine (IV) to 
‘Alderlin’ èn vivo via the ethyleaeimine (III) suggested 
& means of testing the ethyleneimine hypothesis proposed 
by Rose and Howe? to account for the carcinogenicity 
of 'Alderlin Administration to mice of the B-chloro- 
ethylamine (IV), which should produce an equivalent 
amount of the ethyleneimine (III) in vivo, ought to lead 
to the development of significantly more thymic tumours 
than would be expected from ‘Alderlin’ if the ethylene- 
imine (III) were but a minor metabolite. After the latent 
period the tumours might also be to appear on 
average at an earlier date in the case of (IV). The ethylene- 
imine (III) itself was not administered to mioe because we 
did not have a more convenient method of presenting it 
than as the hydrochloride of (IV). 

In an experiment performed by colleagues ia these 
laboratories, aps of 25 male and 25 female mice 
were given sither ‘Alderlin’ hydrochloride or the hydro- 
chloride of (IV) in the diet at each of the dosage levels 
shown in Tables 1 and 2. The number of days between 
the beginning of the experiment and the day on which the 
thymic tumour was first observed was recorded, and the 
tumours were afterwards confirmed on post-mortem 
examination. The experiment with ‘Alderlin’ terminated 
> day 454 and that with the B-chloroethylaznine (IV) on 

y 265. 


Table 1 
% ‘Alderin’ in diet Day on which thymic tumour was 
obeerved 
02% d 283 
Q 171, 257 
01% d 115,329, 450 
Q 141, 240, 356, 454 
0 05% d None 
9 172, 119, 4*8 
Control d 828 
9 None 
Table 2 
% (IV) m chet Day on whioh thymio tumour was 
observed 
0-296 reduoed to d 78, 92, OF, 100, 101, 108, 104, 118, 
015% after 117, 120, 130, 141, 146, 149, 151, 
2 months 167, 188, 180, 210, 253 


9 100, 156, 187, 281 


Control d None 
9 188, 142, 153, 173 


Unfortunately, the 8-chloroethylamiae (IV) was seleo- 
tively toxic to female mice. In the first 90 days seven- 
teen of them died, the majority of which showed 
severe kidney damage. The test is being repeated 
using groups of 50 male and 50 female mioe, and at 
a doee-level of 0-1 per cent in the diet. It is hoped 
tbat this dose will prove leas toxic to the females so 
that we can determine whether or not the ap 
low incidence of tumours is entirely due to early 
mortality of the females. Nevertheless the striking 
increase in the incidence of thymic tumours in the males 
dosed with the g-chloroethylamine (IV) as compared 
with the incidence in those dosed with ‘Alderlin’ strongly 
suggests that the ethyleneimine (III) could be the car- 
emogenio agent formed from 'Alderlin' in mice. 

Ross has shown!* for & series of aromatic nitrogen must- 
ards that a certain level of chemioal reactivity is necessary 
: if a compound is to be an effective tumour growth inhibitor. 
If in a similar way chemical reactivity is necessary for 
tumour initiation then our chemical evidence 
that the ethyleneimine (VIII) related to ‘Inderal’ would 
probably be non-carcinogenic. 

The hypothesis that the B-hydroxyethylamine side- 
chain of ‘Alderlin’ might be converted to an ethyleneimine 
in vivo suggests further lines of work. It would be interest- 
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ing to know whether or not the othyleneimines (X) and 
(XI) related to adrenaline and noradrenaline are carcino- 
genio. 


HO : H —OH, 
—QgOH 
$ 1 ne 
H N H H 
Me 
(X) (X1) 


These ethyleneimines might arise as abnormal metabolic 
producta if the normal metaboliam of adrenaline and 
noradrenaline is impaired and might be responsible for the 
incidence of ‘spontaneous’ tumours in animals and man. 
In connexion with the carcinogenicity of aromatic amines, 
the ortho-hydroxylation hypothesis by Clayson!* 
and Walpole e£ al., and the N-hydroxylation hypothesis 
proposed by Miller ei al.1*, might be examined from & new 
point of view. For example, in the case of 2-napbthyl- 
amine, 1-hydroxy-2-naphthylamine (XII) and N-hydroxy- 
2-naphthylamine are known metabolites which are 
earomogenio". The former presumably arises from the 
latter tn vivo by an arylhydroxylamine rearrangement 
involving the ortho-quinolimine (XIII). Miller and 
Miller’! have demonstrated that such a re-arrangement 
occurs in vivo in the case of N-hydroxy-2-acetylamino- 
fluorene. Reduction in vwo of the ortho-quinolimine 
(XIII) or 1-hydroxy-2-naphthylamine (XII) could give 
the B-hydroxyethylamine (XV) which might be metabo- 
lized further to the ethyleneimine (XVI). 


oH H OH 
cy" | $ pu | | NHOH 
(XII) (XIII) (XIV) 
H OH 
NH, 
(XV) (XVI) 


I thank my colleagues, Mr. P. J. Taylor, who is at 
present examining the kinetics of the formation and solvo- 
lysis of the ethyleneimines (III) and (VIII), and Dr. 
J. W. Black, Dr. R. G. Shanks, Dr. P. Lemon, Mr. P. A. 
Melvin, Miss 8. J. Aloock and Mies M. J. Tucker for the 
biological resulta. 


1 Stephenson, J. 8., U.K. Patent No. 900,357. 
1 Black, J. W., and Stephenson, J. S., Leno, 11, $11 (1062). 
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4 Crowther, A. F., and L E, U.K. Patent A: Nos. 44357/62 
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= Blaai, J: W., Oroi, À. F., Shanks, R. G., Smith, L. H., and Dornhurst, 
A. O., Lanos, 1, 1080 (1964). 

* Personal communication from Dr. 8. Baker. 

' Bond, P. A., and Howe, B., U.K. Patent Appüca&don No. 2457/04, and 
unpublished work. 


* Walpole, À. L. Roberts, D. O., Rose, Y. L, Hendry, J. A., and Homer, 
B. F., Brit. J. Pharmacol, 9, $06 (1954). 

* Howe, R., U.K. Patent Applications Nos. 37597/61 and 37599/01. 

15 Wolfheim, F., Ber., 47, 1451 (1014). 

n omine d F., Howe, R., and Smith, L. H., U.K Patent Application No. 

11 Howe, R., U.K. Patent Application No. 37600/61. 

ae d €. J., Biological Alkylating Agents, 101 (Butterworths, London, 


u Olayson, D. B., Bru. J. Camesr, 7, 460 (1053). 

1 Walpole, A. Te, mara M. FL O., and Roberts, D. O, Brit. J. Indust. 
ed., 9, 255 (1952). 

14 Miler, J. A., Oramer, J. W., and Miller, H. O., Oenosr Res., $9, 950 (1900). 

Boyland, B., Dukes, C. H., and Grover, P. L., Brit. J. Oeeoer, 17, 79 (1063). 
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ROLE OF THE CARRIER IN DEVELOPMENT OF DELAYED SENSITIVITY 
TO THE AZOPHENYL-ARSONATE GROUP 


By Dr. VALERIE E. JONES* and Dr. SIDNEY LESKOWITZ 


Medical Service, Massachusetts General Hospital, and the De 
Harvard 


t of Bacteriology and Immunology, 


Medical School, 


COS ries immunized with hapten—protein oon- 
Jugates produce antibody which is Supe a 

but exhibit & delayed hyperseasitivity which is di 
ed UNES i When, however, 
&rsanilio acid was as & hapten and polytyrosine as the 


running 
conjugated with 2 mg of arsanilic acid to 10 mg of protein. 


Synthetic polypeptides were conj with 
amounts to provide one azophenyl-arsonate 
group (ars) per 3 tyrosine or lysine residues. Guinee-pig 


8 
serum albumin (GSA) and insulin were conjugated with 
exooss arsanilio acid for use as askin test antigens. 

White male guinea-pigs weighing 400 g were immunized 
by injection in the four foot-pads of 100 ug of conjugate 
in 0-1 ml. of complete Freund's adjuvant’. Two weeks 
later they were shaved and depilated and tested for hapten- 
speciflo delayed hypersensitivity by intradermal injections 
of 1 ug N of ars-GSA and azs—insulin. Reactivity to the 
carrier was asseemed by simultaneous injections of 20 pg 
of the immunizing conjugate and carrier alone, except 
where these gave non-specific toxio reactions. AI ike 
teats were measured after 24 h to determine the extent 
of induration and erythema. Table 1 lista the results of 
immunization with oonjugates of arsanilio acid and several 
synthetic pol tides. The homopolymers of either 
tyrosine, histidi or lysme (purchased from the New 
England Nuclear Corp., Boston) produced almost universal 


glutamic acid, alanine and tyroeine suggested that a good 
measure of carrier specific reactivity was also b. 
In other instances, carrier specific reactivity could not be 
assessed because of the tendency of the conjugates to 
give non-specific reactions. 

The resulta of immunization with conjugates 


OF INXUNIKATION WITH OONJUGATES OF AXSANILIO 


Table 1. XEmSULTS 
ACID AND SYNTHETIO ANINO-ACID POLYMERS 


No. of D. tested and oe 
(D T An Tameng. 
An-GRA insulin antigen ` 
( ag (1 mgN) (20 mq) 
Ars-polytyrodtne 16/17 + 6 
Ars-polyhustidine 14/17 (12 P 4 
AÀrs-poly-1-!ymine Do 12 2n 
An-Doly-D-lyatne 0 à 7 0 (11) ys 
Ars-4tutamtio-Hyaine-tyrostne 3 8 7 
Ars-I-glutamic-alantine-tyrosine 3/5 t E ) We 24 
An-D-gintamio-alanine-tyrosines /6 
D-giutamic-alantne-tyrostne 
(1 mg) 0/6 


No. of . tested and diameter o£ 
ERTS, Too mga et tare 
Insuim tigen 
(up) (ew (om) [dng 
Anx-gelatin . 10/10 0/10 
‘Are-insutin S E ES 7H (e = 12 
‘Are BSA og» — yp (p 10109) 19/10 tg 
BSA 8/6 (7) 6 (6) $5 un ae qs 
An-ENase O/T 0 7 8" (11 
E NE n $5 y ae 66 (16 
An-pepatn 4/5 (10 Ü 55 n HE D 
An-GdG 8/10 (12) 8/10 1010 (1 0/6 
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with the immunizing antigen, aa well as the carrier protein 
alone, thereby demonstrating the large measure of carrier 
specificity followmg immunization with these conjugates. 

On the other hand, gelatine, haemoglobin and pepsin are 
ordinarily considered to be poor antigens for antibody 
production‘. In the form of conjugates with arsanilic 
acid, all were found to produce some modest degree of 
hapten-specific delayed hypersensitivity as evidenced. 
by skin reactions to and arsinsulin. Since 
inherent lack of antigenicity of the carrier protein .was 
felt to be of importance in ita ability to produce hapten- 
directed sensitization, an attempt was made to alter 
drastically this antigenicity in two cases (BSA and RNase) 
by oxidation of all disulphide bonds’. When arsenilio 
acid conjugates of oxidized BSA and RNase were used for 
immunisation, small but defmite hapten-specifio delayed 
sensitivity was produced in many of the animals. Once 
again a large degree of carrier specificity could be elicited 
by testa with the immunizing conjugate and the carrier 
alone. 

Advantage was taken of the fact that guinea-pig serum 
proteina would not be antigenic in the guinea-pig, and 
conjugates of two such proteins, albumin ( ) and 


y-globulin (GGG), were used as examples of poor or non-- 


antigenic oarriers. When immunization with ars-GSA 
and ars-GGG was carried out, excellent hapten-speoifio 
delayed sensitivity was produced m moat of the animals 
receiving the globulin conjugate but only in an occasional 
animal reoeiving tbe albumin conjugate. In all cases, 
the immunizing antigen produced marked reactions, but 
the carrier alone produced none. 

While the positive resulta obtained with ars-GGG seem 
to be striking confirmation of the contention that poorly 
antigenic carriers are required, the lack of hapten sensitiza- 
tion obtained with ars-GSA appears to be completely 
opposed to this hypothesis. One possible way to reconcile 
these apparently opposing data lies in the recognition 
that antigenicity of the carrier per se need not be qualita- 
tively or quantitatively identical in the conjugate. In 
other words, immunization with a conjugate cannot be 
considered merely as sensitization to the native carrier 
plus sensitization to the hapten. It is well known, for 
example, that the process of conjugation can denature 
proteins and oan either add or delete antigenio determin- 
ants’. Thus, it might be that the rather heavy conjuga- 
tion with a&rsanilio acid in the present instanoe so de- 
natured GSA that it became a relatively antigenic material, 
while GGG was not similarly affected. 

These results do not yet allow an exact description of 
the qualities & carrier must possess to direct sensitization 
to an appropriate hapten but do suggest that good anti- 
genicity in respect to antibody production militates 
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aromatic groups are present in this molecule that it could 
not be ascertained whether sufficient conjugation did in 
fact ocour.  Elastoidia, a tyrosine-rich protein from 
collagen’, was much superior to gelatine, which is poor in 
tyrosine. This enhancement of carrier effectiveness for 
directing specificity toward the ha ten by the addition of 
tyrosine groups was similar to t observed with the 
glutemio-lysine and glutamic—lysine—tyrosine carriers 


` (Table 1). 


The failure to obtain sensitization with the polymer of 
the D-isomers of glutamio acid, alanine and tyrosine, while 
the polymer of D-lysine was effective, suggests caution in 
the interpretation of these resulte in terms of inherent 
digestibility or recognition of natural and unnatural 
amino-acid polymers?. 

While the azophenyl-arsonate group is probably not 
unique in being able alone to sustain a dela’ reaction, 
the commonly used haptens, such as p-aminobenzoic acid, 
sulphanilio acid and p-aminophenyllsctogide, do not appar- 
ently contain the necessary complementarity or binding 
potential to produce hapten. iflc reactions!*. The work 
recorded here demonstrates that the production of hapten~ 
specific delayed hypersensitivity requires not only 46 
particular type of hapten able to exprees completely this 
reaction, but that in addition sensitization can be accom- 

lished only by conjugation of this hapten to special 
Linda of carriers. i 

We thank Dr.. Paul Maurer of Beton Hall College of 
Medicine and Dr. Thomas Gill of Harvard Medical School 
for the generous provision of the mixed polypeptides. 

This work was sup by grants 4 1—22 and AJ—01289 
from the U.8. Public Health Service. 
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CORRELATION BETWEEN CODING-TRIPLETS AND AMINO-ACIDS 


By Da S. R. PELC 
Medical Research Council Blophysics Research Unit, King's College, London 


A TABLE containing 62 nucleotide sequences of RNA 
codons was recently published by Trupin e£ al.' and 
by Nirenberg e£ al.?, who also noted that “amino-acids 
whioh are structurally or metabolically related (such as 
synthesized in vivo from a common per often have 
similar RNA codons’’. It seamed of interest to explore: 
(a) what correlations exist between a coding triplet and 
the structure of the amino-acid coded for; (b) whether 
the ies of an amino-acid ooded by & given triplet 
on one DNA-strand will in some respecta be comple- 
mentary to those of an amino-acid coded by the comple- 
mentary triplet (as given by Wateon—Crick pairing) on 
the second DNA-strand. The following oorrelations, 
shown schematically in Fig. 1, were found. 


The columns headed U and C, that is, those containing 
all amino-acids the codon of which has uridilio acid or 
cylidilio acid in second place, enclose the hydrophobic 
amino-acids, the molecule frequently ends in a methyl 
group (CH,). Those with branched methyl groups ara 
in the U column; OH-groups are seen m the C column. 
The acid and basio amino-acids have A or G as the second 
base and are found in the third and fourth columns. No 
amino-acids; the molecule epay ends in & methyl 
The only exception is serine with AGU and AGC, but this 
placement seems uncertain since the incorporation in 
the relevant experiment is scarcely above background. 

Simple changes in the structure of an amino-ecid are 
accompanied by a change of one base only in tho codon. 
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for each row m the narrow column on the 


iter Viole TAO” raa. 
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Table 1. CORRELATION OF A PTRUCTURAL DIFFERENCOE OF AW AÀNINO-AUID 
wree Guana OF Copor 
- Codon changes 
from 


AA. change aa, to 
gy OH, ala GGU acu 
ta og g-o-u ^ Gou SUE 
ala asp GOU GAU 
asp OH, gtu GAU GAA 
giu 1 —OH giun GAA CAA 
oR GAU AAU 
- apn 
= m XH, 
val CH, E lu GUU CUU 
val CB, flea GUU AUU 
= On phe oD uu 
mE + benzene 
—OH oye UCU UGU 
= = on tryp voa uaa 
bd { + indole f 
tyr [ — benzene OH his UAU CAU 
-Funtnaxole 
sec CH, tir UOU AOU 


For example, gly changes to ala by conversion of the 
terminal hydrogen to a methyl group, the codon from GGU 
to GOU; the difference between ala and ser, replacement 
of one hydrogen in the terminal OH, group by hydroxyl 
(OH), is accompanied by a change from GCU to UCU. 
Altogether fifteen such changes of one amino-acid into 
another by means of addition of one group connected 
with & corresponding one-step change in the oodon are 
shown in Fig. 1 and Table 1. Conversely, transformations 
involving a more complicated rearrangement of an amino- 
acid molecule usually involve more than one step in the 
change of the codon, for example, val to met. These 
conversions are not necessarily in the actual synthesis 
of amino-acids or in the evolution of theso compounds. 
They are additions or rearrangements of single components 
of amino-acids. 

The amino-acids derived from propionic acid, namely, 
ala, ser, phe, tyr, cys, tryp and his, are situated in such a 
manner that conversions by a aingle step are posible; 
similarly glu and glun derived from glutaric acid, asp and 
aspn derived from succinic acid. Leucine and ileu 
derived from caproic acid are in adjacent squares, while 
the conversion of lys to ileu in two stages also involves 
changing two bases in the codon. No easy conversion 
of met into thr, both derived from buty~ic acid, seems 


possible. 
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The third base in & triplet seems to influenoe the coding 
only by being either a purine or a pyrimidine (previously 
for the second base by Eck?) or it does not do so 
at all, especially when O is the second base of the triplet. 
The correlations noted here might be explained either by 
the evolution of the coding system or by assuming that o 
structural relationship existe between codons and amino- 
acids. On balance the latter explanation seems to be moro 
likely, since during evolution & random distribution of 
triplets and amino-acids would be expected if the two are 
not connected structurally; the probability of achieving 
by chance the well-ordered and logical arrangement 
reported here would be negligible. 

The ensyme which attaches an amino-acid to ita appro- 
priate sRNA must ire both; the sRNA in turn 
recognizes the codon on the mRNA. If as shown in this 
article a close structural relationship between codon 
and amino-acid exista, it has to be assumed that the two 


^ sites on the enzyme are also structurally related. 


The second question posed in this article, namely, the 
possible complementarity of amino-acids, can now be 
considere in more detail. If thr s found in a given posi- 
tion in & protein chain, the appropriate codon on the 
mRNA might be ACA, formed from TGT on the DNA, 
The complementary triplet on the second strand of DNA 
would be ACA, which in turn would form UGU which 
codes for cys. In this way pairs of amino-acids comple- 
menting each other can be derived. Since the strands of 
DNA are anti-parallel the second triplet might have to be 
reed backwards but this is not certain’. It is obvious 
that amino-acids with U or C as the second base will 
complement with those with A or G respectively in the 
same place. Tho marked differences between the respec- 
tive amino-acids appearing in these columns will usually 
lead to pairing members of different groups. For 
example, no acid or basio amino-acid can complement with 
another acid or basic amino-acid, and amino-acids oon- 
taining & CH, group cannot complement with each other. 
The properties of pairs of complementary amino-acids are 
at present being ip udin by means of model-building. 


ed Bored 
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HISTONES IN DEVELOPMENT, GROWTH AND CANCER 


By Pror. JAY S. ROTH 
Institute of Cellular Blology, University of Connecticut, Storrs 


I organisms such as bacteria, Protozoa 

and algas, when placed in a favourable environment 
containing all the required nutrients, grow at a maximum 
rate characteristic of the species. So long as adequate sup- 
ples of nutrients are maintained and waste products 
removed, as in a chemostat, this maximum growth will 
continue. In s simple medium containing salts and a 
carbon source, the unicellular organisms synthesize all the 
necessary proteins which in turn catalyse reactions pro- 
ducing all the required precursors for RNA, DNA and 
other macromolecules, as well as other products used ag 
energy sources or for other special purposes. 

A cancer cell is, in terms of ita growth and multiplica- 
tion, similar to the unicellular organiams. It continues 
to grow in the host or in tissue culture at a rate charac- 
teristic of the type of tumour, and probably limited 
largely by eventual failure of the nutrient supply. The 
unicellular organisms are in a real sense cancerous (con- 
sider, for example, a bacterial infection that overwhelms 
the body's defences) and conversely the cancer cell is 
behaving like a unicellular organism in a favourable 
environment, 


The unicellular organiam appears to Jack any mechanism 
for growth control. The cancer cell lacks a functional 
mechanism for growth control. 

Since it has been suggested that nuclear DNA-associated 
histones are the biological repressora which regulate gene 
action in cells from higher animals'-’, it is of considerable 
interest to ask the following questions: 

(1) Do unicellular such as bacteria, protozoa 
and algae contain DNA-associated histones which are used 
for regulating gene expression? 

(2) Te the possible low of growth control in a cancer cell & 
general failure of the histone regulating mechanism, or per- 
hape a limited failure of this mechanism, particularly with 
respect to metabolic pathways important to cell division? 

It is obvious that these questions cannot be answered 
unequivocally as yet. The ability to ask the right ques- 
tions, however, is an important part of scientiflo endeavour, 
and there are & number of interesting considerations and 
some date pertinent to these questions which will be 
discussed bere. These considerations, in turn, may lead 
to some useful experimental approaches to further our 
understanding of growth. 


With respect “to the first question, there is a striking 
paucity of information concerning ‘histones in unicellular 
organiams. Only a few scattered reporte of histone-like 
materials in various bacteria, protozoa or algae are found. 
"Most, or all, of these investigations have beeni carried out 
by histochemical techniques, 'and in the few occasions 
reported it is possible to reise serious doubts as to-whether 
the supposed histone: (1) has a typical histone amino-acid 
pattern; (2) is associated with DNA im a functional way. 
In one mvestigation in which DNA nuoleo-protein was 
isolated from E. cok and the amino-acid composition of 
the protein determined', it proved to be completely dif- 
ferent from the typical amino-acid pattern of histones and, 
in fact, had high proportions of dicarboxylio acids and low 
proportions of basic amino-acids—just the reverse of his- 
tone composition. This, of course, does not refute the possi- 
bility that the more acidio protein of the deoxynucleo- 
protein of W. ook may function in the same way ss histones 
do in oells of higher animals. Recently Beck and Walker, 
using & fluorescent immunochemical technique, were un- 
able to demonstrate histones in a number of different 
trypanosome nuolei*. Also, Butler and Godson found no 
evidence for histone-like protein in nuclear material from 
Bacillus megaterium». In the absence of any good positive 
evidence for histones in unicellular organiama, the hypo- 
thesis that they lack this type of cellular control material 
is, for the moment, intact. 

It is of interest to observe that the Jacob and Monod 
formulation of the operon system as applied to bacterial 
does not specifically require histones for ita functioning, 
although it appears quite possible that specific proteins 
may act as Tepreasors in some cases. 

At this point, it may be well to consider that a basio 
difference between the unicellular organism and the oell 
of a higher animal is that the latter can undergo differen- 
tiation, so that from a single cell type a diverse variety of 
cells with greatly different functions and properties may 
be formed. This would certainly require a mechanism for 
allowing expreasion of certam gene functions and not 
others, and for this reason the histone-regulator hypothesis 
is attractive. Since the unicellular organism does not 
differentiate in the ordinary sense, it has no need for such 
& mechanism. (It is true that certain bacteria undergo 
sporulation which might be considered to be a primitive 
type of differentiation. This is a proceas induced, generally, 
by unfavourable, rather than favourable, growth oon- 
ditions. In minimal medium, ite entire complement of 
enryme systems is presumably functioning at maximum 
capacity. In enriched medium, it uses (probably in oom- 
mon with cells of higher animals) a system of feedback 
controls to ‘turn off’ the synthesis of unneeded protems. 

Thus, addition of a single ammo-acid to a minimal 
medium will prevent the production of all the enzymes 
involved in the synthesis of that amino-acid. The process 
is envisaged by Jacob and Monod as a combination of 
amino-acid with a regulator substance (which may be a 
protein), which in turn, combines with the operon, a regu- 
lator gene, inactivating it. So long as the operon is 
inactive, no gene in the related group produces measenger 
RNA, and hence no enzyme involved in the synthesis of 
the particular amino-acid is produced. This is a simple 
on—off mechanism and if, as suggested, the regulator sub- 
stance is protein, it need not be a histone. There have been 
suggestions and there is same evidence that the regulator 
substance in unicellular organisms may perhaps be RNA, 
ot & more simple molecule, such as an amino-acid or 
nucleotide, which might act directly at the gene-level on 
the operon. It, has been postulated recently that small 
peptides may function in this capacity”. In unicellular 
organisms there is no need for an orderly, i 
sequence of gene expression or repreasion which is required 
during the development and differentiation of higher 
animal cells. There is no need for the unicellular organism 
to stop proliferating at & specific time as is the case for 
almost all higher anima] cells. 
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It is of special interest to note that many types of 
tumour cells show a stnking lack of differentiation. If 
histones control differentiation, this is especially significant 
to the theais proposed here. 

The cancer cell may be visualized, then, as a cell in 
which the histone control of orderly protein synthesis 18 
faulty. Certain proteins, particularly those involved in or 
needed for ocell division, may be synthesized at a con- 
tinuing rate, which may be slow or rapid depending on 
the rate of cell proliferation. Other proteins which would 
normally be synthesized by the mature cell are not 
produbed at all. 

Since we are not certam whether histones control the 
production of messenger RNA or the sequence of ita 
production, or if they do, how this is lished, one 
can only speculate on how this control may be lost in the 
tumour cell. Allfrey e£ al. have suggested that acetylation 
and/or methylation of histones may be the method by 
which they are activated or mhibited m the performance 
of their regulatory functions. They reported that acetyl- 
ated histones lost their ability to repress the activity of ` 
RNA polymerase'. It is possible to visualize a defective 
acetylating system, which normally might be highly selec- 
tive in its action. No striking differences in overall 
composition or amount of histones from tumours or homo- 
logous or related normal tissues have been detected:15 
(with one exception mentioned in ref. 7). Although some 
metabolio differences have been noted!*, it is possible that 
differences in the degree of acetylation of different histone 
fractions from normal.and tumour tissues may exist, but 
thus far this has not been exomined. Briefly, the mech- 
anism of the formation of a tumour oell might involve the 
following steps: 

(1) Interference by some chemical, physical or biological 
agent with the enzyme system or systems responsible for 
acetylation or other chemical modification of histones 
resulting in an interference with their proper functioning. 

(2) This proceas might then lead to a fairly random 
pattern of release of some histone repressions and sub- 
sequent synthesis of some enzymes. It might also entail 
addition of suppressing histones to some genes normally 
active, the net result being a reversion of the cell to 
& leas differentiated . There is an example in which 
the synthesis of the onic type enzyme in & tumour, 
as distinct from the different adult type, occurs and this 
observation offers support for this concept}. 

(3) In a few cases the pattern of random changes result- 
ing might be such as to favour continued growth and cell 
division. It would be expected that all degrees of growth 
efficiency would result, leading to formation of some 
tumours capable of proliferating rapidly and others only 
slowly. 

Oe ira ooa de of this hypothesis is that 
no gene mutations are required except possibly one—in 
the gene or gene system related to histane control Thus 
& failure to find genetically altered proteins in tumour 
cells would in general be supporting evidence for a car- 
cinogen mechanism involving histone control. Thus far 
no clear-cut case has been presented for the production of 
& protein from tumour cells which has an altered amino- 
acid sequence, although in some tumours it has been 
reported that certain enrymes have somewhat altered 
properties, for example, the Km of hepatoma aspartate 
&minotransferase has been reported to be different fram 
that of the normal liver enzyme’. This could well be 
due to other changes in the cell 4nd not related to a change 
in the amino-acid pattern of the protein. 

(4) If changes in the properties and control activity of 
histones ocour, they would be, presumably, permanent and 
it would appear to be a difficult, if not impossible, taak to 
selectively reverse them. On the other hand, theee changes 
lead_to fairly well defined alterations in metabolic patterns 
in the tumour, which can be explored for possible rate- 
limiting reactions or alternative pathways not present or 
important in normal tiasues. Thus, the present-day 
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research approach which embodies obtaining a further 
understanding of tumour metabolism as an effective 
method of devising tumour chemotherapy would not be 
seriously affected. 

Since tumour-oauging viruses evista b about 
very selective changes m the cell ich then to the 
cancerous state, an examination of viral mechaniam of 
action at the histone- and enzyme-level would seem to be 
one of the most promising & to explore. Par- 
ticularly important would be the determination of the 
relationships, if any, between the virus and cell histones, 
or the acetylation or other chemical modification of call 
histones which might alter histone action. 

Undoubtedly many other possibly fruitful experimental 
approaches will be suggested to the investigator and this, 
it is hoped, will justify the speculation presented here. 

This work was supported by ania fca the Nead] 
Cancer -Institute, 0.4—07824, National Institutes of 
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A NEW RED-CELL AUTOANTIBODY IN NZB MICE 


By Dr E. J. HOLBOROW 
Medical Research Council, Rheumatism Research Unit, Taplow, Makdenheed, Berkshire 
AND 
R R. D. S. BARNES and MAUREEN TUFFREY 
Haematology Research Unit, Hospital for Sick Children, Great Ormond Street, London 


OE of the ‘New Zealand Black’ (NZB) strain 

develop autoimmune haemolytic anaemia with red- 
cell autoantibodies!; direct antiglobulin tests are positive 
in some mice from the age of 16 woeks, and in nearly 
all mice by 36 weeks’. It has been reported that malo 
N ZB mioe give positive direct antiglobulin tests on average 
Borne weeks earlier than females, and that males develop 
a more severe anaemia’. At about the time when red-oell 
autoantibodiba centres and plasma cell 
proliferation may Boon in the thymus. These thymic 
changes are found in a majority of the mice and, according 
to Burnet, may in females precede the appearance of the 
red-cell autoantibodies, while in males the reverse may 
be the case*?. Blood from NZB mice has sometimes 
yielded positive lupus erythematosus ocell tests, and Norins 
and Holmes have reported serum antinuclear factors in 
about 40 per cent of of adalt mice‘. 

During Investigation of the occurrence of autoantibodies 
in this and other mouse strains, we have noted in the 
NZB the appearance of another red-cell autoantibody 
distinct from that already described. 

A colony of about 300 NZB mice has been bred at 
Taplow from stock obtained from the Laboratory Animals 
Centre, Carshalton. These griginated from. Bielchowaky 
strain stock and were imported from New Zealand at 
F63. Strict inbreeding has been maintained throughout, 
and intra-strain skin grafting in the Taplow colony is 
uniformly successful. 

Rabbit antiserum prepared against whole-mouse serum, 
and absorbed with washed mouse ocells, was used for 
direct antiglobulm testa as deecribed by Holmes, Gorrie 
and Burnet*. Gost antiserum against mouse globulin 
was conjugated with fluorescein isothiocyanate and 
absorbed with powdered rabbit liver. This conjugate was 
used as previously described* to carry out indirect im- 
munofluoresoent testa for antibodies in mouse sera, 
KRS 2 in buffered saline before 


P A E body. ‘As a rule,,cryostat sections of 
unfixed calf thyroid tissue were used as a source of nuclear 
antigens in the immunoftuoreeoent test for antinuclear fac- 
tor. On one occasion when sections of human thyroid from 


a Group O infant were used as well, however, it was noticed 
that serum from & 36-week-old male NZB mouse gavo 
fluorescent staining of capillaries in the human thyroid 
tissue, as shown in Fig. la. Red cells present in the 

blood vessels were also positively stained (Figs. 1b and 2). 
Similar staining of vascular contents in human tissue 
sections was afterwards obtained with sera from many 
of the older NZB mice. It appeared that the fluorescence 
seen in the capillaries and other blood vessels was due to 
staining of the red ocells disintegrated by freezing and 
thawing in the preparation of cryostat sections, rather 
than to staining of a vascular endothelial component. 
Similar staining of capillary and vascular oontente was 
obtained with sections of human stomach. Brief immer- 
sion of the air-dried t sections in 95 per cent 
ethanol destroyed their ability to give this staining with 

Absorption of the &nti-mouse-globulin conjugate with 
Eod (obtained by DEAE oolumn fraotiona- 
tion of mouse serum’) inhibited staining b itive sera, 
although not inhibiting the ability of the piene to 
stain the glomerular component in mouse kidney sections 
which is related to mouse B-globulin'*. 

Sera giving positive staining of human tissue sections 
gave similar staining of intravascular red cells in cryostat 
sections of tissues (kidney, lung, liver, salivary gland, 
stomach) from N ZB mice, as well as from mice of other 
strains. Furthermore, pomtive sera showed auto-immune 
reactivity, staining red ocells present in sections of tissues 
of the mice from which they were taken. In oryostat 
sections of mouse foetuses taken near term, positive sera 
stained not only red cells present in the vascular spaces 
but also nucleated ocells morphologically resembling 
normoblaste. Sera from 111 mice of 12 other strains 
taken at 6-9 months of ve no of the 

age ga staining typo 

Staining of blood smears. As well as staining red cells 
present in cryostat sections of human and mouse tissues, 
positive sera gave bright staining by indirect immuno- 
fluorescence of the red oella in unfixed smears of human 
or mouse blood prepared and treated as described by 
Johnson and Holborow* (Fig. 3a). Such sera also stained 
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mouse red cells in smears taken from the donors of the 
sera, that is, gave an auto-immune reaction. It was 
noticeable that in positively stained &mears of NZB 
blood, the erythrocytes stained brightly but the many 
reticulocytes often present stained only faintly or not at 
al. NZB sera negative against human tissue gave no 
staining of human red-cell smears, and no staining, or very 
week staining, of mouse red-cell smears. This latter 
mouse specific sarum. antibody may be that detectable in 
some A ZB sera by indirect antiglobulin teet!*. 
Complement-fixing activity was tested for by an im- 
munofluoreeoent method, in which uptake of added 
guinea-pig complement in the reaction of red-cell amears 
with antibody was demonstrated with a rabbit anti- 
guinea-pig complement antiserum and a t anti-rabbit 
serum conjugate. In this way, sera reactive with human 
in sections or smears as judged by the 
immunofluorescent antiglobulin test were shown to fix 
complement with mouse red cell amears. 
Absorption of mouse sera with red celle. Staining of 
both human and mouse tissues and human and mouse 
blood sniears could be prevented, partially or completely, 
by absorbing positive sera with packed washed human 
group O red cells or mouse red cells. Repeated absorptions 
at 37° O were necessary ; three such absorptions with equal 
volumes of packed mouse cella removed staining activity 
of positive sera against both human and mouse tissue and 
red cells; three abeorptions with packed human cells 
removed most-of the staining activity against human 
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material, and reduced, but did not completely prevent, 
staining of mouse cells. 

However, when the cells used for absorption (even of an 
excess of serum) were washed and tested with anti-mouse 
globulin serum, no agglutination was seen. Similarly, 
smears made from mouse or human red cells used to 
absorb positive sera showed no immunofluoreecenoe after 
treatment with anti-mouse globulin conjugate. These 
findings were consistent with the observation noted below 
that in some NZB mice the new antibody was detected 
in the absence of a positive direct antiglobulin teat. 

Absorption with red cell stromata. The foregoing resulta 
suggest that the new antibody roacte with antigen present 





2. Oontrol section of thyroid treated with serum from a 3-month- 
NZB mouse, No immunofiucreseence of oa. or blood vessel 
contents (top centre) ( x 240) 








3. a, Smear of NZB mouse blood treated with NAB serum 
indiree+ hmmunofiioressence 


against human red cells; ; b, as m (6), but 
with human red œl stromata 


absorbed 
- (x o. 185) 
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in both mouse and human red cells, 
but not readily available or poorly 
represented on the surface of the 
intact ; this antigen is 
evidently rendered accessible in 
cryostat sections or in blood 
smears by the effecta of freezing 
and/or drying on red-cell integrity. 

Human or mouse red-cell strom- 
ata were therefore prepared by the 
method of Milgrom and Layrisee!! 
and used to absorb positive sera, 
in the proportion of l mg of dried 
stromata powder to 0:1 ml. serum. 
One such abeorption (37° O for 
0-5 h) with mouse stromata removed 
activity against human as well as 
mouse tissues and amears; a similar 
absorption with human stromata 
(Fig. 35) removed all activity 
against human tissue or human 
blood smears, although not invari- 
ably all activity egainst mouse. 
When the stromata (either human 
or mouse) used for absorption were eluted with saline 
at 56° C the eluate obtained stained both human thyroid 
sections and mouse red-coll smears by the indiroot antı- 
globulin ummunofluorescent teet. 

Absorption with human red-cell stromata also removed 
the ability of positive sera to fix complement with mouso 
red-cell smears, as judged by the indirect immunofluores- 
cent method used. By this method, however, eluatcs 
from human stromata could not be shown to possess 
complement-binding activity with red cells present in 
human thyroid sections. 

Results of absorption testa are summarized in Table 1. 

Age incidence of antibodies. The age incidenoe of 
positive direct antiglobulin tests and of the anti-human 
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Table 1. HYFBROTR OF ABEQRETIOK (€) Wied INTACT RUD CELLS OR (b) WITH 
STROMATA OX IMMUXOFLUOREBOHNT REACTIVITY OF 
£B BERUM 
Unabsorbed Serum absorbed onoe with 
serum x3 with Human Mouse 
Timus AMG ant- Human Mouse stromata stromata 
C EBO% RBCs AMG antl AMG antl 
AMG AMG 
Human 
thyroid + + Neg. Neg. Neg. 
Human 
blood smear + + + Neg. Neg. Neg. 
Mouse 
blood smear + + + Neg. +/Neg. Nog. Neg. Neg. 


AMG = tested with finorescent anti-mouse globulin 
complement with rabbit-anti- 
conjugate 


Per cent positive 
2 


~ 
eo 





Fig. 4. <Age-frequency of powmiive direct anüglobuhn test (closed 
ctroles); pomtive anti-human red oel n 
ANF (dotted lino) in ¥£B mke 





22 40 16 34 32 40 
Age (weeks) 


Fig. 5. In Fig. 4 In (a) male N£B , (b) female N ZB right). 
ig. Apion a g. (a) mice (left), (b) mice (right) 


5 numbers of mice tested at each age are shown 

cross-reacting antibody are shown in Fig. 4. The ago- 
frequency curve of the latter roughly follows that of the 
direct, antiglobulin testa, but with a time-lag of 10 of 
more weeks. Thus, as might be expected, in individual 
mice the autoantibody cross-reactive with human red 
cells was usually found in the presence of a positive 
antiglobulin test. However, among 120 NZB mice in 
which development of positive direct antiglobulin testa 
had been observed, we encountered 5 in which this test 
afterwards became negative again. Three of these 5 
later acquired the new antibody although their ant- 
globulin tests remained negative during the course of the 
study. In 4 other NZB mice the direct antiglobulin tæt 
never became positive, but nevertheless the appearance 
of the new antibody was observed. 

Figs. 5a and b ahow the age incidence of the antibodies 
by sexes. It will be seen that in males the new antibody 
has a higher incidence than in females. Teste so far 
performed indicate an incidence of more than 50 per cent 
in males over 24 weeks, and of about 20 per cent in fema'os 
over this age. Numbers of mice older than 10-12 months 
of age so far tested are small, however. The rate at which 
mice in this series acquire positive direct antiglobulin 
reactions ia somewhat irregular, and does not show the 
clear difference between the sexes reported by Holmes 
and Burnet?. : 

Anisnuolear factor (ANF). Fig. 4 shows also the inoid- 
once of ANF (Fig. 5) in NZB mice. There is little relation 
between the antinuclear and tho anti-red cell antibodies 
with regard to age incidence; up to 48 weeks of age the 
incidence of antinuclear factors does not exceed 20 per 
cent, and is approximately equal in the two sexes. These 





Fig. 6. Human thyroid section as In Figs. 1 and 2, treated with ANF- 
ponure N£B mouse serum and anti-mouse giobuln conjugate (x 180) 
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resulta do not suggest that development of antinuclear 
autoantibodies is closely related to the progress of disease 
in these mice. It may be mentioned here that in a strain 
of 057 brown mice we have found a higher incidence of 
ANF (about 50 per cant) without gross evidenoe of 
accompanying disease. Antinuclear antibodies have 
been reported in mouse strains A/J, 057 BL/6 (ref. 12), 
A/He "ind 057 BL/6J (ref. 18), and we are investigating 
their incidence in some other strains. 


Discussion 


TEM eeu ADET OAI dA O ee Oe 
autoantibodies against red cells already known, N ZB mice 
may also develop a different autoantibody, reactive with 
antigens present in both human and mouse red cells. 
It appears that the antigenio sites with which this second 
antibody reacts are not abundantly present on the surface 
of intact erythrocytes, but are readily accessible in dried 
red oell smears or in red oell stromata. Tests for cross- 
reactivity of this antibody with the red cells of other 
species are being undertaken. That this antibody indeed 
differs from that responsible for the positive antiglobulin 
testa of NZB mouse red cells is further attested: (a) by ita 
occasional occurrence in mice with negative antiglobulin 
testa; (b) by ita complement-fixing activity, which has 
proved to be demonstrable not only by immunofluores- 
cence, but also by conventional oo lement-fixation 
testa. The spontaneous appearance of second auto- 
antibody in a considerable proportion of NZB mice more 
than 24 weeks old suggests that ita production may be 
related to the thymic changes which have already begun 
to take place by this age, and this relationship needs 
closer study. One possibility to be considered in this 
connexion is viral infection, for it is known that this can 
give rise to anti-red cell antibodies™, and that the effecta 
of thymic deficiency may be averted in miog by germ-free 
rearing)’. The affect of rearing NZB mice in a germ-free 
environment is at present being examined. The question 
also arises whether the higher incidence of the new anti- 
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body in males than in females is causally related to the 
greater severity of the ansemis’ in males, as already 
noted*. Like Holmes «i al.*, we have succeeded in trans- 
ferring the direct antiglobulin reaction to young NZB 
mice by injecting intraperitoneally washed spleen cells 
from older mice already antiglobulin positive. We have, 
in addition, shown that when the spleen cells are obtained 
from donors positive for the new antibody described here, 
the ability to produce this new antibody ie also trans- 
ferred, so that after a few days the sera of the young 


reoipient mioe begin to give positive immunofluoresoent _ 


tests with human thyroid sections. 

In experiments now in we are investigating 
whether the haematological affects of transferring spleen 
cells from older NZB mice to young mice of this strain 
differ according to whether the cell danors are positive or 
negative for the new antibody. The effects of immuniza- 
tion with human red cell stromata on young NZB mice 
are also under investigation. Wo thank Miss N. Bell 
and Miss J. Holliday for sssistanoe. 
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A BIOCHEMICAL 


HYPOTHESIS 


By Dx. BERNARD J. FINKLE 


Western Reglona! Research Laboratory, Western Utilization Research and Development Division, Agricultural Research 
Service, U.S. Department of Agriculture, Albany, California 


HE stable humic acid of soil has an unknown chemical 

structure; it is considered to be a complex phenolic 
polymer formed from unknown biological preoursors!. 
This article presenta the hypothesis that hydroxystyrenes 
formed under natural conditions may play an t 
part in forming soil humic acid. "This concept followed 
on the finding that hydroxystyrenes are produced during 
bacterial decarboxylation of certain phenolic acids of 
plant origin (4-hydroxycinnamic acids)* and the realization 
that soil humic acid in many: of ite described properties 
resembles oxidized polystyrenes. 

The hypothesis is suggested én the basis of the following 
information: 4-hydro o acids and their ve- 
tives are abundant in fallen, decaying vegetation; óon- 
version of the acids to h ea involves simply 
a known enzymatic decarboxylation; styrenes gad 
hydroxystyrenes thus formed would spontaneously poly- 
merizo and oxidize under natural conditions?; ‘and 
oxidative polymerization of such hydroxystyrenes would 
give rise to polymers which, it appears, could socount 
for many of the characteristic of humic acid. 

The , responsible for ^decarboxylation of 
4-h; io acids, f hyüroxystyrenee, was 
found in barrie ‘occurring, free-li of Aero- 
bacer*. It readily and specifically attacks the hydroxy- 


cinnamio acids (structure 1), p-ooumario, caffeic and 
ferrulic acids, common plant constituents. 


R 


H —CH—COOH (1) 
(R= H, OH, or OCH,.) 


The product hydroxystyrenes, after decarboxylation, have 
the general structure: 


no Sonon; (2) 


Hydro es could also arise through bacterial 

degradation of other plant products, such as hydroxy- 

coumarins and flavonoids, which can yield their 

chemically related hydroxycinnamio acids. Lignin also is 
closely related to the hy o acids; 

from conifers is often considered a polymer of 1 

alcohol : ; 
OCH, 


no S on-on oon ; 9 


Yr 


As 
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Dunng plant decay, lignin ia reported to undergo depoly- 
merization and demethoxylation and, further, 18 oxidized 
to aromatic carboxylic acids‘:*. Decomposition of hgnin 
to hydroxycinnamio acids‘ and the participation of lignin 
in forming mature soil humic acid* have been documented. 

The proposed hypothesis is that humic acid forms 
through the following reactions in soil: lberation and/or 
synthesis of hydroxycinnamio acids from tho decay of 
plant litter (the presence of p-coumario acid and related 
phenolic acids in soils has been reported"); decarboxyla- 
tion of the hydroxycinnamic acids by common micro- 
organisms, cing hydroxystyrenes; and oxidation, 
polymerization, and copolymerization of the resultant 
hydroxystyrenes to humio acid. 

Two main questions would have to be answered to 
verify that the p: processes contribute in significant 
amount to the formation of soil humic acid. (1) To what 
extent do decarboxylation of hydroxycinnamio acids and 
polymerization of their hydroxystyrene take 
place in soil ? There are no data bearing on this. (2) To 
what extent would the properties of such hydroxypoly- 

oxidized to an unknown degree, resemble those 
of humio acid? This question can be examined. As & 
first approach toward evaluating the hydroxypolystyrene 
hypothesis, I will enumerate several properties of humic 
acid preparations that are similar to and consistent with 
the expected properties of the complex polystyrenes 
described. 

Soil humic acid has been repeatedly reported as a (1) 
Btable* amorphous aromatic polymer of varying degrees 
of molecular condensation}. It is (2) water and alcohol 
insoluble!, to & degree depending, as with otber polymers, 
on molecular weight’. Humic acid, & major component 
of the soil humus complex, gives to soils a (3) friable 
character ( ble in this respect to the ‘soil oon- 
ditionez' effect of synthetic vinyl polymer additives"). 

Humio acid is (4) soluble in alkali. Such solubility 
would be consistent with the properties of either a 
hyd lystyrene (which would form phenolate salts in 
alkali solutions) or a carboxylic acid, or a mixture of these. 

Humic acid contains a (5) great concentration of stable 
free radicals. These have been interpreted as arising from 
oxidized phenoho compounds, such as quinones and 
quinhydrones. Hydroxystyrenes oxidized at the quin- 
one-level would, likewise, display free radical behaviour. 

The (6) molecular composition of soil humic acid is 
similar to that of an oxidized polystyrene. Composition 
data on humic acid preparations fall within a recognized 
range, but with some variation dependent on the soil of 
origin. Gillam", analysing nitrogen-free preparations of 
humic acid, found the average C—H—O proportions 
61—4—85 per cent. A hydroxypolystyrene quinone of the 
structure: 


(4) 





" 
(derived from oxidative decarboxylation of, for example, 
p-ooumarie acid) hes the C—H—O proportions 64—4:0— 
82 per cent. The undecarboxylated parent (p-coumaric 
acid) oxidized similarly would have the proportions 
56—8-1—41 per cent. Analyses of humio acid indicate 
about 0-5 mole carboxyl group per mole of aromatic 
monomer when a formula weight of 200 is assumed’. A 
50—50 copolymerized mixture of styrene and carboxylic 
acid at the foregomg oxidation-level would have the 
C—H—O proportions 60—8-6—87 per cent. Methylation 
in some degree (seo structure 1) would bring the figures 
still closer to the ratios found by Gillam. A small propor- 
tion of methylated 8-hydroxy groups and other variations 
of structure, such as hydroxylated side-chains and oxida- 
tive ring cleavage products, are evidenced by humio acid 
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analysea!*. Some of the variability in camposition among 
soil humic acids may be accounted for by these variations. 
Of course, composition data, particularly when variable, 
can only be suggestive; such data cannot of themselves 
prove the presence of any particular chemical structure. 

Of particular interest, however, is the observation that 
during ageing of soila changes occur in chemical com- 
position: more mature, highly aromatio, highly condensed 
soils have more C relative to O+H and more O relative 
to Hi. These changes are consistent with continuing 
oxidation and decarboxylation of copolymerized hydroxy- 
cinnamic acids to oxidized hydro in a poly- 
styrene copolymer. The (7) ease of decarboxylation of 
unknown structural components of humic substances has 
been repeatedly confirmed and attributed to constituent 
carboxylic acids“. The analytical figures of Schwartz 
and Asfeld!* on heat decarboxylation of extracts of 
lignite soil agree well with this picture. 

The presence of carboxylic acids in a humio acid 
copolymer would also account for ita (8) base exchange 
properties. The molecules could be interconnected and 
copolymerized by cross-linkages between the side-chains, 
as in polystyrene, thus leaving the carboxyl groups free. 

Another type of copolymerization, or perhaps entrap- 
ment within a polystyrene matrix, could take place with 
aromatic amino-acids derived from protein degradation 
of organisms in the soil. The (9) nitrogen content of humic 
acid preparations varies widely (< 0:5 to > 6 per oent) 
among soils!.11.4, The variation, and the ease with which 
nitrogen content is often reduced by simple extractions, 
has led many to conclude that the nitrogen compounds 
in humic acid are not derived from primary humic acid 
precursors, are henoe variable in composition and de- 
pendent on the chance proximity of nitrogenous biological 
produote!:1*, 

It appears, then, that many of the important character- 
istios of soil humic acid may be reconciled in terms of & 
complex, variable polymer with oxidized hydroxypoly- 
styrene as & major structural feature. The decarboryla- 
tion-polymerization reactions that have been described 
almost certainly take place in vegetable compost to some 
extent. Both plant hydroxycinnamic acids and ubiquitous 
Aerobacter species (and poembly other species) which 
deoarboxylate them are bound to occur in juxtaposition 
in many (or most) soils'*. Continumg decarboxylation, 
polymerization and oxidation could proceed for & long 
period of time. Subsidiary reactions of demethoxylation 
and hydroxyletion, reaction with nitrogen-containing 
residues from amino-acids, eto., would be assumed to also 
occur in the soil at various rates, some slowly, in a complex 
manner, over many years. At what rate the described 
decarboxyletions and polymerizations actually do proceed 
in soil; whether the rates of hydroxystyrene monomer 
formation and ite polymerization, lymerization, and 
oxidation could, or do, account significantly for the 
formation of humio. acid in soils: these are questions 
which require investigation. 

1 Kononova, M. ML, Soil Organic Matter (Pergamon Press, New York, 1061). 
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MITOSIS IN HYBRID CELLS DERIVED FROM MOUSE AND MAN 


By Pro. HENRY HARRIS and Dr J. F. WATKINS 
Sir Willlam Dunn School of Pathology, University of Oxford 
AND 


G. Le M. CAMPBELL, Dr E. P. EVANS and Dx C. E. FORD, F.R.S. 
Medical Research Council, Radloblological Research Unit, Harwell 


a previous article some characteristics of hetero- 
reseed n ero eed by fusing together HeLa and 
cells were described’. In cultures con- 
ing ach o cells it was observed that some of 
the up in mitosis were very much larger 
than those normally seen in cultures of HeLa or Ehrlich 
ascites calls. cytological investigation of 
these large mitotic oella revealed that many of them con- 
tained a mixture of metacentric and acrocentrio chromo- 
somes. Since published reports indicated that there may 
be one or at the most two metacentric chromosomes in 
tetraploid Ehrlich ascites cells? and relatively few soro- 
centric chromosomes in HeLa oells*, it seemed, likely that 
metephase figures containing large numbers of both were 
derived from hybrid oella which originally contained Doth 
human and murine nuclei. This observation has now 
been confirmed by a more detailed examination: hybrids 
produced by the fusion of HeLa and Ehrlich ascites cells 
are indeed capable of undergoing mitosis, and, at mete- 
phase, they contain chromosomes characteristic of both 
mouse and man. 

The HeLa cells were obtained from 4 stock suspension 
culture and the Ehrlich ascites cells from the peritoneal 
cavity of Swiss mioo. A containing 2 x 10' 
cells of each type was treated with 8,000 h&emagglutin- 
ating unite of ultre-violet-irradiated Sendai virus, as 


containing approximately 40 ml. of culture medium. The 
cultures were maintained at 37° C and samples were taken 
at 24, 48 and 72 h for cytological investigation. 

*Coloemid' (CIBA), at a final conoentration of approx- 
imately 10-5 M, waa added to the culture, and 1-5 h later 
the bottle was shaken to free the cells in mitosis from the 
sory The freed cells were sedimented by centrifugation 

r $ min at 200g, resuspended in warm hypotonic sodium 
uc Md m a 

or 10 min. The oells were again sedi 
iind eal shan Are Do GoGo MARE D D uides 
of 8 parta ethyl aloohol and 1 glacial acetio acid. 
Preparations were made by air , either fram the 
fixative or from 45 per oent &oetio acid. Similar prepara- 
tions were obtained from Ehrlich ascites cells taken 
direstly from carrier mice. 

The chromosome count in $7 out of a sample of 40 
Ehrlich ascites cella fell within the range 78-80 with a 
weak mode (9 cells) at 76. The counts in the remaining 
three cells were 62 ibly a broken ocell), 151 and 154. 
Thirty-four of the cells examined contained a long meta- 
centric marker obromosome like that described by 
previous workers. ee ee ee o 
additional marker chromosomes. Two of 
very similar, perhaps identical, long acrocentric chromo- 
somes with prominent sub-terminal (distal) secondary 
constrictions. The third was a long acrocentric chromo- 
some with a closely proximal secondary constriction 
(Fig. 1). Otherwise, the chromosomes were typical of the 
mouse, that is, they were all aorocentrio with minute (or 
undetected) short arms. The range in length between the 
longest and shortest (about 4:1) was, however, clearly 
greater than in the normal somatic chromosomes of the 
mouse (about 2:5: 1). 


Most of the mitotic cells in the mixed culture were 
immediately recognizable as HeLa cells by their ahromo- 
somes. Counts made in 58 of them revealed & sharp 
pain at 57 (86 ocells), an ‘inner’ e of 54-59 and an 

Se at be ne The mode is much lower than 
any repo Ta The chromosome set 
as a whole was ly human in character. Only three 


in the D, E, F and G groups. One of theee marker chromo- 
somes had an arm ratio o approximately 4 : 1, as in the B 
group, but was as long as, or even longer than, the pre- 
n deal 1 and No. 2 chromosomes. The other two 

correspond to the O group in length, but have arm 
ratios of 5:1 or 6:1, one being somewhat longer than 
the other and having a relatively longer short arm. A cell 
with the modal number is illustrated in Fig. 2 and the 
markers are indicated. This cell contains 13 scrocentric 


p——————e—— oc Sot = -— 





Fig. 1. pee at aire eect Dap’ ener ek metaphana. TI obromo- 
somes, Arowa Indicate, ihe: thros mariar chromosomes desarbed in the 
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| g l 
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chromosomes, of which nine and two, ely, are 


not obviously distinct from the normal D and G groupe. 


and two are intermediate in length between them. These 

are the only chromosomes of the HeLa karyotype that 
- could be confused with any of the Ehrlich ascites chromo- 
somes (other than the metacentric marker already men- 
tioned). 

Mitotio cells were present at all three times of gathering, 
but the best preparations were obtained from the 72-h 
material and these alone were used for detailed exam- 
ination. Hybrid oella in mitosis (Figs. 3 and 4) were easily 
identified in these preparations by their large number of 
chromosomes and the high proportion of s&orooentrios 
among them. An unselected sample of 28 cells was 
examined, and oounte ranging from 111 to approximately 
412 chromosomes were recorded. Twenty-three of the 
counts are believed to be substantially correct and are 
set out in Table 1 in comparison with the expected counts 
from various combinations of Ehrlich ascites and Hele 
nuclei, minimum, modal and maximum values being 
calculated from the modes and ‘mner’ ranges already 
given. On this basis eight of the oelle fall in the 1 Ehrlich/ 
1 HeLa class, five in the 1 Ehrlich/2. HeLa class, two in 
the l Ehrlich/3 HeLa class and two in the 2 Khrlich/2 
HeLa class. The remaining six cells could be the products 
of fasion between cells with numbers of chromosomes 
lying outside the ‘mner’ range or, more probably, arte- 
factual counts due to breakage of the rather fragile cells 
and loss of chromosomes during cytological processing. 
Of the five oells excluded from Table 1, one had 112 
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Tig. 3. prid ocell at metaphase. 181 obromoso Arrows indica 
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Fig. 4. Hybrid call at metaphase. Approximately 412 chromosomes 
(centromeres). Note large number of structural changes 
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Table 1. COUNTS or THS CHXROMOSOMES IK 23 HELA/EHRLIOH ASOFTES 
HEYMID Curis 
Nuaear Mrpeeted count 
Mi. Mode Mar Actual counts 

— 111, 116, 118 
1541H 125 138 139 126, 1%8, 129, 181, 132, 133, 184, 137, 

— 153, 171, 171 
18+2H 177 190 108 178, 181, 186, 190, 108 
2E -1H 198 211 219 
18-3H 219 247 257 Á 230,241 
2E--2H 250 206 278 £71,275 — 
32E +1H 271 287 299 


chromosomes but was quite clearly broken, three were 
estimated to contain 150, 300 and 300 ohromosomes, 
respectively, and one was the cell with 412 chromosomes 
already mentioned (Fig. 4). Two of tho 28 cells exhibited 
large numbers of structural changes in the chromosomes, 
particularly ‘double minutes’, but other changes, at both 
the chromatid and chromosome levels, were also identified 
(Fig. 4). 

A detailed analysis was made of one of the cells (Fig. 3). 
Of a total of 181 chromosomes, 72 (including one marker) 
were identified as of Ehrlich ascites origin, 100 (including 
two markers) as from HeLa, and nine oould not be 

i to either. Thee are very close to the numbers 
from the fusion of one modal Ehrlich cell and 
two modal HeLa cells. 

These hybrid mitotic figures could have arisen in four 
ways: (1) by chance saeociation of HeLa &nd Ehrlich 
cells which have dried out together to give & single grou 
of chromosomes; (2) by coalescence of HeLa and Ehrli 
cells sim y in mitosis; (3) by mitosis in syn- 
karyons (heterokaryons in which the individual nuclei 
have fused together to form & single nucleus) ; (4) by syn- 
chronous mitosis in the nuclei of multinucleate cells. The 
first possibility oan be ruled out on the grounds of the 
evenness of distribution of the chromosomes in many 
spreads, the thorough mixing of Hela and Ehrlich 
chromosomes in most spreads and the rarity of free 
Ehrlich ascites oells in mitoais. This line of Ehrlich ascites 
cells does not grow in euro, and only one example of an 
Ehrlich ascites oell in mitosis was found in the mixed 
culture. This lest consideration also eliminates the second 
possibility, which would in any event require the very 
improbable juxtaposition of several single cells simul- 
taneously in mitosis to account for mitotic figures con- 
taining several chromosomal sets. 

We now have evidence that hybrid mitotic figures can 
be. produced by both the third and the fourth mechanisms. 
Mitotio prophase has been seen in ons of various 
sizes, and there is thus no doubt at least some of 
these ocells can undergo mitosis. The evenness of dis- 
tmbution and thorough mixing of the chromosomes in 
most of the spreads made from the 72-h culture strongly 
suggest that most of the hybrid mitotic figures seen at 
this time arose in this way. In earlier experiments 
mitosis was not seen in the nuclei of multinucleate ocells, 
but in the present experimenta prophase has been seen 
in such nuclei in preparations made 24 h and 48 h after 
cell fusion. In most cases only some of the nuclei in the 
multinuoleate oolls were in prophase, while others remained 
in interphase, a situation apparently similar to that 
described. by Stubblefield’ in multinucleate cella induced 
by ‘Colcemid’. In view of the fact that only a small per- 
centage of HeLe-Ehrlich heterokaryons show synchrony 
of DNA synthesis in their nuclei’, the occurrence of 
asynchronous nuclear mitoses is not surprising. A small 
number of multinucleate cells have, however, been seen 
in which the individual nuclei enter prophase together. 
Hybrid mitotio figures may therefore dik be produced by 

us metaphase in multimuocleate cells. Fig. 5 
illustrates the two mechanisms by which hybrid mitotic 
figures may be produced. Two synkaryons are shown in 
prophase, and, in the same field, a dikaryon with both 
nuolei in synchronous prophase. If post-mitotic reoon- 
stitution in these multinucleate cells gives rise to cells 
with a single large nucleus or cells with fewer nuolei than 





were present originally, the progressive nuclear fusion 
which is characteristic of these hybrid cultures might be 
produced by this mechanism rather than by direct ooales- 
cence of interphase nuclei, as previously suggeeted!. 
While it is thus clear that hybrid cells produced by 
fusing together HeLa and Ehrlich ascites calls are capable 
of undergoing mitosis, the question remains whether these 
cells can tiply continuously to give rise to a strain of 
mixed parentage. Populations heterokaryons made 
with high doses of virus and consequently containing 
relatively large numbers of nuclei per cell show no net 
growth: the number of hybrid cella remaina more or lees 
stationary for about 5 days and then gradually falls'. It 
is therefore clear that most of these multinuoleate cells 
do not give rise to viable progeny. This observation is 
borne out by the fact that t mitotic figures containing 
several chromosomal sete, like that shows in Fig. 4, dis- 
appear from the cultures within 5 or 6 days. In cultures 
examined 10 days after cell fusion the only hybrid mitoses 
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seen were those in which the number of chromosomes 
approximated to 2 chromosomal sets. Table 1 shows 
that even at 72 h hybrida contaming only one chromo- 
somal set from each t cell were already the oom- 
monest type of hybrid undergoing mitosis. This type of 
hybrid thus resembles the spontaneous hybrids discovered 
by Barski e£ al." in mixed cultures of oell lines from the 
same species: in both cases the hybrid cells appear to 
contain one set of chromosomes from each parent cell. 
It is not unlikely that the hybrids discovered by Baraki 
&& al. also arise through the action of viruses, especially 
in the light of recent experiments which indicate that 
para-influenza viruses may be carried by cell lines in a 
latent form’. 

Further examination of the reproductive capacity of 
HeLa-Ehrlich hybrids is frustrated by the fact that these 
hybrids are invariably overgrown in the cultures of HeLa 
cells. Several attempts have been made to find cultural 
conditions which would select for the hybrids, but so far 
without success. It is, however, of interest to note that 
& rapidly growing strain of rat-mouse hybrid cell has 
recently been isolated by the use of selective media’. The 
fact that the parent cells are derived from different 
animal species is not, therefore, in itself a barrier to con- 
tinued reproduction of the hybrid progeny. In the present 
case it may be the mability of the Ehrlich ascites cell to 
maintain itself èn vitro which is responsible for the poor 
growth of the HeLa-Ehrlich hybrid relative to the HeLa 
oell. The technique of oell fusion permita the exploration 
of a wide range of other combinations’. 
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NUCLEIC ACID SYNTHESIS AND THE MITOTIC CYCLE IN MAMMALIAN 
CELLS TREATED WITH NITROGEN MUSTARD IN CULTURE 


By Dr. A. G. LEVIS, Dr. G. A. DANIELI and Dr. E. PICCINNI 
Institute of Zoology, Comparative Anatomy and Genetics, University of Padua, Italy 


D inhibition of DNA and RNA 

synthesis by nitrogen mustard (methyl-bis[B-ohloro- 
ethyljamine, or HN2) has been observed in various 
of animal oells^*, In guinea-pig kidney cells adapted to 
i^ vitro growth (strain ROP), a dose of 2 ug/ml. of HN2, 
which reduces survival to negligible values (0-002 por 
cent), inhibits cell division severely, but allows the cells 
to grow in gixo for many days: the RNA content of such 
undividing giant cells may attain a seven-fold increase, 
whereas their DNA content scarcely doublet. Data 
are also available which seem to indicate that RNA 
synthesis still remains DNA-dependent after HN2 
treatment*5, 

The increased amount of DNA per cell, which was 
also observed after treatment with HN2 by other 
authors*6*, has been interpreted to mean that the cells 
synthemze DNA up to the mitotic level, and then 
DNA synthesis ceases. ant’ suggested that the 
inhibitory effect of nitrogen mustard is felt in the G2 
phase of the cell cycle: HN2 would thus inhibit cell 
division after DNA synthesis has occurred, but it would 
not prevent the synthesis of DNA in those cella which 





have not as yet reached the G2 period. The h 

has also been advanced that the blockage of cells in 
& pre-mitotio phase of the cycle could be due to some 
change induced in & protein of the nucleus, perhaps of 
the chromosomes, which must occur in the GÈ period in 
order for cells to enter mitosis’. 

On the other hand, the cross-linking action of difunc- 
tional alkylating agente (such as HN2) on nucleic acids? 
suggested to us a mechaniam based on a direct action of 
the agent on the DNA molecule, which could also explain 
the relative insensitivity of RNA synthesis, as compared 
with DNA synthasis*. It may be envisaged that the 
degree of cross-linking between the complementary deoxy- 
riboside chains produced by the particular HN2 concen- 
tration used may still allow a ial unfolding and 
separation of the twin polynucleotide chains, but not the 
complete partition of the newly formed double strands in 
two daughter chromatids. Therefore, alkylated chains 
may still serve as lates for & single round of DNA 
synthesis, but no division could follow, and subsequent 
DNA synthetic cycles would thus be i A scheme 
of this sort would therefore explain why DNA synthesis 
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stops only after the cell has doubled ita normal DNA 
content. On the contrary, DNA-dependent RNA synthe- 
gis, which does not seem to require transition of pri 
DNA to the single-stranded form“, would not be 

by any degree of cross-linking of DNA molecules. 

If this were so, cells would be stopped in a phase the 
nearer the end of the S period, the more related are the two 
processes: DNA duplication and partition of the new 
molecules into daughter chromatids. Moreover, the 
effecta of DNA alkylation on the progress of oells along 
the cycle would differ according to the position of cells at 
the time of treatment. We have therefore undertaken an 
investigation of the action of nitrogen mustard (2 pg/ml.) 
on human amnion cells grown tn vitro (strain AUP), the 
results of which are described in detail elsewhere". The 
first point we observed, in agreement with the findings 
or other authors’, ia that cells which were in G2 at the time 
of treatment are not prevented by HN2 from entering 
mitosis, and are able to complete cell division. In fact, 
all mitotic phases drop to zero values only after a time 
which. corresponds to the length of G2 (about 3 h) in the 
particular strain used. About 20 h after treatment, 
mitosis is resumed, but we observed only prophases and 
abnormal metaphases (showing chromosome fragmenta- 
tion); not one anaphase or telophase was observed until 
the end of the fourth day (more than 4,000 oells were 
Boored per point) Moreover, after continuous incubation 
with tritiated thymidine, labelled mitoses (abnormal meta- 
phases) appear in cultures treated with HN2 only after 
the 20th h, whereas, by treating the cells after 3 h of 
tritiated thymidine incubation, the frequency of labelled 
metaphases rises as in control cultures. On the other 
hand, the percentage of labelled oells, after continuous 
incubation with the radioactive precursor, rises in HN2 
as in untreated cultures. 

These resulta seam to confirm the hypothesis that G2 
cella are not blocked by HN2 during the first mitotic 
cycle, but are prevented from entering mitosis during 
the second, and show at the same time that all the cella 
are able to pass at least onoe throughout S, and are 
blocked afterwards. If, as the inhibitory 
effect of the mustard is felt in G9, the block would there- 


some during the third day after treatment. At cach point 
two separate expertments 


fore be placed just at the beginning of this phase. In 
these ee however, the DNA oontent per cell 
oan much more than the double cell level, 
even if a differential inhibition of DNA and ANA synthesis 
is still induced by H.N2 (Table 1). Moreover, the peroent- 
age of labelled cella after a ‘pulse’ of tritiated thymidine 
given at different times after treatment with HN2 
may reach 90-100 per cent values between the 16th 
and the 24th h, and still at the end of the second day the 
percentage of cells in S is almost double that of controls 
(Fig. 14). 

The cells must therefore be blocked in S, where they are 
able to synthesize DNA for several cycles of replication, 
up to levels 4-5 times greater than normal. Oells which 
eventually escape the block are definitively stopped in 
metaphase, where the alkylation of DNA results in 
chromosome fragmentation. That these cels cannot 
complete a new cyole is confirmed by the fact that no cell 
enters from Gl into S after the first day of treatment 
(Fig. 1B). 

These resulta are not in di t with those previ- 
ously reported, which seamed to indicate a blockage of 
DNA synthesis at the pre-mitotio level**. In fact, the 
cells treated with HN2 had up to twice the mean normal 
amount of DNA found in an asynchronous contro] popula- 
tion; as the last included cells which had already doubled 
DNA. (those in G2 and in the first phases of mitosis) the 
double cellular level found in treated cultures really 
exceeded the normal pre-mitotic level. Only Casperseon 
ei al.t, by using quantitative cytochemical methods on 
single mouse fibroblasta grown in vitro, have shown that 
DNA synthesis was arrested in all the cells when they had 
attamed the pre-mitotio content, within a 48-h period 
after treatment with HN2. But it cannot be excluded 
that the synthesis would have continued later on: the 
same conclusion in fact could have been reached from 
our data also (Table 1), if we had limited the observations 
to the second day after treatment. It must be noted that 
strain AUP cells are much lees sensitive to HN2 than 
ROP cells we have previously used!*; survival at the same 
dose of 2 ug/ml., measured by colony counts, is increased 
in the former by a factor of 60. HeLa cells, which show 
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Tabie 1, Sii Arina dose ox DAL Aas ON d c eg 
AUP), AFTER TREATMENT WITX HN? (2 xg/mi)* 


Days after 
treatments: ot 1 2 <2 8 4 5 
DNA A 10 13 16 I8 28 $8 
B 1-0 14 I8 24 36 5-2 
ENA A 1-0 15 22 3-4 *8 56 
B 10 18 28 40 T9 101 
* From oultures of known cellular > nucelo acids were extracted 
with perohlorio add and determined , fi a 


an intermediate degree of sensitivity to HN2, are able to 
synthesize DNA for 5 days, up to a level three times greater 
than tho mean control value“. The different action on 
DNA. synthesis could therefore be related to a different 
inactivation of the enzymes or other features of the bio- 
eyninere pathway, which seem also to be involved in the 
process of inhibition of DNA syntheeis!s. Recently the 
different sensitivity of cells to alkylating agente has been 
shown to depend on the activity of enzymes which repair 
damaged DNA:!*, 

In summary, whatever their position in the cyole at 
the time of treatment, all the cells are able to proceed 
and are stopped only when they reach S. The bl of 
oells in this phase could still be due, as suggested before, 
to the induction of croes-hnkages between the oomple- 
mentary deoxyriboside chains, the partition of which 
would be impeded. Clearly the two events, DNA duplica- 
tion and partition of the new molecules into daughter 
chromatids, must be much closely related, as suggosted 
also by the model for chromatid duplication and organiza- 
tion proposed by Taylor’. 

Perhaps the most significant of our results, independ- 
ently of the molecular mechaniam which it determines, 
is the possibility for cells to undergo several cycles of 
aes  Toplioation without oell division (and therefore 

gh eda of the synthesized DNA). As a matter 
Mrs fact, there is considerable evidence that each segment 
of the chromosomal DNA. replicates only once during each 
oell cycle. Taylor's detailed model seems to explain this 
known feature and to provide the necessary control 
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mechaniam for the single DNA reproduction in the cell 
cycle. However, as Taylor has 18, the control 
mechanism could be prevented by breakage of DNA 
between the normal sites for replication. The fission of 
the deoxyriboside chains, which is known to follow if 
ieee pairs cross-links induced by difunctional alkylating 
lit off, could therefore open new primer sites 
pars A molecule and permit several cyoles of replica- 
tion d the same cell cycle. This mechanism could 
also explain why DNA which is alkylated in vitro by 
HN2 serves as a better primer than the non-alkylated 
DNA. The possibility that a fraction of the DNA 
molecule may replicate more than onee before the oom- 
pomon of no duplication of the reat of the molecule 
recently been shown for the chromosome of H. coli!*. 
It seems that the experimental conditions which cause 
such s defective replication result also, in this case, in the 
induction of new primer sites on the DNA molecule. 


1 Bodenstein, D., and Kondritzer, A. A., J. Kap. Zool., 107, 109 (1948). 
* Brewer, jun., H. B., Comstock, J. P., and Aronow, I., Biochem. Pharmacol., 
8, 551 (1081 - Levis, å. G., Bpanlo, L., and De Nadal, A., Bap. eU Res , 


, Lovis, 4. G., By Eater 8» Puy, G. My and lender, D. A 
Farber, 8 , Foley, G. H., and Killander, D., Exp. Oel] Rre., 


p PN and Daniell, G. A., Atti Ass. Gene. It, 9, 316 
"esa, Marin, G., and Levis, A. G. (unpublished resul 

* Alexander, P., and Mikulski, Z. B., Dieches. Pharmaeol., n: 276 (1001). 

1 Gelfant, 8., Intern. Rew. Cytol., 14, 1 (1903). 

3 Biesele, J. J., Bap. Os Ras., Bappl., 9, 525 (1963). 

* Lawisy, P. D., and Brookes, P., Map. Ol] Rss., Suppl, 9, 512 (1963) 

?* Levis, A. G., Marin, G., and Danteli, G. A., Oeryelogía, 17, 427 (1964) 

1 Hurwitz, J. 


Press, 
Levis, A. G., Daniell, G. A., and Pieainni, H. (in the press). 
Des, X. T SAE Cema. MDC SA BIDDE 1). 1401909); 
Marin, G., and Levis, A. berg icd 
Amer. Soo, Oel] 


CIL Hec i Mua Ait Ate. ate, dd Coen) isum T7 in Chemo- 
1904). 7 xs 
1 Lawley, P. D., and Brookes, P., Nature, £66, £90 Orathorn, å. R., 
and Roberts, J. J. (In the prem). ome 
1 Taylor, J. EL, in Molecular Genekiss, Pt. 1, 65 (Academlo Press, 1963). 

1 Taylor, J. H., tn Cell Growth end Call Division, 161 (Academic Press, 1903). 
1” Billen, D., Bap. Oe Ræ., 84, 396 (1064). 


SHERPA PHYSIOLOGY 


By Da. S. LAHIRI 
Department of Physlology, Presidency College, Calcutta 
AND 
Da. J. S. MILLEDGE 
Department of Thoracic Surgery, Christian Medical College and Hospital, Vellore, Southern India 


"Tin physiological investigation of the Himalayan 
high-altitude residents (Sherpa) which was sponsored 
by the Indian Council of Medical Research and carried 
out on the Himalayan School House Expedition, 1964, led 
by Sir Edmund Hillary (sponsored by World Book Enoyclo- 
paedia, Ohicago), recently concluded ita programme after 
a period of three months in the field. The physiology team 
was organized and led by Dr. 8. ue ee 
of Physiology, Presidency College, Caloutta o other 
members of the team were Dr. J. 8. Milledge, Christian 
Medical College, Vellore, Southern Indis, and Mr. A. K. 
Bhattacharyya, Presidency College, Caloutte. Mr. Bhatta- 
oharyys was, however, unable to continue his participation 
in the altitude programme. 

The ition set out from Katmandu in the middle 
of September 1964, and reached the base , Lukla, 
9,500 ft. (2,900 m), after 14 days’ trekking. The physiology 
camp was established on October 5, 1964, at 16,000 ft. 
(4,880 m) within a day's walking distance from Lukla. 


Three lowlanders and four Sherpa residents occupied the 
camp and served as subjecta of the physiological pro- 
gramme. There were visitors, both lowlanders and 
Sherpas, from time to time, who also served as sub 

for some of our experiments. rapeaa e e e 
and the members returned to the base on December 
6, 1964, and flew out to Kathmandu there by 
Deoember 11. 

We had a weekly oyole of weather change, 3—4 days’ fine 
weather with clear skies folowed by mist, mowfall and 
short storms. Afternoon mist was almost & regular feature. 
The barometric preesure in early October was 425 mm 
mercury which gradually decreased to 418 in December as 
winter get in. The maximum daily variation was 8 mm 
mercury, & fall bemg recorded in the 

A large dome tent was used as the main laboratory. 
Morning laboratory tent temperature i after 
sun-rise was below freezing, often down to minus 10? C. 
During the working hours the inside temperature ftuotu- 
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ated between 7° and 24? O. Exercise experiments were 
carried out mostly on a bicycle ergometer outside the 
tent under a shade and a few climbing experiments on & 
mountain slope. 

The main objective of this investigation was to investi- 
gate the physiology of the Sherpa high-altitude residente, 
and compare the results with those of the lowlanders 
aoclimatized to the same altitude. This was the first 
systematic attempt to examine the Bane physiology 
which not only recorded new data on an isolated group of 
people but also advanced knowledge about some aspects 
of human adaptation to altitude. The following principal 
physiological investigations were carried out: 

(1) Respiratory regulation. The ventilatory response 
to carbon dioxide and hypoxia were examined at rest with 
respect to alveolar carbon dioxide and oxygen 
preasure using & technique wor out by Lloyd and 
i and their sasociates in the Laboratory of 
Physiology, University of Oxford. 

(2) Musoular work. Oxygen consumption, pulmonary 
ventilation, alveolar gas tension and arterial blood pH were 
measured under resting condition and during muscular 
work at 475, 900 and 1,265 kg/min on the bicycle ergo- 
meter. In some experiments the effects of breathing oxygen 
at higher and lower pressures wore also recorded. Tho 
relationship between ventilatory function and work was 
also investigated in a few climbing experiments. 

(8) Heartrate. Heart rates were systematically recorded 
in all the i ta mentioned in section (2). 

(4) Maximum oxygen consumption and recovery. Oxygen. 
consumption, ventilation and heart-rates were measured 
during and after work at highest work rates the subjects 
could manage for about 8mm. The recovery was followed 
up to 15 min on stopping work. Blood was taken for 
lactate estimation at 8rd, 10th and 15th mim on stopping 

(5) Acid base balance. Arterial blood and cerebro-spmal 
fluid pH, arterial oxygen content and capacity, and 
carbon dioxide content of arterial blood and oerebro-spinal 
fluid were measured at rest. Tonometry of the cerebro- 
spinal fluid and oxygenated and reduced blood st different 
carbon dioxide pressures were performed at 88° O and pH. 
carbon dioxide pressure and contents were determined. 

(8) Arterial oxygen saturation. This parameter which 
gives & measure of diffusion limitation was measured at 
rest and exercise breathing air and oxygen. 

(7) Urinary steroids and Na/K ratio. The urinary 
l7-ketosteroids and ketogenio steroids and Na/K ratio 
were measured in the lowlanders and the residenta before 
and after the administration of adrenocortiootrophm gel 
at altitude to determine the response of the adrenal 
cortex. These i te were also performed in the 
lowlanders at sea- 

(8) Hlectrocardiogram. Complete electrocardiograms of 
lowlanders and Sherpas were taken at 9,500 ft. (2,900 m) 
and 16,000 ft. (4,880 m). Bee-level reoords of the low- 
landers were also made. 

(9) Blood-haemoglobin values of the Sherpa residents 
were determined to compare their values with those of 
the published data of the Andean residente of similar 
A Haemoglobin of the lowlanders was also determ- 
(10) Alveolar and mized venous gas pressures. Alveolar 
oxygen preasure and carbon dioxide pressure and mixed 
venous carbon dioxide were determined in the lowlanders 
and residents at different altitudes. In these iments, 
a few lowlanders examined had residence at altitude for 
& period up to four years. 


Results 
Respiratory regulation. The high-altitude residents 
breathe lees than the recently acclimatized lowlanders both 
at rest and in different grades of exercise, but breathe more 
than the average sea-level values. The ventilation carbon 
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dioxide response line was lower (shifted to the left) at 
altitude but there waa no marked difference between the 
two groups. The carbon dioxide sensitivity also was not 
markedly different in the two groups, but the Shee 
showed a markedly reduced sensitivity to hypoxia. For 
example, the effect on Sherpas of reducing alveolar 
oxygen pressure from 200 to 40 mm mercury st constant 
carbon dioxide pressure was to increase the ventilation 
by only 10 per cent of that found in lowlanders. 

Alveolar and blood gas isnsions. Alveolar and mixed 
venous carbon dioxide preasures were higher in the reei- 
dente. Along with this, arterial blood and cere bro-spinal 
fluid pH were also lower in the residents compared. 
with the lowlanders at altitude, which seems to tio up in 
a cause and effect relationship. The calculated arterial 
and oerebro-spinal fluid carbon dioxide pressure was 
higher in Sherps residents. 

Tonometry experiments showed that there was no 
signifloant difference in the buffering power of oerebro- 
spinal ftuid and of blood between the two groups to 
account for the difference in pulmonary ventilation. 

Blood pH. Arterial blood pH im the soclimatized 

members turned more alkaline in exercise but 

igni tly acidic in the Indian member studied. Acidic 

may be related to the lactate accumulation in 

blood of the latter subject. This pH value, if anything, 

to acidic side in the Sherpa residents. A corre- 

i in the alveolar gas pressures was also 

noted, that is, carbon dioxide remained almost 

unchanged in the Sherpa subjecta but decreased in the 

European subjects. Thus the Sherpa subjects were able 

to maintain higher arterial oxygen pressure st a given 

saturation of oxygen, because of the Bohr effect on the 
oxygen dissociation curve. 

Oxygen breathing. Breathing a gas mixture enriched 
with oxygen to sea-level pressures during exercise greatly 
diminished pulmonary ventilation in the lowlanders but 
usually produced no definite effect on the reeidemt's 
ventilation. Thus in the lowlanders oxygen breathing 
increased not only alveolar oxygen preesure but also 
alveolar carbon dioxide preasure and arterial hydrogen- 
ion concentration, while in Sherpas oxygen breathing 
resulted in little change in carbon dioxide pressure or pH. 

Arterial oxygen saturation. Resting arterial blood 
oxygen saturation was similar in both groupe, which was 
about 80 cent. Moderately heavy exercise while 
lowering this saturation increased the alveolar oxygen 
pressure due to hyperventilation. Thus alveolar-arterial 
oxygen gradient became large, showing a limitation of 
oxygen diffusing capacity of the lung at altitude. Oxygen 
breathing raised the saturation to normal values both at 
rest and in exercise. The 1 t on arterial oxygen 
in exercise could be o in a lowlander subject only. 
But capillary bl drawn from a warm hand for pH 
measurements on other subjects including Sherpas showed 
visibly & difference: blood on oxygen inhalation was 

ight red. 

eart rate. Resting heart rates were lower in the 
Sherpas end the normal maximum heart rate of 190-200 
was achieved in two subjects at the work rate of 1,265 
kg/min. The maximum heart rate in the lowlanders was 
lower, between 140-160, at 900 kg/min. However, 
oxygen breathing at sea-level pressure raised the maximum 
in the lowlanders. In Sherps residents oxygen lowered the 
rate at all levels examincd. Breathing low oxygen 
mixtures at altitude depressed the rate: very severely 
in tbe lowlander, lesa so in the Sherpas. There was no 
appreciable difference between the two groupe in the 
rate of recovery after stopping work. 

Oxygen debi. Oxygen consumption at rest and during 
work on the bicycle ergometer including tho maximum 
waa similar in both groups but the oxygen debt appeared 
to be smaller in the Sherpa subjects. ing blood 
lactate was similar but ite level after maximum and during 
recovery period was lower in the Sherpas. 
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Lactate concentration in the cerebro-spinal fluid was 
similar in both groupa, about 25 mg/100 ml. Although 
the cation (Na- and K+) concentration was smnilar and 
did not change from the sea-level values, K+ concentration 
both ın oerebro-spinal fluid and plasma was in the higher 
range in the Sh subjecta. 

Haemoglobi. dn general, haemoglobin concentration 
in the residenta was lower than the lowlandars exposed 
to the same altitude. 

Rlectrocardiograph. All electrocardiographic records 
were within the normal limita. Normal axis in the low- 
landers waa vertical or showed often a deviation to the 
right. A few in Sherpa group showed horizontal axis. 


These observations show that the altitude reeidenta 
respond leas to the hypoxio stimulation of altitude than 
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the well-acclimatized lowlanders. They select a different 
combination of cardiovascular and respiratory function 
from the scclmatized lowlanders to achieve the samo 
physiological end. It seems that acclimatization, as the 
term is usually understood, consists of a number of short- 
term adjustments of a lowlander, enabling him to gurvive 
and perform more efficiently under conditions of low 
oxygen tension at altitude. But in the high-altitude 
residents more fundamental long-term changes have come 
about perhaps st cellular level which result in more 
efficient working of the organism and a oertain reversal 
of the short-term adjustments when the first orisia 1s 
overcome. Whether thee fundamental changes aro 
genetic in origin or acquired over many years or genera- 
tions of high-altitude residence is one of the unsolved 
problems of altitude physiology. 


BIOLOGICAL PROPERTIES AND RADIOSENSITIVITY OF TUMOURS : 
DETERMINATION OF THE CELL-CYCLE AND TIME OF SYNTHESIS 
OF DEOXYRIBONUCLEIC ACID USING TRITIATED THYMIDINE 

AND AUTORADIOGRAPHY 


By D& ANNA GOLDFEDER 


Cancer and Radloblological Research Laboratory, Department d Hospitals and Department of Blology, New York University, 
New York 


AS part of & series of investigations on biological 
BA and radiosensitivity of tumours, their 
roliferating oycle has now been examined in this labor- 
atory. Specifically, I have compared the kinetics of two 
types of tumours with i growth ratee, both 
indigenous to the same host. The analysis was based on 
the quantitative autoradiographic estimation of the 
number of cella incorporating tritiated thymidine as a 
precursor in DNA synthesis, thus permitting determina- 
tion of the time the cell in in the various phases of 
ite oyole. The date were plotted and the curves are ahown 
in Figs. 1 and 2. Inspection reveals a striking difference 
between the T, phase of the two tumour-typee. The T, 
phase of the spindle cell tumour is approximately twice 
as long as that of the epithelial tumour. (There aro also 
some differences between the other phases of the life- 
cycle of these tumour types but these will not be oon- 
sidered at present.) 

The usefulness of oarbon-14- and phosphorus-32- 
labelled precursors and improved &utor&diographio tech- 
ni for determining the cell cycle and the time of 
D A synthesis in growing planta was first recognized by 
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Howard and Pelo'. This technique waa later applied to 
human bone marrow cells cultivated in vitro’. Since 
thymidine is one of the nucleosides of the DNA molecule’ 
and 18 specifically utilized by proliferating cells (mam- 
mahan, plant or micro-organisms) for syntheeis of DNA, 
ita sucoeeaful tritiation‘ led to its widespread use in the 
examination of cellular kinetios and the timing of DNA 
synthems. Because it emits B-particles of low energy 
(0-018 MeV), thereby permitting high resolution of auto- 
radiography, it is a valuable tracer for identification of 
those cells which are actively engaged in DNA synthesis 
prior to cell division. 

During the past several years, tritiated thymidine and 
the autoradiographic technique have found wide applica- 
tion not only in kinetio investigations of a variety of 
normal mammahan oells, but also in investigations of 
neoplastic cells, particularly those growing in ascites 
form. (The references ining to these investigations 
are cited in Table 1.) However, I know of only one 
report in the literature on the use of tritiated thymidine 
in examinations of the mitotic cycle and DNA synthesis 
time in & mouse mammary tumour grown in a solid form 
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Table 1. DMA SYXTREEIS TOCS (T,) oF Various CELL TYPES 


Cell types Medium = 7,-Phase(h) Ref. No. 
Bons marrow in vivo EET ' 2 
O3H mammary * "Uo 1 5 
Hpatbeilum forestomach In nso 15 . 13 
lata In viso $0 14 
aseltes tumour cells In vivo 17-0 female 15 
- 11-0 male 
LA dm In moo 125-145 21 
(rat, In vivo 80 132 
Colon, In viso 11-14 23 
Colon In vivo 65 24 
Ascites tumour In viso &5 25 
Asecites tumour In vitro 80 26 
U-strain fibroblasts In nitro 90 27 
calls In meo 5&0 ?8 
Asottes L—6178Y In vitro 6-0 19 
74 
Ohtnese hamster cella In vitro 60 90 
Rat ver In viso 90 31 
epitheilal tumour In vivo 60 32 
fen œl tumour In meo 12-0 83 
enamel of young rabbits In nw 5 $8 


in isologous hoete*. I am not aware of any comparative 
investigations of the kinetics of two morphologically and 
biologically diverse but genetically isologous tumours, 
both grown in parent hoete. Thus, we thought that the 
two types of mouse mammary tumours whioh have been 
under mvestigation in this laboratory for several years 
would oonstitute a particularly suitable test system for 
&n examination of the dynamios of cellular proliferation. 

These tumours are: a slow- i epithelial one, 

designated DBAH, and a rapi growing spindle oell 

B type, dengnated DBAG. Both were developed from the 
mammary gland tissue of the inbred DBA/212 strain of 
mice and are propagated by serial transplants in isologous 
hosts. Their history and biological ies have been, 
deecribed*. Several of their metabolic and morphological 
properties examined at cellular and sub-cellular levels, as 
well as their response to ionizing radiation, are also 
known". Their latent periods are 4-6 days for the 
spindle cell tumour and 10-12 days for the epithelial 
tumour. The spindle cell tumour waa in ita 458th passage 
and the epithelial tumour in ita 38th passage of serial 
transfer at the time of these examinations. 

In my investigations I used the followmg method: 
Male mice were implanted with several tiny particles of 
either epithelial or spindle cell tumour. Hach tumour- 
bearing mouse was injected in i with 0-3 o.c. 
aqueous solution containing 25 uc. of tritiated thymidine. 
(The tritiated thymidine with specific activity of 1-9 
o./mmole was obtained from Schwarz Bio-Research, Inc., 
Orangetown, New York.) Since the mice ranged in 

x, weight between 20 and 25 g, each received approximately 
luo./g body-wt. After injection of the labelled precursor, 
the mioe were killed by cervical dislocation at hourly or 

- asada intervals and the tumour nodules immediately 

. ‘These procedures were carried out during a 
30-h period. 

Small particles were randomly removed from each 
tumour with sharp razor blades, fixed for 1 h in 3:1 
aloohol-acetic acid and then kept overnight in a 10 per 
cent neutrel formol-saline solution. Autoradiographs 
were made of deparaffinized sections 2-3. thick and 
dipped in nuclear photographic emulsion, NTB or NTB» 
obtained from Eastman Kodak, Rochester, N.Y. After 
10-12 days’ exposure in & freezer at — 20? O, the auto- 

i were developed for 6 min in Kodak D-19 at 
16° C and fixed for 10 min in Kodak acid fixer. The usual 
procedure of washing, ining with Harris haematoxylin 
and eosin, and dehydrating followed. Labelled mitotic 
figures were identifled by the presence of activated mlver 
grains. The cells were usually heavily labelled and the 
background was low. In a number of instances mitotic 
counts were made on Feulgen-stained squash-preparations 

pend compared with those of sections. Generally, fairly 

agreement was obtained, indicating that my sections 

2-3 thick provided good autoradiographic efficiency. 

' This ia in with Kisieleeki, Baserga and Van- 

potio*. The number of labelled and unlabelled mitotic 

figures in all phases was determined for 100-200 mitoses 
per mouse. : 
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The percentage of labelled mitotic figures, including all 
phases, was plotted against time after administration of 
tritiated thymidine mto the tumour-bearing mice. The 
resulta are presented in Figs. 1 and 2. Each point oon- 
stitutes average counts of 8—4 tumour nodules of the same 
mouse and also averages of two repeated experimenta for 
each time-interval. Confidence intervals of positive 
mitotic counts among all mitotic counta observed are 
expressed using the formula: 

Vp (1—p) 
PP e 
where p = peroen of positive mitoses, n = total 
counts and a p + 10 per cent. (Calculated by 
Dr. A. Berger, of the Statistics Department of Public 
Health, New York City.) 

The estimation of the time-intervals of the cell-cycle 
and of DNA synthesis is made according to the method 
originally used by Quastler and Sherman for mammalian 
oells!*, and afterwards by many other investigators. In 
brief, the phase of the cell-cycle was divided as follows: 
To, = post-synthetic, pre-mitotio period from the time 
of injection of the labelled precursor to the earliest time 
of appearance of labelled mitotic figures. In the case of 
the spindle cell tumour (Fig. 1), Ta, pbase lasted about 
l h, whereas in the epithelial tumour (Fig. 2), Ta, was 
about 2-5 h. The frequency of the labelled mitotio figurea 
rises rapidly after the Tg, period and reaches a peak of 
approximately 76 per cent for the spindle cell tumour 
and about 80 per cent for the epithelial tumour. The 
time of DNA synthesis (T+) was estimated from tho points 
between the 50 per oent level, that is, where half-labelled 
mitoses intercept on the ascending and descending por- 
tions of the curve. ion of the curves shows that 
the average T, for the spindle cell tumour is 12 h and for 
the epithelial tumour 6 h. 

The number of labelled mitoses in the spindle cell 
tumour decreased (after the peak) to approximately 27 per 
cent at 16 h after administration of the labelled precursor. 
At this point a second wave of labelled mitoses started 
aud paedhod 06 per Goal at 20 h. These labelled mitoses 
could well constitute the ter cells of the initually 
labelled mitotic figures which passed through inter- 
phase and had arrived at the next division. Following 
the 20-h period, a gradual decrease in labelled mitoses 
occurred in this tumour, reaching 3 per cent labelling 
80 h after the administration of the labelled precursor. 

Regarding the epithelial tumour, it oan be seen in 
Fig. 2 that a gradual decrease in labelled mitoses occurred 
after the peak, resulting in 27-6 per cent at 11 h and ina 
plateau lasting about 4h. Following this period, a slow 
rise in labelled mitoses occurred, reaching a second peak 
of approximately 57-5 per cent at 20 h. Then followed a 
decline to about 35 per cent at 24 h and about 28 per cent 
at 80 h after the administration of tritiated thymidine. 

The generation time for both tumours was then 
determined. This is the distance from the beginning of 
the rising points of the curve at zero to the far portion 
of the trough (allowed in these cases where Te, and 
mitoses are short compared to T, time). For both types 
of tumours, it was found to be approximately 16 h. 

The post-mitotio, pre-synthetio period (Tg,) was 
obtained by subtracting the sum of the T's, and Ts 
periods from the ion time. i to the 
results (Figs. 1 and 2), T's, lasted 3 h for the spindle 
cell tumour and 7:5 h for the epithelial tumour. 

In the fleld of cellular kinetioe the most reliable date are 
generally deemed those obtained for Te, and T, phases. 
Consequently, these two phases, and particularly the T's 
phase, are emphasized in the work recorded here. A 
detailed analysis of the literature reveals that T, values 
differ not only between various cell types but also between 
cella of the same morphological classification. Examples 
are listed in Table 1. Additional resulta can be found in 
a table compiled by Oehlert, Seemayer and Leuff!. 
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There are differences in opinion among investigators 
as to tho constancy of T, p for various oell types. 
For example, Cameron’! expressed the opinion that the 
6-8 h T, period should be regarded as a constant for 
various ocell types. Wolfsberg!* reported a T, period of 
13-5 h for the stomach epithelium of the mouse. Another 
report! cites a T, period of 30 h for mouse ear epithelium. 
This extremely long T', period is assumed to be caused by 
the 17? O ture of the mouse ear, which is lower 
than the 37? O at which the mammahan cells normally 
metabolize. Baserga!! reporte a T', of 17 h for the Ehrlich 
ascites tumour cells grown in female mice and a T, of 
1l h for those grown in male mice. 

The question arises as to why there existe a wide range 
in the T, period, which is one of the most important 
phases in the life-cycle of the cell. This question becomes 
even more significant if one compares the T', period of the 
two types of tumours examined here, both of which are 
of the same genetic derivation and are propagated ın 
isologous parent hosts. The difference in their T', periods 
oould be solely attributed to differences in their inherent 
cellular composition. 

To shed light on this problem, the following explana- 
tions are offered: 

(1) Some of the metebolio eventa which are involved in 
DNA synthesis may be slower ın the spindle tumour oells 
than in the epithelial tumour cells. This assumption is 
based on resulta of previous expermnents*’, which showed 
that the oxidative phosphorylation capacity of the spindle 
coll tumour mitochondria is significantly leas efficient than 
that of the epithelial cell tumour mitochondria. Electron 
microscope investigations’* which revealed that the 
mitochondria of the spindle cell tumour are fewer in 
number than those of the epithelial tumour and of 
inferior quality, conteining fewer membranes (oristae), 
attested to these resulta. Furthermore, there appeared 
to be fewer and smaller ribonucleoprotem particles (RNP) 
in the spindle cell tumour than in the epithelial tumour’. 
This would indicate that the epithelial tumour oells, 
which are richer in the eeeential cytoplasmio componente, 
are more efficient in the production of the necessary pre- 
cursors for DNA synthesis. Conversely, the spindle 
tumour cells produce these precursors lees efficiently, 
thus limiting the rate of DNA synthesis and extending 
the T', period. These resulta are in line with recent oon- 
cepts oonoerning the icipation of the cytoplasmic 
compounds including mitochondria in DNA synthesis!".1*, 

(2) The number of chromosames may also play a part 
in the time of synthesis of DNA. It has been found by 
cytophotometric measurements and by chromosome 
counta!’ that the spindle tumour cells contain 82 per cent 
tetraploids, 6 per cent octaploids, 49 per cent diploids and 
18 per cant aneuploids, whereas the epithelial tumour 
cella contain 85-5 per cent diploid, 10 per cent aneuploid 
and 4-5 per cent hypoploid cells. Thus, in order to repli- 
cate two or four times more DNA for tetra- or oote-ploid 
oells, more time oould well be required, particularly in 
the case of the spindle cell tumour, where the nucleotide 
pool is inadequate. 


NATURE 


August 7, 1965 vor 207 


Conclumons reached by Defendi and Manson™ that the 
number of chromosomes has no bearing on the phase of 
DNA synthems do not seen to be borne out by closer 
scrutiny. These authors tabulated resulte from the litera- 
ture on the relationship of chromosome numbers to DNA 
synthesis (T',), and expressed the opinion that the duration 
of T, is independent of the number of chromosome. How- 
ever, their table reveals that in the case of Ehrlich HLT 
tumour containing 92 chromosomes, the T', phase ranges 
from 13-14 h; in the majority of cells containing 42-46 
chromosomes, and in two cases of cella with 60 chromo- 
somes, the T', period ranges from 6-8h. It would therefore 
seem that the question of the influence of chromosome 
numbers on the T, period will have to be further explored. 

Based on the previous obeervations on the struotural 
and functional properties of these two tumour types, 
the inference is strong that the longer T, of the spindle 
cell tumour, relative to that of the epithelial tumour, is 
caused by the diminished or i i synthesis of the 
necessary nucleotides. The thought is suggested that the 
clue to the variation in T', phases of other cell types may 
be found in the availability of free nucleotides. 

This work was supported by a grant from the National 
Oancer Institute, U.8. Public Health Service. I thank 
Dr. L. A. Miller and D. Katz for their assistance. 
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A PERMEABILITY FACTOR (TOXIN) FOUND IN CHOLERA STOOLS 
AND CULTURE FILTRATES AND ITS NEUTRALIZATION BY 
CONVALESCENT CHOLERA SERA 


By Pror. JOHN P. CRAIG 


State University of New York, Downstate Medical Center, Brooklyn, New York 


HIS article reporta the finding of a heat-labile factor 
in sterile filtrates of both cholera stools and young 
cultures of Vibrio choleras which evokes induration and a 
prolonged increase in capillary permoeebility following intra- 


cutaneous injection in guinea-pigs and rabbits; and which » 
is neutralized by convalescent sera from cholera patienta. 

Although Koch in 1884 considered cholera to be essen- 
tially a toxicosis, caused by a poison excreted by the 
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causative most workers during the ensuing 
decades have favoured the view that V. choleras does 
not produce a soluble exotoxin, but rather contains 
endotoxins which are liberated on autolysis or disruption 
of the organisms. Many workers, using a wide variety 
of extraction procedures, have obtained from cholera 
vibrios a number of deleterious substances which exhibit 
many of the i associated with endo- 
toxins. The indicator of toxicity for these materials has, 
however, been limited largely to death following parenteral 
injection of animals, and association of these endotoxio 
substances with the clinical manifestations of cholera 
haa been lacking!. 

More recently, however, De and Ghoee! and De e£ aj.* 
have shown that certain young culture filtrates of V. 
choleras contain an antigenic and heat-labile substance 
which produces dilatation of the isolated gub loop; and 
Oza and Dutta‘ and Finkelstein ef al. have shown that 
similar tions cause a fatal, deh ing diarrhoea 
when introduced into the gut lumen of infant rabbits. 
Both these effects a to be specifically neutralized 
by antisera pre against the toxic filtrates. Basu 
Malik and Ganguli® showed that intracutaneous injection 
of cholera stool filtrates evoked an immediate increase in 
permeability of skin capillaries in rabbits by the mtraven- 
ous dye technique. Similar activity, however, was 
demonstrated to a lesser extent in non-cholera stools; 
and speciflo neutralization of the effect was not reported. 

Tho recognition of these heat-labile, extracellular, toxic 
factors once again suggesta the possibility that a ‘true’ 
exotoxin may play a significant part in the pathogenesis 
of cholera, in spite of long-held views to the contrary. 

For the work recorded here, stools from cases admitted 
to the Pakistan-SEATO Oholera Research Laboratory in 
Dacca, East Pakistan, in 1964, were centrifuged at 
10,000 r.p.m. at 5° O for 80 min and the supernatant 
fluids were passed through 450-my ‘Millipore’ filters. 
Formed stools were diluted 2- to 10-fold in sterile saline 
before centrifugation. All stools were cultured for V. 
choleras as well as other common bacterial enterio patho- 
gens. Filtrates were diluted in sterile saline and injected 
intracutaneously in 0:l-ml. volumes in ially ran- 
domized sites on the backs of albino guinea-pigs or rabbits. 
Guinea-pigs were prepared by alipping: and depilating 
with barium sulphide paste, while rabbits were clipped only. 

The resulta of the first 56 stools tested in guinea-pigs 
are shown in Table 1. Stools from 18 out of 20 bao- 
teriologically confirmed cholera cases produced marked 
induration and erythema beginning 6-8 h after injection, 
reaching a peak in 18-24 h, receding somewhat by 48 h, 
but isting for 4 or 5 days, in both guinea-pigs and 
rabbits. No induration was produced by any of the 
filtrates of stools from 38 patiente with acute diarrhoea 
from which V. choleras was not isolated. Of these 38 
negative cases, 16 were suffermg from a severe watery 
diarrhoea, similar olinically to cholera, with dehydration 
and collapse. By replicate titration in both guinea-pigs 
and rabbita, it was found that the diameter of induration 
bore a linear relationship to log dose of filtrate, over & 
range of 6-15 mm. In order roughly to quantitate the 
activity in each stool, the amount of filtrate in & 0-1-ml. 
Table 1. TWENTY-FOUR Hours’ IKDURATION IK GUIXE4-PIBS FOLLOWING 

INTRADERWAL IRJBOTION OF BTOOL FILTRATES 

Ind stool filtrate Postitve 
Source of stool spectmen <5 10-100 100-1,000 Total 


Aoute cholera * 
Ogawa 


5-10 





' Total acute cholera 
Convalescent cholera 
Non-oholera diarrhoea * 
Non-cholera vibrio, Heiberg IT 4 
No pathogens 

Pulselees 16 — 

With pulse 18 EN 

Total mon-ochojera diarrhoea — 33 — ms = 
* Within 48 h of onset. 


13/20 


= 3 1 
2 2 5 
3 5 e 
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volume capable of producing induration of 8 mm in 
diameter at 18-24 h was established as an arbitrary 
"induration dose’. All specimens were tested in at least 
two animals simultaneously, and active cholera stools 
were used for investigation of the properties 
described here. Most of the same stools were also tested 
in duplicate in rabbite, and resultes were essentially 
identical in both animals. 

From three ients with confirmed cholera, stools were 
collected in acute purging stage and again after 
recovery. In one case, both early and late stoola were 

. In the other two, stools collected on the first 
day were strongly positive (> 100 induration doses/ml.), 
whereas stools collected 57 and 68 days after onset were 
negative. 

The effect of stool filtrates on skin capillary perme- 
ability was investigated by the intravenous injection of 
pontamine sky blue 6X B, 0-12 ml. of a 5 per cent solution/ 
100 g, at varying times before and after the intracutaneous 
injection of test materials’:*. Filtratea capable of evoking 
induration also caused an increase in permeability of skin 
capillaries of at least 24 h duration, and the diameter of 
the blue lesion bore & linear relationship to log dose of 
filtrate within the range of 5-12 mm. The time-course 
of inoreased permeability was determined by injecting 
filtrates at various intervals followed by intravenous 
injection of dye when the skin was bearing lesions of 
different ages. A final injection of filtrate and of saline 
was given i i after the dye to determine the 
immediate permeability effect as well as the effect of 
trauma. Readings were made l h after the injectaon of 
dye. Immediately after injection there was a marked 
increase in capillary permeability followed by recovery 
within 1 h. During the next few hours the permeability 
gradually increased again, reaching the maximum diam- 
eter, but not maximum intensity, by 8 h. The bluemg 
became more intense between 8 and 18 h and was 
maximum at 18-24 h. Between 24 and 48 h intensity 
faded. Induration developed more gradually during the 
first 24 h; but the peak was the same as for blueing. 
Permeability returned to normal by 72-90 h, whereas 
induration gradually receded over a 4—5-day period. 
Residual induration was palpable at 6-7 daya. The time- 
course of permeability and induration in rabbit akin was 
essentially the same as that in guinea-pigs. On the basis 
of these time-course investigations, 18-h lesions were 
selected for the study of other properties of the stool 
permeability factor. In all stool filtrates so far examined, 
increased capillary permeability at 18 h has paralleled 
the induration response. 

Filtrates of V. cholerae cultures grown in 5 per cent 
Difoo *Bacto-Peptone', pH 7:3, as used by De e al.” for 
production of cholera enterotoxin, evoked skin lesions 
Indistinguishable from those produced by the skin-factor 
found in cholera stools. Living vibrios injected intra- 
cutaneously failed to evoke any induration or perme- 
ability change. De e£ al. showed that the in viro pro- 
duction of cholera enterotoxin active in the ligated 
rabbit-gut segment was related to surface-volume ratio 
of the culture medium. This association appears to hold 
true also in the case of skin-reactive factor. Shallow 
cultures with surface/volume ratios of 2:5:1 yielded 


- approximately 80 times as much active material as did 


tube cultures with a ratio of 0-2: 1. 
The influence of length of incubation on skin-factor 
Po imo was investigated by titrating permeability 
content of filtrates of two strains of V. choleras 
grown in shallow cultures in Erlenmeyer flasks (surfaoe/ 
volume ratio of 2-5) for different periods of time at 
87° O. The permeability factor was absent at 2 h, detect- 
able at 4 h, reached a maximum titre at 24-48 h and 
began to wane at 72 h. 
The skin reactions evoked by stool and culture filtrates 
were compared on the same set of guinea-pigs. Time- 
course of the permeability factor as well as dosage-response 
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curves of induration and the permeability factor of both 
stool and culture filtrates were indistinguishable qualita- 
tively and quantitatively, suggesting that the two materials 
are identical. 

In order to determine whether substances with similar 
effect on skin were elaborated by other organisms, the 
following strains were grown simultaneously in shallow 
cultures of oe cent ‘Bacto-Peptone’, pH 7-3: Shigela 
B; enteropa enio E. coli; BH. coli, non-typeble; non- 
cholera vibrio, Heiberg Group II; and V. oholerae Ogawa. 
Neither induration nor change in capillary permeability 
was produced by intracuteneous injection of undiluted 
filtrates of cultures of the first four whereas 
cholera filtrate gave rise to typical lesions at a dilution 
of 1: 40. 

Both the induration-evoking capacity and the perme- 
ability factor of both stool and culture filtrates were 
completely destroyed at 56° O for 80 min. Dialysis of 
both stool and culture filtrates for 24 h at 5° O. against 
0-85 per cent sodium chloride caused a 26—50 cent loss 
of skin reactavity. Stool filtrates retamed fall ivi 
after exposure to trypsin, 100 ug/ml. for 15 min at 87° C 
at pH 7-0. 

The neutralizing capacity of convalescent cholera sera 
was investigated as follows: acute and convalescent sera 
from cholera cases were inactivated at 56° O for 30 min. 
Three-fold seria] dilutions of serum were mixed with 
constant amounts of stool filtrate or culture filtrate and 
the mixtures were incubated at 37° C for 80 min. The 
mixtures were injected intracuteneously in guinea-pigs, 
and intravenous dye was given 18 h later. Convalescent 
sera from confirmed cholera cages were capable of pre- 
venting both the induration and permeability factor 
affects of both stool filtrate and oulture filtrate at a 
higher dilution than was acute phage serum. The perme- 
ability factor-neutralization titres of a number of sera 
against culture filtrates are set out in Table 2. Titres are 
expressed as the highest serum dilution which prevented 
the increase in capillary permeability induced by the 
standard dose of toxic filtrate. Rises in titre were demon- 
strable in all cases of confirmed cholera so far tested, but 
not in human beings given commercial cholera vaccine 
or in rabbits given living vibrios grown on 1 per cent 
tryptoee slants. Substantial agglutinin titre mses were 
demonstrated, however, in both the cholera cases and m 

B usn and animals vaccinated with whole organisms. 

ormal persons and some acute phase sera contained low 
titres of neutralizing substance. The lowest titres were 
found in normal rabbits and in the acute phase sera of 
those cholera patients who showed the highest titres 
during convalescence. 

The foregoing findings indicate that'skin-reactive sub- 
stances found in the stools of cholera patiente and in 
culture filtrates are identical. Moreover, their properties 
are those of a typical bacterial exotoxin. the 
term ''skin-toxin" would seem applicable. For the pre- 
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Table 2. Torn- Trees OF HUMAS AKD ANIMAL BIRA 
(Toxin Tom Ogawa B1307) 
Day of eutral- Aggiutination 
Soures of sera or ization titre 
on titre Ogawa Inaba 
I cholera cases 
No. Organiun 
O77 Inaba 1 10 <40 <40 
F 10 30 1,280 1,280 
1,021 Inaba 0 10 «40 «40 
10 £70 160 160 
$0 90 40 B0 
978 Inaba 1 10 <40 <40 
1f 30 640 640 
1,188 Inaba 1 <10 <40 <40 
10 > 270 320 320 
O44 Ogawa 0 <10 <40 <40 
16 90 160 40 
800 Ogawa 0. 5 «40 «40 
9 640 1,280 640 
IL  Non-vibrio cholera 
1,011 No path- r m ve Bi 
ogen < 
18 — « 40 «40 
59 30 — — 
II Normal human controls (Hast Pakistan reedenta) 
44-I — — 10 «40 «40 
87-1 — — 10 «40 «40 
A-0684 — — 10 «40 «40 
IV Pakistan! personnel vaccinated with killed Ogawa + Inaba vaccine | 
I — «£0 « 
* 28 30 160 310 
19 — 2n 30 40 40 
30 640 640 
Babbits vaccinated with uring V. cheleras Ogawa 
RJ-6 «10 « 40 « 40 
38 <10 1,280 320 
RJ-7 0 «10 «40 « 40 
35 «10 10,240 10,240 


paration of skin-toxin in vitro, the medium and growth 
conditions are the same as those used for the preparation 
of the enterotoxin of De. Both are heat-labile. These 
facts suggest the possibility that the akin-toxin and the 
enterotoxin are also identical. 
At present there is no evidence that the skin-to 

plays & part in the morbid sequence of cholera in aad: 
Skin-toxin could, however, exert a deleterious effect on 


_the gut, perhaps by altering permeability of capillaries in 


the villi, resulting in the passage of excess fluid into 
extravascular and then into the gut lumen. 

Evidence indicates that the skin-toxin is antigenic in 
man, that it reaches antibody-producing elements during 
the course of olinical cholera, and that the antibody 
elaborated behaves like an antitoxin. Moreover, antibody 
against the gkin-toxin does not appear to be evoked by 
vibrio antigens capable of evoking agglutinins. 

This work was supported ın part by U.8. Public Health 
Service special research grant 7—F3—41-9409—02 from 
the National Institute of Allergy and Infectious Diseases. 
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COMPARISON OF FERRITINS FROM NEOPLASTIC AND NON-NEOPLASTIC 
HUMAN CELLS 


By Pror. G. W. RICHTER 
Department of Pathology, Cornell University Medica! College, New York 


r; previous work! it was shown that two lines of neo- 
plastic human ocells grown in vitro synthesize distino- 
of ferritin. By electrophoresis in polyacrylamide 
itin from HeLa ocells was separated into 3 fractions 
and y-) with mobilities that differed from those of 
ing fractions extracted from human liver 
y an a-ferritin was obtained from KB 






cells and this had the mobility of the a-ferritin of HeLa 
cells. These mobilities, like those of other ferritins, 
are independent of the FeOOH micelles that form the core 
of the ferritin molecule. 

We now report results obtained with ferritins synthe- 
sized im vitro by two strains of embryonic human skin 
cells, and by HEP-2 carcinoma cells. 
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Ped Electrophoretic separations In 5 per oent polyacrylamide gels at 

66 a, BK—1 ferritin, separated into five frackons. b, Mixture of 

1 fernin and ferriün from human liver Kote single a-, /-, eto., 
fractions. Minor fractions are obscured 1n this picture 


B (ver) 
6 OTBP-2) 


a(Itver) 


a(H HP-2) 





.2. Hleetrophoretle se dons tn 5 per cent lamide at 
Tri. v froin CN: b, iito of aes fier 
Š froen naman liver (ken: Edie). Perot 
A diploid strain of embryonic human skin (M-5) was 
obtained from Microbiological Associates, Bethesda, 
Md., after 8 serial passages. We have oalled this stram 
SK-1. Its modal chromosome number after 20 further 
passages has remained 46. Cells of another diploid strain 
of embryonic human skin, SK-2, were donated by Dr. 
Albert Kettler of the Public Health Research Institute of 
New York City. HEP-2 cells were supplied by Micro- 
biological Associates and these were heteroploid. Cultures 
were grown in Eagle’s medium containing 0-01 per cent 
FeSO, as previously described!‘. Extraction and 
purification of the ferritins, and the electrophoretic and 
serological analyses were done as already desaribed!. 
Although equivalent results were obtained when electro- 
phoretio se ons were carried out at diverse pH 
values (4:8—8-0), a pH of 6-6 was most satisfactory. After 
separation in polyacrylamide gels at pH 6-6, the fractions 
were either stained by the Prussian blue method for ferric 
iron or with amidoschwarz for protem. In separate 
experiments, the fractions were eluted, and checked for 
the presence of ferritin by electron mioroecopy!'!. 
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Typical findings are shown in Fig. 1, where it oan be 
geen that SK-1 ferritin was resolved into at least three 
fractions, identical in mobility with the a-, B- and y- 
fractions of human livers or spleens. SK-2 cells yielded 
three fractions that had mobilities exactly like those of 
the corresponding three SK-1 fractions. By contrast, 
HEP-2 cells produced «-, B- and y-fractions with mobilities 
that were greater at (pH 6°6) than thoee of the corre- 
sponding fractions from SK-1 ocells, SK-2 cells or from 
livers and spleens (Fig. 2). Moreover, the mobilities of 
the HEP-2 a-, B- and y-fractions were the same as those 
of the corresponding three fractions from HeLa cells. 

It waa noted previously that in double diffusion tests 
HeLa and KB ferritins hed the serological specifloitiee 
of ferritin from human livers and spleens, when tested 
with rabbit antisera specific for splenic and hepatic 
ferritin!. Simular precipitin testa m gels have revealed 
no serological differences between SK.] ferritin, 8K-2 


SK-2 cells 


HeLa calls 








From human 


KD cells carcinomas 


HEP-2 cells 





Rats (Wistar, Sprague-Dawley, Long-Evans) 
Liver, Spleen, Kidney 





Horse 
Spleen 





Fig. 4. Eleokophoretdo mobilities of various ferritins relative to each 
other. Frve per oent polyacrylamide gels at pH 66 
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ferritin, HEP-2 ferritin and the ferritin from human 
liver and spleen (Fig. 8a and b). Thus, all these materials 
gave reactions of identity when tested with rabbit antisera 
to unfractionated, highly purified human ferritin. 

The results obtained with various sorte of ferritin by 
mr tuus m paleo ide gos Mr gum- 
marized in Fig. 4. The evidence reveals a pattern in which 
neoplastic oells are from non-neoplastic cells 
(or tissues), but testa of ferritins produced by tumours 
in vwo ere needed to evaluate the significance of these 
resulta in relation to neoplasia. While the synthesis of 
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distinctive ferritins in neoplastic cells may indicate poten- 

tialities that are unrelated to lasia, it is obviously 

important to investigate the possibility that there is a link. 
This work was by U.S. Public Health Service 

grant .4 M—00823 from the National Institute of Arthritis 

and Metabolic Diseases, and by grant J-187 from the 

Health Research Council of the City of New York. 

1 Richter, G. W., Brit. J. Hap. Path., 45, 88 (1904). 

1 Richter, G. W., Lad. Invest., 18, 1026 (1068). 

ius mod Chem. Ree., 88, 379 (1946); P 
‘A, and Manes, G. ., Nature, 
t Biohter, G. W. ‘Kates, 198, 418 (1961). 


al. Rav., 31, 480 (1051). Kopp, 
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EFFECT OF CARRIER-GAS ON GAS-LIQUID PARTITION 


By P. A. SEWELL and Dr R. STOCK* 
College of Technology, Liverpool 


sept chromatogra tography the carrier-gas is normally 
almost completely insoluble in the stationary phase, but 

it may affect the solubility of another gas or vapour by 
altering ita fugacity. Different carrier-gases will affect the 
solubility of & given vapour to different extents, and this 
has been shown in gas-chromatography experimenta 
utilizing capillary columns, by Deety, Goldup, Luckhurst 
and Swanton!. These authors also derived an equation 
relating the kb’ factor of a gas chromatographio column (the 
ratio of the liquid phase capacity to the gas phase capacity) 
to the mean absolute column pressure, ñ, and the second 
virial coefficient, B,,, accounting for Interactions between 
unlike molecules of the mixed gases. From a plot of 
log & against Ø the activity coefficient at infinite dilution 
of a solute, yf, may be estimated without the need to 
correct for oarrier-gas/Bolute interactions. Values of B, 
have also been calculated from the gas chromatography 
experiments and good ent has been obtained with 
values calculated from the Beettie and Bridgeman formula’. 
The solubility of the of chloromethane in 
iilis aid diocl onsite Dave Doo dC IQ Y 
Freeguard and Stock? by a static technique involving a 
MoBain-type spring balance. In the present work we have 
been concerned to meastire directly, by a similar static 
technique, the effect of an inert carrier-gas (for the most 
Part nitrogen) on the solubility of these vapours. From 
these measurements it should then be possible to obtain 


values of B,,, and verify directly the equation of Desty 
et al: 


log E A seg gp (Bas — v) 


where v} is the molar volume of the solute at temperature T. 

The static method has the advantage that the contribu- 
tion of adsorption and solubility of the carrier-gas can be 
determined easily. 

A McBain-type balance similar to that described by 
Freeguard and Stock* was used, but the system was 
modified so that thorough mixing of the two gases (absor- 
bete and inert gas) was achieved, and sgo that gases could 
be admitted to the system without loss of absorbate 
vapour already present, by back-diffusion. 

To ensure thorough mixing of the gases & glass ‘loop’, 
surrounded by a water-jacket and maintained at the same 
temperature as the balance case, was connected to the top 
and bottom extremities of the balance case. This per- 
mitted free circulation of the gases in the system, and an 
actual flow of gas was promoted by means of a glass 
paddle, in which was embedded a small magnet, and 
which was made to revolve at high speed by means of a 
magnetic stirrer. This device was found to be effective 
even when the total pressure in the system was only about 
2 or 3 om. 


+ Address from September 1, 1905, reper nent DITE Y e DONNEES 
Nottingham Regional Collage of i 


To prevent back-diffusion when adding fresh charges of 
gas, a doser technique was employed, that is, additional 
gas was displaced into the system by means of a mer- 
cury piston, operating through a series of valves. In 
practice this procedure was only necessary when quite 
high pressures of gas were already present in the 
system. 

The inert gas was dried by passing it over an activated 
molecular sieve (Linde 5A). The involatile liquids used 
were squalane and dinonyl phthalate coated on ‘Celite’, 
the liquid loading being about 80 per cent by weight. An 
experiment was performed using squalane alone, but 
equilibrium times were so long (cf. Freeguard and Stock’) 
that other measurements using involatile liquids alone- 
were not attempted. 

All the experiments described here were carried out at 
30° O using carbon tetrachloride as the absorbate, and the 
-following procedure was adopted to measure the effect of 
the inert gas on the abeorption of this vapour. The solid 
support and involatile had were contained in a light 
glass bucket and suspended by a fused quarts spring 
(extension approximately 1 m per 8) and degassed to better 
than 10“ mm of mercury. A oharge of carbon tetra- 
chloride vapour was then admitted and the increase in 
weight of the sample noted at equilibrium. Inert gas was 
then admitted, the gases were thoroughly mixed and 
allowed to equilibrate and the change in weight of the 
sample was noted. Further charges of inert gas were added 
in a similar way. It was ascertained that the uptake of 
the inert gas was negligible by orming similar experi- 
ments in the absence of the bete. The change in 
weight of the sample, after correcting for buoyancy, was 
therefore due to absorption or desorption of the solute 
caused by interactions in the gas phase between the solute 
and the inert gas. 

It was at first thought that the presence of the inert gas 
t 80 retard the equilibration of the &beorbate vapour 
its solution in the involatile liquid that it would prove 

Robie ge vou diac ta anata when 
had been attained, hence & preliminary experiment was 
carried out in which a charge of nitrogen was admitted to 
the previously evacuated balance case until a pressure of 
about 20 om was reached. Charges of carbon tetrachloride 
vapour were then admitted and an isotharm measured m 
the usual way. The resulta were presented graphically by 
plotting the increase in weight of the sample against the 
apparent pressure of the carbon tetrachloride, that is, 
(P — p,), where P waa the total pressure in the system. and 
p, was the pressure of nitrogen. The curve thus obtained 
should be identical with that obtained when performing 
the experiment in the absence of nitrogen, since the term 
(P — p) takes into account interactions between the car- 
bon tetrachloride and the nitrogen (assuming negligible 
Sio anle fuscis GF the nitrogen Dy the carbon ota. 
chloride). Good agreement between the curvee was found, 
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curve shows the change in weight of the sample for a fixed 
of carbon tetrachloride but varying of 


when either nitrogen or carbon dioxide was added to the 


pressure i 
predictions based on the theory of corresponding ` 
In Fig. 2 absorption isotherms of carbon tetrachloride 
shown. Curve 1, showing the largest 


in squalano are 
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uptake of vapour, is the isotherm measured in the absence 
of an inert gas. Curves 2, 8, and 4 are isotherms measured 
at 10, 80, and 50 om of nitrogen respectively. They show 
that the higher the pressure of nitrogen, the greater the 
depression of the isotherm. Pointa for curves 2, 8, and 4 
were extracted from the curves in Fig. 1, and some 
additional curves not shown. 

It is possible to calculate B,, from the above resulta in 
the following way. If the absorption by the involatile 
liquid is plotted against the fugacity of the abeorbate then 
all pointe should fall on the same isotherm, regardlees of 
the amount of inert gas present. The isotherms in Fig. 2 
show the plot of absorption against pressure, therefore 
harixontal lines drawn through these curves join points of 
constant fugacity of carbon tetrachloride vapour. The 
fugacity, ps, of the pure vapour at preasure p, is given’ by: 


Bu: 
lapi = In pa +B (1) 


-where B, is the second virial ooefflcient,for the pure 


vapour. In the presence of an inert gas, the fugacity of 
the vapour at pressure ph is given’ by: 
In pit ln p+ 
P 
ZF [Ba (1-¥)Bu- 2B unt Br | @) 


where P is the total preasure; B,, is the second virial 
coefficient of the inert gas; y is the mole fraction of the 
solute in the gas phase. Hence when the fugacities are 
equal the following expression for By, is obtained from 
equations 1 and 2: 

By = (Bu +B) = 

pi 

| er In pit Ba (P-p) |/aPa—» (3) 
It is interesting to note that this is the Lewis-Randall 
a ximation with an additional term. 

calculating resulta for B,, no allowance was made in 
the pressure for desorption of carbon tetrachloride from 
the sample, as already mentioned, hence p$ was taken ss 
the initial of absorbate before admitting nitrogen, 
and y was assumed to be 74/P. In equation 8 the measured 
quantities are P and pj; Pa, the pressure of &beorbete 
which would give the same uptake in the of inert 
gas, was either teken from the appropriate isotherm, or 
calculated from an empirical equation for the isotherm, 
known to give & good fit over the narrow range of presenze 
under consideration. As might be expected, latter 
method gave more consistent results. 

The value of B,, for the system: carbon tetrachloride/ 
nitrogen at 30° O calculated from the corresponding states 
theory of im and MoGlaahan* is approximately 
— 168. Values of B,, obtained by the above method ranged 
from about —226 to about —10,000. Values ahould remain 
constant regardless of pressure, whereas in the present 
work B,, usually approached the value given by the 

ing states theory as the pressure of nitrogen 
increased. These discrepancies may be &ooounted for in 
part by the method of calculation; alight variations in the 
term ln.pf/p, in equation 8 are greatly magnified and 
seriously affect the value of B. On the other hand, the 
curves in Figs. 1 and 2 show the expected reduction of the 
fugacity of carbon tetrachloride by nitrogen and there is 
a measure of consistency in the curves not apparent in the 
values of B,,. Similar resulta were obtained with the 
carbon tetrachloride/nitrogen/dinonyl phthalate 

and carbon tetrachloride/carbon dioxide/squalane. 


1 Desty, D. E, Goldup, à G. B., and W. T. in Gas 
L0 niu did ee p 8r Butterworths, London, 
* Beatie, J. À., and Bridgeman, O. C. J., J. Amer. Chem. Soc., 48, 1665 (1927). 
* Yreeguard, G. F., and Stock, B., in Gas 1943, edit. by van 
PaT am (Butterworths, London, 1062), . Feraday Soc., W, 


4 I and M. L, Proc. k 448 
Guggenheim, A, MoGlashan, Roy. Sec., À., £08, 
L| H. A, Thermodynamics (North Holland Publishing Co., 
Ean, 1967). S 
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PHYSICS 


Effect of Pressure on the Viscosity of Water 


AxN accurate knowledge of the viscosity of water as a 
function of pressure is important m the interpretation of 
the effect of pressure on the electrical conductance of 
aqueous electrolytes. For this reason we have recently 
measured the viscosity of water at pressures up to 10,000 
kg/am* relative to that at atmospheric pressure over 
the temperature range 2-2? C-100° O (ref. 1). The only 
other measurements at pressures greater than 900 kg/cm? 
are those of Bridgman’; but these are of limited accuracy 
because of the experimental difficulties he encountered 
when he used his viscometer to investigate water. 


Relative viscosity (gp/»,) 











Tig. 1. Helative visooeity of water 





Hertfordshire, 
England. 


15€ 





Jd] 
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Pressure (1,000 kg/cm") 


Fig. 2. Absolute viscosity of water 


The viscometer used in our investigation is of the falling- 
body type; it consiste of & steinleas steel tube oonteming 
two sinkers, one of high and the other of low density. 
Measurements are made by inverting the preasure vessel 
containing the viscometer and timing the fall of each 
smker through the fluid separately by means of an 
electronic timer actuated by an electrical induction system 
within the vessel. The technique is novel in that the use of 
two smkera permita measurements to be made of the 
density of the fluid as well as the viscosity. 

i of the ungnoothed experimental resulta for 
the relative viscosity of water given in Fig. 1 with those 
obtained by Bridgman shows that the deviations do not 
conform to a general pattern. At 10°O his results are 





l- 
9 
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lower than ours whereas at the other temperatures they are 
higher, the discrepancy at 75° C and 10,000 kg/om* being 
as large as 25 per cent. The agreement with low-p 


imentel 
error of our observations, which is estimated to b +1 per 


Fig. 2 have been calculated from our resulta with the aid of 
Bingham and Jackson’s results for the viscosity of water 
at atmospheric 7, 
We thank the Council for Scientific and Industrial 
Research for providing funds to enable us to build the 
high-preasure viscometer. K. E. BETT 
J. B. CaPrI* 
Department of Chemical Engineering 
&nd Chemical paci DEM 
Imperial College of Boienoe and 
London, 8.W.7. 
* Present address: H. L Du Pont de Nemours Co., Seaford, Delaware. 
1 Capri, J. B., Ph.D. thesis, Unrv. London (1904). 
1 Bridgman, P. W., Proc. Amer. Acad. Arts Soi., €L, 57 (1920). 
3 Cohen, R., Beibi. Ana. Phys., 45, 666 (1802). 
* Hauser, L., Aan, Pkys., §, 597 (1901). 
! Moaynak!, J. R., Trans. Amer. Soc. Meok. Eng., 880, 111 (1981). > 
t Weber, W., Z. Angew. Phys., 15, 342 (1063). 


' YO) BL O., and Jackson, E. F., Bull. Nat. Bur. Stand. (U.8.), 14, 76 
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Calculations with Two Nearly Equal 
Quantities 


A FAMILIAR experimental problem arises when two 
quantities of about equal magnitude are measured, and & 
third quantity equal to the differenoe between the two ig 
to be calculated. The relative error ın the oeloculated 
result can be intolerably high. An example of such a 
situation is the measurement of airglow radiations from 
the upper atmosphere in the presence of Rayleigh scatter- 
ing from the lower atmosphere, where the strength of the 
desired signal may be small compared with that of the 
beokground. Initial measuremente of airglow which 
we made with & simple photometer resulted in plots of 
caloulsted airglow intensity versus time with such large 
fluctuations that no interpretation was possible. 

In these circumstances, information oan be extracted 
with greater reliability by taking ratios ratber than 
differences. Taking the example referred to here, let the 
intensity of the background be B, and that of the signal- 
plus-beckground be S + B. If each is measured by 
counting the total number of photons arriving in a stand- 
ard time-interval, then the standard deviations, Ep and 
Esn, aro A/B and VS + B, ively. We wish to 
compare the relative errors in = (S + B) — B, and 
R = (S + B)/B, denoted by s and ez, respectively. 
It is easily shown that in the situation being considered: 


g + 2B 
St 
S+2B 
ĉr = ET +B) ond 


es -J + B) 
OR Sg 
It is of interest to note that while the accuracies of 
both S and E can be improved by inoreaaimg the counting 
time, the ratio of these accuracies is independent of count- 
A plot of (es/en) versus R is shown in Fig. 1. The ratio 
of errors hae the value unity at R = 2-6, or S = 1-6 B. 
For S « 1:6 B, the advan lies with takmg the ratio: 
This is consistent with m ing that plots of R calculated 
from my date had considerably lees scatter than plots of 
S calculated from the same data. 


6g = 
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Fig. 1. Relative errors in 8 and R 


This work was supported by & grant from the Lowell 
Technological Institute Research Foundation. 1 thank 
K. H. Olson for his advice. 

FRANOCIBS T. WoRRELL 
Lowell Technological Institute Research Foundation, 


Lowell, Massachusetts. 


GEOLOGY 


An Interglacia! Soil at Teindland, Morayshire 

RECENTLY a fairly well preserved 
buried beneath glacial deposits at Teindland, Morayshire 
(map ref. O.S. 299566). Briefly, the section shows at the 
top & semi-podsol developed in 6-8 ft. of sandy till and 
outwash vel overlying a fosil iron podsol developed 
in glacio-fiuvial outwash. The upper part of the buried 
soil which originally was the organic and leached layers 
bas been transformed to thin bands of black, dark grey 
and light grey material. This banding has most likely 
been produced by soliffuxion. 

The black bands were sampled in September 1963 and 
found to contain 1-44 per cent organic carbon. A sample 
submitted to the National Physical Laboratory (reference 
NPL-78) for radiocarbon measurement was dated to 
28,140 + 480 and — 450 years (B.P.), where the uncertaiities 
quoted are derived from one standard deviation of the 
activity measurement. The age must be regarded as a 
minimum, since the nature of the sample precluded alkali 
pretreatment. 

Hence the history of the site may be reconstructed as 
follows: (1) Glaciation (Riss ?) followed by the deposition 
of glaciofluvial deposits. (2) Sou formation in the above 
deposits to produce a well-developed iron podsol. (8) Peri- 
glacial conditions which caused disturbance and solifluxion 
of the surface layers. (4) A second period of glaciation 
(Wurm ?) during which the soil was buried with till and 
outwash. (5) locene pedogenesis in the upper part of 
the Wtrm deposita. 


1 was found 
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The buried soil is more leached and differentiated than 
the oon rary one formed above it at the preeent 
surface. ore, it was differentiated either over a 
longer or over a shorter, more intense period of soil forma- 
tion than the holocene. If the latter, the buried soil 
could be of interstadial age. However, it ia doubtful if 
such conditions existed during the Wirm interstadials, 
and a more likely explanation is that it developed as a 
result of long and continuous leaching during the last 
interglacial period. 

The age of the organic matter merely indicates the time 
at which tho soil was buried. It would seem that it lay 
outside the limita of Würm glaciation for a considerable 
time un ing solifluxion and vegetative change, and 
that only during the middle to late Wtürm did the 100 
advance sufficiently to bury this soil. 

I thank Mr. A. C. B. Hutcheon of this Department for 
the determinations of organic carbon, and the National 
Physical Laboratory for the radiocarbon measurementa 
and age estimate provided in report 0.65 of August 27, 
1064. 


Department of Soil Science, 
University of Aberdeen. 


E. A. FrrzPATRIOK 


A Possible Main Würm Glaciation In 
West Pembrokeshire 


Two carbon-14 age determinations from marine molluso 
fragments in glacial outwash in Pembrokeshire have 
indicated that the last glaciation of West Wales from tho 
Irish Sea probably occurred within the past 38,000 years. 

At Mullook Bridge (grid ref: SM 811080), just north of 
the mouth of Milford Haven, a large gravel-pit has been 
cut into a terrace of fluvio-glacial outwash material. 
The locality lies within the area of so-called ‘Older Drift’ 
in West Wales (Fig. 1)!. The terrace has a maximum 
surface altitude of 100 ft. O.D., and in the sides of the pit 
at least 25 ft. of current-bedded sands are visible; these 
sands appear to have been di i deltaically, in the 
sea or in & pro-glacial lake. sands are interbedded 
with, and overlain by, fine shelly gravels, which are in 
turn overlain by coarse torrential outwash. In parte of 
the gravel-ptt unleached shelly gravels are seen within 
3 ft. of the terrace surface. The northern part of this 
surface has a patchy covering of stony and gravelly till, 


CITI Area of "older drift" 


Proposed ice-lirnirs of 
last glaciatlons 


——. Charlesworth ,1957 
--— Mitchell , 1960 





Fig. 1. See Adas ee tha gläclalon oe ean Me MOVER 
s Sea Baan 
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beneath which the shelly gravels are severely contorted. 
It seems, therefore, that the ioo-front may have been in 
the vicinity of Mullock Bridge during the deposition of 
the gravela, and later advanced for an unknown distance 
&oroes the outwash terrace. A sample of about 400 g 
of well-preserved and solid fragments of marine mollusca 
from shelly gravels beneath the till haa been dated a 

37,960 +1109 years B.P. (NPL-80). ‘ 

Highteen miles to the north a amall gravel-pit has been 
out into shelly outwash gravels at Tre-llya (grd ref.: 
SM 898849), near the north Pembrokeshire coast. The 
gravels, which lie at an altitude of 200 ft. O.D., have 
a hummocky surface expression, and were considered by 
Charlesworth’ to be part of the “South Wales End- 
moraine’. As at Mullock Bridge, shelly gravels are 
irregularly interbedded with sands in the pit; they are 
generally overlain by about 6 ft. of coarse torrential 
outwash, but in places shelly gravels occur within 4 ft. 
of the ground surface. In placea the outwash contains 
severe slump features and contortions, and in view of the 
interbedding of small till masses it may be proposed that 
the deposits were laid down in an ice-contact environment 
during the wastage of an ice-sheet. Moro than 300 g of 
marine mollusco fragmenta from this pit havo been dated 
at 37,310 +128 years n.r. (NPL-97). 

The shell fragmenta collected at each locality for carbon- 
14 dating represent a wide range of environmenta, and 
therefore constitute a ‘mixed’ fauna’. Bo far as could be 

i no Crag species were included in the collec- 
tions, but nevertheleas the occurrence of the cold indicators 
Trophonopsts olathratus (L) and Chlamys islandica (Muller) 
alongside species found in Pembrokeshire waters to-day 
may indicate that the molluscs vary greatly in age and 
provenance. The carbon-14 dates must be considered as 
mean dates, and the possibility borne in mind that many 
shells older than about 38,000 years B.P. may be mixed 
with shells which lived after that dato. 

There i8 no evidence that either sample was contamin- 
ated. Laboratory pre-treatment included the rejection 
of apparently weathered shell ta and the removal 
by leaching of the outer third of the shells in each teet 
sample. middle and inner thirde of each test sample 
were dated separately, with almost identical resulte. 

The wi occurrence of marine mollusca at 
Mullock Bridge and Tre-llys indicates that the ice-sheet 
which incorporated the mollusca and later doposited the 
sholly outwash and gravelly till probably moved across 
western Pembrokeshire from the north and north-west. 
This suggestion is ported by the presence of erratica 
from the St. David's Peninanla in the gravels at Mullock 
Bridge. There appears to be little doubt that the ice- 
sheet was & true Irish Sea ice-sheet. If some of the dated 
shells lived in the Irish Bee within the past 38,000 years, 
then it follows that the last glaciation of West Wales 
occurred even more recently. 

This dating seems to contradict several previously 
published opinions concerning the age relationships of 
drifts around the Irish Sea. Mitchell‘ and Synge* con- 
sider that all the glacial driftas of West Wales are the 
equivalent in age of the Hastern General till of Ireland, 
which’ in turn they correlate with the Gipping till of East 
Anglia. They consider that the maximum extension of 
the Irish Sea ice during the Last Glaciation is represented 
by the Midland General-Clynnog Fawr morainio limit, 
which passes from the Screen Hills of Wexford to the Lleyn 
Peninsula (Fig. 1). Alternatively Charlesworth’, while 
agreeing that most of the till in West Wales is of ‘Older 
Drift’ age, bas proposed a limit for the ice of the Last 
Glaciation at the so-called ‘South Wales End-moraine’ of 
north Pembrokeshire. On the-other hand, the evidence 
from Mullock Bridge and Tre-llys indicates that the 
Irish Sea ice of the Last Glaciation probably extended 
much farther south, and over-rode the whole of western 
Pembrokeshire. Thus it appears that neither the Midland 
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General-Olynnog Fawr moraine nor the South Wales 
End-moraine oen be identified as & true terminal feature, 
unless it represents minor re-advances or retreat stages 


during deglaciation. 

The Mullock Bridge and Tre-llys dates, themselves 
almost identical, are markedly similar to radiocarbon 
dates from Upton Warren (41,900 years B.P.) and Flad- 
bury (58,000 years B.P.) in the Midlands. At the latter 
localities i 


fluctuating interstadial conditions, and likewise the marme 
mollusc in the Pembrokeshire outwash 
gravels indicate that boreal conditions probably prevailed 
at about thia time. The Pembrokeshire evidence lends 
support to the suggestion of Coope, Shotton and Strachan" 
that interstadial conditions in Britain around 42,000- 
38,000 Bx. may be correlated with part of the Middle 
Wtrm period of fluctuating sub-arctic and boreal climates 
proposed for Northern Europe by Gross". 

Concerning the absolute dating of the southernmost 
advance of the Irish Sea ice during the Wim, two recent 
suggestions have been made. Coope, Shotton and 
Strachan consider that this advance occurred between 
57,000 and 42,000 years ago; this is based on the inter- 
pretation of radio-carbon dated beds at Cbelford*, Upton 
Warren, and Fladbury, and their relationships with the 
Bevern-Avon terraces and the Midland tills. Similarly, 
Bowen!* has proposed that the ‘Main Welsh Glaciation’ of 
South Wales was the equivalent of the European Early 
Würm, followed by a smaller ‘Welsh readvanoe' during 
the Main Würm. On the other hand, Penny" has sug- 

that the maximum ice advance of the Last Glaciation 
throughout Britain was the approximate equivalent in 
time of the European Main Wirm glaciation, which was 
most extensive between 25,000 years B.P. and 17,000 
3.p.H, 

The evidence from Pembrokeshire that there 
was an extensive glaciation in Western Britain later than 
38,000 years B.P., and it therefore appears to provide 
support for Mr. Penny's suggestion. However, the 
possibility remains that an even more extensive glaciation 
could have occurred before that date, perhaps during the 
Early Wurm. Some recent work in north-cast Sootland 
by Dr. E. A. FitzPatrick and D. E. Sugden has a bearing 
on this problem. Dr. FitzPatriok™ has on the 
basis of a recently obtained carbon-14 date from Tiend- 
land, near Elgin, that non-giacial conditions persisted in 
north-east Scotland from the beginning of the Warm until 
28,000 years B.P., and this is supported by traces of & 
long phase of corrie-glaciation in the Cairngorm Mountains 
prin to the development of the Main Würm ioe-sheet**. 

view of this evidence it 18 difficult to envisage an Early 
Würm glaciation which could have extended as far south 
as the approaches of the Bristol Channel. 

In Soo and in the northern Irish Sea basin™ there 


are signs of an extensive glaciation after 28,000 years B.P., 


which correlates with the European Main Wtrm maximum. 
In view of the apparent synchroneity of eventa in Britein 
and Northern Europe, it seams reasonable to propose that 
the Last Glaciation of West Wales was a of this Main 
Wurm glaciation. Whether or not the foregoing correla- 
tions are correct, the carbon-14 dates from Pembrokeshire 
strongly suggest a widespread glaciation of Western 
Britain some time after 38,000 years B.P., and the possi- 
bility emerges that other landscapes south of the Newer 
Drift limit may have been glaciated during this glaciation. 
It is hoped that the evidence for the pointe made here 
will soon be published in & more detailed analysis of the 
Mullock Bridge exposure. So far, no reliable alue has been 
obtained as to the absolute age of the Irish Sea till of West 
Wales and Eastern Ireland; stratigraphic evidence sug- 
that the till may be no older than the dated shelly 
outwash, but this may be misleading. Two carbon-14 age 
determinations on organic material from this till may soon 
be completed, and perhaps it will then be possible to 
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Seed-bearing Ottokaria-like Fructifications 
from India 


ArrnouaH Phimstead'+ has described a number of 
male, female or bisexual fructifloations obviously attached 
to fertile leaves of Glossopteris, Gangomopteris and Palaso- 
viticria, not a single i among them shows 


ia actually 
borne on attached fructifications of Glossopteris. Pant! 


to certain disks which are associated with Gloseopteris 
leaves but, so far, seeds have not been found attached even 


is. The present seed-bearing Ottokaria-like fruc- 
tifloations from the Lower Gondwanas of Bihar are 
therefore of extraordinary interest. 

In all, four fructifications have been found, two of 
which are illustrated in Figs.1-8. One of them (Figs. 1, 2) 
is apparently attached, by means of a slender stalk. to & 
scale or is-like leaf. Some of the veins in the 
leaf are distinctly anastomosing (Fig. 8) but it shows no 
midrib, at least in the apical part (the lower part is not 
seen). The stalk of the head appears to be coming out 
from its side but it is presumably attached to the bottom 
of the head which is in contact with the rock. The head 
bears & number of laterally flattened oval seeds at the 
periphery and its upper face shows vague rounded soars 
in the centre. We believe that the diak-like head originally 
bore seeds all over the face now exposed. During fossili- 
sation, when the whole structure was compressed, seeds 
borne in the centre stood erect (for want of space) and 
therefore became rounded due to anterio-posterior flat- 
tening, while seeds near the margin were compressed 
laterally and appear oval. Some marginal seeds in this 
specimen are flanked by sterile wing-like structures on 
either side. The specimen also shows, lying over the stalk 
of the fruotifleation, a detached seed, exactly like the 
attached ones but without any flanking sterile tissue. 
The second specimen, illustrated in Figs. 4 and 5, shows 
a fructification lying near the apex of a Glossopteris leaf 
but not attached to it. The associated leef is similar to 
Glossopteris fibrosa in having narrow meshes and fibres 
between veins. This second fructification apperently 
shows & few veins in its stalk which run up to the centre 
of the head and from there branch and spread out on its 
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surface like the veins of O#okaria bengalensis*'" or Soutum. 
Attached seeds are also seen projecting from the periphery 
of this specimen. Some sterile tissue is seen by the side of 
seeds even here. Carbonaceous material of the fructifica- 
tions is preserved in all our specimens. The seeds are 
sessile and orthotropous. They are ovoid in shape, having 
& more tapering micropylar end and a broader rounded 
bese. Their surface shows elongated rectangular cells in 
longitudinal rows. The external form of these seeds is 
therefore qurte like that of some seeds described by Pant’ 
and Pant and Nautryal*. Like the detached seeds of these 
authors, the attached seeds in our fructifloations are either 
found compressed (Figs. 1 and 2) or mud-filled (Figs. 4 
and 5). We regard the foregoing two types of fructifica- 
tions as representing two views of the same type of struc- 
ture which had a slender stalk attached on the sterile back 
of a terminal flat or alightly convex side of a peltate or 
semipeltate disk. The back of the disk also shows veins 
radiating round the stalk. On the front (posmbly concave) 
side of the disk were attached a number of seeds. The 
sterile tissue seen between the seeds may represent their 
wings, sterile fleah, cupulee or interseminal bracts. If these 
were bract-lke structures they could have been of the 
same nature as the so-called ‘male bracts’ of Soutum?. 
However, as preserved, our fructiflcationg could never be 
regarded as bivalved and there is no evidence to show that 
they were bisexual. We believe that, contrary to Plum- 
stead’s interpretation, the fructiflcations described by 
her may, similarly, not be bivalved. As they appear to 
us, our multi-ovulate fructifleations are rather like the 
detached microsporangiate disks described by Pant’. 
However, in place of the seeds in the present female 
disks, the male disks bear numerous Artertella-type of 
sporangia which contained two winged spores of Siriaittes 
type. Examination of detached seeds like those borne by 
our diaks has shown that they were pollinated by similar 
Striatites type of pollen grains’*, We aro therefore in- 
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olined to think that Glossopteria was a gymnosperm the far- 
tile leaves of which bore separate male and female diak-like 
fructifications. The generel organization of the male (and 
even female) diaks could not have been very different from 
that of Potoniea. Possibly, the female disks of Glossopterts 
could be compared with the multi-ovulate oupules of 
Calathospermum in the same manner as we can compare the 
flat disks of Dorstenia with the hypanthodia of Ficus. Of 
course the disks and cupulee of the Moraceae are sym- 
plastic developments of infloreecences bearing flowers, 
quite unlke the ovule bearing disks and cupules of 
Glossopterideae and Calathospermum. 
D. D. PAwT 
D. D. NAUTIYAL 
Department of Botany, 
University of Allahabad, India. 
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Age of the New Red Sandstone in South 
Devonshire 


RADIOXMHTBIO dating of the Exeter Volcanic Series (the 
Exeter Traps) recently gave ages of 279+ 6 m.y. and 281 
+11 my. for the Killerton mica-lamprophyre (minette)! 
and the Dunchideock basalt? respectively. These and 
other extruded masses of the Series are interbedded with 
breccias and sandstones of the New Red Sandstone both 
north and eouth of Exeter, and as far west as Hatherleigh; 
new evidence is thus provided of the age of the strata. 
The main intrusive event of the Dartmoor 
granite is dated at 205 m.y. (ref. 8), the 
paroxysmal phase of the Variscan Orogeny 
being regarded as preceding this by only a 
short timet. Smith’ pute the Permo-Carbon- 
iferous boundary at 280 m.y. 

Definition of stratigraphio units in the 
New Red Sandstone in the coast section from 
Paignton to Seaton is in progress. The suc- 
cession consists of over 9,000 ft. (2°75 km) of 
unmetamorphosed red breccias, sandstones 
and siltstones, lying unconformably on 
deformed Devonian and Carboniferous rocks. 
A relict mountainous topography is shown 
by the unconformity, and the New Red 
formations overlap progressively north- 
wards. Two sequences can be distinguished 
in the succession, of which the lower and 
thinner one ia recognized only in the Torquay 
district. They are separated by & small but 
clear angular unconformity recording oon- 
temporaneous tectonic activity. 

The age of the New Red Sandstone has 
long been a subject of discussion. The only 
fossils are reptile remains (Triassic) high 
in the succession’, an unrecognizable plant, 
and some trace fossils; consequently, litho- 
logical similarities have been urged aa 
evidence of age. Thus Irving’ argued that 
the Budleigh Salterton Pebble Bed formed 
the base of the Triassic by analogy with the 
succession m the Midlands, a conclusion 
accepted with reservation by Ussher’. The 
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The radiometric evidence now invites er dine of 
the ion, requiring & correlation of the lava hori- 
roca) the succession on the coast. South of Exeter, 
field work indicates that the Dunchideook lave lieg at a 
level equivalent to the lower beds of the upper sequence, 
as suggested by Ussher". Marker horizons are lacking, 
however, and such correlation cannot be definite. Al- 
though fragmenta of the Exeter laves have not been 
positively identified in the rocks of the coast section, they 
are common in the Crediton Valley in New Red strate 
above those associated with the extrusions. The sucoces- 
sion of fragment facies established by Hutchins" in that 
area can be traced to the coast section, and this also 
suggests that the lavas were contemporaneous with the 
lower beds of the upper sequence, probably the basal 
limestone breccias. Fragments and boulders of dominantly 
acidic volcanic and dyke rocks are abundant in both lower 


sion. 

From the available evidence, and accepting the dates 
for the Exeter lavas and the Permo-Carboniferous boun- 
dary, it is probable thai: (a) the lower sequence at Torquay 
and the beds (Cadbury Beds") in the Crediton 
Valley are of Upper Carboniferous (Stephanian) age; (b) 
minor tectonic movements oocurred at or near the end of 
the Carboniferous Period in the region. Later movements 
affecting the New Red Sandstone appear to be Cretaceous 
(probably Aptian) in age, since similar movements affected 


region”. 

The youngest rocks involved in the Variscan folding in 
North Devan are Lower Westphalian (G,), slightly older 
in the Exeter region’. ing that the New Red sedi- 
mentation commenced after the main folding, the date for 
this event can be narrowed down to somewhere between 
early W ian and late Stephanian. Early Btephanian 
(Asturian) is the earliest date possible for folding in the 
Radstock coalfield’, and is the date favoured by Fitch 
and Miler’ for the main event, though Owen" prefers 
mid-Westphalian. The granite intrusion date, 295 m.y., i8 
early ian on the present time scale!!; this is pre- 
sumably also the date of the culminating orogenic phase 
and the pre-New Red vulcanicity, though ae 
orogenic movements in the Westphalian are not ed out. 

I thank Prof. P. Allen, Mr. N. E. Butcher and other 
colleagues at Reading for their advice. 

D. J. C. Lamina 
Sedimentology Research Laboratory, 
University of Reading, and 
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GEOPHYSICS 


Significance of Strontium Isotope Ratios in 
Theories of Carbonatite Genesis 


RECENTLY, several investigators! have compared 
the !'Sr/**Sr ratios of carbonate rocks from carbonatite 
complexes with those of sedimentary limestones. Powell 
ei al.! quote a mean value of 0-7085 for carbonatites while 
limestones are usually greater than 0.7090. All results are 
normalized to **Sr/**8r =0-1104 and relative to a value of 
0-7085 for normalized *’8r/**8r on the Eimer and Amend 
standard SrCO,. Hamilton and Deens reported a mean 
*78r/**8r ratio of 0-7060 for nine carbonatites. Powell e£ al. 
concluded that the difference in "Sr/**Sr values demon- 
strates that oarbonatitea are not mobilized limestones. 
For this criterion to be effective, however, two requirements 
must be fulfilled: (a) there must be a negligible overlap of 
the strontium isotope ratios of carbonstites and limestones 
and (b) the "'Sr/''Sr ratios of limestones must not be 
altered by metamorphism. Powell æ al. showed that a 
xenolith of Trenton limestone (Ordovician) from the 
Mount Royal gabbro (Montreal) has essentially the same 
''Rr/**Sr ratio as the Trenton limestone at some distance 
from the intrusion. From these measurements, they in- 
ferred that requirement (b) is generally satiafied. It seams 
to us, however, that the behaviour of a small xenolith that 
has merely been recrystallized but not otherwise reacted 
on by the enclosing magma cannot readily be extrapo- 
lated to cover the case of a large mass of limestone that 
might be melted and intimately incorporated in a magma 
with extensive reaction. 


extensively metasomatized limestone. 
oe have been collected from well-mapped parts of 

e Grenville provinoe in Ontario and Quebec and there 
can be no reasonable doubt that the carbonate is derived 
fram Grenville limestone. The reeulte obtained are shown 
in Table 1. Isotope ratios are normalized to **"Br/'"Sr- 
0-1194. The error at the 95 per cent confidence-level 
which has been estimated from replicate analyses of a 
standard solution is +0-0006 for a single analysis and 
+0-0004 for the average of two analyses. An account of 
the double collection system used with an A.E.. MS 2 
mass spectrometer will be given elsewhere. 

While the investigation is not yet complete, there does 
seam to be sufficient evidence to make the following state- 
ments: 

(1) If the *’8r/**8r ratios in the limestones described here 
were not affected by the metamorphism, then there must 
have been a very considerable spread in the ''Sr/*'Br ratios 
in the original limestones. This range would in fact overlap 
to a large extent that shown by carbonatites. 

(2) If our samples are assumed to have originated with 
some common limestone value for the ""Sr/**8r ratio, then 


Table 1 
Sample description Normalized ” &r/“8r 
orysialhne Itmestone with aconmory phite 0 7071 
and to roryatalhced Grenville marble with 0 7072 
no of eomponenta. Monmouth Twp., 
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magmas. Monmouth Twp, 
Calcite from Salelte i mit skarn formed 
"m Tnetasomatism Gren ville marble by gabbro. 
Twp., Ontario, Canada. 

Oalute from pod of cakute-apatite-fluorite- 
prroxene rock (osito crpMaN 3” acros) Grenville 
Instasediments. North Ottawa, Quebec, Canada. 
Caleite from alkah fekispar-biotite-oalolte rock formed 
at the junction of Grenville marble with a syenite 
tntrusion Monmouth Twp., Ontario, Canads.* 

* Tt is Important to emphasize that this rock is a reaction 
Grenville marble and a syenite which does not contam 


be no reasonable doubt geologically that the calate in 
from Grenville marble. 
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there is a significant decrease in this ratio with increase in 
the degree of hism/metasomatiam. Whichever 
ig correct it can scarcely be said that strontium isotope 
measurements offer a clear demonstration that carbona- 
tites are not mobilized limestones. 

We do not suggest that carbonatites are either lime- 
stone xenoliths or mobilized limestones but we doubt that 
the studies of strontium isotopic composition prove that 
they are not. 

This work is supported by grantas from the Canadian 
National Research Council and the Ontario Research 
Foundation to York, Farquhar and Gittins. The skarn 
specimen was kindly provided by Prof. D. M. Shaw of 
McMaster University, ilton, Ontario. 

A. HAYATSU 

D. Yozx, 

R. M. FABQUHAR 
Division of Geophysice, 
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GEOCHEMISTRY 


Estimation of El Time since a Certain 
Climatic Change for Lake Vanda 

Wirsos! has considered the estimation of elapsed time 
since a climatic for Lake Vanda (77° 35’ 
B., 161° 89’ E.), which is 5 miles long, 1 mile 
wide and occupies the lowest part of the Wright 
Valley, an ice-free valley in Victoria Land, 
Antarotica. 

The estimation procedure makes use of the 
equation : 

O = [M/(Dt)t] exp —A*/(4Dt)] 
where C is the concentration of calcium chloride at distance 
h from bottom after an time t, A is the distance 
above bottom, D is the diffusion coefficient of calcium 
ehloride (0.08 cm*/day at 10°—see ref. 2), and M is the 
total mass of calcium chloride per unit aree. 

Measurements were made on the concentration of 
calcium chloride at a distance À from bottom. Originally 
the data were presented by Wilson! in the form of a graph, 
but more recently he has presented them (personal oom- 
munication) as in Table 1. 


Table 1 


[o] 
(equiv./L) 
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4 te the distanco above bottom tn feet, and C Is the concentration of oalolum 


It should be noted that Wilson oommunination) gives these data 
and pomts out thai in Fig. 2 of raf. 1 there ts an error in oonceniraton 
scale of about 0-5. This reduces the former good fit for &pproximately 1,200 
years to the smaller value given m thus communication. 


It should be noted that the equation involved can be 
written: 
log = —W/4D$ + log M (Dt) 
where log refers to natural logarithm. 
For the values 0 = A, < A, « ... < An we have ag- 
sociated O., O,,..., On, respectively. We write: 
Wi = log(0,/O,) = —h#/4Dt for$ = 1, 2,..., 7 
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The value of ¢* which minimizæ the sum of squares 
n" 
; X (W.* —W,}', where W,* is computed from the observed. 
-1 


values O,*, 0,*,..., On® of 0, 0, ... , On, is: 


a 
— X M 
tel 


4D X Ae Wi 
f-1 


i* on 


If we assume that W; = —h/4Dt + t, where s, is 
normally distributed with mean 0 and variance o? for 
tol, 2,..., n, then 1/i* is normally distributed with 


n 
mean l/t and variance 16D*o*/ È Ai‘. An unbiased 


1-1 


estimate of o’ is s*, where : 
a Li *? a 
(n—1)# = E Wim cm MW,*) [E his 
aml i=l iml 
It will follow, that: 


(1/t* — 1/2) Ie ^) [4ps | =T(n— 1) 


where T(n— 1) is the Student f-distribution with n— 1 
degrees of freedom. Therefore, if Ta(n— 1) is such that 
Prob (T(n — 1) > T'4(n— 1)) = a/2, then a (1 — «)100 per 
cent confidence interval for t has: 


i Ni 
i* * M) i* È Mt) 
[7-1 <ic< t=1 
^" i 
x me) — 4Dt*sTa (n — 1) 
-1 


: i 
when 0 < 4Dt%sTs (n—1) «( X it) 
-1 


The method of estimation used by Wilson! was simply 
trial and error. He observed graphically that the observed 
pointa fell between the graph for t = 1,000 and ¢ = 1,500 
and that ¢ = 1,200 loo like a fit. By the de- 
scribed statistical estimation method one obtains t * = 984 
years and 95 per cent confidence interval 576 « t « 3,360. 
This is a much more satisfactory method of analysis since 
it gives an estimate with the optimal properties of least 
squares ag well as a measure of the accuracy of the estimate. 

CHARLES DaWrrr ROBHETS 
National Institute of Arthritio 
and Metabolic Diseases, 
Bethesda, Maryland. 
1 Wilson, A. T., Watwre, 901, 176 (1004). 
d Cireand, Ohio, ti. Aviad vacans SN oo 


Dz. Rosyers’s treatment of my data gives additional 
confirmation to my tenet that the chemical gradients 
found in Lake Vanda can be explained by chemical 
diffusion and that such chemical composition profiles in 
Antarctic lakes can provide valuable paleoclimatic 
information?. 

I would, however, like to make a few comments on the 
treatment used by Dr. Roberts. The model I used, and 
that adi by Dr. Roberts, was diffusion from & planar 
source o igible thickness on the bottom of a rectangu- 
lar trough of infinite volume. This assumes the Lake has a 
flat bottom with vertioal sides. As my Fig. 2 (ref. 1) and the 
mathematics of Dr. Roberts show, this is, in fact, a reason- 
able first approximation. Dr. Roberta is concerned with 
secondary refinements, and to do this one cannot give all 
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inta equal loading as he has done. The date near the 
ttam should be loaded more highly than those further 
fram the bottom. This is because the real Lake Vanda 
does not have perfectly vertical aides so that the oros- 
sectional area will always become larger with increasing 
distance from the bottom. This will lead to & ing of 
the concentration faster than the rectangular model would 
ict—this correction, while small near the bottom, 
more important the further one goes from the 
bottom. Thus the least fit on the basis of & rec- 
tangular trough model always give & minimum age. 
In my previous communication! date were plotted to 
ize the lower region of the Lake and show that in 
the lower 45 ft. the experimental pointa lay between 1,000 
and 1,500 years. It was then concluded that the true age 
lay between these or about 1,200 years. It can be seen in 
my Fig. 2 that the experimental points above 50 ft. from 
the bottom are better fitted by the 1,000 year age, but 
this was neglected for the reasons given here. 

More bethometric data on Lake Vanda would enable 
& more accurate date to be obtained. Further corrections 
would also have to be made for variation of the diffusion 
coefficient of caloium chloride with temperatures and 
concentration. 

These are only minor objections in that Dr. Roberte's 
“rectangular age” and my estimate are essentially 
in agreement. In the Antarctic there are no good dating 
procedurea, since there are little or no carbonaceous re- 
mains and when these are found they are due to the 
"carbon-14 age” of the original carbon, be it from glacial 
melt waters or from the sea. 

My original paper! was to persuade geologists that Lake 
Vanda was not 10,000 years old, as was believed by some", 
or that the presence of upper lake levels meant that it was 

up, as was believed by many*. It was also my 
intention to e them that the salt gradients in lakes 
could yield valuable palaeoclimatic data. 
A. T. WiL80N 
Victoria University of Wellington, 
Weli ] 


ellington, 
New Zealand. 
1 Wilson, A. T., Nature, 881, 176 (1904). 
1 Nichols, B. L, Origin of Chemical 
Victoria Lend, B. Meeting, Cape 
* Llano, G. A., Soi. Amer., 907, 213 (1061). 


in Laks Venda, South 
‘own, Bouth Africa (1063). 


OCEANOGRAPHY 


Observations on the Entrapment of Organic 
Matter within the Particle Structure of 
Calcareous Sediments 


IN the course of experiments on the metabolism of 
intact sediment oomununitiee we had to determine 
the concentration of ninhydrin-positive substances asso- 
ciated with the sediments. In addition, data on the 
uptake of free amino-acids from solution by theee sedimenta 
was needed. 

The organic compounds associated with natural sedi- 
ments and their concentration have been well documented 
in recent literature“. Most of these analyses have dealt 
either with cam in interstitial waters or in the 
hydrolysates of le sediments. During the present work 
it became apparent that, as well as organic compounds 
associated with the interstitial water of these sediments, 
there was also a considerable amount bound withm the 
sediment particles. The present investigation was an 
attempt to find the amount of this ninhydrm-positive 
organic matter as well as its origin. 

The sediments under investigation were aerobic, cal- 
careous sediments from Biscayne Bay, Florida. They had 
a uniform grain size with 90 per cent of the particles 
falling in the 0-5-1:0 mm range. Samples were collected 
by scraping the surface of shallow-water sediments to 
remove only the well-oxidized surface layers. These were 
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then freed from interstitial water and macroscopic 
organisms by washing and decanting repeatedly. Pro- 
longed washing of the sediments on a coarse sintered 
glass filter removed as many of the microscopic organisms 
as possible. Sub-samples of these cleaned sediments 
were used immediately. 

Chromatography columns were loosely packed with the 
sediment and wetted with artificial sea water. They were 
then washed with various solutions (Table 1). Some of 
these solutions were acidic and dissolved most of the 
sediment during the course of the experiment. Final 
complete dissolution was achieved with concentrated 
hydrochloric acid. The non-caloareous fraction remain- 
ing after this treatment was subjected to further washing. 
Samples of the solutions obtained after washing were 
analysed for ninhydrin-positive substances by the method 
of Moore and Btein* with minor modifications to elimmate 
the precipitate which formed in the presence of sea-water. 


Table 1. ILLUSTRATION OF DIFFICULTY EXPBRIANOED IX WASHING CAL- 
CAREOUS BEDIMENTS FREN OF NIMHYDRIN-PORITIVR COMPOUNDS 


Wash Erünobon at 570 after 
"Wash solntion No. nmhydrm oolour dereiopment 


Artifictal sea-water, pH 8 0 1 1 050 
- 2 0 250 
3 0-163 
4 0-090 
5 0-003 
Artificial sea-water, pH 5-5 6 0 107 
7 0 090 
8 0-152 
Acetate buffer, pH 5-0 9 0 975 
10 0-650 
11 0-496 
12 0 460 
13 0-406 
VA - 14* too high to read 
plar sediment 1st — 
Distilled water 1 0-000 


* Sediment left overnight tn twice ts own volume of buffer. 
Dtssolved in concentrated hydrochloric . 
{ Wash of siliceous sand remaining after dimolntson of calcareous mand. 


To reduce interference from naturally occurring organio 
compounds similar columns were washed with artificial 
gea-water until a stable low level of ninhydrin-positive 
substances was obtained in the wash water. The columns 
were then loaded with amall volumes of 0:02 M amino-acid 
solutions. Amino-acid analyses were performed on frac- 
tions of the efftuent. 

Cleaned sediment samples were weighed out into clean 
dry flasks. A known amount of amino-acid was added in 
sufficient sea-water solution to exceed the water-holding 
capacity of the sediment. The flasks were then placed on 
a ahaker for short periods of time to permit equilibration. 
The fluid was recovered by filtration on sintered glass 
followed by partial displacement of the liquid held by the 
sediment with a amall volume of sea-water. Amino-acid 
analyses were performed on the solutions recovered from 
such batch uptake experimenta. 

Artificial aoe-water was turated with respect to 
calcium carbonate by lowering the pH to 4-0 and tempera- 
ture to near freeting. Caloium carbonate was added until 
solid calcium carbonate persisted. The sea-water was 
freed of the solid material and made 0-02 M with respect 
to the amino-acid being tested. The pH. and temperature 
were then raised, causing calcium carbonate to reprecipi- 
tate. The solutions were freed of the solid material and 
anal for their amino-acid concentration. 

ashing sediment columns with sea-water eventually 
yielded an eluant with a low concentration of ninhydrin- 
itive substances (see Table 1). However, washing with 
acidic solutions released ninhydrin-positive substances in 
proportion to the amount of sediment dissolved. These 
observations are interpreted to indicate the presence, on 
the surface of the sediment particles, of a loosely bound 
organic fraction. In addition there was an organic fraction 
within the physical structure of the particles comprising 
the sediments. 

The column uptake experiments did not yield clear-cut 

results but there appeared to be some retention of the 
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acidic amino-acids. For example, a column of sediment 
(2:5 x 5-0 am, with an estimated void volume of five ml ) 
was washed with artificial sea-water (pH 8-0) until the 
effluent showed a stable low level of ninhydrin-poaitivo 
substances. The column was then loaded with 10 ml. of 
& 0-02-M solution of aspartic acid, followed by elution with 
artificial sea-water. After passage of 100 ml. of the eluant 
through this system the effinent still poeeemeed twice the 
concentration of ninhydrin-positive substances established 
before the addition of the amino-acid. The 45-50-ml. 
fraction possessed the highest concentration, indicating 
some retardation of the amino-acid. Similar resulta were 
not obtained with leucine or lysine. 


Table 3. PERCENTAOA a ee OF ADDED AMINO-AcIDs IN BATCH 
PTAKE MIPERDMENTS 


Amtno-acid Percentage recovery In 
added experimenta mg the same sediment 

%) 

Arginine 94 

Lysine 100 

Serine 100 

Gtutamio acd o5 

Proline 60-73 

Tryptophan 78-88 


Table 2 presents percentage recovery figures frorn the 
batch experiments. It would appear that the heterocyclic 
compounds tryptophan and proline are weakly associated 
with these sediments. Even they, however, could be 
eluted with a single wash with artificial sea-water. Arti- 
ficial calcium carbonate sediments, free from organic 
matter, were obteined from a local water purification 
plant. They were sieved to conform in size with the 
natural sediments under study. With these sediments no 
uptake of free amino-acids from solution was obeerved nor 
did they ahow the retardation effect in column experimenta. 

Calcium carbonate is not usually recognized as a mineral 
which complexes organic matter. This conclusion is sup- 
ported by the negative results of our co-precipitation and 
artificial sediment experiments. It is reasonable to assume, 
therefore, that any uptake capacity we have demonstrated 
in natural sediments is due to some other factor. This is 
probably & surface layer of some other clase of organio 
compounds, perhaps lipid in nature. 

Tt is well known that varying proportions of natural 
calcareous sediments are biological m origin. The propor- 
tion varies from almost entirely of biological origm as in 
some deep-sea sediments to a relatively amall biological 
contribution in the Bahamas Bank and analogous areas’. 
Calcareous planta and animals are believed to be the major 
source of this calcium carbonate but the possible role of 
micro-organisms has recently been re-emphasized**. The 
presence of organic matter within the structure of these 
sediments is therefore not surprising. However, the obser- 
vation that in's well-oxidized surface sediment so much 
organic matter is preserved appears to be novel. This 
organic matter constitutes a net loes from the environ- 
ment, as it is well protected from the usual degradation 
processes by being bound within the sediment particles. 
The only likely means by which such organic matter 
would leave the sediments would be by the latter’s physical 
alteration during geological time. The entrapped organic 
matter thus could constitute an additional reservoir of 
organic matter for various geochemical processes. 

In conclusion, caloareous sediments have been shown 
to possess weak affinities for certain nitrogen compounds 
of low molecular weight. This weak ability to act as 
adsorbents, retardents, or concentrators of organic matter 


is probably due to other classes of organic compounds ` 


rather than the mineral itself. However, it has been 
demonstrated that these sedimenta do possess an appre- 
cisble amount of organic matter bound with their particle 
structure. It appears likely that this organic matter is the 
reaidue of the organic matrix used by the plant or animal 
to lay down the mineral. Thus if a calcareous sediment is 
found io have an appreciable amount of ninhydrin- 
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positive substances bound within ita particles the sediment 
may be considered to be of possible biological origin. 
R. D. HAMILTON 
University of California, Ban Diego, 
Institute of Marine Resources, 
P.O. Box 100, La Jolla, California. 
L. J. GRaENFIALD 
University of Miami, 
Institute of Marine Science, 
Miami, Florida. 
1 E.T. z i $ », N. Jb. 
Degera, H. ee D: Emery, K. O , and Pimenta, J., N. Jb. Geol. 
s Moor peuter, J-H.,and Shaw, K. N. T., Goockym. Cosmeckun. Acta, 
C Erdmann, J. G, Mariott, E W, and Hanson, W. E., Solence, 184, 1025 


H D. W., and Prescott, J. ML, Bull. Soo, Amer., 71, 1800 
MY Park, K. t, Geol, mer., 71, 


š . Uaw. R. I., Jen. 13, 1962, Oco. Papers Narra- 
fanse Mar. Lab., No. 1, 48 (1062). 
H., U.S. Geol. Survey, Prof. Paper No. 350 (1002). 
.J„ Ann. N.Y. Acad. Sai., 100, 28 (10603). 
pur oe and Greenfield, L. J., Bull Mar. Sol (Gulf and Caribbean), 14, 


CHEMISTRY 


Self-diffusion of Lead in Lead Oxide (PbO) 


Ws have utilized lead-210 isotope and surface-counting 
technique to evaluate the self-diffusion coefficient of lead 
in lead oxide. Since lead-210 has a very weak f-emiseion 
(0.025 MeV) it is wellnigh impossible to estimate the 
activity with the conventional Geiger-Müller counters. 
Furthermore, y, the absorption coefficient, is eo high that 
the radiations from within the bulk material do not 
penetrate the layers. However, we have successfully 
surmounted the diffculty by depositing lead-210 on one 
face of a pellet, allowing the daughter to build up, and 
following the movement of lead-210 by ining the 
amount of bismuth-210. We present here the relevant 
mathematical treatment and resulta. 

There ‘are three distmot possibilities when lead-210 
is deposited on the pellet. are: (1) lead-210 is in 
ud with biamuth-210; (2) lead-210 is in excess 
of the ilibrium ; (3) lead-210 is in deficit. In all these 
cases, & length of time (30 days) the two i 
wil be in equilibrium. However, if a freshly i 
lead-210 is used, only the second possibility exista. 

If v be the equilibrium counting rate, y and s the 
amount of bismuth that is in excess or defloit at times t, 
and te then: 

O,—=aoty Crs 

Where C,, C, are the actual counting rates at 

h and 5 
Let us now review the three cases individually: 
Case (i): 
O,=0,=2=A4, 
0; — 0, — z' = At 

Case (i). In this case if O, = z — y is the counting 
rate at t, and O, = 2 — s the counting rate at time t, 
both before heating, then (z<y) s is given by z—y e-*, 
where t = t, — t, and A = 0-693/t;s, £4 being the half-life 
of bismuth-210: 

O, = æ — y (i) and C, = x — y e (ii) 
Multiplying equation (i) by e-X and subtracting (i) from 
(ii) one gets: 

O, — C, e = g(1— e^) (i) 

Writing b for e, c can be expressed as: 

(0. — Cb) 
1—5b 


dió 


No. 4997 August T, 1965 


10* 


Dx 19” 


10° 


10* 105 1-08 
1/T x 10* 


Fig. 1 
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Similarly, after heating for a time t, z, can be given by: 
(0; — Oib)1—5) = £, 


Caso (iii). Similarly for this case where O, < O, the 
same relation holds. 

If C, and C, are determined at t and t, before heating 
and Oj and C; determined at i; and t after heating for & 
ed es m 

The results thus obtained are given in Fig. 1 as log D 
versus 1/T. The plot yields a value of 64 kcal for the 
activation energy. This is in remarkable agreement 
with that obtamed by Lindner*. 

A. K. Das Gupra* 
D. N. BrrHARAMARAO T 
G. D. Parxanl 
National Chemical Leboretory, 
Poona 8, India. 

* Present address: Department of National Health and Welfare, Ottawa, 

+ Present address: Obemistry Division, Atomic Hnergy Research Estab- 

t Present address: De; t of Chemistry, Institute of Armament 
Studies, Kirkee, Poona 3, 


* Palkar, G. D., Bitharamarao, D. N., and Des Gupta, A. K., Trans. Faraday 
Soc., 89, 2634 (1063). 
1 Lindner, R., J. Chem. Soo., 8865 (1949). 


Reduction of Oxygen at the Platinum 
Electrode 

Tum formation of hydrogen peroxide is considered by 

some authors! as the possible source of the efficiency 

of oxygen electrodes in a fuel cell. Indeed, reduction : 

1/2 O, + 2H* + 2e — H,O E, = 1-23 V 

would proceed at a normal potential below 1-23 V if the 
foregoing reaction occurs in two stepa: 

O, + 2H* + 22> H,O, E,» 0:68 V 

H,O, + 2H* + 2o — 2H,0 


assuming that the second step is irreversible. 

The following triangular (cyclic) polarograms prove 
that molecular hydrogen peroxide is not produced in 
detectable amounts at the surface of the electrode when 
oxygen is reduced in acid solution at a bright platinum 
wire. The experimenta were performed according to 
standard voltammetric techniques. The working electrode 


(1) 
(2) 
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was a 8:6 cm? gpectroeoopioally pure platinum wire and 
the comparison a 40 cm* iy He 80, electrode. The two 
electrodea were separated by three sintered glass dia- 
phragms. The volume of the solution in the working 
compartment was 10 ml. The cell filled with 4 M sulphuric 
acid electrolyte had a resistance of 10 ohms at 27° C (ref. 4). 

The significance of the shape of the triangular scanned 
po obtained when an inert gas bubbles through 
the acid solution has been clearly established by Will and 
Knorr. In this case, the oxidation current generated. 
during the anodic sweep between 0-6 and 1-4 V versus 
the normal hydrogen electrode (NHE) is due exclusively 
to the building of a monolayer of platinum oxide on the 
bare platinum surface: 

Pt HQ0— PtO + 2H* + 2e (3) 
The reduction current during the following cathodic 
sweep is generated exclusively by the reduction of this 
oxide. The lack of of the polarogram as 
shown by the full curve of Fig. 1 is dus to the irreversibility 
of reaction (8). 

When oxygen instead of helium bubbles through the 
solution, the rate of reduction below 0-9 V rises above the 
value corresponding to the reduction of the platinum 
oxide layer. The increase in the reduction current, due 
to the reduction of oxygen, starts when approximately 

of the platinum oxide layer has already been 
reduced to platinum. However, in the presence of oxygen 
the portion of the polarogram between 1:0 and 1:4 V 
remains identical to the shape of the polarogram obtained 
when helium is bubbled through the solution, aa shown by 


. 1. 

On the other hand, the oxidation current between 1-0 
and 1-4 V increases by approximately 6 per cent when a 
trace amount of hydrogen xide, as low as 1 x 10~ mole/ 
L, is added to the helium-bubbled solution. The same 
inorease in current is observed when hydrogen peroxide 
is added to the oxygen-bubbled solution, as shown by 
Fig. 2. In both cases, the current is generated by the 
oxidation: 

H,O, — 1/2 O, + 2H* + 2e 
which proceeds together with reaction (3). ; 


Ourrent density (m.amp/omn?) 





06 08 10 11 14 
Electrode potential (V) versus WHE 


Fig. 1. Effect of the nature of bubbling gas. ——, Helium; ---, 
oxygen; scanning rate, 5-4 V/mm 
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Ourrent density (n.amp/em*) 
+ 
3 í 


| 
e 
M 





Fig. 3. Hffect of h with -bubbled solution, 
———, No H:O; See oe 1-4, x 10; —-—-— 
10 x 10 mois H,OwL. 


Now, the number of moles of oxygen reduced during 
one cycle can be caloulated from the integral of the 
appropriete portion of the current-voltage or current-time 
curve of Fig. 1 since the polarization varios linearly with 
time. This quantity is equivalent to 18 millicoulombe 
per om* or equal to 2-3 x 10-' mole for the 8-4 om? 
electrode. Therefore, the current of oxidation above 
1-0 V would increase in a measurable way if only 1 per 
cent of this amount of oxygen waa converted in H,O, 
provided that these H,O, molecules remain adsorbed on 
the electrode during the following anodic sweep. Even 
if the H,0, molecules were instantaneously released 
from the electrode, the coverage 
per cent of the surface during the cathodic sweep. Other- 
wise the concentration of hydrogen peroxide liberated 
in the 10-ml. solution of the working compartment would 
reach 1 x 10-5 mole and could be detected by the increase 
in oxidation current above 1:0 V. 

The described e i ta suggest that hydrogen per- 
oxide is not fo as an intermediate product of the 
reduction of oxygen in acid solution at the platinum 
electrode. Hydrogen peroxide observed in other experi- 
mental conditions appears most probably as a side- 
product of reduction of oxygen. Consequently, hydrogen 
peroxide formation cannot be held responsible for the over- 
potential of the oxygen electrode in an acidic fuel cell. 

Furthermore, the foregoing experimenta confirm the 
hypothesis of Breiter' that the reduction of oxygen. 
proceeds only at the contact of bare platinum atoms sinoo 
the reduction proceeds during the cathodic sweep only 
after &pproximately one-quarter of the monolayer of 
platinum oxide has already been removed from the 
surface. The importance of the surface which must be 
cleared from the monolayer of platinum oxide before the 
reduction of oxygen ocours suggests, furthermore, that 
this catalytic reaction proceeds only after a molecule of 
oxygen has been adsorbed by two adjacent straight 


platinum atoms. 
Cnanias C. Liana 


Weat Virginia Institute of Technology, 
Montgomery, Wost Virginis. 
ANDRE L. JULIARD 


Houdry Process and Chemical Co., 
Linwood, Pennsylvania. 

1 Glasstons, 5., and Hickling, A., Chem. Ree., 85, 407 (1939). 
* Bookns, J. OWL, and Huq, A. K M. B., Proc. Roy. Soe., A, 837, £77 (1056). 
* Hoar, J.P, J Elsatrooem Soo., 109, 858 (1962). 
‘Juherd, A. L., and Shalit, H., J. Bleatrockem. Sos.,110, 1002 (1963). 
‘Will, T. G., and Knorr, O. à., S. Zieltrockem , @4, 258 (1060). 
* Brezter, N. W., Electrochem. Acta, 9, 441 (1004). 
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Reaction of Pentafluoroaniline with Boron 
Tribromide z 


THs reactions between boron halides and amines heve 
been examined extensively!+. In thoory, it is possible to 
substitute successively the halogen atoms in a boron 
halide to form the derivative B(RNH), from & primary 
amine, and the derivative B(A,N), from the 
amine. Alternative reaction schemes are possible, and in 
practice, if the amine is not in large excess, the final 
product from a primary amine is usually & borazine. 


: (ED) 
BX, + RNE, > X,B— NH,R —> X,B — NHR 
I II 


(-HX) 
—+ (XBNR), 
III 


Intermediates of type II are unstable though their exist- 
ence has been inferred, but those of type I have been 
isolated. With the secondary amines, the reaction stops 
&t the second stage, and compounds such as (CH;),NBBr, 
are well known both as simple monomers and as dimers 
with four-membered boron-ni ings’. 

We find that approximately equimolar amounta of 
pentefluoroaniline and boron tribromide react at 25° with 
the evolution of hydrogen bromide and the formation of 
a solid mixture. At 50° the mixture melta, more hydrogen 
bromide 16 evolved, and a colourless liquid remains. This 
is pentafluoroanilinoboron dibromide, C,F,NHBBr, (found: 
B, 2-9; Br, 45-2; C,F,NHBBr, requires B, 3:1; Br, 45-4 
per cent). The und melts at 23° and distils un- 
changed at 40°-50°, It is moisture sensitive and is decom- 
posed by water to boric aad, hydrogen bromide, and 
pentaftuoroaniline. 

At 70° pentafluoroanilinoboron dibromide decomposes 
quickly, with the evolution of bromide, to a 
white, orystelline solid which melts at 118°-120°, and has 
& composition close to O,F,NBBr (found: B, 3-2; Br, 
26-8; calo. for O,F,NBBr: B, 3:9; Br, 20-4 per cent). 
The infra-red spectrum of this material shows a weak 
absorption at 3,425 om-! in the position of the strong 
N—H frequency of the dibromide, which suggests that 
this is the contaminant. There is also a strong absorption, 
nearly absent in the dibromide, at 1,880 om-!, which lies 
in the region (1,300-1,490 cm-1) expected for boron- 
nitrogen ring vibrations in borazines’. So far, it has not 
proved possible to remove the contaminant from the 
material, which ia almost certainly iris-N-pentafluoro- 
phenyltribromoborazine. 

In benzene, pentefluoroaniline reacts with boron tri- 
bromide at 10? to givo & crystalline adduct which appears 


- + 
to be the addition oomplex Br,B — NH4(C,F,). 
Pentafluoroanilinoboron dibromide is the first examplo 
of a type II intermediate to be &otually isolated from the 
reaction between & primary amine and a boron halide. 
Ite reactivity and physical appearance suggest that it is 
monomeric, as the dimerio idea are air-stable solids. 
On standing, specimens appear to form the borazine 
slowly even at room temperature, so it is unlikely that 
the dimer will ever be isolated in a pure state. 
V. B. V. NAYAR 
R. D. Pm4000x 
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Free Radical Formation in the Neutral 
Sulphitation of Wood at High Temperature 


IX a previous report!, it was shown that, when wood 
and uloae, pretreated with sodium hydroxide and 
afterwards freeze-dried, were rapidly heated in the cavity 
of an electron spin resonance (ESR) spectrometer to & 
temperature between 180° and 190° C, ra. id formation of 
freo radicals (radical centres) was reco and it was 
found that within a relatively short time free-radical decay 
took place, following approximately an exponential 
function. After cooling, & limited number of free radicals 
remained in the specimens ; these free radicals were quite 
stable over & considerable period of time and were con- 
sidered to be trapped by a ‘cage effect’ of the polymers. 

A question of interest was whether similar phenomens 
take place when wood, holocellulose and cellulose are 
treated in the same way but impregnated with water-free 
Na,SÓ, instead of NaOH. Such knowledge might con- 
tribute towards a better understandmg of high-tempera- 
ture neutral-sulphite pulping of wood. 

The following materi were used: (a) black spruce 
sawdust (the fraction which the 40-mesh sievo 
but was retained by the 60-meah sieve); (b) chlorite 
holooellulose prepared from the same black Baw- 
dust by a series of mild chloriting stages similar to the 

of Wise et al.'; (o) commercial, acetate grade, 


ion 


the materials were 
glas crucible and then pressed to remove the remaining 
liquor excess. Later, i 
water; finally, they contained about 25 per cent Na,8O,. 


sealed. 
The filled capillaries were rapidly heated to 190° O in 

the cavity of av 

spin resonance 

Single line signals 

recorded (modulation 630, gain 680, range 16) with in- 


free of inorganios, and 


weight are presented in Fig. 1. The holocellulose yield 


12 


10 
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Reactlon ume (mm) 


PE Signal areas tn relation to reaction tima. A, Wood (0-015 g); 
, bolocellnlose (0 01065 gj; C, 


high-alpha-cellulose pulp (0 006 g) 
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was about 71 per cent and that of the high-alpha-cellulose 
pulp about 40 per cent. Thus, the curves show how holo- 
cellulose and the high alpha-cellulose pulp obtained in 
these ratios from the same wood weight compare with the 
initial wood. 

It can be seen that free radicals were formed with each 
material investigated, and that the concentration of 
the radicals trapped in the polymeric substances increased 
However, after a 


a levelling-off was observed. Probably, as Po Tei 


tion of free radicals in very high concentrations at the very 
start of reaction, followed by free-radical decay according 
to an approximate first-order pattern, was observed. 
Thia seams to indicate that the mechanisms of alkaline 
delignification and high-temperature sulphitation of the 
wood are distinct phenomena. 

As shown in Fig. 1, for equal reaction times, the ESR 
signal aree as a measure of the free radical concentration 
decreased in the order: wood, holooelluloee, high alpha- 
cellulose pulp. Remarkably, the holocellulose values were 
relatively high when compared with those of the wood; 
evea if correction was made for the pas Coe por 
tions of the holocellulose, these values still accoun for 
about half those of the wood. This appears to oon- 
stitute evidence that during reaction, besides thermal 
degradation and sulphonation of the lignin, considerable 
changes of the hemicellulose portions also took place, both 
resulting in free radical formation. 

This work was carried out partly at the Pulp and Paper 
Research Institute of Oanada, Montreal, and partly at 
the National Research Council, Ottawa, and I thank 
these organizations for their help, and Dr. J. R. Morton 
for his co-operation in recording the ESR spectra. 

Tagopogm N. KLEIXERT 


120 Embleton Creecont, 
Pointe Claire, Quebec. 


1 Kiemert, T. N., and Morton, J. R., Nature, 196, 334 (1962). 
1 Wise, L. H , Murphy, N , and D'Adóleco, A. A., Tappi, £9, 210 (1046). 


Synthesis of Tris-(hexafluoroacetylacetonato)- 
Chromium (III) 


Rupvorion of Cr(VI) in the presence of ohelatmg 
ligands offers a promising approach to synthesis of Cr(IIl) 
chelates in high yield. This principle was used by Aikens 
and Reilley! to devise a rapid dlielamaetia method for 
determination of chromate. Reduction of chromate with 
bisulphite in a buffered solution of ethylenediaminetetra- 
acetic acid (EDTA) gave quantitative formation of 
Cr(III-EDTA. The quantitative yield of Cr(II) EDTA 

that this might be the basis of a general method 
for synthesis of Cr(III) complexes. We have now applied 
this principle to synthesis of Cr(III) chelates of much 
lower stability as exemplified by iris-(hexafluoroaoetyl- 
&oetonato)-Cr(I1I). 

Efforts to synthesize tris-(hexafluoroacetylacetonato)- 
Or(III) in aqueous solution in a manner similar to the 
synthesis of Cr(III) EDTA were unsuccessful. Attempted 


the ligand acte as the reductent. 

0-5 g (0.0017 mole) of finely powdered potessium 
dichromate was placed m a 100-ml. round-bottom flask 
and covered with 4:16 g (0-020 mole) of the ligand. The 
flask was fitted with a water-cooled condenser and the 
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solution was refluxed gently for 3 h, during which tme 
the liquid changed from colourless to dark green. Fifty 
ml. carbon tetrachloride was added and refluxing continued. 
for 30 min. The solution was filtered and the filtrate was 
evaporated to dryness by & stream of dry arr. The yield 
of éris-(hexafluoroacetylacetonato) Cr(IlI) was 1-85 
(80 per cent based on potasaram dichromate). Calcula 
for Cr(C,HFE,O,),: C, 26-76 per cent; H, 0-45 per cent; 
F, 60-80 per cent. Found: C, 27-04 per cent; H, 0-68 per 
cent; F, 51-30 cent. The mfra-red spectrum and 
melting pomt (849) of the compound were determined and 
agree well with the data of Morris e£ al.* 


College of Ohemistry and Physics, 
North Dakota State Univerarty, 
Fargo, 
North Dakota. 


M. L. Morn 


D. A. ArxENB 
Department of Chemistry, 
Rensselaer Polytechnic Institute, 
Troy, 
New York. 


1 Afkens, D. A., and Ralloy, C. N., Amal. Chem., 34, 1707 (1902). 
*Morm, M. L., Moahler, R. W., and Sievers, IH. H., Inorg. Chem., 8. 411 (1063). 


BIOCHEMISTRY 


Decomposition and Carcinogenic Activity of 
Azoxyglycosides 

Taa toxicity of leaves and seeds of cycads to animals 
and humans is well established (for review, see ref. 1). 
The toxic constituenta are azoxyglyoosides of which the 
simplest are cycasin (I; R = B-p-gluoopyranoeyl)! and 
macrozamin (l; R = f-primeveroeyl)'*. More recently, 
liver damage’ and oarcinogeneais* have been observed to 
follow ingestion of the seeds or extracts containing the 
unstable aglycone, methylazoxymethanol (I; R = H) 
(ref. 5). The latter may theoretically decompose to the 
alkylating agent, diazomethane, a potent carcinogen’, and 
is indeed isomeric with hydroxydimethylnitrosamine 
through which dimethylnitrosamine may be transformed 
1n vivo to the same active carcinogen’. 

That cycasin and macrozamin may be effective mothyl- 
ating agents m iro has now been demonstrated by the 
production of anisole (40—50 per cent yield, based on 
azoxyglyocoaide) when a solution of the glycoade in molten 
phenol is treated with a drop of concentrated sulphuric 
acid and warmed until evolution of gas ceases (2-3 min). 
No reaction occurs in the absence of strong acid, nor is 
any trace of anisole produced when ezoxyglycomde is 
hydrolysed in hot dilute sulphuric acid containing a large 
excess of phenol. This behaviour 18 analogous to that of 
benzaldarine monoxide’, and formaldazine monoxide (I1) 
may be an intermediate, formed by loss of water from 
initially produced aglycone. 


+ 
CH,N=NCH,OR CH,—N— N=CH, 


(I) (1) 

Azoxyglycosides are rapidly degraded by alkah to a 
variety of producta including cyanide ion, ammonia, 
methylamine, nitrogen and formic acid; the sugar oom- 
ponent is liberated even with cold dilute ammonia’. The 
first step is now formulated aa (a) in the annexed scheme 
(Fig. 1). A little anisole (c. 2 per cent) is produced when 
cycasin is degraded by aqueous alkali buffered to pH 10 
by an excess of phenol, so that the postulated intermedi- 
ate, formaldazine monoxide (II), may break down partly 
to formaldehyde and free diazomethane in alkali. Most 
of these products, however, are apparently diverted into 
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acetaldehyde, their product of (perhaps intramolecular) 
reaction (b), as shown by the appearance of iodoform 
(20 per cent yield) on treatment of cycasin or macrozamin 
with aqueous alkaline hypoiodite. The presenoo of 
acetaldehyde has not been demonstrated directly but the 
same yield of iodoform was obtained from an equimolar 
mixture of N-nitroeomethylurea and formaldehyde on 
treatment with alkali followed by hypoiodite, none being 
obtained by similar treatment of these compounds alone. 
The iodoform probably does not arise from direct iodina- 
tion and cleavage of the ‘active’ methyl group (but see 
ref. 10) in the aglycone, for the electronically similar 
nitromethane yields no iodoform under the same oondi- 
tions. 


(a) — (I) — 56H Nx cu,OR — —» (1I) 4 OR 
0- 


(b) — (II) —> [CH,0 + CH,N, —>] CH,CHO + N, 


© => 0 — T REP —> CH,—NOH + HCN 
L- 
(I) 
Tig. 1 


The formation of cyanide ion in alkali 1s now postulated 
to follow an alternative mode (c) of deoompoetion of 
formaldazime monoxide (II), which finds a close analogy 
in the base-induoed cleavage of aldehyde quaternary 
hydrazones to nitriles and tertiary amines!!, The other 
product expected in the present case, formaldoxime (II), 
has not been isolated but evidence for ite presence is 
found in (i) the produotion of formio acid (45 per oent), 
the hydrolysis product of formaldoxime in dilute aoid!*, 
when the alkaline solution is acidifled with dilute sulphurio 
acid and distilled’, and (1i) the slow deposition of formalde- 
hyde-dimedone (26 per cent) when the alkalino solution 
is buffered to pH 4 with acetic acid and sodium acetate 
in the presence of dimedone. The small amounts o 
methylamine and ammonia produced from macrozamin 
in boiling alkali? may also arise from decomposition of 
formaldoxime. 

N. V. R1aas8 

Department of Organio Chemistry, 

University of New England, 

Armidale, New South Wales. 
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Mechanism of Choline Sulphate Utilization 
in Fungi 

CHonmm sulphate is synthesized by higher fungi}, 
algae* and plants’. In fungi it is found in high oonoen- 
tration m the mycelium‘ and in * and 18 thought 
to act as & store of sulphur* possibly carbon and 
nitrogen. Synthesis of choline sulphate':* involves 
activation of inorganic sulphate by the enzymes ATP- 
sulphate adenytyltransferase (HO.2.7.7.4), (ATP-sulphuryl- 
ase) and ATP-adenylyl 3’-phosphotransferase (EO.2.7.1.20), 
(AP8-kinase), to give adenosine 3’-phosphate 5'-sulphato- 
phosphate (PAPS) and the subsequent transfer of the 
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mycelial wall 
| 
[oue 


phoedenylylsul 
$. 8.2) (choline sulphotransferase)*. 
the utilization of the sulphur of choline sulphate for 
oysteine synthesis has been in some doubt. A reversal of 
the choline sulphotranaferase reaction to give PAPS 
which could then be converted to SO,* and then to 
cysteine haa been ruled out®?*. Several workers have 
failed to detect a choline hatase in fungi", and 


a Te ee in A. sydowi and 
um}, the activity of the enzyme was very 
uncertain. Evidence 


P. chrysogen 
low and and, its physiological significance uncertain. 
now presented confirming the presence of cholme 
in fungi and establishing that this enzyme is 
obligatory for choline sulphate utilization. 

A number of DESEE ay routants'4 of Aspergillus 
nidulans, 4.69, and mutante A and O of a biotin-leas 
mutant of Aspergillus nidulans were examined. Growth 
requirements were ascertained on —Dox liquid 
medium m which sulphate-contaiing salts were replaced 
by the corresponding chlorides. Choline sulphate pin 
thems $^ vivo and in vitro, overall PAPS synthesis and 
choline sulphotransferase were determined by methods 
used previously*, and ATP-sulphurylase was 
by the molybdolysis technique’. APS-kinase was assayed 
by following the conversion of adenosine 5’-[**8]-sulphato- 
penne | (AP8) to PAP''S and choline [*8]-sulphate in 

of ATP, cholme and choline sul 


the m wall was 

for 15 mm at room temperature in media containing 
*80,* or choline ["*8]-sulphate, ing and assaying the 
loss of radioactivity from the media. line sulphatase 


im mycelia was measured by & method similar to that 
used by Segel". i 

Heterokaryosis testa confirmed Hockenhull’s fmdings!* 
that the mutants could be divided into four mam groupe: 
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alpha, beta, rete 


I, gamma; II, iote; OI, ete; IV, alpha, bete, zeta. A 
and C formed heterokaryons with all other mutants and 
thus constitute & fifth . A scheme has been drawn 

(above), based on the positions of the enzyme blocks as 
piers mod nei which explams the 
growth of the fungi and their ability to 
synthesize choline sulphate in vivo. The scheme envisages 
the obligatory hydrolysis of choline sulphate to inorganio 
sulphate and choline before ita sulphur can be utilized 
for cysteine synthesis. 

The two key mutants are iota and A. The former cannot 
grow on sulphate or choline sulphate, while A can grow 
on choline sulphate but not lake! ce Mutent gamma 
lacks the enzyme ATP-sulphury. and thus cannot 
utilize inorganic sulphate supplied ae such or arising from 
the hydrolysis of exogenous choline sulphate although it 
will transport both sulphur sources into the mycelia. 
Mutant A does not grow on inorganic sulphate since it 
ee ea When grown 

ine as & sulphur source it does not synthesize 
Shane [**8]-sulphate from exogenous *'SO,*- but it does 
poeeeas all the enzymes for choline hate synthesis. 
There is no block to the utilization of cholme sulphate by 
this mutant sioe the enzymes sre present for cholme 
Ui cen transporb, hydrolysis &nd sulphate utilization. 

The findings of others that choline sulphatase 1s 
&beent!^!* or present only in trace amounts! in myoeba 
are explained by the fact that the enzyme is repressed 
under conditions of sulphur sufficiency and it is only aa 
all other sulphur reserves are bemg used up that enzyme 
is de-repreased and choline sulphate utilized. The tn vivo 
operation of choline and the absence of any 
alternative form of choline sulphate utilisation were 
demonstrated in short-term experiments in which mycelia 
which have been starved of hur were incubated in 
media containing choline [**8]-sulphate. In 4.09, "SO,*, 
[*8]-cysteine and other labelled sulphur compounds were 
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produced in the mycelia, but in mutant gamma, which 
lacks ATP-sulphurylase, the only radioactive compound 
produced was "SO,'-. A further point iring clarifica- 
tion was whether the in vivo release of sulphate from 
eboline sulphate was the result of the direct action of a sul- 
phatase or only followed after the cataboliam of the carbon 
skeleton. That a choline sulphatase was operative in vico 
was implied by the demonstration that choline sulphate 
could act as a source of and of choline for two 
cholmeless mutants (ATCO 14078 and 14714) of Newro- 
spora orasea!™ 1, 

This work was sup by grants A—4972 and AM- 
08787 from the U.8. Publio Health Service. 
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Acid Nucleases of the Bovine Adrenal 
Medulia 


Tua chromaffin granules of the adrenal medulla are 
characteristic cell organelles which serve the function of 
amine storage. Earlier work has shown that these granules 
are distinct from mitochondria‘. 

A relationship between lysosomes and secretory granules 
has been discussed’, particularly where the secretion 
product of the granules is an . However, a 
relation between the chromaffin granules and lysosomes 
may also have to be oonsidered?. It is known that the 
chromaffin granules, like the lysosomes, release their 
contents into hypotonic media. 

A possible connexion betwoan lysosomes and chromaffin 
granules is of particular interest in view of a recent report 
on the oocurrenoce of a ribonuclease (RNase) in the chrom- 
&ffin granule fraction‘. 

ing & recent investigation of the soluble protein 
obtained from a lysate of chromaffin granules it was noted 
that the RNase was present in the soluble lysate and that 
the latter also contained & deoxyribonuclease (DNase), 
and we havo examined some of the properties of these 


enxymes. 

Yeast RNA and calf thymus DNA were used as sub- 
strates. After an incubation for 1 h at 87? O the RNA or 
DNA was precipitated and the acid-soluble nucleotides 
determined by measuring the absorption at 260 mp; this 
was supplemented, for confirmation, by total phosphate 


Purifled fractions of chromaffin granules were lysed in 
trisodium succinate buffer of pH 5-9 and of low ionic 
strength (I ~ 0-015), as recently described’. After lysis, 
more than 80 per cent of both RNase and DNase activities 
were recovered in the supernatant fluid on centrifugation. 
The soluble lysate was fractionated in the same buffer 
on a column of ‘Sephadex G-200'. The enzymes could be 
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separated from 50 per oent of the total soluble protein. 
The enzymic activities emerged in two overlapping peaks; 
the distribution coefficient, Kg (ref. 6), was 0-201 for 
RNase and 0-178 for DNase. The enzymatic activities 
for the fractions were determined and expreased in 
terms of uM of acid-soluble P/mg protein/h; theeo values 
were 2-74 for RNase and 2-72 for DNase. In the experi- 
ments to be described below, pooled fractions from each 
peak were used. 

The RNase of the soluble lysate from bovine adrenal 
medulla differed from the RNase of bovine pancreas in 
that it acted on RNA ‘core’, and in ita thermolability and in 
ita pH optimum ; the latter was 5-5 for the adrenal enzyme, 
as compared with 7:3 for the pancreas enzyme’. The 
pancreas enzyme is known to be very stable to hoat. 
On the other hand, the rat liver lysosomal enzyme has a 
pH optimum similar to that of the edrenal enzyme and is 
thermolabile*; it also aote on RNA ‘oore’®. 

The optimal pH for the adrenal medullary DNase, in 
sodium acetate buffer of I = 0-180, was 4:6. This enzyme 
was not inhibited by Cu* concentrations up to 2 x 10-*M, 
whereas the RNase of the adrenal lysate showed a 50 per 
cent inhibition with 2-5 x 10 M Cu™. 

The observations show that the RNase described by 
Philippu and Schttmann* is present in the soluble protein 
fraction and also that an acid DNase is present in the 
same lysate. The material used in this study was obtained 
from the bovine adrenal medullary ‘large granule’ fraction 
by ultracentrifugation over & sucrose density gradient. 
Although a possible contamination of the chromaffin 
granules by either mitochondria or microsomes can be 
excluded as a source of the enzymatic activities studied, 
the possibility remains that the two enzymes are lysosomal 
in origm. Two alternative interpretations offer them- 
selves: either the presence of the two acid hydrolases is an 
expression of a close relationship between chromaffin 
granules and lysosomes, or the two enzymes are located 
not in the chromaffin granules but in | which 
might be present in the particulate fraction isolated from 
the chromaffin tissue. 

This work was supported by granta from the Medical 
Research Council the U.S. Air Force Office of Scientific 
Research, OAR, through the European Office of Aerospace 
Research. One of us (A. D. 8.) is the holder of a Medical 
Research Council training grant. 
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Enzymatic Synthesis of the Sugar Esters of 
Hydroxy-aromatic Acids 


Grvuoosm esters (1-O-acyl derivatives) of hydroxycinna- 
mio acids have recently been shown to be widely distri- 
buted among higher planis!. They are also the moet 
common. derivatives produced when the free acids are fed 
to & wide variety of plante even in cases where the species 


examined contained either a different derivative of the ~‘ 


acid in question or no trace of it at all’. In spite of this, 
however, comparatively little is known of the way in 
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which these gluoose esters are synthesized. Although 
1-O-anthraniloyl glucose has been shown to be formed 
from anthranilio acid aod undme diphosphoglucose 
(UDPG) in the presence of an ensyme preparation from 
Lens esculentum? it has been that esters of 
phenolic acids are more probably synthesized from free 
glucose and the acyl coenzyme A derivative’. This hypo- 
theais was presumably put forward because it has already 
beea shown that many phenols form O-glucoeidee with 
UDPG in the presencé of suitable eaxyme systems’. 

We report here that the glucose esters of the four com- 
monly occurring hydroxycinnamic acide (p-coumario, 
caffeic, feruho and sinapio acids) are readily formed in 
good yield when the acids are incubated with a two-mole 
excesa of UDPG and an acetone powder prepared from 
leaves of geranium (Geransem zonale cv. ‘Paul Crampel) 
at pH 8-4 and 37°. Shghtly smaller amounts 
at pH 9-4 and 10-4, but no esters 
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higher brealong strength, whereas a compact matrix 
shows & leaser breaking strength. Up to now, attempts to 
correlate the varying degrees of egg-shell calcification 
with the mucopolysaccharide content have been unsuc- 
cessful. These attempts were carried out on egg-shalls 
that had been decalai with EDTA", 

We have now conducted experiments on non-dovmuicd, 
egg-ahells and investigated the correlation between tho 
mucopolysaccharide content of the ahella and their 
breaking strength. Fifteen hundred egga were arranged 
in thirteen groupe &coordmg to the breaking strengths 
and the mucopolysaccharide content of collective samples 
determined. Mucopolysaccharide was determined aa 
uronic acid, and totel organic material was determined 
as total nitrogen. The breaking strengths of the egg-shells 
was determined acoording to Reuch', the uronic said 
to Dische and nitrogen according to Kjeldahl. 
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1, Tbe verion! bars indicate the mean ( X S. E.) differences m Ipase 

between untreated controis (27 mpra) and homogenates 

with 001 (15) (P«0001), O1 a6) C «0 001) and 10 0 (15), 

{P <0 001) ts of ACTH per fisak. ordinate ts the iInorease 

lipase activity abtributable to ACTH. Mean lipese activity Vi Qe 
untreated controls (27) was 1 46:30 05 sequiy. FFA (10 mg) h 


in equiv. of free fatty acids released into the incubation 
medium during the time of incubation per 10 mg of fresh 
weight adrenal tissue. 

As seen in Fig. 1, all doses of ACTH which were used 
in our experiments markedly activated the rate’ adrenal 
lipese, and this stimulation was related to the doses of 
ACTH. These findings correlate well with many histo- 
logical resulta which demonstrated the fall of adrenal 
lipids after administration of ACTH or etrees*-* and con- 
firmed the histochemical findings of activated adrenal 
lipase after administration of ACTH in viwo!. 

It ia not yet possible to explain the significance of these 
findings in relation to the mode of action of ACTH on 
adrenal steroidogenesis, but several poasibilties may be 
suggested. The neutral fats are depleted by ACTH- 
activated adrenal lipase and the fatty acids are released. 
These fatty acids could: (a) be converted to acetoacetyl 
co-enzyme A and acyl co-enzyme A, which are considered 
as precursors of adrenal steroids; (b) be oxidized to OO, 
and NAD; NADP reduoed during this oxidation could be 
used in hydroxylating reactions of adrenal steroido- 


genesis. 
In conclusion, ACTH has a definite direct dose-dependent 
Botion on the activity of adrenal lipase in the rat adrenal; 
the relation of this action to adrenal function is not yet 
clear. 
M. Parnxovió 
L. MAcuo 
Endocrinological Institute, 
Biovak Acadamy of Sciences, 
Bratislava, Ozechoslovakia. ' 
, . B. MosiNGxR 
Laboratory of Metabolic Regulations, 
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Arborization Patterns in Human Bile 


FuEN-LrkH or coralline arborization patterns have been 
obeerved in human bile allowed to desiooate and examined 
microscopically. Blumenkrantz end Kohan! call this 
phenomenon ‘rhythmic orystallization’, and suggest a 
relationship between paucity of arborization patterns and 
the presence of biliary lithiasis. Their work was carried 
out on bile obtamed by duodenal mtubation. 

The occurrence of the arborization phenomenon in body 
fluids is thought to be due to an interaction of maoro- 
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molecules of the mucin type together with electrolytes. 
The mechanism of formation of these patterns is postu- 
lated to be a retardation of the normal orystallization 
process of sodium chloride when macromolecules are 
present. In the absence of macromolecules, arborescent 
and dendritic phases of crystallization are transitory 
stages in the formation of typical salt crystals according 
to Blumenkrantz and Moreno’. 

The arborization phenomenon is of clinical value in the 
study of mucus from the female genital tract. Arborization 
is quite marked during periods of oeatrogenic activity, and 
has been shown to be result of relatively high concen- 
trations of NaCl in cervical mucus’. 

In this study, human bile from individuals with and 
wibhout gallstonee was obteined by direct punoture of the 
gallbladder at surgery. Where possible, hepatic bile was 
obtained from the common duct simultaneously. Tn 
bile was also studied in post-operative patients with "TI' 
tubes. A drop of bile was placed on a glass slide, allowed 
to desiocate at 37? O and when, desiccation was complete, 
studied microscopically. 

It was found that hepatic bile always produoed the 
arborization patterns seen in Figs. la and 16. The fern- 
like pattern tended to occur at the edges of the drop, while 





Fig. 1. (a) Fern-like pattern seen in desiooated hepatic bile (x48); 
(9) coralline patter (x 48) 
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Wig. 3. Fern-Hke pattern reproduced in gallbladder bile by addition of 
exceas Wal ( x 48) 


the coralline patterns occurred nearer the centre. On 
occasion the ocoralline patterns were absent, and fern 
patterns predominated. Dialysis of hepatic bile against 
distilled water caused the arborization patterns to dis- 
appear when the bile was desiccated. Addition of NaCl to 
dialysed. erede bile caused the patterns to reappear, as 
seen in Fig. 2. Redialysis isotonio saline gave the 
fame result. The addition of KCl to dialysed hepatic bile 
caused a similar but not identical pattern to a . The 
addition of NaHCO,, MgCl, or MgSO, to dialysed hepatic 
bile did not cause the appearance of arborization patterns. 
Since the gallbladder concentrates bile, hepatic bile was 
evaporated tn vacuo so that it was concentrated up to ten 
times. The arborization patterns were unchanged. 

Gallbladder bile gave little or no arborization pettern. 
A pettern similar to that in hepatic bile was seen in only 
one of 22 gallbladder bile specimens examined. This 
occurred in bile fram a gallstone-containing gallbladder. 
Sparse arborization patterns were seen in two of nine 
normal gallbladder bile specimens, and in flve of 13 
gallbladders containing gallstones. 
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Gallbladder bile, in which the arborization pattern was 
absent, and hepetio bile, in which the pattern was quite 
striking, were obtained simultaneously from a patient 
undergoing operation for cholelithiasis. The addition of 
NaCl to gallbladder bile produced the arborixation 
pattern seen in Fig. 8. Dilution of the original gallbladder 
bile up to ten times with distilled water did not cause the 
arborization patterns to appear. 

These specimens of bile were analysed for sodium, 
chlorine and potassium in an Autoteohnioon ‘Auto- 
Analyzer’. The resulte obtained agreed well with reported 
values except that chloride in gallbladder bile was some- 


what er than the values reported, though ıt was lower 
than in hepatic bile. The data are summarized in Table 1. 
ELECTROLYTE OOXTENT OF GALLBLADDER AND HNPATIO DILE 


(Ranges from refs. 4, 5 tn parenthesis) 
Wanm.equv.L  OClm.qutv/l K m.equiv./l. 
201:5 (122-275) 618 (15-80) - 128 (4-7-12-5) 


Gallbladder 
arboriza ton Men) 
(181-164) 105 (75-110) 6-3 (2-6-17 0) 


(ar marked) 145 


These resulta demonstrate a physicochemical difference 
between gallbladder and hepatic bile. There is an mhibi- 
tion of the arborization petterns on desiccation of gall- 
bladder bile which is not related to simple passive 
concentration of hepatic bile. A poasible explanation of 
this inhibition of arborization is that electrolytes may be 
bound in ionic aggregates or micelles during the process of 
concentration of bile in the gallbladder. We found no 
correlation between. the arborization phenomenon in 
human bile and the presence or absence of biliary lithiasis 
when specimens were obtained directly from the gall- 
bladder or common bile duct. 

Ratpre G. DaParms 
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Changes of Histone Composition in the Develop- 
i ing Chick Embryo 


Tas possible role of histones as gene suppressors has 
been discussed by many authors'*. If histones do have 
such & function, one might expect to find some qualitative 
or quantitative changes in the histone during the 
course of development, reflecting steps m the processes of 
differentiation. However, up to now no conclusive 
evidence of this has been produced. Small changes have 


been demonstrated in the electrophoretic pattern of total - 


nuclear histone from embryonic chick liver durmg de- 
velopment’. 

e following results were obtained from chick embryos 
from an age of 2 days after mcubation and onwards. A 
quantitative recovery and subsequent fractionation of the 
total amount of os ha nuclear as well gs yep 
has been attem 

Organs or Ss embryos were hom in oold 
0-14 M NaCl0-01 M. Na-citrate. The precipitated nucleo- 
protem was washed at least twice with the saline citrate 
and the histones were extracted with 0-25 N HCl. The 
yield was 93—95 per cent of the histone amount 
obtained from acid extraction of acetone-dried ma 
Acid conteminants, such as polysaccharides, hed to be 
removed, to avoid interferenoe with subsequent fraction- 


No. 4997 August 7, 1965 


ation on carboxymethyl cellulose (CMC) (ref. 7). Those 
acid compounds were firmly attached on ‘Dowex 1’ 
during afterweabing with 0.1 N HCl, while the histones 
were quantitatively recovered. Hydrogen ions were 
removed by filtering on ‘Sephadex G 25’ with acetate 
buffer (pH. 4, ionic strength 0-02). The recovery of 
histone after gel-filtration waa more than 95 per cent 
and is higher than after dialyms. The fractionation 
of the histones was made on CMC (ref. 8). The total 
raoovery was about 90 per cent. Only protein from the P, 
complex soluble m 5 per cent TCA was regarded as highly 
lysine rich histone. To obtam a stable ratio F,/F;, the 
CMC-columns were always loaded with the same quantity 
of histone per weight of ion exchange mass. The three 
fractions were also characterized by the use of the Saka- 
guchi reaction. The arginine ratio was m conformity to 
that of the corresponding fractions from thymus histone. 
Histones from the early embryos (represented in Fig. 1) 
were run on micro-columns. All preparations except the 
fractionations were made at 0—8? & 

The ratio of histone to DNA (w/w) does not vary during 
embry: This ratio was 1:24 + 0-019 in whole 
embryos durmg the 4th-l6th day of development. In 
another series of whole embryos, 2-6 days old, the ratio 
was 1:10 + 0-050 and without any trend. The somewhat 
lower value from thees young embryos may depend upon 
the micro-method used for this material. In embryonic 
livers during the developmental period of 10-20 days, the 
histone DNA ratio was 1-21 + 0-028, also without any 
tendency to change. 

However, if the total histone is separated into the three 
fractions, lysine rich (F,), shghtly lysine rich (F4) ead 
arginine rich (F,), there can be seen a tendency for this 
histone pattern to change durmg the early embryonic 
period (2—5 days). There ocours a gradual transformation 
of an embryonio pattern in which the amounts of the three 
fractions are similar to an adult pattern where the amount 
of F, is high and that of F, is low. The same trend appears 
in both experimental series (Fig. 1). The cytoplasm of the 
early embryonic cells encloses yolk granules. The yolk 
contains basio protein with a relatively high amount of 
F. Theratio F, : F,: F,1847:34:19. However, we have 
found that this moorporated protein amounts to leas than 
10 per cent of the totel histone measured in the oell, and 
therefore the observed change in pattern can only to a 
small extent be due to a gradual decomposition of cyto- 
plasmic yolk granules. 

Furthermore, the beaks from an embryonic to an adult 
histone pattern oan also be observed as & trend m single 
organs, erythrocytes and liver, during & later embryonic 
a prod 10-16 days (Fig. 2). In other organs (eyes, 

, bram) such & trend is absent or inmgnifloant and 
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The relative amount of the thiee histone fractions in different 

the later development of the ohick embryo. The ohange 
each fraction is marked by arrows. The designations are 
Each t representa an estimation on organs 
from 100 embryos 


the adult pattern is established before the 10th day. 
Whether this mdicates that e and liver 
contmue to undergo differentiation after the other organs 
have ceased to do go is, of course, uncertain. We are well 
aware of the fact that the observed changes in the histone 
pattern may also reflect metabolio changes, particularly 
because the histones prepared for theee estimations 
molude cytoplasmic histones. However, the possibilty 
that one of the ways in which histones influence differenti- 
ation is by masking RNA-templates should not be over- 
looked. Thus, RNA-associated basic protein in the cyto- 
plasm of blastomeres from cleavage stages of sea-urchin 
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embryos disappears Sa e a 
ment’, and it has been found in this laboratory that 
non-incubated chick embryo has ribosome-associated 
basio proteins. 

Finally, as can be seen in Fig. 2, the adult histone 
pattern is different in different organs. In erythrocytes 
and liver the relative amount of F, is intermediate, while 
in the other organs F, is very near in quantity to F, In 
electropherograms the histone pattern is different in 
erythrocytes, spleen and testes from chioken!*. 
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Een Nare inira Taint in the Milk of Dairy 
le ingesting Coronopus didymus Sm. 

Aw objectionable flavour is found in the milk of dairy 
cattle which graze on pastures infested with the cruci- 
ferous weed Coronopus didymus 8m. (bitter creas or land 
creas), This taint is of considerable concern in Queensland 
and New Zealand where the weed is during 
winter; unlike many other fodder or weed taints in milk, it 
cannot be removed ing the manufacture of cream or 
butter, The taint in is characteristically a burning 
flavour with a odour, while in butter 1b is a burnt 
flavour with & burning after-taste. 

In earlier investigatione? nay. i : mustard 
oil glucoside’, waa found to oocur in this Benryl 
cyanide, benzyl isothiocyanate, dibenryl pinkie ea 
ael nae tan bara on (else ar oda CU ais 
enzymatic or chemical breakdown of the glucoside. None 
of these compounds was found to give rise to the character- 
istic taint when fed to dairy cattle'*, or when added to 
taint-free milk. 

Recently, Virtanen e£ al.** found that on crushing the 
seeds of the cruciferous weed Lepidium satiwwum L. and 
incubating the crushed seeds in water, benxyl isothio- 
cyanate is the initial breakdown product of the glucotro- 
peolin which is present in the plant. The isothiocyanate, 
however, was found to isomerize rapidly in the incubated 


carried out by an enzyme present in the 

Similar experiments have now been carried out on seeds 
from C. didymus. Gas chroma and infra-red 
absorption spectra of extracta of the crushed seeds, after 
chromatogra on alumina, have indicated that benzyl- 
thiocyanate ( 2158 cnr) (ref. 7) is produced in C. 

by isomerization of initially produced benzyl 
iso te. The isomerization was apparently oom- 
Me vun ae OF wage dhe oe ceed ee Cds 
water. 

The characteristic off-flavour has now been reproduced 
in the milk of dairy cattle by either drenching a dairy cow 
with benzyl thiocyanate dissolved in peanut oil or by the 
addition of benzyl thiocyanate to teint-free milk. When a 
dairy cow was fed 3 g benzyl thiocyanate, a taint developed 
in her milk within 2 h, became very strong after 4-6 h and 
disappeared within 24h. The characteristic taint carried 
through to the derived cream and butter. Addition of 
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0-16 p.p.m. of benzyl thiocyanate to taint-free milk 
produced a detectable teint, whereas 4 p.p.m. gave & very 
strong taint to the milk, and the characteristio burning 
flavour to the cream. 

There is the posibility that benzyl mercaptan may 
contribute to the associated tamt in butter, as has pre- 
viously been suggested’, since benzyl thiocyanate could be 
reduced to the mercaptan by cysteine or similar reducing 
agent, during the pasteurization of cream before the 
manufacture of butter. 

Evaluation of flavour of the milk and products in theee 
AME ETE Uy EDU aiy euo 
graders from the relevant Queensland and 
Government Departments. 

This work was supported by a fellowship and an asocia- 
ted research grant from the Australian Deiry Prodnce 


R. J. Pang 
Ch Department, 
vem of Queensland, 
risbane, 
Australia. 


Mord i Austral. J. Dairy Teknol., b, 43 (1050). 

THa Weton, T D; and MoDowal, 4. K. R., N.S. J. So. 

en 305 (1047). 

* Form, D. A., Austral. J. App. Sei., 8, 896 (1951). 
; Bidlinger, M. G., and Lundeen, A. J., J. Amer. Chen. S00., 79, 1764 (1957). 
* Gmehn, R., and Virtanen, A. L, Acts Chem. Sognd., 18, 1474 (1969). 
s Virtanen, A. L, and Seartvirte, M., Swomen Kemistilsht, D, 38, 102 (1062). 
"Meo det OD A., Illeeto, A., and Bveghardo, G., Ade. Molec. 


Mechanism of the Inhibitory Effect of 
Adenine Nucleotides on Po n Synthesis 
by Rhodopseudomonas spheroides 

Exosss biosynthems of porphyrins is strongly decreased 
by some adenine nucleosides and nucleotides (inosine, 
5’ AMP, 5’ ADP, 5’ ATP) in vivo as well as én vitro, 

with 1 have 
shown that ATP is the most active of these adenine 
derivatives, determining a more than 90 per cent inhibi- 
tion’* in a concentration of 3 m.moles/l. of medium. On 
the other hand, it was established that this effect is 
confined to the ie dene formation’ *. 

To explain this of porphyrin synthesis we have 
frst envisaged, on the basis of the tricarboxylio-glycine 
cycle of Bhemin*, a negative feed-back reaction on ALA 
synthetase. Our recent have shown that 
this hypothesis is not oorrect. In 
De ee cds 
medium I of Lascelles’, ALA activity was even 
enhanced when ATP was added to the medium (Table 1). 


ALA BYNTZNTASR Acrivrry OF HITRAOTS IX waworas ALA 
E E Ecmicr* 


Table 1. 


om “Gora 1a penes OL ATE 


1 66-6 
2 45-0 
2 23-0 43 


~O Boml MM was iM 90 miin PE a E Mud 
succinate, CoA, pyridoxal, Mgt, and ATP (following technique 
Granick and Urata’). p 


We have therefore assumed that the adenylio deriva- 
tives enhance the formation of a physiological inhibitor of 
byri the existence of which in Rhodo- 
SUGO Pesca was reported by Kikuchi and 
colleagues’. This hypothesis seems to be confirmed by 
our experiments. Rhodopseudomonas spheroides suspended 
in Lascelles medium I to which ATP was added (8 
m.moles of medium) were incubated for 24 h semi- 
anaerobically, in the light. The micro-organiams were 
then gathered by centrifugation at 0° C and repeatedly 
washed with 0-9 per cent NaOl solution. 
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After freezing and thawing, or sonication, of the 
micro-organiams, extracts were prepared by diluted 
phosphate buffer (0-02 M, pH 6-8). These extracta added 
to & new ion of Y 


significantly inhibited the porphyrin synthesis. Extracte . 


from Rhodopseudomonas incubeted without 
ATP exerted no inhibitory effect (Table 2). 


Table 2. PORFHYRDER ETNTONEEED BY Jr opholdet DURING: 15 70-340 


CUBATION 
(In ag per ml. of medium) 
In of In presence of extract 
Without addition from from R. 
Tap. af extract to R. epherovdes incu- inoaba without 
medtum bated with ATP * ATP* 
1 702 34:0 68-5 
2 40-4 16-7 39-5 
3 36:1 250 82-0 
*1 mL containing 1 was added to 10 mL of 
Vedere mg/ml protein, 


The experiments show clearly that Rhodopseudomonas 
ides, grown in @ suitable medium containing 
; an 
inbibitor of porphyrin which is extractable from the 
micro-organimm by diluted phosphate buffer. 

This inhibitor seems to be a protem and is presumably 
an enzyme. In fact, it ia heat-labile and non-dialysable. 
Purification of this enxyme, which is in progress in our 
laboratory, will be necessary to establish its substrate. 
Our observations provide some evidence that the substrate 
may be succinic acid, one of the two simple precursors of 
porphyrins. Addition of succinate to E. spheroides, 
previously incubated in presence of ATP, re-establishes 
indeed to some extent the greatly decreased porphyrin 
synthesis. On the other hand glycine, the other precursor 
of porphyrins, is ineffective in this respect (Table 8). 


Table 3. PORPHYRINS SYFKTHUMIXED BY R, sphaeroides 
(In wg per mL of Lascelles medium I) 
After 18 h Incubation After 24 h further 
Exp Without With With ATP * With ATP* 
ATP ATP* and gtyoinet 
1 192 0-18 1-02 0-20 
2 220 0-20 3-0 025 
3 470 0 20 1-70 
+ 


A similar effect of succinate was observed when it was 
added to R. spheroides previously incubated with AMP. 
Our experiments seam to show that ATP and AMP added 
to Rhodopseudomonas spheroides, growing in Lascelles 
medium I, anaerobically, in the light, enhance the 
formation of a presumably physiological inhibitor of 
porphyrin synthesis. This inhibitor seems to be an 
enzyme, the substrate of which remains to be established. 

Note added $n proof. In our latest i using 
extracts obtained with a French prees, whioh di te the 
cell membranes more completely than sonication or 
freexing and thawing, ALA-synthetease activity was not 
modified (or enhanced) after incubation of Rhodopseudo- 
monas sphoroides with ATP. These findings do not confirm 
the conclusions of our earlier observations. 


A. Gaspos 
M. Gazpos-TÓRÓx. 


Clinique Médicale de l'Hótel-Dieu, 
Parvis de Notre-Dame, Paris. 
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An Inhibitory Component of the Response to 
Distension of Rat Ileum 
. Tamma is good evidence that the longitudinal smooth 
muscle of amall and large intestine of rat, mouse, guinea- 
pig and rabbit.is supplied with inhibitory nerves arisi 
intrinsic neurones which are probably components o 

the myenteric plexus)’. inhibitory nerves can be 
excited by tranamural stimulation of segmenta of intes- 
tine’, by ‘feld’ stimulation of stripe of intestinal muscle}, 
or by ganglion stimulante such as dimethyl-4-phenyl- 
DES iodide (DMPP)!3. The relaxation of the 
ongitudinal muscle mediated by these nerves can always 
be observed in the presence of atropine, 1 ug/ml., which 
blocks any muscarinio excitatory effects due to stimulation 
of cholinergic nerve fibres within the wall of the intestine. 
Since the inhibitory response is unaffected by concentra- 
tions of guanethidine and bretylium which block the 
relaxation in response to i nerve stimulation, 
it seams likely that the intrinsic inhibitory system i5 
distinct from the sympathetic system. The conditions 
which cause reflex activation of the intrinsic inhibitory 
neurones, in vivo, remain to be olarifled. 

An example of the response of rat ileum, in the presence 
of atropine, 1 pg/ml., to transmural stimulation with 
pulses of 200 useo duration at 5/sec is shown in Fig. la. 
In this preparation, as described previously’, the relaxa- 
tion was not maintamed throughout the period of stimula- 
tion. At this frequency and at even lower frequencies 
which would be unlikely to cause a diminished output of 
tranamitter, rhythmic contractions began again after 
5—10 sec. On the cessation of stimulation the tone and 
amplitude of the contractions were greatly increased. 
Fig. 1b shows that a very similar response occurs following 
a small dose of the ganglion stimulant DMPP. During 
the present experiments we have found that isolated 
segments of rat intestine give a similar relaxation in 
response to an increase in intramural pressure (Fig. 1c). 


Lad min. 


ua A 
b 
DMPP ye 
Fig. 1. Rat preparation In 1l Tension recorded 
jsometrically from longitudinal 6, to transmural 
stimulation pulses at 10/wec; b, reponses to 1 wg/ml. 
increased intraluminal pressure 


with $00-,mec 
DMPP; o, response to by 2 om water 
Segments of rat ileum, 2 and 8 om long, were set up in a 
modified Krebs solution’, in a 70-ml. isolated organ bath 
at 85? CO. One end of the preparation was occluded by a 
knot of gilk thread which was attached to the recording 
device while the other was tied to a J tube of the type 
described by Trendelenberg?. A platinum wire was 
passed through the J tube into the lumen of the gut for 
transmural stimulation. Responses to distension were 
elicited by introducing Krebs solution into the J tube so 
that the intraluminal pressure was increased by 1:5—3 om 
water. In most experiments the tension in the longitu- 
dinal muscle was measured with a force transducer. In 
some experiments the length of the preparation was 
recorded with an isotonic lever. In all cages, an increase 
in intraluminal pressure caused relaxation of the longitu- 
dinal muscle. Only a small fraction (lees than 0-2 g) of 








the decrease in tension recorded undor isometric conditions 
was due to the increased intraluminal pressure itself, 
which constituted a force acting in the opposite direction 
from that generated by the longitudinal muscle. The 
absence of any other mechanical artefacts was confirmed 
by experiments in which procaine, 500 ug/ml., was used 
to block the reflox response. 

The fall in tension elicited by distension was transient. 
If the increased pressure was maintained, some prepera- 
tions regained their normal tone after 50-100 seo and some 
developed tensions which were greater than those recorded 
during the control period. The tone and beat of other 
preparations remained below normal throughout the 
period of distension but there waa always some recovery. 
When the intraluminal pressure was returned to atmo- 
spheric pressure again, the longitudinal muscle developed 
increased tension which resembled the rebound contrac- 
tions following transmural stimulation and DMPP. 
Some examples of the response of different preparations 
of rat 1leum in the presence of atropine (1 ug/ml.) to an 
increase in intraluminal pressure of about 1 min duration 
are shown in Fig. 2. 

These responses of rat ileum differ markedly from those 
of the guinee-pig ileum, an example of which 1s shown 
in Fig. 2f. It is well known that distension of the lumen 
of the guinea-pig ileum causes increased tension and largo 
rhythmic contractions of the longitudinal musolo (the 
preparatory phase of the peristaltic reflex"). Although 
this response was blocked initially by atropine, 1 ug/ml., 
it returned during prolonged exposure to the drug, as 
reported previously*. We have occasionally seen a brief 
relaxation or a delay before the onset of contractions when 
recording from guinea-pig deum under isometric condi- 
tions. However, it seems likely that the response of thia 
preparation to distension is dominated by excitation. 

The initial fall in tension, subsequent recovery and 
rebound contraction of the rat ileum in response to dis- 
tension were unaffected by atropine (10 ug/ml.), guanethi- 
dine (100 ug/ml.) and hexamethonium (100 ug/ml). 
Relaxation in response to transmural stimulation was 
also resistant to blockade by these drugs. Both responses 
were blocked by procaine, 500 pg/ml. The only way in 


August 7, 1965 vo. 207 


which the response to distension differed 
from the response to transmural stimula- 
tion was in ita time course. Although both 
relaxations were transient, relaxation in 
response to distension was sometimes of 
longer duration than the relaxation in 
response to transmural stimulation. 

In some p especially those 
in which the d ERA was followed by & 
rapid redevelopment of tension (Fig. 25, 
o aad e), it was possible to ‘block’ the 
response to transmural stimulation by 
interacting this stimulus with an increase 
in intraluminal preesure. If the intra- 
mural inhibitory nerves were stimulated 
submaxmally during the early part of the 
recovery phase of & maximal response to 
distension there was httle or no subse- 
quent fall in tension. 

The similarity of the responses to dis- 
tension, transmural stimulation and DMPP 
suggest that these three types of relaxation. 
may be mediated by the same efferent 
pathway. We suggest that the afferent 
fibres which are sensitive to distension of 
the lumen of the intestine synapses with 
inhibitory intrinsic neurones which supply 
the longitudinal muscle of rat ileum. 

The receptors of this synapse was un- 
likely to be of the nicotonic type, since the 
response to distension is not blocked by 
hex&methonrum. On the other hand, 
these inhibitory neurones appear to be 
excitable by chohnomimetic ganglion stimulants. It seems 
possible that they may be supplied with cholinergic ter- 
minals from other intrinsio neurones or from autonomic 
fibres. Morim E. HOLMAN 
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Characteristics of Excitatory and Inhibitory 
Synapses in the Central Nervous System 
of the Cat 

ELgOTRON microscopic investigations by Gray^!, De 
Lorenzo? and Hamlyn‘ suggest that there are thres types 
of patches of membrane density in the synaptic contacts 
of the oentral nervous system, of which only two are 
functional (Gray’s type 1 and type 2). However, no 
crtterion has yet been established to distinguish the 
excitatory synapses from the inhibitory ones. In the 
peripheral autonomic nervous system two types of synap- 
tic vesicles (cholinergic and adrenergic) have been found, 
the former having a diameter of 500 A with clear content, 
while the latter have a diameter of 1000 A with granular 
ooree*-'. So-called granulated vesicles have also been 
discovered by Shimizu’ in the hypothalamus of mam- 
mals. Gray’s classification hints that the type 1 synapse 
is excitatory, whereas the type 2 is inhibitory’. 

In our experments two different types of synaptic 
vesicle have been found in the somatic nervous system 
of the cat. The size and shape of each type of synaptic 
vesicles are quite different, making it easy to differentiate 
the excitatory synapses from the inhibitory ones. The 
thorax of a oat was oponed under ‘Nembutal’ angesthega 
and a cannula was inserted into the ascending sorta 
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Fig. 1. Cross-section of dendrite tn the moleoular layer of the cat's cerebellum. 
dendnto (D) is surrounded by several azoltatory synapses (Æ), and only one inhibitory 


synapse (I). The bar tndioates 0 lx 


through the left ventricle. The blood of the whole body 
was washed out through the cannula by Locke’s solution. 
After confirming that the whole body had been perfused 
(no blood from the vems) the Locke’s solution was re- 
placed by formalin solution. The osmolarity and hydrogen 
ion concentration of the fixative were regulated carefully 
with sucrose and other chemicals. After the fixation of the 
whole body of the cat, the skull was opened. Thin sheets 
of the cerebellum were cut off. Small pieces of the out 
cerebellum were immersed in an ice-chilled oamium tetr- 
oxide solution for about 2h. After routiae dehydration 
and embedding thin sections were made by an LKB 
ultramicrotome. Electron microscopic Investigations were 
carried out by an Akashi 80 electron microscope. The 
thick sections were used for the location of the molecular 
and Purkinje oell layers of the cerebellum using a phase- 
contrast microscope. 

ee Me eee die] ee ie ee 
I ig. 1 shows & dendrite (D) in the molecular layer 
of the cerebellum of the cat. The dendrite is surrounded 
by several synapees, of which one type (B-type) contains 
spherical vesicles having a eege of about 400 A, 
while the other type ( ) is filed with ellipsoidal 
ae sd tha Ge of es Le ee eel baa the 
the former. The whole surface of the soma of Purkinje 
cells in the cerebellum is exclusively surrounded by 
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numerous synapses which have ellipsoidal 
vesicles in them. It has also beea 
electrophysiologically that the soma of 
Purkinje cells is densely innervated by 
inhibitory synapses. So it may be oon- 
cluded that the syna containing ellip- 
soidal vesicles are i itory in nature and 
correspond to Gray’s type 2. The dendrites 
of the outermost part of the molecular layer 
of the cerebellum are innervated almost 
exclusively by E-type synapses which are 
equivalent to Gray’s type 1. Eleotrophysio- 
logically it is highly probable that the 
E-type synapses are excitatory’. Fig. 2, 
left, shows the schematic representation of 
a dendrite (D) and ita synapses in the 
molecular layer of the cat's cerebellum. 
Two inhibitory synapses are indicated (I), 
while the others are all excitatory. Fig. 2, 
right, illustrates schematically two types 
of synapses, the one, the excitatory (E), 
the other, the mhibitory (1). 

The method of synapse differentiation 
based on the shape and size of synaptic 
vesicles has ensbled us to distinguish 
quite easily excitatory and inhibitory 
synapses on the surface of neurones in the 
central nervous system of mammals. The 
The microtopography of different types of 

of neurones in the central nervous 

te ood oe cad ee ence The 

entifleation and classification of various types of neu- 
rones in the central nervous system may be possible. 

This work was supported m part by the Education 
Ministry of Japan. 
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An Electronically Modified Wet Spirometer 

Ix a recent investigation of respiratory muscles, record- 
ings were made simultaneously from multiple indwelling 
electrodes, along with spirometric tracings, so that electri- 
cal activity could be examined in a series of conscious 
rabbits during quiet respiration. The electrical signals 
from the muscles and the spirometrio tracing are shown on 
a film record (Fig. 1). Attention is directed especially 
to the spirometric tracing which appears as & horizontal 
band which widens with expiration and narrows with 
inspiration. A primary interest was to secure an accurate 
reflexion of the movement of air into and out of the lungs 
of the rabbit, a factor dependent on the accuracy of the 
spirometer. Although many spirometers are availeble, a 
simple, inexpensive electronic modification of a wet 
spirometer (400-0.c. Phipps and Bird spirometer, Rioh- 
mond, Va.) was developed (Fig. 2). The electronic modifi- 
cation of the spirometer, ita application, and a method 
devised to determine its latency from the subject of this 
communication. 

The spirometer is designed so that ite lower cylinder 
can be filled with water and ite inverted floating cylinder 
filled with air. A metal tube within the lower cylinder is 
connected to an external primary T-tube and carries 
respiratory gases above the water line and into the 
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Fıg-1. An electromyogram from separate muscular alips of the 
horizontal band w 


Spirogra&m appears as a ish 


floating cylinder. A secondary T-tube is inserted into 
another veesel containing soda-lime for the absorption of 
carbon dioxide. The two T-tubes are interconnected by a 
rubber tube 10 cm long and 5 mm inside diameter. Tho 
other end of the primary T ia connected to an oxygen tank 
by means of a similar rubber tube. Another tube 35 mm 
long and 5 mm ingide diameter leads fram the remaining 
arm of the secondary T to the stem of a Y-tube the arms 
of which are equi with a pair of rubber tubes 7:5 om 
long. Flexible plastio foetal catheters 4 mm inside 
diameter and 5 cm long are inserted into the tips of the 
last-mentioned tubes. The catheters, which are passed 
into the rabbit’s nares during recording sessions, are 
coated with a topical anaesthetic ointment (‘Tronothane 
hydrochloride’) which serves to desensitize the nasal 
passages as well as to prevent any possible leakage of ait 
around the catheters. 

The nasal catheters are well tolerated and the animal 
will rest in the sternal recumbent position for long periods 
of time. In an earlier experiment a dental plate with an 
embedded tube for the passage of air was moulded to fit 
into the mouth of the rabbit and was in turn connected 
to the spirometer. The respiratory excursion of the 
spirometer was nil and it was found that the rabbit 
breathed mainly through ite nose. It was therefore 
imperative to employ the nasal route. 

Under i tal conditions, the animal inspires 
50-75 ml. of oxygen, moving the floating cylinder 1-15 
om during respiration. The cy of the respiratory 
cycle varies from 40 to 50 per min. No evidence of roson- 
ance was detected in the system at this frequency and 
within the range of the volume of gas exchanged. 

For the purpose of recording respiratory movements, & 
modification of the spirometer was devised in order to 
produce a fluctuating electrical signal capable of translat- 
ing the excursions of the floating cylinder on a cathode ray 
oscilloscope. Two small inductance coils 1:55 cm in 
diameter and 1 om wide were constructed. Each coil 
consisted of 150 turns of No. 28 enamel copper wire wound 
on & plastio spool. One of the coils was over & 
vertical rod which ascends from the floating cylinder and 
"was securely fastened to it 1:5 am above the top of the 
cylinder (Fig. 2). Preliminary tests showed that the 
weight of this coil does not affect the mechanical proper- 
ties of the spirometer. The second coil was also passed 
ever the vertical rod of the floating cylinder but was fixed 
in place, independent of that rod, by means of a plastio 
clip attached to the upright pulley support, 7-6 om above 
the lower or movable coil. This arrdngement was such 
as not to interfere in any way with the vertical movement 
of the rod and cylinder. 

In preparing to use the apparatus for experimentation 
on a rabbit, sufficient oxygen is passed into the spirometer 
$0 that the movable coil ap to within 3—4 om of 
ihe fixed ooi. An a.o. generator adjusted to 


co-ordinated with spirometry (Sp) and 10-meeo timeamarker (T). The 
with expiration and narrows with inspiration 
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produce a 5,000-oyole sine wave was connected to the 
mobile coil. The fixed or pickup coil was connected to 
one channel of a dual beam oscilloscope. By variable 
inductive coupling the fixed coil picks up from the moving 
coil the 5,000-cycle signal applied to it. Since the output 
from the fixed coil is proportional to ite distance from the 
moving coil, it follows that the electrical output is pro- 
portional to the volume of air fed into the spirometer 
during each respiratory cycle. 

It was deemed important to determine the factor of 
latency in the spirometer. A method which was devised 
to determine any latency consisted of setting up the spiro- 
meter in the manner described here (Fig. 2) exoept tha 
the nasal catheters were inserted into a rubber oon 
instead of the nose of a rabbit (Fig. 3). The balloon was 
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showing, at line D, in signal from iio frod ooti (3g 
1). Tbe movement of the coll and the 
are registered sunultaneously 


inflated to approximately 100 o.c. capacity. The system 
continued to be airtight. A microphone in close pro 

to the balloon was oonneoted to the second channel of the 
dual beam oscilloscope. When a flat object of sufficient 
weight was dropped in a manner to compress the balloon 
and strike the table on which the apparatus rested, & noise 
signal was produced which was picked up instantly by the 
adjacent microphone. The sudden movement of air from 
the compressed balloon instantaneously set the spirometer 
in motion. The signal from the ooils and the microphone 
were registered simultaneously'on the face of the osaillo- 
scope, where they were photographed (Fig. 4). This test 
proves that there is no appreciable lag in the ‘wet spiro- 
meter’ and that truet in the accuracy of the recordings is 
well founded. 

It should also be obvious that the apparatus can be 
modified for other purposes. For example, a rectifier 
may be added to the output of the fixed ooil so that 
records can be made on strip chart recorders as well as 
on the oscilloscope, and the coils may be converted to a 
simple accelerometer or velocity meter. 

This work was supported by U.S. Public Health Service 
grant NB 04771-01. 

Worum H. Boxp 
t of Anatomy, 
New York Medical College, 
New York 29. 
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Peptide Hydrates : Influence of the Hydration 
State on the Properties of «-Aminobenzyl- 
penicillin 


Tre formation and structure of several inorganic and 
organic hydrates have been carefully investigated, but 
little attention has been directed to peptide hydrates, 
knowledge of the properties of which would add to under- 
standing of protein hydration and structure. We wish to 
report on the manner in which hydration affecta chemical 
and biological properties of a peptide, «-aminobenryl- 
penicillin! (1; generio name: ampicillin), and on the unex- 
pected conditions for transforming the hydrate into tho 


anhydrate: " 
 cONH OH CÉ JN OROR 


Am, 0-6 k-— hom 


When prepared either by the method of Doyle e£ al.*, or 
that of Grant and Alburn*, ampicillin haa shown & tend- 
ency to ize or freeze-dry as the monohydrate, 
with about 5 per cent water by Karl Fischer and elemental 
analyses. Exhaustive efforts to form the solid anhydrate 
resulted in failure. These included Ie ystàllization from 
dry solvents, azeotropic distillations, and 
ture and high-vacuum-desicoant combinations which 
readily dehydrated many organio hydrates. We have now 
found that the anhydrate oan be produced by 
adding water and then heating the hydrate suspension or 
slurry for a few minutes at 40°-100°. 


Raising the pH of the suspension from 5 to 7 lowers the 
transition temperature about 5°. This indicates that water 
is bound at a polar site, such as NH,* or one of the amide 
oxygens or nitrogens, rather than at a methyl group, as 
in the non-polar hydrates‘. e H,O by D,0 
Taises the transition temperature by 4 A similar 
effect of D,O on the transition ee for 
tional changes in ribonuclease’ and gelatine’ has been 
ascribed to higher stability of the —O . . . D— peptide 
hydrogen bond compared with ita —O . .. H— counter- 


The differences between the two ampicillm forms in the 
solid state are illustrated by characteristic infra-red 
patterns (Fig. 1). The anhydrate shows a sharpened 
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NH band at 3,800 cm-t, & shifted, d CO band at 
1,700 cm-!, and & split COO- band at 1,550-1,650 am-!. 
The diffuseneas of the monohydrate bands indicates a 
low degree of ordsr, and this conclusion is supported by 
the crystal densities and solubilities. X-ray diffraction 
analyses (performed by Prof. T. Doyne of Villanova 
University) give densities of 1-372 and 1-312 and molecular 
weighta of 348 and 870 (calculated: 849 and 367) for the 
anhydrate and monohydrate. The anhydrate has lower 
solubility in water, dimethylformamide, dimethylacet- 
amide, dimethylsulphoxide and acetonitrile. It does not 
change into the monohydrate when exposed to an atmo- 
sphere of 100 per cent humidity, and undissolved crystals 
remain anhydrous after 24-h suspension in water. 

A remarkable difference in -lactem lability stems 
directly from the sssociation of & molecule of hydrate 
water with the penicillin molecule in the solid crystal 
(Table 1). This difference, established by hydroxamate 
formation’, activity against E. colt, and infra-red analyms, 
is also demonstrable at room temperature and under 
various conditions of heat plus high humidity, such as 
autoclaving. 


Table 1. /-LACTAXM OLNAYAGE IN CRYSTALLINE AXPIOILLDE 


ETT UM 


O H 

70 66 0 39 
70 160 0 61 
107 18 2 66 
107 90 1 79 
185 0-25 4 65 


It 18 apparent from this study that, despite very firm 
ving within the hydrate orystal, the water molecules 
are ciently free to participate m a solid-state hydrolytic 
reaction. Whether the reaction is intramolecular or inter- 
molecular, or whether this concept even has validity in 
such a case, will depend on more precise information on 
the site of water attachment the structure of the 


orystel. 
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Effect of 3,4-Benzpyrene on the Formation 
and Hydrolysis of Conjugates 


Rarorrs in the literature postulating the presence of 
sex differenoes in conjugation, especially in glucuronide 
conjugation, led us to demonstrate this pomt on the 
Wistar strain of rats by raising the conjugation capacity 
with a carcinogen, 8,4-benzpyrene (Inscoe and Axelrod}). 
The purpose was to elicit the possible differences more 
clearly. In the same connexion, we studied both 
undme diphosphate glucuronic acid (UDPGA) trans- 
ferase and total conjugation, as we bad found in earlier 
experiments that these processes do not necessarily have a 
parallel course. We also observed how, when & carcinogen 
of this kind shifts the conjugation activity to another level, 
certain hydrolytic enzymes associated. with it, such as 
8-glucuronidase and arylsulphatase, also undergo 4 
change. In addition, we used Sprague—Dawley rata from 
another laboratory besides our own Wistar strain. 

The groups of Wistar rate from our own laboratory and 
Sprague-Dawley rate obtained from outside comprised 
5-8 animals each. 
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UDPGA-transferase and o-aminophenol conjugation 
on the slice were analysed by the same methods as in 
earlier experiments’. Acetone powder was prepared from 
the tissues for the determination of hydrolytic enzymes. 
The powder was washed once with acetone and dried on 
phosphorus pentoxide in vacuum. The acetone-dried 
powder was then dissolved m water and the water-soluble 
and insoluble fractions were separated by centrifuging the 
suspension at 18,000g for 30 min. Water-soluble sul- 
phatases 4 and B, 4-nitrocatecholsulphate asa substrate 
and -glucuronidase were determined from the aqueous 
phase. p-Nitrophenylsulphate was used as the substrate of 
fraction O. The methods are modifications of those 
described in earlier studies*. B.Glucuronidage was determ- 
ined according to Fishman, Springer end Brunetti‘. The 
B-glucuronidase ining in the fraction that was insol- 
uble in water was determined in addition to sulphatase C. 

The resulte are presented in Tables 1, 2 and 3. UDPGA- 
transferase activity rose distinctly under the influence of 
benzpyrene in both male and female rata. This applied to 
both our own Wistar strain and the Sprague-Dawley 
animals. No notable differences were observed between 
the actavity of the different rat strains and no sex differ- 
ences were seen. in the elevated activities. The total oon- 
jugation of o-aminophenol in the liver was lower for both 
the male and female Sprague-Dawley rate than for the 
Wistar strain. In contrast, the activities in the duodenum 
did not differ. The situation in the kidneys appeared to be 
the same as in the liver. 8,4-benzpyrene did not produce 
a distinct increase in total conjugation in the Wistar 
strain, but the conjugation in the Sprague-Dawley rats 
rose to neerly the level of the Wistar animals. It had no 
major influence on hydrolytic enzymes. The sulphatase 
A+B fraction in the liver was roughly twice as great for 
the female as for the male rate. No definite sex differences 
in the strength of the hydrolysis of the conjugates were 
noted elsewhere. Most of the -glucuronidase could be 
analysed from the water-soluble phase. This method also 
failed to demonstrate any difference between the animal 
strains used. On the other hand, it was possible to confirm 


Table 1. HYDROLYSIS oF CONJUGATES 


I Arun type IT 
ver Liver y 
. E 
controls 378 + 04 180+ 34 78+ 22 127 + 36 
oo $33 1 79 110+ 88 991 87 100417 
controls 866 + 156 183 + 80 29111 112135 
benxpyrene 5081170 106 + 48 3513 122+ 21 
£-giucuronidase, f-glucuronidase, 
merde non-soluble 
Female 
controls 186174 110+ 24 T1139 1646 
Md 118t18 103 x 44 60+ 30 16+3 
e 
controls 1444 72 115+ 6 535111 20r11 
benzpyrene 110+ 83 83114 00134 2148 
Arylsulphatases and (glucuronidase m rat timuses. Sulphatase IT as 


teohol/h/m. haitase I 
Films t eq Pelias Hernod ajma, mg 3 iem 
given intraperi y 10 corn oil 1n one dose. wert 


and 
48 h iater 


Table 2. GLUCURONIDE CONJUGATION WITH BLIONS 


Wistar rata Sprague—Dewley rats 

e male female 
316+ 66 336 + 87 257 + 26 249 + 25 

peer A aig t t t 

eon 208 + 63 210+ 31 115+ 25 00 + 25 
benxpyrene 190110 22? + 38 145117 140t9 
controls 170 + 23 254 1 4? 188 +11 145 + 21 
403 + 04 488 + 58 566+ 61 488 + 02 

benspyrene t t t 
oon 427 + 52 471442 527+ 34 845 + 83 


Results as ucuronxie/100 mg dry weight rat temue. 
BAREprtene wii given m ue na teu dia Feet OAE Gi 


Table 8. UDPGA TRANEFERASE ACTIVITY IN Rat LIVER 
Wistar rats Bprague-Dawiey rats 
male female male female 
Denpyrono 223 124 21815 2074 48 207 + 50 
oon 100+ 128 147 + 20 136+ 20 150 + 42 
Results as AOD. of p-nitrophenol, Benzpyrene was given intrapeci- 
toneally tn one -mg dose In corn aL 
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the observation that benzpyrene has an effect on the trans- 
ferase activity of UDPGA. An increase occurs also in the 

The increase in conjugation capacity caused by this 
carcinogen is & theoretically interesting defensive reaction 
by the organism against a noxious agent. This manifest 
sex difference displayed by hydrolytic enzymes in fraction 
A+B is evidence of the role of regulation by hormonal 
factors in the conjugation processes. It may be said that 
the resulta obtained in the present study also show how 
different resulta can be obtained not only with different 
animal species but also with different strains of the same 


species. 

This work was supported by a grant from the Sigrid 
Juselius Foundation. 
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HISTOCHEMISTRY 


An Evaluation of the Histochemical 
Demonstration of Certain Pyridine 
Nucleotide-linked Dehydrogenases 

Farber, Sternberg and Dunlap"? have questioned the 
validity of histochemical techniques for the demonstration 
of pyridine nucleotide-linked dehydrogenases. They have 

that since the actual reduction of the tetrazole 
resulta from ite interaction not with a dehy but 
with a diaphorase (tetrazole reductase) specific for NADH 
or NADPH, strictly speaking the reactions are specific 
only for NADH- or NADPH-tetrazole reductase. Qualita- 
tive evidence was presented to show that of five pyridine 
nucleotide-linked di studied in rat kidney, 
only two staining patterns emerged, de ing on whether 
the dehydrogenase required NAD* or N. P-* in the 
reaction medium. While admitting that the tetrazole 
reductase was responsible for the actual reduction of 
tetrazole at the of reduced pyridine nucleotide, 
other workers** have concluded from similar experimenta 
that each has ita own characteristic 

of distribution. This point of view has been 
extensively accepted, but anomalies of formazan localiza- 
tion within the cell** and the observed escape of soluble 
dehydrogenases into the incubation medium’ support 
the original conclusions of Farber and his colleagues. 

The development of quantitative histochemical 
methods13-165 for the estimation of dehydrogenase 
activity in which formazan ction from neotetra- 
zolium has been related to the total residual nitrogen of 
the stained, extracted tissue section has enabled glucces-6- 
phosphate (G6P) and 6-phosphogluconate (6PG) dehydro- 
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genasos to be studied in frozen sections of rat liver. 
Although G6P dehydrogenase, or, more accurately, the 
G4P-neotetrazolium reductase enxyme complex, is fairly 
active in rat liver, preincubation of sections in 01 M. 
glyoylglycine buffer pH 7-6 for only & few minutes before 
incubeting in the full reaction medium abolished the 
activity. It has been shown!* that about 70 per cent of 
the total nitrogen of frozen sections of rat liver was lost 
during the first 5 min of incubation in an aqueous medium. 
In addition, direct measurements have established that 
G6P- and 6PG-dehydrogenases escaped into the incubation 
medium and reduced NADP* at the of substrate 
outside the section-14, while in the preincubation experi- 
menta the enzymes were lost during the reincubation. 
These date suggest that cells of different types might be 

to show formazan deposition more in proportion 
to the relative activities of NADPH-tetrazole reductase at 
rate-limiting concentrations of NADPH than in proportion 
to their original content. 

This ility has been tested in the following experi- 
menta. Rata were killed by asphyxiation with nitrogen, 
and pleces of liver and heart about 4 mm? were frozen in 
cold tubes!” at — 70? C and in hexane" at the same temper- 
ature ively. Sections were out in a cryostat at 
— 28° O, the knife being chilled with solid carbon dioxide'!*, 
and mounted near the ends of microscope slides. For 
quantitative experimenta the incubation media were as 
follows. 

(a) G6.P-neotetrazolium. reductase: 0:1 M glycylglycine 
buffer, pH 7-6; NADP+, 2-0-2-5 mg/ml.; G6P, 4:5 mM: 
neotetrarolium chloride, 1-5 mM; cyanide, 10 mM. 

(b) 6PG-neotetrasolium reductase: the medium was 
identical, but 6PG was substituted for G6P at the same 
molarity. 

(c) NADPH-neotetrasolium reductase: both substrate 
and NADP+ were replaced by NADPH (2-0-2-5 mg/ml.). 
Sections were incubated singly at 37° O in microcells™ 
containing 0-18 ml. incubation medium (internal diameter 
of cell, 8 mm). Sections of both tissues were mounted. 
adjacently on the same slide and incubated together 
(double technique) in larger microcella ining 0:35 ml. 
incubation medium (internal diameter, 12-5 mm). Forma- 
zan was produced exclusively on the sections and not in 
the incubation medium. After washing and drying, the 
stained sections were quantitatively analysed’***. 

As shown in Table 1, the values found for the activities 
of G6P- and 6PG-neotetrazolium reductases were much 
higher in heart sections which were incubated with liver 
sections than when the heart tissue was incubated on ite 
own. NADPH-neotetrazolium reductase was equally 
active in sections incubated either by the single or by 
the double technique. Control sections incubated in 
the absence of substrate or NADPH gave negligible 
reactions, and the activities were too low to measure. 

Similar effects have been demonstrated qualitatively 
under slightly modified conditions. In recent histochemi- 
cal studies nitro-blue tetrarolium*®: 1 and tetranitro-blue 
tetrazolium (TNBT)***"** have been generally preferred 
to neotetrarolium on account of their greater ease of 
reduction and the fineness of the corresponding formazan 
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Hnzymetic activities, xg formaxan/sg residual nitrogen/h 
ec Bnsyme complex studied Liver Heart 
1 XADPH-neotetraxollum reductase 41401 (2) — 14r002 (2) E 
- G6P-neote&rarolium reductase 29 (1) 1040-06 (4) 010 (1) 070r0-06 (3) 
T i NADPH-neotetrasolium reductase 68+0-56 (3) 7114027 (2) 114008 (3) 1140-04 (2) 
ME 6PG-neotetrazolhum reductase 0-900312 (3) 064+0-10 (2) 0025 (3) 02610201 (2) 
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deposita, but the high degree of substantivity which is 
shown by the formazans makes these tetrazoles unsuitable 
for quantitative studies of the kind described. In view 
of the widespread use of these compounds, i 
have been carried out m which sections of rat liver have 
been either incubated alone or pretreated with 0-15 M 
saline for 5 min before being incubated singly or with un- 
treated sections. The incubation medis oontained 0-5 mM 
TNBT, 0-1 M phosphate buffer pH 7:6, NAD+ or NADP+ 
(2:0-2-5 mg/ml.) and 50 mM substrate. Substrates tested 
with NAD+ were pi-lactate, nDr-B-hydroxybutyrate, 
L-glutamate, a-glycerophosphate and DL-malste ; 
substrates tested with NADP+ were DL-isocitrate, G6P 
and 6PG. NADH- and NADPH-TNBT reductases were 
also studied, the levela of reduced pyridine nucleotides 
being 2-0-2-5 mg/ml. For lactate, p-hydroxybutyrate 
and NADH-TNBT reductases the staining time was 15 
min ; for all other enzyme complexes the staining time was 
60 min. The reactions were carried out at room tempera- 
ture. 
Preincubation in saline had no detectable effect on 
the activity of NADH-TNBT reductase; similar resulta 
were found with NADPH-TNBT reductase, but in some 
experiments very slight losses of enrymatio activity may 
have occurred. Without exception, all substrate-lnked 
enzyme complexes examined showed extensive or oom- 
loss of activity following incubation in salme. The 
of recovery of enzymatic activity by saline-pre- 
treated sections incubated together with untreated sections 
in the same microcells depended on the particular enzyme 
studied. Of the NAD*-lmked enzyme complexes, exten- 
sive recovery was obtained in the presence of glutamate, 
and same recovery was shown in the presence of lactate 
or a-gkyoerophosphate. Neither malate nor Payar 
butyrate caused any apparent recovery. In the oase 
of the three NADP+-lmked systems tested, significant 
deposition of formazan was found associated with all the 
saline-pretreated sections. 

Formasan production by frozen sections of heart muscle 
was low in the presence of either G6P or 6PG as substrate, 
but was considerably increased by incubating heart tissue 
with an active section of frozen liver simultaneously in 
the same solution. Substrate-linked TNBT reduction 
was sharply decreased or even abolished by preincubation 
procedures, but enzymatic activity was partially restored 
in certain cases by incubating ther with untreated 
sections in the same solution. Qualitative':* and quantite- 
tivel*.13 investigations of lactate dehydrogenase have 
indicated that this enzyme is substantially lost into the 
incubation medium from fresh frozen sections; it has also 
been quantitatively shown that G6P dehydrogenaset..13 
and B-hydroxybutyrate dehydrogenase! sare lost under 
similar oonditions. The resulta recorded here strongly 
suggest that the dehydrogenases escaped rapidly from the 
sections into the incubation medium, where substrates 
were oxidized with the concomitant reduction of pyridine 
nucleotide. The reduced pyridine nucleotide diffused 
back to the sections, and was oxidized by the appropri 
tetraxole reductase at the expense of a tetrarole. It is 
therefore inadvisable to compare pyridine nucleotide- 
linked dehydrogenase activities in cells on & section on 
the basis of the intensities of formazan deposition, since 
the amount of formazan produced is not necessarily 
related to the amount of dehydrogenase activity originally 
present in the cells. Farber’ has pointed out the import- 
ance in histochemical investigations involving the use of 
tetrazolea of showing that the dehydrogenase and the 
reduced pyridine nucleotide coenzyme which it erates 
remain bound to the tissue during incubation. Ñi the 
retention of enzymes may depend to some extent on the 
method of tissue preparation and will certainly depend 
on the subsequent treatment, the advisability of testing 
deh: systems under consideration for loss of 
enxymatio activity either by the techniques described or 
directly or both cannot be overstreased. 
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Non-specific Alkaline Phosphatase Activity of 
Evaginating Epithelia 


Nox-aPmorrio alkalme phosphatase activity has been 
demonstrated im the developing central nervous system, 
eye, lung and the allantois of the human embryo by Rosai 
et al.1, m the thyroid of the rat by MoAlpme!, in the 
central nervous system, eye, ear and other sites in the 
chick embryo by Moog? and also in the pituitary and 
thyroid by Kaneko‘. All the structures which show & 
high level of activity of this type develop by & process of 
evagination from an epithelium, and it has been 
thet alkelme phosphatase activity may be found in all 
epithelial evagmations during organogenesis’. No special 
examination of the sasociation between phosphatase 
activity and evagmation has been carried out, however. 
Forty-two chick embryos of known moubetion time which 
formed a graded series from 30 h to 6 days were fixed 
in 70 per cent ethyl alcohol at 20° C. This method of 
fixation was found to be the most satisfactory and con- 
venient. Whole embryos were embedded in paraffin 
wax and serial sections cut at 10u. Alkaline phosphatase 
activity was demonstrated by means of an azo-dye method 
as described by Pearse’. The incubation period was 1 h. 

Alkaline apace tr tela cape i 
kits hene and ite derivatives, the cerebral hemi- 
spheres, neurohypophysis and primary optio vesicle, and’ 
subsequently in the margins of the choroid fissure and the 
secondary optic vesicle. The renal tubules, dorsal and 
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ventral portions of the myotames, biliary ducta, gall 
bladder, dorsal and ventral pencreetio anlagen likewise 
exhibit a high enzymatic activity. During the dee 
ment of the ear, phosphatase activity was found in the 
otic vesicle, ductus endolymphaticus, lagena, semi- 
"eiroular canal pouches, anterior recess of the utriculus 
and ampullae. High levels were also found in Rathke’s 
pouch, the anterior portion of the mesobranchial groove 
from which the thyroid is derived, the posterior laryngo- 
tracheal portion of the mesobranchial groove and after- 
wards in the trachea, mesobronchi, and entobronchi. 
Similar levels of phosphatase activity may be found 
in similar sites in the rat. 

Further, when bronchial buds from a foetal rat were 
explanted in vitro and cultured for 4 days, new growth of 
irregular evaginating tissue also showed alkaline phosphat- 
ase activity. Under these conditions, the enzyme must 
have been formed by the evaginating tissue. 

In all the evaginations examined, alkaline phosphatase 
activity was found during the active stage of the process, 
this aptivity being of a transient nature and disappearing 
as each evagination approached completion and was 
located on the concave aspect of each structure examined. 

I thank Prof. J. D. Boyd for the facilities provided by 
the Department and Dr. P. R. Lewis for his suggestions. 
Tbe investigations were supported by a grant from the 
H. E. Durham Fund of King's College, Cambridge. 
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PATHOLOGY 


Behaviour of Intracerebral Autografts of 
Mouse Tail Skin pre-treated with a Singie 
Application of 20-Methylcholanthrene 


Trraeson grafts of tail skin from 30 mice of various 
strains and both sexes were implanted intracerebrally in 
an attempt to produce an expanding, space-occupying, 
«intracranial lesion, and to investigate its effect on the 
surrounding brain, with particular reference to ‘cerebral 
oedema’. The which were cut with & Castro- 
viejo keratome set to & thickness of 0-2 mm, measured 
approximately 8 mmx 1 mm. Immediately after 
removal they were inserted into the right cerebral hemi- 
pue m a ain arg roger 

6 lateral aspect of the skull with a dental burr. Ail 
operative procedures were performed under ‘Nembutal’ 
anaesthesia 


The grafts survived, and in moet of the mice killed 
after 2-4 months had given rise to small intracerebral 
dermoid cysts containing non-laminated debris including 
keratin and hair shafts (Fig. 1). The implante were not 
associated with recognizable neurological signs during 
life. After 8-10 months most cysts showed atrophy of 
the epidermal lining and a varying degree of obliteration 
by a surrounding fibro-granulomatous and to a lesser 
extent gliotio reaction. It appeared that the cysta 
neither underwent continuous enlargement for more than 

. 4 months nor had pronounced effects on the surrounding 

{ brain. 

'* One of us! showed that the application of a smgle, 
minute dose of 0-1 per cent 20-methylcholanthrene 
(MCA) in acetone to a 10 mm x 3 mm strip of mouse tail 
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skin (equivalent to approximately 5 ug MCA per graft) 
accelerated the growth of the treated skin, but only when 
it was lanted into another site (subcutaneous 
tissues of the flank); further, in the walls of some of the 
resultant cysts, keratinizing squamous carcinomas devel- 
oped. If the treated tail akin waa left in situ, tod 
painting with similar or larger doees of MCA did not 
result in tumour formation. 

We repeated these experimants on 24 mice, substituting 
intracerebral for subcutaneous transplantation, either 
0-5 h or 48 h after painting with the same dose of MCA in 
acetone; in the 48 h group the treated site was covered with 
a glass tube. Control experiments on 12 mice using tail akin 
painted with acetone only gave resulta identical to the 
original experiments using untreated skin. In contrast, 
the growth of the MOA-treated grafte was accelerated and 
after 4 weeks prominent epithelial-lined cysts filled mainly 
with compact Jaminated keratin had developed (Fig. 2). 
Within 2 weeks there was a greatly increased number of 
mitoses in the basal layer of the cyst lining, as shown by 
the injection of colchicme (0:2 mg/100 g body-wt.) 6 h 
before death. Of the 9 mice Killed between and 12 
months after transplantation, only 8 normal 
before death, and these showed obliterated intracerebral 
cysta on histological examination. The remaining 6 
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Fig. 4. Well-differentiated astrocytic glioma at site of mmplantaton 
(baematoxyltn 


and eosin, x 150) 


mice showed marked loss of weight and akinesia and in 8 
there was swelling of the cranium; 8 animals showed 
histological squamous carcinoma in the walla of the oyste 
(Fig. 8); in 2 the grafte were replaced by an abnormal 
cellular proliferation which resembled astrocytic glioma 
(Fig. 4); and one showed a lipogranulomatous reaction 
which also included undrfferentiated neoplasm. In all 
the 6 animals with tumours the surrounding brain tissue 
showed the aw Dem features of well-marked oedema 
and consecutive gliosis; similar but leas pronounced 
changes developed around the non-neoplastic cysts. 
There were no detectable differences between the grafte 
transplanted 0-5 h and 48 h after MOA treatment. 

It is shown, therefore: (1) Pre-treatment of small 
Thiersch grafts of tail skin with a single minute dose of 
MCA before intracerebral transplantation frequently 
induces an expanding intracranial cystio lesion. (2) In 
some instances squamous carcinoma develope in the trans- 
planted skin. (8) Reactive and sometimes neoplastic 
changes occur in the adjacent brain tissue. 

A. T. SezNouR 
W. Tuomas SWITH 
Department of Pathology, 
Medical School, 
University of Birmingham. 
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Demonstration of 5-Hydroxyt ine in 
Blood Platelets by Electron Microscope 
Autoradiography 

MAMMALIAN blood platelets are known to contain 
5-hydroxytryptamine 
added to platelet “fich plasma 4n vitro. Hughes and 
Brodie! suggested that 5-HT existed in an unbound form 
in the platelet. The maintenance of increased platelet 
5-HT was believed to be best explained by the presence 
of an active for 6-H'T*9. The finding 
that the amount of 5-HT in plateleta is related to the 
content of adenosine triphosphate (ATP) has led to the 
suggestion that the amine is bound to ATP‘, and in- 
vestigations using density-gradient centrifugation of 
disintegrated plateleta have demonstrated a fraction 
containing most of the 5-HT and ATP*. More recently, 
in experiments with platelets disrupted ultrasonically and 
subjected to differential centrifugation 80 per cent of the 
5-HT was recovered in the sedimented fraction, suggesting 
that 5-HT was bound within granules*. 

New methods for improving autoradiographic resolution 
and sengmtrvity' suggested that it should be possible to 
investigate the localization of platelet 5-HT at the ultra- 
structural level. To determine 5-HT loss from plateleta 
during the fixation and dehydration used for electron 
microscopy 5-HT-3’-O creatinine sulphate (specific 
activity 32 mo./mmole obtained from the Radiochemical 
Centre, Amersham) was dissolved in 0-15 M sodium 
chloride, and incubated with rabbit platelet rich plasma 
(PRP) according to the method of Hardisty and Staoey!. 
PRP was obtained by differential centrifugation after 
collection of carotid artery blood in 1/10 volume of citrate 
solution’. PRP specimens contained 150—250,000 platelets 
per cu.mm. The final concentration of 5-HT ( 
free base) was 1:5 ug/ml. PRP. After incubation for 00 
min at 87° C the PRP was centrifuged, the supernatant 
Plasma was decanted, and the platelet button was re- 
suspended in 1 ml. cold 0-15 M sodium chloride. After 
further centrifugation the sodium chloride solution was 
decented. 1-1 ml. of 0:02 N hydrochloric acid was added 
to the platelet button which was frozen and thawed 
twice. Aliquots of hydrochloric acid were plated on 
aluminium planchets and counted in an end-wmdow 
Geiger-Muller counter, to determine the amount of 5-HT 
taken up by the platelets. To determine loss during 
fixation and dehydration the platelet button was fixed at 
4° by the procedures indicated in Table 1, and afterwards 
dehydrated in graded alcohols, also at 4? C. Aliquots of 
fixative and alcohols were taken to determine 5-HT 
activity as a fraction of the total activity’. Representative 
5-HT loss is shown im Table 1. 

PRP for electron microscopy was incubated for 40 and 
90 min with tritiated 5-HT creatinme sulphate (fmal 
concentration 1:5 ug/ml.) and centrifuged at 4° C to obtain 
a platelet button (the tritiated 5-HT creatmine sulphate 
was supplied by Dr. E. A. Evans, Radiochemical Centre, 
Amersham, Bucks. Specific activity 7:7 o.[mmole. 
Radiochemioal purity 90 per cent. At least 80 per cent of 
the tritium was present in the indole rmg). The platelets 
were resuspended in chilled 0:15 M sodium chloride and 


' Table 1. PERCENTAGE Loss OF PLATELET -HT DURIXG FIXATION AND 


RATION 
Lommo1M 
Fixadve Lom in phosphate Los im Total 
fixative wash aloohols 
1% Osmium tetroxide m 180 Buffer wash TS 20-3 
5 Unnecessary 
m min, 4° 
A in 2-5 15 190 130 
phosphate 
40 mtn, 4° O) 
% Glutaraldehyde in 2-2 3:3 
0-1 M phosphate buffer 
mm Or 
mm, 4° 
€ Glataraldehyde (80 mm) 100 1-8 
washed with 0-1 M 
buffer, followed by 


osmium tetroxide (10am) 


5-HT) and to concentrate 5-HT ^ 


fı 


k 


d 


r 
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and the sodium chloride was removed. 
Platelet ‘buttons were then fixed as indicated in Table I, 
with camium tetroxide, glutaraldehyde or glutaraldehyde 
followed by osmium tetroxide. After deh: ion in 
alcohols the tissue was embedded in ‘Araldite’. 

Pale gold sections were cut on a Huxley (Cambridge) 
microtome, and proceased for eutoredionraphy Py the 
method of Salpeter and Bachmann’ using NTE 
emulsion. In certain cases sections were prepared aooor- 
ding to the method of Koehler ef al. using glass 
glides to which NTE emulsion was applied with a pipette 
and then drained. The alides were dried in air, placed in 
boxes, and then exposed for 3-5 weeks in a light tight 
metal canister, containing silica gel, in an atmoephere of 
nitrogen. Slides were developed in Kodak ‘Dektol’ after 

Id latensifloation’. Sections were examined in a Philips 

100B’ electron microscope at 60 kV. 

silver grains on control sections free of 
radioactivity were negligible in number. Silver grains 
were evident over platelets containing radioactivity (Fig. 
1). The proportion of grains over platelets was compared 
to the area of the print occupied by platelets, as estimated 
by the method of Chalkley". In three different fields the 
percentages of the total grains in the fleld which were over 
platelets were 91, 90 and 88 (mean number of grains per 
fleld: 225). These compare with percentage areas occupied 
by plateleta of 58, 61 and 57 respectively. The difference 
~(P<0-01) indicates a significant concentration of radio- 
activity within platelets. Developed silver grains were 
found in relation to dense granules, throughout the byalo- 
lasm, and ab or adjacent to the limiting membrane 
ig. 2). The poasibility that movement of 5-HT occurred 
ing fixation and dehydration precludes any firm con- 
olusion about platelet 5-HT localization, but experiments 
are in progress to eliminate or minimize such movement 

during processing. 

Since aldehydes are known to form a tetrahydro-4- 
carboline derivative with 5-HT, it is of interest that 
glutaraldehyde fixed platelete lost 5-HT mainly during 
aloohol dehydration, while osmium fixation resulted in & 
much larger loss during fixation. Although loases oocurred 
at different stages the distribution of developed silver 
grains appeared to be similar in each case. 

This work was rted by grants from the US. 
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DAL Rabbit platelets. Glutaraldehyde fixation, followed by osmium 
Kodak 'Dektol' development, with gold latenaifica ton. 
Developed silver grains He erri over platelets. Unstained. 
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Fig. 2 Rabbitt piatalots. 
development. indicate developed silver grains within alphe 
granules. Lead oltrate stain. (x ) 
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Beneficial Effect of Oxytet cline in 
Cortisone-induced Wasting Disease 

Ixzaonon of hydrocortisone into new-born mios resulta 
in the development of & wasting syndrome similar to that 
geen in mice after neonatal thymectomy}. McIntire ei al." 
suggested that the wasting disease seen in neonatally 
thymectomized mice is associated with an infectious 
process as the wasting syndrome does not appear in 
neonatally thymectomized germ-free mice. Administra- 
tion of antibiotics to neonatally thymeotomixed rats 
has been shown to influence favourably the subsequent 
development of wasting disease in these animals?*. 

During experiments performed to investigate the effects 
on various immunologic functions of both neonatally 
cortisone-treated and neonatally th ized O8H and 
OB'TBL mice some animals from both groupe received 
o line in their drinking water. Groups of inbred 
O3H and O57BL mice of both sexes were given 0-1 mg/g 
doses of hydrocortisone acetate at 4 days of age. Litter- 
mates were mized or sham-th i at 
1-2 days of age. Treated animals were caged with two 
groups of foster mothers, one of which had 5 mg per cent 
oxytetracyoline added to the drinking water. The animals 
were weaned after 20-30 days. 

All the animals receiving h i initially showed 
retardation of development, evidenced by subnormal 
weight gain and poor growth of hair. However, the 
animals nursed by mothers receiving oxytetracyoline in 
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the drinking water soon began to show an accelerated 
rate of weight gain, better development of hair and 
heightened physical activity. The differences between 
some littermates were noticeable at ten days. Afterwards, 
the animals receiving terramycin developed relatively 
normally, while cortisone-treated animals not receiving 
terramycin developed severe wasting disease and began to 
die between 20 and 80 days. About this time the thymeo- 
tomized animals also began to show signa of retarded 

development (Fig. 1). 
Animals dying with cortisone-induced wasting diseaso 
showed lymphoid hypoplasia, poor development of sub- 
25 
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cutaneous fat and connective tissue, and collections 
of polymorphonuolear leukocytes in the lungs and bronchi, 
wall of the small bowel (Fig. 2) and hepatic portal tracts. 
Peir-killed littermates having terramycin in their drinking 
water showed |: hoid hypoplasia but no prominent 
infectious disease histologically. Development of connec- 
tive tissues in animals of this group older than about 
30 days also did not seem impaired compared to sham- 
thymectomized animals of similar age. 

Schlesinger and Mark! suggest that the oortisone- 
induced ing syndrome may result from metabolio 
disorders induced by the loss of thymic factors normally 
antagonistic to steroids. Glucocorticoids are known 
to inhibit mitosis’ and Lahtiharju e$ al.* have shown 
that steroids may differentially inhibit DNA synthesis in 
mouse tissues. It seams possible that inhibition of develop- 
ment of the lymphoid tissues of the mouse by steroids 
might allow infectious agents to invado mouse tissues 
during the first weeks of life. The beneficial effect of 
oxytetracycline shown here suggests that infectious 
proceasea could contribute to the poor development and 
early death of the mice initiated by the neonatally 
administered steroids. 5 

This work was supported by U.8. Publio Health Service 
grant OA 07700—01 and by U.B. Atomio Energy Com- 
mission contract AT'(80-1)-901 with the New England 
Deaconess Hospital (N Y O—901—25). 

Jawzs T. Domra 
Cancer Research Institute, 
New England Deaconess Hospital, 
Boston, Massachusetts. 
! Bahleatnger, M., and Mark, R., Sctenos, 143, 065 (1964). 
* MeIndre, K. R , Bell, 8., and Miller, J. F. A. P., Natwre, 804, 151 (1064). 
* Azar, H A, Proc, Soo, Bap Ihol. and Moed., 116, 817 (1064). 
‘Azar, H. A., Willlams, J., and Takatsuki, K., The Thymus; Wiser Inst 
Mon. No 2, 75 (1064). 
* Bullough, W. 8., Biol Rev , $7, 183 (1053). 
* Lahtiharju, À., Resanen, T., and Teir, H., Growth, £8, 221 (1964). 


Tissue Distribution of Zinc-65 in Tumour 
Tissue and Norma! Tissue in Man 

Z1NO is a trace metal of physiological importance which 
is widely distributed in many enzyme systems. Changes 
in the activity of certain enzymes have been reported in 
normal and tumour tissues of tumour-bearing animals! 
and of man’, and in the serum of patiente with neoplastic 
diseases'-'. Since the activity of same enzymes depends 
on the presence of speciflo trace metals, cellular derange- 
ment resulting in neoplasia may be linked with changes in 
trace metal concentration. Differences in rino concentra- ` 
tion ın normal and tumour tissue in experimental animals 
and in man have been previously reported "4. 

In the work recorded here on man the uptake of rinc-05 
in tumour tissue localized at different sites in the body was 
determined and was compared with that of the corre- 
sponding normal tissues. Samples of tumour tissue and 
of adjacent normal tissue were obtained at autopsy from 
nine patiente with advanced neoplastic disease at time- 
intervals ranging from 1 to 71 days after the injection of 
@ single intravenous dose of xino-65 chloride of high 
specific activity. The age, the diagnoses of the patients 
and the type and localization of the different tumours in 
the body are listed in Table 1. The samples of tumour 
tissue obtained from petienta 2, 3 and 6 were primary 
tumours, while the 11 samples of tumour tissue obtained 
from the remaining six patients represented metastatio 
tumour. The samples of normal tissue and of tumour 
tissue were wet weighed and l-g aliquote were radio- 
assayed in a well-type sodium iodide crystal y-scintillation 
counter equipped with a single channel pulse height 
analyser at the zinc-65 peak’. $ 

Tumour tissue localized in the liver concentrated con- 


' siderably leas zinc-05 than liver tissue uninvolved by 


tumour (Table 2), the ratio of rino-05 concentration in 
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Table L Lum oF PATENTI STUDIED: TYFS AXD LOCALIZATION OF 
TUMOURS 


Days between Organ 


A single tracer dose of 100 moznu, was given intravenously. 


Age “Tn : oa 
and 
, Patient and Diagnosis ih pestis 
1 61M Bronshogente carcinoma 1 Liver, &pleem. 
- 2 65, M Bronchogento carcinoma 6 oil 
3 67, Y Hepatoma u Liver 
4 Ba, F Oareinoma of breast 11 Liver, lung, ovary 
5 90. Hodgkin's sarcoma E Muscle 
7 32,7 Fibrosarcoma with bane 20 Ta i ude 
8 05, M Carcinome of oalon 21 Liver, lung 
9 70, M. Oeroanorma of pancreas 71 Spleen, pancreas 
* 
T Organ site of tumour; the remaining tumours were secondary 
taht localied fa tbe organa sled. 
Tabl 2 UPTAKE oF “ZN IW MORMAL AND TUMOUR TMsU IN MAX 
"In, X 
Bite of tissue (x 10*) Ratio 
tumour ormal | Tumour Normal tissoc/ 
Patient Days" Tumour 
1 1 Liver 58-0 14-0 40 
3 11 Liver 60 10t 3-0 
4 11 Liver 360 140 30 
8 21 Liver 11-0 250 
f 6 lung 10 &ot 01 
4 11 Lang 2-0 20 10 
6 17 lang 30 *0t 10 
8 131 Tang 10 10 10 
i 1 1 Spleen. 140 11-0 14 
9 71 Spleen. 2-0 20 10 
C 5 13 Psoas muscle 20 4-0 0-5 
7 20 Lymphnode 20 2-0 10 
4 11 Ovary 20 20 10 
9 71 Pancreas 10 10 10 


between the Intravenous Injection of a single dose of 
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normal tissue as compared with that of tumour tissue 
ranging from 8:1 to 28:1. The xino-05 uptake in both 
tumour tissue in livar and in liver tissue uninvolved by 
a ee gram in patient 3, who had & 
- primary tumour of liver, than im patient 4, who had 
metastases in the liver. The tissue samples of both these 
patients were obtamed at comparable time intervals after 
the injection of sinc-65 (11 days). Despite these differ- 
ences in xinc-65 concentration in normal liver tissue and 
in tumour tissue of these two patiente, the uptake ratio 
of normal/tumour tissue was similar in patient 3, who had 
& primary tumour (hepatoma), and in patient 4, who had 
metastatic liver disease. 

Tumour tissue located in organs other than the liver, 
for example, in the lung, spleen, lymphnodes, ovary and. 
pancreas, had a similar or a somewhat greater uptake of 
xino-65 than the corresponding normal tissues. Two of 
the samples of tumour tiasue in the lung were primary 
tumours (patients 2 and 6, Table 2). The zino-05 uptake 
in one of these tumours (patient 2) was 5 times higher than 
that of lung tissue uninvolved by tumour, while the xino-05 
uptake in the primary tumour of the lung in patient 6 
waa similar to the uptake in the metastatic lung tumours. 
The radioactivity in lymphomatous tissue localized in 
psoas muscle was twice as high as that of the muscle 
tissue not involved by tumour. 

The high uptake of zino-05 in normal liver tissue in 
man!’ may be due to a combination of factors, such ae rich 
vascularization of this organ, the preeenoe of xine metallo- 
enxymes!* and the binding of rino to protems’*. The 
lower zino-65 concentration in tumour tissue localized in 
the liver in man may be due to several factors such as 
deficiency of rino containing in the neoplastic 

t tissue, decreased vascularization and changes in protein 
woontent in tumour tissue. The low rino-05 uptake in 
tumour tissue localized in the liver is in agreement with 
data on stable xino concentration in man reported by 
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Olson". Low levels of xino have been reported in 
cirrhosis of the liver and in other hepatic dysfunctions". 

The concentration of zinc is high in prostetio tiasue in 
man. However, the concentration of zinc in tumour 
tissue localized in the prostate gland is approximately 
one-third that of the normal prostate’. A report on the 
xino contant in three different types of tumour localized 
in the thyroid gland in man indicates that the zinc con- 
centration may depend on the cytological type of the 
tumour!. In the latter investigations, the concentration 
of zino was higher in a sample of reticulum cell sarcoma 
in the thyroid gland and in a sample of papillary carcinoma 
than in normal thyroid tissue while the zino concentration 
was lower in recurrent thyroid carcinoma and in necrotic 
thyroid adenoma than in normal thyroid tissue. In 
some animal investigations, the xmo-65 uptake has been 
reported to be higher in tumour tissue as compared with 

non-malignant tissue in tumour-bearig mioe:!*, 

The results presented here and the reporte in the litera- 
ture indicate that tumour tissue which is located in organs 
that normally have a low concentration of zmo have a 
similar or a greater xmo-65 uptake than the tissue in which 
the tumour is located. On the other hand, tumour tissue 
located in organs which normally have a high rino oon- 
centration, for example, the liver and the prostate gland, 
have & lower zino-65 uptake than liver and prostatic 
tissue uninvolved by tumour. The rimo content of white 
blood cells haa also been reported to be high!*, while the 
sinc content in leukaemic has been found to 
be decreased’. Recently, a decrease in the zino content has 
been observed in leucocytes of patienta with a variety of 
neoplastic diseases and this difference has been, suggested 
as a test for the diagnosis of cancer". In tissues in which 
zino seams to have a special metabolic function, deficiency 
eis teens tel ay ad Oe m o 
function and structure and ultimately result in 

This work was supported by research gran aw riy 
from the National nno Durtitute: U.S. fiblo Health 
Service. 
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RADIOBIOLOGY 


Migration of Spleen Cells into the Blood 
Stream following Antigen Stimulation of the 
Rat 

A MARKED cellular hyperplasia occurs in the rat spleen 
in response to a single Intravenous injection of & particu- 
late antigen'-*. This hyperplasia is predominantly 
manifested in the red pulp, which exhibita a striking 
increase in &henuitber a ROM YO mito large pyronino- 
pote cells within 2 days after antigen administration. 

proliferation of these cells, which have been shown to 
be intimately associated with antibody formation in 
ihe rat* as well as in other species‘, reaches a maximum 
on about the fourth day after antigen. Later, their number 
rapidly diminishes go that by the ninth day the spleen 
has largely regained ite pre-stimulation pattern 
if any of these cells appear to differentiate locally into 
plasma cells. 

The fate of these ‘antibody-forming cells’ has not been 
established with certainty, although there ie vi te one 
evidence i direct migration into the 
stream’. At about the time of maximal hyperplasia, 
cella resembling small lymphocytes make a transient 

ce in the red pulp. It has been suggested that 

the antibody-forming ocells shed their cytoplasm and give 

o ide ae ee ee cns en nuce um 

fuse pond "«. This interpretation was strengthened when 

ocytes exhibiting speciflo adharenoe of the bacteria 

for immunization were demonstrated in the blood’. 

However, immune adherence gives only indirect evidence 

in support of the proposed cellular migration, paume y 

since the possibility of cellular contributions from extra- 
splenic sources was not excluded. 

In the present t, oell migrations into the 
blood stream of the rat were investigated by using tritiated 
thymidine to label the proliferating pyroninophilic or 
'antibody-forming' cells of the spleen. For selective 
labelling of the spleen cells, the spleens were first exterior- 
ized with intact vascular pedicle and protected in a lead 
shield while the remainder of the body was subjected to 
X-irradiation, a technique described by others*. A dose 
of 900 r. was to suppress adequately the incor- 
poration of tritiated thymidine into the actively mitotic 
extrasplenic tissues such as gastro-intestinal tract, bone 
marrow and h nodes. Eighteen hours after X- 
irradiation, which is within the period of maximal Ilympho- 
dye suppressive effect of the irradiation, tritium thymi- 

dine (specific activity 0-36 o./mmole) was injected intra- 
peritoneally at a dose of 25 uo./[100 g. Six hours after 
tritiated thymidine injection the animals were killed. 
Samples of spleen and blood buffy coat smears were 
fixed in Carnoy’s fixative. The smears and spleen sections 
had dad ner ra Ha ie ME ‘AR 10’) acoord- 
ing to the method of P. Autoradiographs were stained 
with methyl green-pyronin after 25-80 days’ exposure. 

Twelve young male rate (Sprague-Dawley) were assigned 
to 4 experimental groupe. The first group waa injected 
intravenously with 1:0 ml. of a standard formalinired 
typhoid vaccine. Three days later the rata were irradiated 
with spleen-shielding. They were killed on the following 
day, 6 h after receiving tritiated thymidine. The second 
group was similarly treated except that physiological 
saline was substituted for typhoid vaccine. In the third 
group which also received antigen, irradiation was per- 

rmed without spleen-shielding. The fourth group, & 
contro] for the splenio histology, received antigen but not 
irradiation or tritiated thymidine. 

The spleens of the antigenically stimulated rate which 
wer eirradiated with spleen-shielding exhibited a histological 
pattern qualitatively similar to that of the unirradiated 
controls. The only prominent difference was a decreased 
number of l hocytes in the white pulp. The greatly 
kyper idete Fod pulp contained many labelled cells in- 
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cluding most of the large pyroninophilio cells and the 
clusters of smaller oells resembling lymphocytes (Fig. n 
The large cells of the germinal centres also showed ap 


ciable labelling, but the smaller lymphocytes of i e whitey 


pulp were not labelled. The histological rn in the 
saline-injected rate which were irradia with spleen-. 
shielding was eaeentially normal except for a decrease in 
the number of white pulp lymphocytes. The relatively 
small number of labelled cells included a few scattered 
large pyroninophilio cells in the red pulp and some of the 
large cells of the germinal centres. The spleens of the 
antigenically stimulated rata subjected to total-body 
irradiation without spleen-ahielding were severely atrophic. 
Only rare celle, chiefly fibroblasta and histiocytes, were 
labelled. 

In investigating the labelling of blood cells, lymphoid 
cells were classified so far as possible on the basis of 
morphological criteria used by others!*11, Cella were 
assigned to 8 categories: (1) small lymphocytea; (2) 
medium lymphocytes and large pyroninophilio cells; (8) 
unclassified cells including blast cella and ‘basket cella’. 
Poltymorphonuclear leukocytes, none of which was labelled, 
were excluded. In all, 2,000 lymphoid oells, 1,000 from 
each of two alidee, wore oounted from each animal. 
Labelled cells from the blood of p Se: 
spleen-shielded animals are shown in Fig. 3. A marked 


Se EAR ad pies was observed in the rats subjected to s 


body irradiation without spleen-shielding: labelled 
cells were not present in the blood of this group. ` 
labelled cells in the blood of the two spleen-shiel 
ated groups are enumerated in Table 1. The two 
were compared with to the total number of labelled 
cells per 2,000 lymphoid oells using Student's t-test with 
four degrees of freedom. A significantly greater (P < 
0-005) percentage of labelled cells was present in the 


irradi- 
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Tig. 2. Labelled spleen cels in the blood. (s) This cell is 
mane phologionliy LS ME to many of celis found 
m h splenic red (5) oel ts similar to 
tbe one exoept for ahgh and 
E EMT eb Di are tnolncied and a poly- 
aro tnoluded. (o) This la coll is 
tattyve of tho small lym n. d in the 
spjenio red pulp an about the fourth day after 1 green- 


pyronm, x e. 1,485) 


! The other two control groups revealed counts of labelled 
cells which were to be expected as follows: the third group 
receiving antigen, but irradiated without spleen-shielding, 

»—showed very few labelled cells in the peripheral blood, 
while the unirradiated group, which received antigen but 
was not given tritiated thymidine, revealed no labelled 
cells. : 

These results indicate that during the period of maximal 
splenic h ia provoked. by intravenous particulate 
antigen, D nphoid which are almost certainly formed 
in the spleen enter the blood stream in significent numbers. 
The migrating lymphoid cells are morphologically diverse, 
ranging from forms resembling the large pyroninophilic 
cella of the splenic red pulp at the one extreme to small 
lymphocytes at the other. This labelling pattern of the 
blood correlates with a pattern of heavy labelling of the 
large pyroninophilio cella of the splenic red pulp and of 
the small lymphocytic cells which arise in sasociation 


Labelled celle/2,000 lymphoid cells 
Medium lym 
Treatments AÀntmal large aes fred cells Total 
Noa e Suite cela 
r Antigen. Tray eia 1 2 13 3 18 
lee 1 1 13 3 17 
3 8 16 2 20 
Bale, X-ray with 4 0 0 0 0 
5 0 3 0 3 
6 0 2 0 2 
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with them. It appears, therefore, that the various 
migrating lymphoid cells are derived directly or by meta- 
morphosis from the antibody-forming cells. This cellular 
migration could explain the rapid decline in cellularity 
of the red pulp folowing maximal immune hyperplasia. 
Furthermore, the migration of lymphocytes produced by 
antigen stimulation could be important in the dissemina- 
tion of immunological information. The destination of 
these migrating cells is at present being investigated. 

This work was largely supported by a U.S. Public’ 
Health Service training grant (271-3.M —93), and by the 
Argonne Cancer Research pcdes operated by the 
University of Chicago for the U.B. Atomic Energy Com- 
mission. 
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Benzenesulphonylcarbamates : 
New Herbicides 


Ix the course of a search for compounds with action on 
plant growth, we have discovered a group of ring sub- 
stituted benzenesulphonylcarbamate esters with inter- 
esting herbicidal activity’. The herbicidal activity of 
carbamates is, in general well known, and phenyl- 
carbamates in particular, for example propham*, chlor- 
propham? and barban‘, are used in agriculture as selective 
herbicides to control grasses. Formally these new herbi- 
cides ‘can. be considered as compounds in which a sulphonyl 
group has been introduced into the phenylcarbamate 
structure, but their properties resemble more oloeely 
those of substituted sulphonamides. The essential feature 
of carbamate herbicidee—&n NHCOO-linkage’—is also a 
requirement in this new series. The structures of three of 
the more promising members of this series are shown in 
Table 1. 

The benzenesulphonylcarbamates are almost colourless, 


highly crystalline solids which are sparingly soluble in 


Bensenesulpho nyloarbamates 
es nL __—sogmm0000n, 
Ri 
R, Ri Common name Rı Test No 
H— —0OH< propham NX0,— M and B 8882 
G— —onm4 cblorpropham = H,N— M and B 9057 
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water. They are more acidic than the phenylcarbamate 
esters or the benzenesulphonamides, neutral, water- 
soluble, alkali metal salts being formed on treatment 
with the corresponding aqueous bicarbonate solution. 
The potassium salts have been extensively used in fleld 
trials. Estimation of reaidues in plant materials can be 
effected by tho classical procedures in present use for 
estimation of sulphonamides, based on the presence of a 
diazotizable aromatic amine group. Both M and B 8882 
and M and B 9057 are readily converted into sulphanil- 
amide. Toxicity in expermental animals is low; acute 
oral LD,,s in mice, rate, rabbite and hens range from 
1,000-5,000 mg/kg. 

M. and B 8882, M and B 9057 and M and B 9566 kill 
some grammaceous species, including wild oata and some 
grass weeds, while M and B 8882 and M and B 9057 also 
kill dicotyledonous species. Levels of herbicidal activity, 
determined by pre- and poet-emergenoe application using 
established methods* under greenhouse conditions, are 
set out in Tables 2 and 8. Tolerant crop species include 
linseed (flax), lucerne, potatoes, black currants, rasp- 
berries, sugar cano, oil poppy, and some crop grasses. 
The growth of cereals is affected at herbicidal rates. 

The new herbicides are absorbed by the leaves and the 


roots of susceptible species at seedling and later stages” 


of growth, unlike propham and chlorpropham’, which are 
absorbed only by roots. The effecta of foliar application 
develop slowly and are very characteristic. After two 
weeks, susceptible planta become chlorotic and loge 
vigour, then the ing points cease to grow, and after 
5—6 weeks the plante die or are so seriously arrested that 
they offer little, if any, competition to tolerant planta. 
The chlorotic and inhibitory effects appear in apical and 
axial meristems remote from treated leaves, being 
especially well marked in the tillers of Avena fatua, the 
buds of rhizomes of Agropyron repens, and the apex of 
Rumes spp., following application of M and B 9057 or 
M. and B 8882. 

The following experimental observations suggest that 
the herbicides act by interfering with cell division and 
expansion; the inhibitory aotion on meristems (already 
described here); seeds soaked in lethal concentrations 


Table 2. HERBICIDAL ACTIYTTY BY FOLIAR APPLICATION (LB /ACK) 
Dose of herbioide i » 9096 redn. m 


Plant and freah wt (b) 70-00% redn fresh wt. (c) 00% 
for rage mortality 
(No of leaves) M and B M and B 

B882* 906 


MandB hlor- 
7* 0555 * pro 
(e) (5 («e (Q0 (e) Q &) 
i ge 1-2 2 15 2 15 4 2 8 
stolonifera 1-2 1 = 2 1 — = m 
Agropyron repens n. 16 f — 8t — 4t — Inactive 
high 
Alopscurus 1-2 4 8 8 2-4 2 — m 
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Zuegeme te 8 e 8 WA Ll = = 
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C o) € e 
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arvensis 2-3 i 1 os. 4 oa. 4 
iam finds 35 2 1 oa. 8 No i$ 
maritimem spp 
Rumas crupus t 6 in. 2-41 1-2t = = 
diam. 
plant 
* Apphed as potassium salt. 
Foniy aoid in aqueous acetone solution, 
Tested tn the field. 
At 8 Ib./acre the highest tested. 
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8882 9057 9555 propham 
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produce swollen and stunted roota; young dicotyledonous 
plants sprayed with M and B 9057 develop a larger 
number of smaller leaves. The phenylcarbamates cause 


similar inhibitory* and morphological effeota!* when V 


taken up by the roots of plante, and so does barban when 
applied to leaves of wheat and wild oata!!, Although 
chlorosis is the most obvious symptom it is lees intense 
than that caused by amitrole and therefore possibly of 
leaser importance in killing plante. Unlike tho phenyl- 
carbamates, none of these compounds inhibits the Hill 
reaction at concentrations of up to 10 molar. 

Field trials in Great Britain, Canada!* and the West 
Indies show that the three herbicides are of interest for 
controlling grasa weeds, by both pre- and post-emergenoe 
application. Two of them, M and B 8882 and M and B 
9057, are of intereat also for killing composite, cruciferous 
and polygonaceous weeds. The situations in which they 
would be of practical value have not boen fully explored, 
but the removal of grass weeds in certain grass crops 
appears to be possible. Practical rates of application 
have, in some instances, been reduced by the addition of 
& wetting agent to the spray solutions. An account of 
the chemical and biological proporties of these sulphonyl- 
carbamates will be published elsewhere. 

Hmn J. COTTRELL 

Agricultural Research Station, 

May and Baker, Ltd., Ongar, Kasex. 
B. J. Haywoop 
Research Laboratories, 
May and Baker, Ltd., 
Dagenham, Essex. 

* Brit, Pat. Appin. 34407/61 and 8805/03. 
* Templeman, W. G., and Sexton, W. A., Nature, 156, 630 (1045). 
E MUN Drame Newton, W F., Proc. Fifth N.B. Weed Control Conf., 
4 

Hofman, O Te, Hopkins, aseo Pole. J. W , Proc. Twelfth IV. Sect. 

* Moreland, D H., and Hill, K. L., Agric, and Food Chem., 7, 88% (1059). 
RSET E Mer Page ime 
‘Allard, R W , innu, W. R., de Rose, H. R , and Weaver, B. J., Bot. Gas., 
107, 689 (1046) 
* Ivens, G. W , and Blackman, G. H., Symp. Soc. Kap. Ihol , 3, 226 (1940). 
* Qanvin, D T., and Friesen, G , Weeds, 7, 158 (1080). 
1* Hrnis, W. B., Bot. Gas , 109, 473 (1048). 
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Non-essentia! Role of the Adrenal Medulla in 
the Hibernation of the 13-Lined Ground 
Squirrel 

ALTHOUGH the adrenal cortical hormones are reported 
to be necessary for successful hibernation and arousal in 
European ground squirrels, Otisllus ocitellus!, and in 
European hamsters, Oricetus oricsius’, the necessity and 
function of the adrenal medullary hormones are still in 
doubt. Most investigators agree, however, that these cate- 
cholamines, especially norepinephrine, are probably in- 
volved in chemical heat production by torpid and arousing 
hibernators*+. Although totally adrenalectomized 
hibernating animals arouse m a nearly normal manner, & 
return to normal hibernating patterns is prevented unless 
adrenal cortical tissue is transplanted mto the anterior 
chamber of the or unless cortisone or deoxyoortioo- 
sterone acetate ( ) is administered!. Presumably, 
then, the hormones of the adrenal medullae are not needed 
for at least ahort ‘bouts’ of hibernation or for arousal, 
even though the importance of the sympsthetioo-adrenal 
system in spontaneous arousal has been repeatedly 
emphasized*:*+, i 

The work recorded here was initiated to obtam more 
information on the influence of the adrenal medullary ẹ 
hormones in hibernation and arousal during an entire 
hibernating season. 


! 
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Six male 18-lined ground squirrels (O. tridecemlineatus) 
were bilaterally adrenalectomized in July, but & remnant 
of adrenal cortical tissue was left in siw. Cortical regener- 


comparisons 

any error would be common to all animals. The animals 
were autopsied at the termination of the investigation, 
the remnants of adrenal cortical tissue being examined 
histologically for any evidence of medullary tissue. None 
was found in any of the animals. 

A total of more than 1,000 animal days (No. of animals 
x No. of days of observation) was recorded for each 
group. For convenience and compilation purposes, the 9 
months of observations were divided into 15-day periods, 
beginning September 1. The percentage of animal days 
spent in hibernation during each period was calculated 
and plotted (Fig. 1). Each 15-day period comprises 
approximately 55-72 animal days. 

The medulleatomired animals hibernated for 75-4 per 
cent of the entire period, while the controls hibernated 
for 80-3 per cent of the time. The difference between the 
two groups with respect to the proportion of time t 
in hobernacion was Lauted $9 the six weeks. 
this initial period, however, no significant differences 
Gould been eec Quen n ern. panes d. 
time in hibernation or duration of bouts of hibernation. 
We conalude, therefore, that medullectomy disrupted the 
normal 


period. 

One medullectomized animal remained fully awake, 
and presumably homeothermio, after February 4. Another 
of these animals aroused permanently on March 18. Two 
of the remaming four were found dead on April 5; the 
other two died on May 7. In the control group, three 
animals were terminally aroused by April 12, one was 
fully aroused by May 22 and the other two hibernated 
sporadically through May and even into June. 

The results of this investigation mdicate that animals 
lackmg the adrenal medullary catecholamines enter into, 
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and arouse from, hibemation in & normal nd 
al the initial entry into hibernation ‘is somew 

deayed m the medullectomired animals. Both the 
medullectomized and the control animals show the typical 
hibernation pattern, in which the duration of a ‘bout’ of 
hibernation and the percentage of time in hibernation are 
maximal in mid-winter". We may assume, therefore, 
that the catecholamines of adrenal medullary origin are 
not required for successful hibernation or arousal. The 
concentration of catecholamines in adrenal medullary 
tissue is reportedly reduced or variable during hiberna- 


tion®-11-18, Most of these ity bbs the changes 
found during hibernation to the of srousal. In 


contradiction to the findings recorded by the authors just 
cited, Suomalainen and Uuspäā* reported that the oon- 
centration of epinephrine within the adrenal medulla of 
the hedgehog increased during hibernation but decreased 
sharply immediately after arousal in the spring ; Petrovic 
and Davidovic noted a rise in the concentration of 
catecholamines within the adrenal medulla at the end of 
hibernation with a marked decrease in this concentration 
on terminal arousal. These and our resulta suggest that, 
at the time of spring arousal, the adrenal catecholamines 
may assume æ special importance to the physiological 
well-being of hibernating animals. This may explain why 
four of six medullectomized animals died during the late 
stages of this experiment, while only one of the controls 
did so. Further imentation on the importance of 
these compounds, particularly st the time of spring 
arousal, is needed. 

This work was supported in part by the U.8. Army 
Edgewood Arsenal Chemical Research and Development 
Laboratories In-House Laboratory Independent Research 

. In conducting this research, we adhered to the 
“Principles of Laboratory Animal Care”, as estabhahed by 
the National Society for Medical Research. 

R. A. Horan * 
R. J. HESTER 


U.8. Army Edgewood Arsenal, 

Chemical Research and Development Laboratories, 
Edgewood Arsenal, Maryland. 

* Present address: Department of Biology, Oolyate University, Hamilton, 

New York. 
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Secondary Walls in Phloem of Pinus radiata 
D. Don 


Abbe and Crafta! showed that the development of second- 
ary res ta the meva cous of eye cepa la Sep 
restricted to the Abietmeae; there is no evidence of 
secondary wall in the sieve cells of Taxodmese, Araucari- 
nese, Cupreesineae and 'T&xineae. Moreover, the Abie- 
tineae develop no fibres, but the secondary walls of their 
sieve cells appear to be composed of relatively pure 
cellulose. Secondary walls occur in the sieve cells of white 
pine, Pinus strobus L. (Figs. 3 and 24 in ref. 1). 

Barghoorn and Scott? examined the tracheids in thin 
sections of fossil material of Pinus strobus L. (Figs. 11 
and 14) and Sequoia gp. (Fig. 16). They pointed out that 
the primary wall and the 5, layer of the secondary wall 
are more resistant to degradative rooemses than the S, and 
S. layers of the secondary wall. most of their pictures 





ag d Se ene oo, pilosi, photographed HL ordinary t. 
ote the mtaot primary walls (b) for two contiguous cells. ( x ) 





wal. (x1,200) 


S, and S, layers have collapsed away from S, and the 
primary wall, leaving a gap. 

In the present work cambial strips with & thick layer 
of phloem, preserved in formalin-aoetio acid—water 
(10: 5: 85), were embedded ın wax and sectioned at 20u. 
The sections were placed in 25 per cent alcoholic hydro- . 
chloric acid for 2h, washed with water and placed in 0-5 per 
cent ammonium oxalate for 15 mm. Staming waa done 
by Foster’s ferric chloride—tannio acid method’. 

Fig. 1 shows two adjacent sieve cells photographed in 
ordinary hght. Collapsed material 1s present in each oell. 
Fig. 2 shows the same two cells between crossed nicole. 
The colla material (c) and the bounding walls (6) 
of each are both birefrmgent, suggesting that both are 
cellulose-containing wall layers. The weak birefri 
of the bounding layer and the strong birefringence of the 
collapsed layer suggest that most or all of the secondary 
wall layers have collapsed away from the primary wall. 

These resulta support Barghoorn and Socott’s claim that 
secondary walls are lees resistant to degradation than 

i walls. 

I thank Dr. I. V. Newman for his advice. 

A. MAHMOOD 
School of Biological Sciences, 
University of Sydney, 
Australia. 


1 Abbe, L. B., and Crafts, A. 8 , Bot. Gas., 100, 695 (1080). 

* Barghoorn, H 8., and Soott, B. A., Amer. J. Bot., 45, 112 (1068). 

* Johansen, D. À., Plant Mtcro-Teckmiquse (MoGraw-HlI Book Oo., New York 
and London, 1940). 
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Influence of Compensatory Mechanisms and 
the Pineal Gland on Dark-induced Gonadal 
Atrophy in Male Hamsters - 


Ir has been postulated that the gonads of male and 
female hamsters regress to a non-functional state as a 
normal seasonal response to short days and low tempera- 
tures in the autumn and winter’. Under laboratory 
conditions, the same resulta follow exposures to short 
photo-periods'3. The functional change in the gonads is 
evidently controlled by the pineal gland, which: itself 
responds to changing light perioda, since pinealeotomized 
animals show no ion of gonads when they are 
exposed to short photoperiods. A variable hypertrophio 
response of one gonad is & result of excision of the other. 
There are, therefore, probable hormonal processes which 
exert effects on the gonads opposite to those exerted by the 
pineal gland. In the course of our work, there arose & 
question as to whether the depressant action of thé pmeal 
gland could be counteracted by the compensatary process 
which follows unilateral castration. The following experi- 
mente were designed to elicit an answer to this question. 

Thirty-eight male hamsters were pinealectomized or 
subjected to a sham operation- by techniques established 
in this laboratory*. In addition, all animals were unilater- 
ally castrated by standard techniques and the excised 
testes were weighed to the nearest mg. Half of each group 
was exposed to daily light: dark (LD) oyoles of 1: 23 
and the other half was maintemed on LD cycles of 16 : 8. 
All animals recerved a standard rodent diet and water 
ad libitum. After four weeks the animals were killed and 
the weights of the remaining testes were obtained. The 
data were subjected to & two-factor analysis of variance 
and the means and standard errors of the means (8.B.M.) 
were calculated. The data were tested for signifloanoe 
(P « 0-05) by use of Student’s t test. . 

Previous experiments have demonstrated conclusively 
that four weeks of exposure to short daity periods of light 
are sufficient to produce atrophy of the male hamster 
gonad’. In the present experiment, however, it will be 
noted (Table 1) that the remaining testes of aham-operated 
animals in DD 1:23 regreased only slightly (not signifi- 
cant). The remaming gonads of the other 3 groups main- 
tained or increased their weight aa had been expected. 

To ascertain whether dark-induoed gonad atrophy could 
be reversed by pinealectomy or by compensatory mechan- 
isms, animals which had been in LD 1 : 23 cycles for four 
weeks were unilaterally castrated and the weights of the 
excised testes were recorded. Half the animals were then 
Pinealectomized and the other half were subjected to a 
sham operation and all animals were returned to LD 
cycles of 1:23. Four weeks later, these animals were 
killed and the remaining testes were weighed and compared 
with the weights of the previously removed testes. 

Because the cranial surgery and unilateral castration 
were done at the same time, we oould not divide the 
animals into pinealectomized and sh&m-pinealectomired 
groups having similar mean weights of the removed teates. 
Consequently, the initial mean weights of the testea in 
the two groups were significantly different (Table 2; 
P < 0-01). This variable response at four weeks has been 
previously documented!. Beoause of thia and because the 
response of the remaining testes was variable in the sham- 
pinealeotomired group, the data for each individual are 


Table 1. THs HIFTEOT oF PINNALBOTOMY AND DIFFERENT LIGHT-DARK 
CYOLEB OK THE SURVIVING Teres OF HAXNTEES AFTER UXILATIRAL 
QASTXATIOK 


No. Body wi. Testis wi. (mg/100 g 
Initial Initial vul 
LD1 $23 
8 105128 108133 1.250474 1,431: 130 
8 107 + 2-8 100 + 8-0 1263 +118 967 + 200 
11 1103-1 108416 O87 4157 1,068 + 162 
11 104439 102+2-1 1,168 + 77 1,470+68 
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Table 2. INXYLUENOB OF THE PINEAL GLAND OX THE RESPONSE OF ATROFHIED 
TESTIS OF UNILATERALLY MALE HAMBTERS EXPOSED TO SHORT 





PHOTO-PERIODS 
e Testes weight ( g 
Animal 100 
Xo. tal mg 

1 662 1,054 
2 504 1,418 
3 282 1,480 
4 439 1,405 
b 177 1,064 
6 193 1,040 
7 048 1,404 

x 443 1,352 

S.D. 196 

P value «0 001 

(B) Sham prnealectomized 

1 320 441 
2 782 1,084 
8 420 760 
4 904 068 
5 1,285 1,236 
6 1,895 103 
7 750 

s. 837 784 

SD. 305 


P valus No mgnificant difference 


tabulated in Table 2 along with the means and standard 
deviations. A 

After pmealectomy (A, Table 2), the mean weight of the 
remaining testes increased significantly (three-fold) during 
the following four-week period, lending additional confirma- 
tion of the inhibitory role of the pineal gland on gonad 
functions. On the other hand, the mean weight of the 
remaining testes of the sham-operated anmals was 
unchanged, or decreased slightly. While the remaining 
gonads of all pinealectomized animals increased markedly 
in weight, those of only three of the sham-operated 
animals increased while two showed significant decreases 
and the remaining two showed no change (B, Table 2). 

The resulta recorded in Table 1 show that those processes 
which are set in motion to compensate for partial loss of 
testicular tissues can be sup on the actions of 
the pineal gland to prevent ita primary inhibitory effeote. 
In this case, the initially enlarged, functional testis did not 
regress in the aham-pinealectomized, unilaterally castrated. 
animals even tho the pmeal gland is presumably funo- 
tional (inhibitory) in short ght cycles. However, testes 
already atrophied or affected by exposure to short photo- 
periods fail to respond or respond variably to compensating 
proceases in the presence of a functional pineal gland 
(Table 2). In ita absence, however, marked enlargement 
of the remaining testis can occur. We infer from these 
date that if normal functional testes are present, normal 
pituitery-gonad hormonal balance existe. Consequently, 
compensating mechanisms are called into play when one 
testis is removed. Such mechanisms appear to be adequate 
to prevent any gonad-inhibitory actions by the pineal 
gland. On the other hand, already atrophied or dark- 
affected gonads imply modified pituitary-gonad hormonal 
interrelationships. In this case, removal of one testis may 
or may not stimulate compensating mechanisms. Only 
when the pineal gland is removed can gonad recrudescence 
become consistently possible under these conditions. 

Our results demonstrate that in reproductively func- 
tional male hamsters, compensatory mechaniams can 
offset the effects of an active pineal gland. Further, we 
have made observations (unpublished) which suggest 
that the inhibitory effecta of short daily periods of light 
on male gonads can be considerably modifled (reduced) 
when two or more animals are in the same cage or if a 
normal female is im the same cage with the males. Thus, 
social contact, olfactory stimuli, or hormonal compensating 
mechanisms all appear to potentially interfere with or 
modify the primary inhibitory effecte of an active pineal 
gland in short photo-periods. 

We may tentatively look on the pineal gland as an 
organ which is called into play when the environmental 
photo-periods dictate a reduotion in reproductive funo- 
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tions. However, other stimuli may apparently be super- 
imposed on and reverse these actions under appropriate 
conditions go that survival and perpetuation of the species 
are ensured. The pineal gland appears to be only one of a 
spectrum of exteroceptive factors regulating reproductive 
cycles in & changing external environment. 

i ported in parb by the U.B. Army 
Edgewood Arsenal ical Research and Development 
Laboratories In-House Laboratory Independent Research 
Program. In conducting this research, we adhered to the 
“Principles of Laboratory Animal Care", as established 
by the National Society for Medical Research. 

Roger A. HOYFMAN* 
RussgL J. REITER 
U.8. Army Edgewood Arsenal, 
Chemical Research and Development Laboratories, 
Edgewood Arsenal, Maryland. 
* Present address: Department of Biology, Colgate Untvermty, Hamilton, 
New York. 
1 Hoffman, R. A., Hester, B. J., and Towns, C. M., Comp. Biockem. and 
Phynol. (In the press). 
* Hoffman, R. A., and Reiter, B. J., Sotencs, 148, 1609 (1065). 
* Hoffman, R. À., and Reiter, R. J. (submitted for publication), 
* Hoffman, B. A., and Reiter, B. J., Anat. Rec. (In the press). 


Incidence and Lobar Distribution of 
Bronchlectasis in a Colony of 
Wistar Albino Rats 

Iw some recent dietary investigations using a closed 
colony of Wistar albino rata the most common pathological 
condition was an mflammatory and suppurative disease of 
the lungs. This disease, a form of bronchiectasis, occurs 
frequently as a natural disease in rate, both domesticated 
and wild!, and has previously been deecribed*. In extent 
it varies from & small focus of inflammation in one lobe of 
the lung to the entire lung being shrunken and nodular, 
the tissue of each lobe being converted into large sacs 
consisting of distended bronchi filled with a compacted 
oaseous mass. Nelson and Gowen! have reported the inci- 
dence of the disease in male and female rats but only from 
a total of 145 animals. Other reporta give the percentage 
incidence for the entire colony regardless of age and sex". 
In the work recorded here 1,238 rate were examined and 
as no dietary differences were found‘ the opportunity was 
taken to sum over diet to obtain a detailed picture of the 
incidence of this natural disease in the colony. Particulars 
of the mamtenance of the colony are given by Hickman 
als. 

At post-mortem examination a note was made of the 
number of each sex exhibiting pulmonary diseese and also 
the number and position of the lobes affected. The resulta 
were then divided into six six-monthly age groupe (Fig. 1). 
Of the 621 males and 617 female rata examined, 418 males 
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and 406 females showed pathological changes in the lungs. 
Fig. 1 ahows that only 4-9 per cent of the rate exhibited 
pathological changes in the six months of life, and, of 
the 75 examined, only one animal under 2 months of age 
(a male of 50 days) showed any inflammation. By 2-4 
months, however, the incidence rose to 10 per cent in the 
males and 8 per cent in the females. This difference in 
susceptibility between the sexes was maintained in the 
6-12 months age group (males 58 per cent; females 42 per 
cent). Application of a y! test to the summed results for 
the period 0-12 months (males: 60 diseased animals out 
of 221; females: 8] diseased animals out of 198) showed 
that the difference is statistically significant (P < 1 per 
cent). Thus the male would appear to be more susceptible 
to pulmonary disease than the female durmg the first 
twelve months of life. By the time the animals were 
12-18 months old there was very little difference in the 
incidence of the disease between the sexes (male: 85 per 
cent; fernale: 82 per cent), and at 18-24 months no 
difference at all (both 94 per cent). Viewed overall it is 
seen that animals are first contractmg the disease up to an 
age of 18 months. After this period, when the incidence of 
lung pathology has risen to 91-64 per cent, the animals 
still unaffected (6-9 per cent) appear to remain immune 
(the column for females 80-86 months old provides the 
only exception, but since this is based on the data from 
only 24 animals, one of which provides 4 per cent of the 
total incidence, the value of the exception is doubtful). 
Although it appears that no more anrmals contract the 
disease after 18 months, the severity of the disease in each 
affected animal increases with time. 

Bronchiectasis m rate has been attributed to a viral 
infection'". Cruickshank? believes that the disease is 
initiated by bronchial obstructions caused by the swelling 
of the mucosal lymphoid tissue. Mucus accumulating 
distally to the obstruction would then plug the bronchus 
ond cause an inflammatory reaction, the combination of 
obstruction and sepsis eventually leading to bronchiectasis. 
He notes that the virus isolated by Nelson may well be 
the cause of the initial enlargement of the bronchial 
lymphoid tissue. In this connexion it is of interest to 
note that in the present iment the oocurrenoe of 
enlarged lymph nodes (0-18 months: males 3 per cent, 
females 1 per cent; 18-36 months: males 16 per cent, 
females 8 per cent) was significantly higher in males than 
in females (P <1 per cent in 18-36 months’ age group); 
this clearly supporte Cruickahank’s theory. It is possible 
that the mareased incidence of bronchiectasis in males, 
also noted by Nelson and Gowen! (although their resulta 
were insufficient for analysis), may be due, at least in part, 
to the usual methods of colony maintenance. In the present 
colony the animals were maintained at 3 to a cage except 
after mating when the females were placed in individual 
cages to produce their litters. The females were mated 
when 12-13 weeks old and on average spent five weeks in 
isolation, except for the presence of their litters, just at the 
age when animals were beginning to be found having the 
disease. If the initiation of bronchiectasis is due to an 
airborne virus the separation of the famales into mdividual 
cages may reduce their chances of contracting the disease 
to an extent suffiment to cause a signifloant differance 
between the sexes in a time-incidence graph. 

It is clear from an examination of the lobar distribution 
of the disease that the initial stages of bronchiectasis are 
not uniformly distrbuted throughout the lung (Table 1). 
The right superior lobe is scarcely ever affected by the 
initial stages of the disease whereas the median or post- 
caval lobe ıs affected more than three times as often. 
Examination of 25 healthy animals showed that the distri- 
bution of the weight between the lobes was: right superior 
13 per cent, right middle 13 per cent, right inferior 19 per 
cent, right median or post-caval 11 per cent and left lung 35 
per cent; there appeared to be no variation in percentage 
distribution with age. Thus the two lobes most frequently 
affected, the basal lobes (right mferior and median), are 
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Table 1. Loman DIETRIBUTION or BXONOHIBOTARIB IN THE LUXGS OF RATS 
WHERE OWE, TWO, OR UP TO Four LORES ARB AFTROTED 


Location of infection 
of Total No. No. of 
lobes affected Right t Right Median Left of lobes animals 
Males 
1 lobe 1 7 9 9 u 37 37 
2 lobes 4 15 19 25 17 80 40 
Totals 5 11 28 934 28 117 TI 
Females 
1 lobe 2 18 8 12 17 52 53 
2 lobes 11 17 19 19 8 T4 97 
Totals 13 30 27 31 25 126 89 
1-2 lobes 18 52 55 65 53 243 166 
1-4 lobes 80 149 151 156 1853 670 


both smaller than the less frequently affected left lung. 
Weight for weight the tissue of the median lobe is four 
times more susceptible to bronchiectasis than is that of 
the left lung. The variation in the incidence of disease 
between the lobes of the lung is not due to differences in 
lobe size and thus a higher probability of contraction of 
disease. It may possibly be attributed to the drainage of 
mucus into the basal lobes, which, if obstructed, would be 
the first to be occluded. The distribution of the disease 
from lobe to lobe may not be caused by the movement of 
infected material, but simply be due to the varying rates 
at which damage first becomes apparent in lobes initially 
affected to an almost equal extent. D 
T. GRHENWOOD 
D. J. Jarres 
Isotope Research Division, 
U.K. Atomio Energy Authority Research Group, 
Wantage Research Laboratory, 
Berks. 
1 Molson, J. B., and Gowen, J. W., J. Infect. Dis., 48, 53 (1080). 
* Passey, E. D., Leese, À., and Knox, J. O., J. Path end Bea., 4$, 425 (19030). 
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ENTOMOLOGY 


DDT-metabolism in Resistant and Susceptible 
Stable-flies and in Bacteria 

THe main cause of resistance to DDT in insects is an 
increased rate of detoxication, although other mechanisms 
(such as hi lipid content, or lower nerve sheath 
permicability) have been suggeeted!. Products of DDT- 
metabolism in insects are DDE, kelthan, and water 
soluble conjugates!, while yeast* and rat liver? metabolize 
DDT to TDE. 

The following experiments were performed to investigate 
whether absorption, metabolism, or excretion of DDT may 
be a cause of resistance in the steble-fly (Stomoxys caloi- 
trons (L.)). Strains of stable-flies developed resistance to 
DDT (80 tomes), methoxyclor (110 times) and TDE 
(extremely high level) when kept under selection pressure 
of DDT in the laboratory. The resistance to the three 
insecticides was mainly due to one gene alleles. 





Fig L pe toploally CPET The 
pomts represent the radioactivi are on aveTage 
of 10 flies. Ths activity of du extemal ries wedded isthe mire 
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Dieanons (10 mg of 1 Ong ot T) i DT and DD ) were 


24 h after treatment with **O-DDT before they, end 


Resistant and susceptible flies were treated with 0:0164 
ug -DDT in acetone by topical application and kept at 
56° Ota plas cages, Excrement was collected for the first 
24 h after application and extracted with acetone. Fresh 
blood was supplied every day. At various intervals after 
the application, samples of 10 flies were removed, rinsed 
meee ground in & mortar and extracted 8 times 
acetone 

Serratia marcescens, Alcaligenss faecalis, and one un- 
identified bacterial strain were isolated fram the excreta 
of flies kept in sterile cages. These isolated strains and 
laboratory seratna df Beko tia eek; Baotlhus brevis and 
Aerobacter aerogenes were grown in meat extract bouillon 
containing '*C-DDT under nitrogen atmosphere (ansero- 
bically), in unshaken cultures (oxygen deficiency), and in 
fully aerated cultures at 25° C or 87° C. After 24 or 72h 
sulphuric acid was added*. The radioactivity was oom- 
py en e EM 

x&ne. Radioactivity was determined in a “Iracerlab’ 
windowless flowoounter. Aliquots of external rinses and 
internal extracts were plated. 

All extracts were purified by acetonitrile elution’, and 
subjected to paper chromatography on Whatman No. 1 
peper. The solvent systems were vaseline—ethanol— 
water-ammonia’, phenoryethanol-isooctane', soya bean 
oil4methanolwater'’, B-methoxy propionitrile-isooctane’. 
Radioactivity in the chromatograms was located by 
cutting the paper into pieces 1 x 2 cm and counting them 
individually. 

Samples of resistant flies were also treated with 10 ug 
TDE and killed after 10, 20 and 30 h. Similar extracts 
were subjected to paper chromatography im the same 

. The silver nitrate reagent’ was used for the 
detection of spots. 

There was no difference im the rate of a ion, 
detoxication or excretion of DDT by resistant sus- 
ceptible flies (Figs. 1, 24 and 2B). Both make only small 
amounts of DDE. TDE was the only substance detected 
on the of extracta of TDE-treated flies. 

In the excrement of 1*C-DDT-treated flies, DDT, 
DDE, TDE and MI were found (Fig. 20). MI was water 
soluble and could be hydrolysed by acid to give a substance 
leas soluble in water. 

When growing anaerobically or in oxygen deficiency, 
the facultative anaerobes S. marcescens, H. cols, and the 
unidentified strain, converted DDT almost completely to 
TDE (about 90 per cent) and DDE (5 per cent). 
aerated cultures neither the facultative anaerobes nor the 
obligate aerobes converted any DDT to TDE or other 

ots. 

As there is no difference in the rate of absorption, 
metaboliam and excretion by resistant and susceptible 
flies, the resistance mechanism must be of an unusual kind. 
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Bacteria from the intestines of the flies were able to 
convert DDT into two (DDE and TDE) of the three 
DDT-metabolites found in fly excrement. This further 
indicates that the cause of resistance to DDT, methoxy- 
chlor and TDE in stable-flies is not a detoxication mech- 
anism, in spite of the high degree of resistance present. 
This work was carried out at the Department of 
Biochemistry, Oslo University, and was partly financed 
by the Agricultural Research Council of Norway. 
J. H. V. STENERSEN 
Norwegian Plant Protection Institute, 
Vollebekk, Norway. 
1 
a ike af Pkystelogy, 4, p. 778 (Waverley Press Ino., 
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Human Sweat Components Attractive to 
Mosquitoes 


WuzrHER human sweat is attractive to itoes is 
a controversial problem. Howlett!, Rudolfs’ and Rahm? 
concluded that human sweat was not attractive; how- 
ever, Parkert and Brown!:* found the contrary. Recently, 
Brown"* reported that lysine and alanine are attractive 
to Aedes aegypis (L.). 

We have investigated the attractiveness of human sweat 
in a dual-port olfactometer modifled from the design of 
Wilis’. A charcoal-filtered, humidified air-stream is split 
into two equal portions and passed through glass coils 
submerged in a constant temperature water bath, which 
heats the air-streams to 27° O. Air flow rate measured 
by two glass-float flowmeters is kept at 2 l./min. Two 
glass tubes 150 mm x 30 mm with inlet and exit oon- 
nexions following the flowmeter hold the samples. The 
tubes are 3/4 filled with glass beads 4 mm in diameter. 
Five ml. of the test sample is placed in one tube and 5 ml. 
of distilled water in the control tube. The air-streams 
after passing through the sample tubes connect directly 
to two Buchner funnels 5 om in diameter and placed side 
by side which exhaust into the test cage measuring 12 cm 
across, 10 cm deep, and 6 om high. The two open ends 
of the test cage are covered with 40 mesh nylon net. 

Attractivenees or repellency was determined by dis- 
tribution of 20 mosquitoes in front of either port of the 
teat cage. To determine the distribution, counts were 
made each min for & 10-min period. Cause for any 
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biased distribution of mosquitoes was checked by running 
water vapour in both sir-streams prior to each test. 

Female Aedes asgypti var. quesnslandensis (Theo.) were 
used. The mosquitoes wore fed a 5 per cont sucrose 
solution up until the time of testing and were deprived of 
a blood meal. Test mosquitoes were 8-10 days old and 
reared in the presence of males. 

Our laboratory has demonstrated repeatedly with the 
olfactometer that air passed over human whole-body 
sweat is more attractive to female Aedes aegypti than a 
control stream of air (Table 1). In addition, after lyo- 
p orata UA nomen sweat retains ita attractiveness to 
emale Aedes acegyp and the water removed by lyo- 
philixation is not attractive. When concentrations of 
lyophilized sweat in distilled water are high (= 1:1), 
there is slight - This agrees with Brown's 
statement that sweat attracts at low vapour concentration 
and repels at a high concentration. 

On dialysis of human sweat through ‘Visking’ cellulose 
for 10 days at 0°O, the attractive components) were 
separated into the dialysable fraction. In a ical 
dialysis using 100 ml. of sweat and 2 x 1,000 of 
distilled water, the weights of dialysable and non-dialysable 
fractions were 610 mg and 81 mg respectively. The non- 
dialysable fraction after lyophilization and redissolving in 
distilled water proved to be unattractive to female Aedes 
aegypti in the olfactometer. 

Lyophilized human sweat was extracted with hexane, 
diethyl ether, acetone, iso ol and ethanol; the 
extracta after removal of the solvent $n vacuo were added 
to distilled water and evaluated in the olfactometer. The 
attractive component(s) were extracted only by diethyl 
ether and ethanol. The insolubility of amino-acids in 
diethyl ether would elimmate them as the attractive 
factor extracted. Tho residues left after exhaustive 
extraction at room temperature with diethyl ether 
followed by absolute ethanol were not attractive to 
female Aedes aegypis. Residues from the pure solvents 
used for extraction were found not to attract mosquitoes 
in the olfactometer. 

Present efforte involve the use of thin-layer chromato- 
graphy to separate and identify the attractive com- 
ponent(s) m human sweat. Table 2 shows the pattern 
obtained. with chromatography of the ether and ethanol 
extracts of silica gel-G and kieselguhr thin-layer plates 
and gives some indication of the degree of complexity of 
the extracted materials. 

Ib is somewhat surprising that the attractive com- 
ponent(s) present in human sweat are not volatile durmg 
lyophilization. However, in view of the low volatility of 
many of the sex attractanta for insects we may assume 
that volatility in the usual chemical meaning is not of 
much importance in attracting insecta. 


Table 1. ATTRACTIVENESS OF HUMAN SWEAT FRACTIONS TO FEMALE Aedes 
eepypti 


Oonan- Olfactomseter data * 
Sample Identification (wi. Goria! & 
X. pori pari Idt 
IV Lyophilised whole-body sweat 1:100 54 149 46-0 
IV  Lyophilzed whole-body sweat — 1:1,000 49 151 510 
Iv Lyophilized whole-body sweat 1:10,000 44 156 560 
TL) —Hther extract of lyophilized 
1: 1,000 80 120 20-4 
Ve Hither extract of lyophiliaed 
$ 1:1,000 7-5 144 240 
Ve — Ethanol extract of lyophilized 
1:1,000 T? 148 28-0 
XII Sweet dialysate 1:1,000 61 130 300 
VOL Seat dialysate 1: 1,000 T5 185 250 
Whole-body sweat Unites ss lL? 179 
* Hach x the mean of 10 one-minute observations. The student t 
test was for aigntficance. All vales reported are algnificant at the 1 per 
oant level, 
. t LA (index of attraction) = 


No. of on side — No. of on control aide | 199 
0. 
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Table 2, THIN-LAYER CHROMATOGRAPHY OF HER AND FETHAKOL HITRAÜTE 
OF DIALYEND-LYOPHILTEND HUMAN WHOLE-BODY Swi? 
Ident- 

Panpi eee Adsorbent Developing solvent Ep values (I, detected) 

XXXV Auer Aea gal-G Benzene Origin, 0-52, 0 67° 

LIX Hither Bilica gel-G Bensens Origin, 0-19, 0-50, 0-62 

In Hiher — Salton gel-G Ohloroform Origin, 0-62, 0-68 

LIX Mhe Silica ge -@ Chloroform Origin, 0-60, 0 67 

III Xiber Bullos gei-G Htheanol 0-62, 0-75 

III Hiühanol Siloa gei-G Chloroform Origin, 0-09, 0 910 Sf, 

LI Hthanol Silica gei-G Hthanol 0 07, 025, 0-66, 

Oe 0-18 i 
LVI Hibanol Kiesel- ethyl- Origin, 0-15, 0-42, 0-54, 
guhr-G 0-77, 0-91 


add (5:4:1) 


This work was supported by the U.8. Army Medical 
Research and Develo t Command, t of the 
Army, contracta DA. 49-193 MD 2486 (W. A. 8.) and 
DA-49-198-M D-2465 (H. M). 


Division of Dermatology, 
University of California San Francisoo Medical Center, 
San Francisco. - 
1 Howlett, F. M., Parasitol., 8, 470 (1910). 


MICROBIOLOGY 


Growth of Mammalian Cells in a Heat-stable 
Dialysable Medium 


Na23ARLY all media routinely used for cell culture 
contain from 5 to 40 per cent serum of a particular species 
of animal. As one might expect, there has been much 
research into the nature of the fraction or fractions of 
serum which form the active part of this material!-*, 
Despite this the exact nature of the activity of serum or 
ita fractions is unknown: 

A wide variety of macromolecular substances have been 
used, either alone or in combination with smaller than 
normal amounts of serum, in addition to a chemically 
defined base medium, in attempte to simplify tissue culture 
media. These include various peptonee, lactalbumin 
hydrolysate, yeast extract, insulin, tryptic hydrolysate 
of milk and inert substances such as methyloelluloge or 
polyvinyl idone. i Hd 

A very limited number of completely chemically defined 
media exist which support the growth of mammalian 
cells 4n viiro’-*, The most successful of these media are 
those developed by Evans e£ al.*-. The drawback of 
media of this type lies in their complexity, some oontein- 
ing as many as 70 components, the extended period of 
cell adaptation needed, the very limited spectrum of cells 
TE ee ee ee 
ment of the cell monolayer which is necessary. addi 
tion, the growth rate matches that of the serum- 
containing parent line. 

The report deals with & simple, heat stable, 
dialysable medium which promotes the rapid growth of & 
mammalian cell line. Growth in two basio media of 
varying complexity is reported for camparison. . 
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No other stereoscopic microscope 
Incorporates 

so much for 

so little 


Compare these features: For only £167.10.0 you can 
purchase a precision-made stereoscopic instrument with a 
magnrficaton range from 4x to 100x and a free working 
distance up to 100 mm. In addition, standard specification 
includes Incident and transmitted Illumination « A fully com- 
prehensive range of accessories Includes: Mechanical and 
shifting stages » Insect holders » Vertical Illumination prisms 


Table of magnification, field of view and Tas distance 








eyepiece 0 63 


100x 100mm 


Write for specification sheet and particulars to: 
Instrument Division, D. R. GREY LTD., The Carrow Schools, Carrow Hill, NORWICH, NOR 61B Phone Norwich 29661/2 


MICROSCOPICAL 
PREPARATIONS 


We offer a wide range of slides of excellent quality at very reasonable prices. 
Stocks normally exceed 70,000 























Have you seen our new catalogue yet ? 


80 pages profusely illustrated covering a much extended 
range of slides listed under their scientific classification 
Including : 


ZOOLOGY, BOTANY, HISTOLOGY, 
CYTOLOGY, PALAEOBOTANY, 
PETROLOGY, etc. 


Ask for catalogue A/I|.N. 


Large Stocks 
Good Quality 
Reasonable Prices 





35238 Lumbricus ineertron of setce 


Our slides are stained so as to be sultable for projection on F. & G. Microprojectors. 
Full detalls of our microproJectors on request. 


FLATTERS & GARNETT LTD 
309 Oxford Road Manchester 13 


Part of our extensive service to Biologists 
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Study in Melbourne 


An efficient method of transporting living calls and 
other specimens has bacome one of the biologists 
most urgent needs. Now Union Carbide has developed 
a revolutionary new range of biological transporters 
embodying a unique principle of cryogenic storage 
which enables the temperature of the specimens to be 
kept below -130°C for up to five days: long enough 
for a train journey across e or a freight flight from 
London to Australia. The new transporters consist of an 
aluminium outer shell with a plastics lining containing 
8 porous specimen holder drilled to accommodate the 


BIOLOGICAL TRANSPORTERS ANOTHER PRACTICAL PRODUCT OF 


specimen ampoules. This holder is saturated with liquid 
nitrogen which gradually evaporates and is exhausted 
to atmosphere through pressure relief vents. The porous 
specimen holder eliminates the danger of spillage, and 
Super Insulation ‘reduces the evaporation rate to 0.33 
litres per day in the case of the BT-2 and 0.36 litres 
per day in the case of the larger capacity BT-3. Porous 
holders can be supplied to fit any shape of specimen 
container. Since the BT-2 holds 1.6 litres of nitrogen and 
the BT-3 2 litres, both transporters have a guaranteed 
static holding time of 5 days. 


UNION 


CARBIDE 





UNION CARBIDE LIMITED, CRYOGENIC EQUIPMENT SALES, ENGINESRING PRODUCTS DIVISION 


8 GRAFTON STREET - LONDON W1 


* MAYFAIR 8100 
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CHEMICALS - CRTOGENICS * DTREL FIBRE * ELECTBONIO OCMPORENTS * FEREC-ALLOTS * FLAME PLATIES - PRESTOME GAR POLISH * EILIOORES * SUPERALLOYS - DOCH LUBRICANTS 
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Tho basic cell line was originally isolated from adult 
normal rabbit myocardium. The original medium ocon- 
sisted of 10 per oent calf serum, 90 per cent Medium 199 

_ (ref. 15), 50 unita of penicillin and 50 ug streptomycin 
per ml. These cells were subsequently adapted to growth 

..on the same medium in which the serum was replaced by 
0-5 per cent autoclaved. whole Difco ‘Bactopeptone’ plus 
100 mg per cent of glucose. These cells have undergone 
more than 270 passages and are passed every 6—7 days. 

While attempting to simplify the added peptone 
fraction it was found that & dialysate of this tion 
substituted quite well for the crude peptone material. 
This dialysate was prepared by dissolving 80 g of dry 
Difoo ‘Bacto e' in 270 ml. triple-distilled water, 
and autoclaving it. 150 ml. sterile triple-distalled water 
was placed in 50-ml. quantities in 3 sterile dialysing tubes 
and placed directly into the peptone. Dialysis was carried 
out in the cold for 24 h with agitation. At the end of 
this time the material inside the bag was collected, and 
routinely gave & yield of 6-8 ml. per tube. The dialysate 
waa placed in screw-capped tubes and sutoclaved before 
use. Portions of each lot were lyophilized in a Virtis 
centrifugal ‘Bio-Dryer’ until dry, removed, weighed and 
reconstituted with sterile water. The average dry weight 
yield was 53 mg per ml. 

Media. The 6 media compared were: 1, Medium 199, 

t 90 per cent; calf serum, 10 per cent. 2, Medium 199, 

99-5 per cent; crude autoclaved peptone, 0-5 per cent. 

3, Medium 199, 99-5 per cent; autoclaved peptone dialy- 

sate, 0-5 per cent. 4, Totally autoclaved No. 3 above. 5, 

Eagle’s minimum essential medium (MEM) without 

glutamine, 99-5 per cent; autoclaved peptone dialysate, 
0-5 oent. 6, Totally autoclaved No. 5 above. 

o adaptation period was necessary when crude peptone 

cells were transferred to the dialysate medium. The cells 

were simply transferred and passed on the selected 


Growth curves were measured by inoculating 10-150- 
ml. ‘Pyrex’ milk dilution bottles with € given number of 
cells in a total volume of 10 ml. of medium. At 0 b, and 
every 24 h for a total of 7 days, one bottle was collected 
by use of a 1 per cent trypein solution, and haemocytometer 
counts were made. All lines had undergone at least 10 

in the individual media before they were used 

in the growth experiments. Many of these experiments 

= been repeated 10—12 times with essentially the same 
i. 

Typical growth responses may be seen in Table 1. 
It is quite apparent that there is little if any difference 
in the growth rates of the oella in any of these media. 

Y- lb is also quite obvious that macromolecules are not 
necessary to attain rapid growth. Wirth regard to heat 
stability of the base medium, it is most logical to consider 
the simplest one, ın this case Eagle's Here, one 
would expect the least stable substances to be pyridoxal 
and folic acid. Whether or not these substances are needed. 
by this cell line is not known. Since the cells will not 
survive more than one passage on any of the base media 
alone, it is quite certain that the dialysate is eeeential 
for growth. imi studies on the dialysate have 
indicated the oo of the free amino-acids threonine, 
serine, aspartic acid, glutamic acid, proline, glycine, 
alanine, hydroxylysine, valine, methionine, i cine, 


leucine, tyrosine, phenylalanine, lysine, histidme and 


Table 1. Growrn OF RABBIT HEART CELLS IW VARIOUS MEDIA 


^s 


Medtum Days of Ineubetion (cell oount x 10°) 
0 1 2 3 4 5 6 7 
1096 Calf serum +190 28 $3 50 BS 113 124 140 146 
05% Peptone + 100 18 22 32 74 1t5 141 152 164 
Dialysate’ +100 ^ 20 23 31 64 11:2 128 139 148 
0-5 % Dialysate + 
Li ved 199 19 23 $9 71 — 110 — 146 
t O6% Dialysate-- Hagie's 
$31 22 38 73 — 104 — 140 
O5% Dial +auto- 
ala ved ‘s MHM 21 20 30 66 106 119 141 144 


* All dlalysate autoclaved 10 Ib. x 10 min. 
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arginine, together with two unknown substances presumed 
to be peptides. 

Preparation of media which contamed added amounts of 
these free amino-acids in addition to either Medium 199 
or Eagle’s MEM medium did not result in cell growth. 
The addition of methyloellulose (0-12 per cent) to any of 
the base media used did not support cell 

The of isolating, testing and identifying these 
‘peptides’ is in progress. It is quite possible that obtaming 
these substances ın a pure state, which will allow their 
incorporation in increased amounts without concomitantly 
increasing possible toxic substances, may allow for the 
production of a wide-speotrum, well-defined and stable 
medium for cell culture. 

Rosset W. PUMPAR 
Harnsuet M. YAMASHMOYA 
Laonanp T. MOLANDHR 
Department of Microbiology, 
College of Medicine, . 
University of Illinois, Chicago. 
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Fractions of Staphylococcal Enterotoxin B 


Ix a recent paper! we showed that enterotoxin B isolated 
from Staphylococcus aureus strain S6 could be seperated 
into two main protein fractions by starch-gel electro- 
phoreeis. After the completion of this work we reoeived 
communications concerning this observation from Dr. 
M. 8. Bergdoll (University of Chicag6) and from Dr. E. J. 
Schantz (U.S. Army Laboratories, Fort Detrick). Dr. 
Bergdoll told us that he has demonstrated the presence of 
at least 3 toxic fractions of enterotoxin B which would 
react with the same antibody* and suggested that de- 
naturation during purifloation of the enterotoxin may be 

le for these fractions. Dr. Schantz informed us 
that he has obtained the two main protein components by 
starch-gel electrophoresis of purified enterotoxin. How- 
ever, he was unable to resolve these by ultracentrifugation 
or by free electrophoresis; amino-acid analysis results 
were also consistent with-a single molecular species of one 

ide chain?. Dr. Schants suggests, therefore, that 
the starch-gel fractions are artefacts produced in the gel 
by the ourrent and possibly by the reaction of impurities 
with functional (charged) groups on the protein. Accoord- 
ingly we have tried to reeolve our fractions by methods 
other than starch-gel electrophoresis and we have re- 
examined the purification procedure to find whether the 
fractions appear as artefacts as a result of any stage of 
purification. 

In order to test the suggestion by Dr. Bergdoll that the 
fractions were produced by denaturation during purifi- 
cation we re-cycled the toxin through ‘Amberlite IRO 50° 
and ethanolic precipitation! and then prepared starch gels 
of the re-cycled toxin. We compared the relative opacity 
of the resulting bands with a control of untreated toxin 
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using a ‘Ohromoscan’ apparatus (Joyce, Loebl and Oo., 
Gateshead). Since there was no difference we concluded 
that the purification steps did not affect the toxin. If 
starch-gel electrophoresis causes denaturation of entero- 
toxin B we would expect to see, after developing the gels, 
not discrete protein bands but a continuous streak of 
protein, representing the denaturation of more and more 
of the original i 
prepared 17 batches of the toxin and have always obtained 
two discrete main protein bands. Also, when unstained 
portions of these bands were cut out and re-run on starch 
gels they ran as single bands in their original relative 
Positions; thus there was no evidence of inter-molecular 
transformations. 

Since it is apparent that neither the purification pro- 
cedure nor the separating technique is responsible for the 
appearance of the two bands, it remains to be discovered 
what the molecular difference ia between the two bands 
and how this has arisen. Resolution on starch gel is 
dependent on protein size and charge. The two fractions 
were not separated by chromatography on ‘Sephadex’ 
G75, G100 or G200, in iris-citrate buffer ot pH 8-68. This 
indicates, therefore, that they are of olose molecular 
weight, and that separation by starch gel is not due to gize 
difference and must thus be mainly dependent on charge. 
The two proteins, when extracted from starch gels using 
Gordon’s cell‘, were found to be serologically identical. 
Both proteins were precipitated at the same titre by an 
antiserum. to one of them; serological identity was con- 
firmed using Ouchterlony plates". 

The relative toxicity of the two fractions has been com- 
pared in pigs and young cata. We showed previously that 
starch-gel band 2 did not cause vomiting in pigs’. How- 
ever, we find that both fractions cause vomiting when ad- 
ministered intraperitoneally to young cata, which are more 
sensitive to enterotoxin than pigs. However, the minimum 
vomiting dose of protein co to band 2 was 
at least 8 times greater than that of band 1. 

In oonalusion, the two protein fractions are extremely 
similar and the only differences appear to be of charge and 
toxicity. We ae therefore, that -the fractions that 
we have reso on starch gels differ in secondary or 
tertiary protein configuration and that they do not appear 
to be artefacts of the purification procedure. 

R. L. Josumeu 
A. C. BARD-PARKER 
Unilever Research Laboratory, 
Cotworth House, 
Sharnbrook, Bedford. 
? Baird-Parker, A. O., and Joseph, R. L, Nature, £08, 570 (1964). 

Saree teas Ann, N.Y. Acad. Soi., Oš, 189 (1060). 
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VIROLOGY 


A. Common Mode of Antiviral Action for 3 
Ammonium Ions and Various Amines 


AMMONIUM ions and various aliphatic amines have been 
reported! to inhibit the growth of influenza virus in 
tissue culture. Recently, 1-adamantansmine was reported 
to inhibit the multiplication of certain strains of inftuenza 
virus by slo or blocking the penetration of virus into 
the host cells. this communication we t results 
showing that ammonium ions and various aliphatic amines 
inhibit influenza virus growth by the same mechanism as 
1-adamantenamie. 

To demonstrate the nature of the action of the oom- 
pounds, we have used the procedure of Davies et al.*. In 
this procedure, a virus inoculum in tissue culture systems 
is exposed to a compound for various periods of time. 
To some of the cultures, specific antiserum is added 15 min 


during the run. However, we have’ 


August 7, 1965 . vor 207 


before the end of each exposure period. The tissue sheets 
are then washed to remove the compound and the anti- 
serum; freah medium is added and the cultures are 
re-inoubated. The amount of viral growth in the cultures 
treated with the 
compound haa inactivated the virus or interfered with ita 
adsorption to the host cells. Antiserum neutralizes extre- * 
cellular virus, and the amount of viral growth in the 
cultures treated with the compound and antiserum 
indicates whether or not the compound has prevented 
penetration of the cells by the virus. 


indicates whether or not the ™ 


To produce optimal antaviral effect, ammonium chloride, 


the aliphatic amines and l-adamentanamine must be 
added at the time of viral moculation and must remain 
present during the entire incubation period. If the com- 
pounds are removed early in the incubation period, sub- 
“sequent viral growth is not inhibited'-*. As shown in 
Fig. 1 (curve B), exposure of the viral inoculum to 
ammonium chloride for periods as long as 4 h did not 
result in inhibition of viral growth. This result indicates 
that ammonium chloride did not inactivate the virus on 
contact, and did not interfere with ita adsorption. to the 
host oells. Addition of antiserum to control cultures at 
the time of virus inoculation, or 15 min thereafter, greatly 
decreased subsequent viral growth. However, when the 
antiserum was added at 45 min or later, it bad no effect 
on the viral growth (curve OC). In contrast, addition » 
of antiserum to tissue cultures containing ammonium 
chloride substantially reduced the viral growth, even .. 
when it was added as late as 3:75 h after virus inoculation 
(curve D). 
ammonium ahloride the virus was no longer susceptible 
to neutralization by antiserum 45 min after the virus was 
added to the tissue culture. In the presence of ammonium 


These results indicate that in the absence of 
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chloride, however, the virus remained susceptible to 
neutralization by the antiserum for as long as 3-75 b. 
Since ammonium chloride did not inactivate the virus, 

. nor interfere with ite adsorption to the cells, it must be 
concluded that the compound slowed or blocked the 

p.penetration of the cells by the virus. This effect on 
penetration is not complete. The small amount of viral 
growth in the tissue cultures treated with ammonium 
chloride and antiserum indicates that a small amount of 
virus had penetrated the cells in the presence of the 
compound. 

Several amines, including propylamine, diethylamme, 
triethylamine, 1,8-diaminopropane HOl, 1,4diamino- 
butane 2HOl and 1,5-diamino ZHOL, were tested. 
At concentrations of 250 these compounds pro- 


duoed effecta similar to those shown for ammonium. 


chloride. 
Ammonium chloride and the various aliphatio amines 
had no inhibitory effect against the Lee strain of mfluenze 
type B. In this respect, also, they were similar to 
l-adamantanamme, which is inactive against strains of 
influenza B (ref. 5). 
Since influenza virus neuraminidase may be involved 
in the infection process’, the effect of the various oom- 
pounds on this enzyme was examined. P#-8 virus con- 
centrated by high-speed centrifugation served aa source 
* of enzyme malolactose (General Biochem. Ino., 
. Chagrin Falls, Ohio) as substrate. Sialic acid released 
-— by enzyme action was determined by the Amimoff* 
. Neither ammonium chloride, nor any of the 
other amines, tested at 1,000 pg/ml, affected neuramini- 
dase activity. 
Electron microecope studies suggest that intact in- 
fluenza particles are taken into the cells by phagocytosis’. 
Our results show that ammonium chloride and various 
amines prevent this engulfment process. That this effect 
ean be nullified by simply washing the oells suggests that 
the compounds may interfere with the penetration process 
by causing ionic changes at the cell surface. The failure 
of the agents to block a virus of influenza type B indicates 
that viruses of type 4 and B may penetrate the ocells at 
different sites or differ in their tolerance of changes in 
ionic conditions. Of the various amines, only 1-adaman- 
tanamine shows antiviral activity in animals. This 
activity may be related to the fact that the compound 
reaches the site of infection in the body without under- 
a Boing changes. 
; R. D. FrmrOHER 
J. E. HIBSOHFUHLD 
M. Forsse 
oo imental Therapeutics Research, 

Lederle Division, American Oyanamid Oo., 

Pearl River, New York. 
* Jensen, H. M., and Liu, O. O., Proc. Soc. Kap: Biol. and Med.,107, 834 (1061), 


"J HM, Force, H. H, and Unger, J. B., Proc. Soc. . Biol. end 
Med., 107, 447 (1601). : a 
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1 Jensen, B. ML, and Itu, O. O., Proo Soo. Bap. Biol. end Med., 118, 456 (1903). 
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and Hofmann, O. H., Solanes, 144, 862 (1964). . j : 

* Balk, J. 3L, J. Immunol., 49, 87 (1044). 

1 Johnson, O. A, Pekas, D. J., and Winzier, E. J., Soience, 143, 1061 (1904). 

* Aminoff, D., Bioohem. J., 81, $84 (1901). 

* Dales, 8., and Choppin, P. W., Virology, 18, 489 (1962). 


Growth of Foot and Mouth Disease Virus in 
2 Organ Cultures of Mouse Pancreas 

THs use of organ culture techniques in the mvestigation 
of animal virus diseases allows the examination of the 
> histo-pathological processes of infection to be made 
(unde conditions which resemble more nearly the in vivo 
state than the monolayer type of cell culture, but which 
permit a considerable degree of control of the organ or 
tissue environment. As yet, this kind of vestigation has 
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the intact animal. 

In adult P strain mice infected with unadapted FMDV 
the pancreas is the principal site of virus multiplication 
and a pancrestitis oocurs*. In suckling mice, however, 
virus multiplication occurs mainly in the akeletal muscles 
and pancreatitis is abeent'. The experiments reported 
here were undertaken to obtain more information about 
the susceptibility of the pancreas of the suckling mouse 
to this virus. . 

Panarenses. io be cultured were removed esepeloally 
from freshly killed 6—7-day-old P strain mioo placed 
in Eagle's basal medium containing 10 per cent calf serum. 
To initiate infection a known number of wore 
incubated at $7? O for 1 h in 1 ml. of i containing 
10%-* ID, of FMDV (type O; strain VI). A sample of 
medium containmg virus but no tissue was similarly 
incubated. Titrations of residual virus after incubation 
with and without pancreases using 5-7-day-old P strain 
mice gave end points not significantly different from each 
other (caloulated by the method of Reed and Muench‘). 
If allowances are made for the error of such titrations, the 
maximum amount of virus which could have been absorbed 
by the batch of tissues would not be greater than 10* 
ID,,, and this would be considerably reduced by thermal 
inactivation during incubation. Uninfected control 

were similarly incubated in virus-free medium. 
The infected were washed twice with phos- 
phate b saline (pH 7-2) at 37? O for 2 min, in 
groups of 8 on rayon stripe mounted on stainless-steel 
gauxe. Each group of three pancreases was placed in & 
separate wide-mouthed transfusion bottle containing 
30 mL of medium which was then gased for 2-8 mm 
with 5 per oent carbon dioxide in oxygen and incubated 
at 87° ©. The medium consisted of 80 per cent Eagle's 
basal medium’, 10 per oent calf serum and 10 per cent 
14-day chick embryo extract and was changed on the 
third day. 

The virus content of each group of three infected 
pancreases was determined at intervals for up to five 
days, the being washed Cy: pii cuis ed 
galme (pH 7-2) and stored at — 20° pendmg tatretion. 
Parallel cultures for histological studies were flxed in 
10 per cent neutral buffered formalin, dehydrated and 
embedded, in wax. Sections 7u thick were cut at 
intervals of 20-30p through the pancreas and stained 
with haemstoxylin and eoem. In all 45 infected and 16 
uninfected pancreases were cultured. 

Virus was found to be present to the third day tn 
vitro, but was recovered only once this time. Table 1 
summarizes the results of two experiments. It is evident 
that the pancreatic explants were able to support virus 
multiplication and the total amount of virus rose to & 


Table 1. Quawrery OF Foot AID MOUTH VIRUS REOOYERED FROM 6-7-DAT- 
OLD MOUSE PANCORNASES CULTURED ím vitro 


IDu Rao of 
Hours Virus content of content Total virus virus In 
Hp. after «pancreatic üussus of culture (Te medium 
Ho.  infee- 3 pancreases = um and to virus 
tion 0 mg approx )* (30 mL) medium) in tissus 
1 18 2:8 Not determined — — 
25 3-3 determined. — — 
43 31 8-1 3-5 2:8 
50 43 Not determined — — 
74 0 0 0 — 
120 0 Not determined — — 
2 10 2-8 85 z 3-6 5.1 
20 24 Not determined = — 
43 3-0 3-5 84 2.1 
50 4-2 45 47 3:3 
67 24 Not determined — — 
7i 0 0 0 — 


*Mean weight of 6 pancresses (0—7 day old mice) was found to be 20 
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peak at about 50 h, much of the virus being released into 
the medium. Histologically, lesions attributable to FMDV 
could not be detected. Apart from occasional areas of 
necrosis in older cultures, both infected and control 
pancreases appeared fully viable, but with continued 
culture the acinar lumen increased in size and the cells 
became flattened and atrophic, forming duct-like struc- 
tures (Figs. 1 and 2). Zymogen granules decreased in 
number during the period of culture. This is in contrast 
to the active synthesis of zymogen granules observed in 
cultured foetal pancreases®:*. 

Tt can be concluded that the 6-7-day-old mouse 
cultured in vitro produces moderate yields of FMDV 
but without cytopathic changes. A similar 
growth of FMDV without the development of cytopathic 
effects has been observed in polygonal cell monolayera 
derived from bovine tongue epithelium’. 

The transfer of resulta obtained in tissue culture to 
the whole animal can only be made with caution; but it 





1. Longita socion or panorees pa pa old mouse: Control 
misi MM Haematoxylin and eosin. Aamar cells filled with 
rymogen granules. (110) 
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is possible that some multrplication of FMDV may occur 

in the pancreas of the suckling mouse én vivo in spite of 
the absence of demonstrable pathological lesions there. 

I thank Dr. J. B. Brooksby and Dr. H. Platt for their 

advice and Mrs. D. Read for the histological preparations. 
A. L. Jone * 


Pirbright, 
Woking, Surrey. : ! 
* Present address: Nuffield Unit of Medical Geneties, Department of 
Motions, Untversity of Liverpool, Ashton Bireet, Lrrerpoal, 3. 
2 MoGowan, T. R., Net. Cancer Inst. Monogr., No. 11, 95 (1001). 


*Baxen, L., Vaino, T., and Tolvoren, 8., dots Pathol. Microbiol. Boand., 
58, 191 (1968). 


* Oben, J. N., Kay. Cel Rss , 7, 518 (1964). 
* Wemella, N. K., J. Oll Pol., 90, 415 (1964). 
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VETERINARY SCIENCE 


Diurnal Variation in the Diet selected by 
Free-grazing Sheep 

Tua use of oesophageal fistulae has facilitated work on 
the diet selected by grazing ruminants. Three experiments 
at this laboratory with free-grazing sheep have shown 
marked drurnal changes in the nitrogen content of the 
diet selected by Merino wethers. 

In experiment A, ten two-year-old Merino wethers 
fitted with oesop fistulae continuously grazed a 
Phalaris tuberosa/white clover (Trifolium repens) pasture 
for two months during summer. During the last five days, 
samples of approximately 20 g of dry matter were collected 
through the fistula for two 20-mm periods starting at 
0630 h and 1500 h. The sheep were not deliberately 
fasted before the samples were collected. The samples 
were dried at 70° O in & forced draught oven and analysed 
for nitrogen and organic matter. The mean nitrogen 
contents expreased as & percentage of the organic matter 
for the morning and afternoon samples were 3-38 and 3-09 
per cent respectively, the difference being significant (P < 
0-05). There were also significant differences between sheep 
(P « 0-001) and a significant day x time of day interaction 
(P«0-001). The difference between sheep has been ob- 
served on many occasions, even when, as in these trials, 


< 


+ 


4v. 


the sheep were of similar sex, breed and age, and had been _ 


originally drawn at random from a single flock. 

In experiment B, five Menno wethers smmilar to those 
used in exp. 4 were run on & ryegrass (Lolium perenne)/ 
white clover pasture for several months during winter. 
Samples were taken on two separate days, starting at 
0880, 0910, 1140, 1430 and 1710 h. The nitrogen content of 
samples collected at different times throughout the day 
differed significantly (P<0-01), rising rapidly during the 
morning and levelling out during the afternoon. It was 
possible to fit a significant quadratic regression. equation 
(P « 0-01) to this trend : 

y = 8-01 + 0-1187 x — 0-007032! (1) 
du Qe mer oa onp Dr ho. saple 
expressed ss a percentage of the organic matter, and x 
is the time elapsed in hours from dawn (0680 h). The 
values are ahown in Fig. 1. 

Although there were significant differences between 
sheep (P<0-01) and between days (P « 0-05), and a aig- 
nificant interaction between days and time of day (P< 
0:05), the slope of the relati between dietary 
nitrogen concentration and time of day could be combined 
between sheep and between days. 

In experiment C, & Phalaris tberosa/cockefoot (Dactylis 
glomeraia)/white clover sward was continuously grazed. 
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Fig. 1. Relationship between nitrogen content of dist selected by graxing 
sheep and time of day. 6, Exp. B; O, exp. 0 
at four stocking intensities ranging from 1 to 18 sheep 
d per acre for eighteen months, resulting in a wide range in 
herbage availability. On each pasture a fistulated 
“Merino wether similar to those used in the previous 
experiments had been with the other sheep. A 
second fistulated sheep was then introduced, which was 
identical with the first except that it bad previously 
grexed a ryegrase/olover . Ten days later, samples 
were taken from all sheep on two separate days 
at similar times to those used in exp. B. 


As observed in expe. A and B, there were significant 


differences (P < 0-05) between samples collected at different 


times of day, and again it was possible to fit a significant 
(P«0-05) quadratic equation to this trend which is 


ahown in Fig. 1 : 
y = 3-32 + 0-143 — 0-01082" (2) 


There were also significant differences in the nitrogen 
content of the diet between the different pastures (P 
<0-05) and between the sheep which had been grazed 
xperimental pastures for many months and those 
the mean value for the former 


on the e 
which had not (P « 0-01); 
P was 3-72 per cent and for the latter 3-52 per oent nitrogen. 


This phenomenon cannot at present be explamed, but 


similar differences have been observed on other oocasions. 
v^ The 
differ significantly between paddocks or between the two 
groups of sheep. Furthermore, those derived in exp. 


B could be combined with those in exp. C, the pooled 


coefficients being +0-131 for z, and — 0:00039 for z*. 


Information on diurnal trends in selection by graxing 


ruminants is limited. Taylor and Deriaz! report investiga- 
tions in which samples of herbage were collected from one 


steer fitted with a rumen fistula by manually collecting 
the feed boluses as they entered the reticulo-rumen. They 
found no oonsistent trend throughout the day under 
Since in the three experiments 
reported here such trends were statistically significant 
and of grmilar magnitude, it would be of value to define 


thoee conditions i which they do ocour. Until these 


conditions are clearly established, it would seem prudent 


to consider the possibility of diurnal trends when designing 
experiments to examine selection by graxing sheep. This 


may also be necessary when a representative sample of the 


daily intake is required, but it may be difficult to establish 
= an optimum sampling time for this purpose because sheep 


L-iend to graze at specific times of day* and possibly at 


different rates at these times. Further work will be neces- 
sary to ascertain whether the changes observed reflect 
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diurnal changes in the composition of the herbage organic 
matter, or in the parte of the plant or species of plant 


selected. 
J. P. LANGLANDS 
C.8.1.R.0. Pastoral Research Laboratory, 
Armidale, 
New South Wales, Australia. 
1 Taylor, J. C., and Dertas, RB. H., J. Brut. Grassi, Soc., 18, 20 (1063). 
1 Arnold, G. W., J. Bn. Gras. Soe., 17, 41 (1062). 


SOIL SCIENCE 


Contribution of Organic Matter to the 
Cation Exchange Capacity of Solis 

Tr cation exchange capacity of soils is due to inorganic 
constituents such as olay minerals, hydrous oxides, primary 
and secondary minerals and to organic matter. Estimates 
of the contribution of organic matter are usually made by 
determining the cation exchange capacity of soils before 
and after destruction of organic matter. Using this 
approach, Gorbunov! estimated that organic matter 
accounted for between 80 and 60 per cent of the cation 
exchange capacity of plough-depth layers of a number of 
Russian 1 soils. 

I have recently re-examined this problem in & more 
direct fashion, that is, by determining exchangeable 
hydrogen (which in this case is equivalent to cation 
exchange capacity) in extracted and purified organic 
matter and found that the cation exchange capacity due 
to organic matter was considerably higher than that 
indicated by the ‘difference’ method. 

For this purpose, soil samples taken by Ba horizons of 
imperfectly drained podzole, such as Armadale, aro 
especially suited because: (a) practically 100 per cent of 
the organic matter can be extracted; (b) the extracted 
organic matter can be purified with relative ease; (c) we 
have assembled & considerable amount of information on 
the distribution of functional groups in and chemical 
properties of this type of organic matter’. 

The soil sample contained 10-0 per cent organic matter, 
10-1 per cent Al,O,, 2:9 per cent Fe,0,, 70.5 per cent 
SiO, 1-07 per cent ‘free’ A1,0, and 0-91 per cent ‘free’ 
Fe,0;. It contained 10 per cent clay, ich was pre- 
dominantly illite. The cation exchange capacity was 
measured with N ammonium acetate solution adjusted to 
pH 7 (ref. 3), before and after destruction of the organic 
matter with increments of hydrogen peroxide. Methods of 
extraction and purifleation of organic matter were the 
game as those described previously". Exchangeable 
hydrogen in the extracted and purified organic matter 
was determined by shaking with an excess N ammonium 
acetate solution at pH 7 and meesuring the &oetio acid 
liberated. 

As shown in Table 1, the method based on differance 
measures only one-fifth of the cation exchange capacity 
that might be due to organic matter. Since for each milli- 
equivalent of exchangeable hydrogen in the organic 
matter 3-6 millimoles of Fo+Al were available in this 
soil, it is very likely that the remaining exchange sites 
were blocked by ions or hydrous oxides of these oon- 
stituents. In addition, reactions of organic exchange sites 
with silicon and/or compounds of silicon are also within 
the realm of possibilities. Conversely, we have been able 
to eliminate practically all the exchangeable hydrogen 
in the extracted and purified organic matter by inter- 
action with sufficient ions or hydrous oxides of iron and 
aluminium. We have obtained resulta similar to those 
shown in Table 1 with soil samples taken from other 
podzol B, horizons. 

From the information presented here the following is 
suggested: (1) Reliable estimates of the contribution of 
organic matter to the total cation exchange capacity 
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Table 1. CATON EXGHANGR CAPACITY VALUMS FoR ARMADALE B, 80m 
AND ORGANIO MATTER 


M.equrv % Cation er- 
Material wory change oapauty 
Untreated so 187 1000 
Soll after destruction of organio mat- 
ter (= Inorganio portion) &7 305 
Due to organto matter 18-0 695 
Cipla matter GEHRRONL and purited " da 
Tkxtracted and purified organie matter 
(homie + fulvio acida) 650 91-9 
70-7 1000 


cannot be made by the ‘difference’ method. Because in 
most predominantly inorganic soils only 20-80 per cent 
of the organic matter can be extracted, i 
estimates of the organic exchange capacity can be made 
only in those soils in which either the bulk of the organic 
matter can be extracted, such as podzol By horizons, or 
in organic soils where most of the inorganic con- 
stituents can be extracted from the organic matter. 
(2) The resulta in Table 1 suggest that in the case of soils 
containing appreciable amounts of organic matter two 
types of cation exchange capacities should be considered: 
(a) ‘measured’ cation exchange capacity as determined by 
exchange with NH,t or any other ion one might choose 
to use; (b) ‘potential’ cation exchange capacity, that is, 
‘measured’ cation exchange capacity plus cation exchange 
capacity due to blocked organic exchange sites which are 
inaccessible to or do not react with exchange ions. These 
blocked sites can be unlocked and measured by methods 
such as have been used in this investigation. Thus, the 
‘potential’ cation exchange capacity of soils might be 
several times greater than the ‘measured’ one. From the 
foregoing a practical application is suggested: if organic 
exchange sites presently blocked by inert iron and 
aluminium compounds oould be filled with ions more 
beneficial to plant nutrition, soil productivity might be 
increased. 


Boil Research Institute, 


Canada Department of Agriculture, 
Ottawa, Ontario, Canada. 
1 Gorbunov, N. L, referred to by Flaig, W., Sochtig, H., and Beuteispacher, 
TL, Landbeujorsakng Volbinode 18, 18 (1963) S 
* Sohnes ML, &nd Desjardins, J. G., Soi] Se. Soc. Amer. Proc., 25, 862 
* Peech, XL, Alexander, L. T., Dean, L. A., and Reed, J. F., U.9. Dep. Agr, 
Owe., 757 (1947). 
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MISCELLANY 


Probability of Life 


Pror. H. F. Brum has given reasons for believing that 
the probability of the development of life up to the 
present human cultural level on our planet is unlikely to 
exoeed 10-!* (ref. 1). His arguments may well be valid 
if they are supposed to apply to our specifico civilization 
with ite Ford cars and hybrid maize and antiftuoridation 
societies. There is, however, æ simple fallacy involved 
when Prof. Blum suggests that this minute figure should 
“give our imagination pause in peopling the universe 
with living thi particularly with ‘mtelligent’ life 
approaching closely the characteristios of men”. , 

The probability of any set of bridge hands bemg dealt 
twice running to the same four people from well-shuffled 
packs is in the region of 10*1. There is no comparable 
improbebility that the second deal will yield somethmg 
usable for the purpose of playmg bridge. 

Since the beginning of life on this planet, Prof. Blum 
suggests that not lees than 10° successful mutations have 
gone to the making of the present million or so livmg 

es. 

Henoe he deduces that the probability of biological 
evolution having reached ita present state is of the order 
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of 102. Even if we grant this numorical deduction for 
the ded ce enl set of speoiea—though for this 10-* 
seems In. bly large—it neglecta the fact that if any ono 
of the successful mutations had not occurred, some other 
mutation would have been successful. Without going into 
any numerical detail at all, it is surely clear that, once a 
mutateble life has started, the probability that some 
sssortment of living species should exist at any future 
time is not 10-* but unity (aseummg that no catastrophe 
great enough to sterilize the entire planet occurs). Fol- 
lowing Prof. Blum in treatang man as & special case, there 
seams no reason for thinking that the reat of the present 
living speoies are unexpectedly complex in number or 
variety; that they are more than & very ordinary bridge 
hand 


The development of a human level of intelligence 
might be considered seriously aa a highly improbable 
event, but such palaeontological evidence as we have does 
not support such a consideration. Creatures in widely 
separated groups, and even in different phyla, have shown 
& continuous increase in brain size with time, ao that 
though specific mutations may have been improbable, 
the kind of mutation leading to this was not. Even at 
the immediately pre-human level there seem to have 
been at least three evolutionary lines which learnt the 
use of tools. 

Fmally, Prof. Blum multiplies his improbability by a 
further factor of 10 to represent the improbebility of 
the ‘cultural mutetions’ leading to our present state. 
Again, if he is considering the probability that the world 
should have the particular pattern of nations and cultures 
that ıt has, his factor of 10-* is probably far too large, 
but suraly some kind of advanced culture had @ prob- 
ability approaching unity once the use of tools by creatures 
of human intelligence was established some tens of 
thousands of years ago. 

A different path for some of the most vital ‘cultural 
mutations’ might have changed the rate of development 
—in either direction—as well as the final form, in quite 
major ways, but the ultimate development of a highly 
complex civilization was surely inevitable. 

We do not yet know enough to be at all confident of 
the probebility that life should arise in the first place in 
suitable conditions—Prof. Blum sete this as 10-— but 
onoe this is done, though there may well be 10!* or more 
major routes by which it can develop to organized intelli- 
genoe, the chance of one of these routes bemg eventually 
found is surely very large indeed. 


Department of Physics, 
University of Birmmgham. - 


1 Nature, 206, 131 (1065). 


J. H. FREMLIN 


De. FRzwLIN'8 analogy to probabilities of bridge hands 
soems far from applicable to evolutionary prooeeees of the 
kind considered in my article. Before dealing a bridge 
hand the pack is thoroughly shuffled to avoid retention 
of patterns of arrangement of the cards. In evolution 
each step is predicated on an existing pattern which has 
been formulated in the course of previous evolutionary 
steps, the pattern being copied (by one means or another) 
and Bo retained between stepe. Thus, the probability of 
& given step is to be reckoned in terms of existing pattern, 
not in terms of a shuffled arrangement as for a bridge 
hand. The analogy to computer o tion used in my 
article seams more suitable and ibaa 10 & very different 
point of view. 

Hanorp F. Brux* 
National Canoer Institute, 
U.S. Department of Health, Education 
and Welfare. > 


* Preseni address: Princeton University, P.O. Box 704, Princeton, New 
Jersey. 
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SCIENTIFIC AND INDUSTRIAL RESEARCH 


HE final report of ‘the Council for Scientific and 
Industrial Research, covering the year 1064", is 
marked by the same calm dignity which characterized its 
previous annual report amid the neer hysteria with 
which the Trend Report had been received in some 
quarters. The report is brief, about a third of ite pages 
being devoted to & retrospect of the Department’s work, 
and this makes it the easier to pay fitting tribute to the 
achievements of the Council and of its predecessor, the 
Advisory Council for Scientific and Industrial Research, 
appointed in July 1915. The work of the Department 
has contributed greatly to the place which science and 
technology now hold in the Nation’s affairs, and while 
the establishment of the Council was due largely to the 
initiative of Lord Balfour, it was fitting that on July 14, 
when the House of Commons considered in Committee 
the Civil Estimates for the Ministry of Technology, Sir 
Henry Legge-Bourke, at least, should pay tribute to 
those who have worked over the years in the Department 
and achieved these results. 
As the Research Council itself observes, most of the 


pursue this programme and +o maintain flexibility to 
meet changing circumstances that marked developments 
have occurred. Support for training graduates in the 
methods of research, and support for research projects in 
universities and colleges, have gone hand in hand since 
1916, although the scale of this support did not inorease 
between the two World Wars, only 119 training awards 
being current in 1989-40, compared with 182 in 1920. 
After 1945 development was much more rapid, and in 


' 1959-60 525 research grantas totaling £910,000, and 


2,464 training awards, were current—an almost twenty- 
fold increase since 1989-40. On November 1, 1964, there 
were almost 1,200 current grants, totalling more than £13 
million, and more than 5,000 training awards. 

The National Physical Laboratory has always been the 
largest of the Department’s establishments, although some 
of the Laboratory’s research divisions have since formed, 
for example, the nucleus of the National Engineering 
Laboratory and the Radio Research Station. The report 
does not refer to the National Ohemical Laboratory, 
which in future is to become part of the National Physical 
Laboratory, and, while there is a reference to the Building 
Research Station as one of the Department’s oldest and 
largest establishments, no reference is made to the problem 
of its future location, on which a final decision has yet 
to be taken. The Council does, however, comment that 
during the Department's existence the general policy of 
the Government has been to place civil research outside 
the administrative responsibility of polioy-making depart- 
ments. The one notable exception—aviation research— 
has not been a momentous success. Expenditure on the 
research stations increased from £840,000 on six stations 


‘in 1925 to almost £10 million on fifteen stations in 1964. 


Concerning the growth of the oo-operative industrial 
research associations, which now number more than fifty 
* Department of Solentific and Industrial Research. of tho Research 


OCounell for the year 1964 Pp tv--70. (Omni. 2706. : H-M.B.O., 
1965.) 5e. Od. net, Boo also page 065 of this ture of Nature. : 


compared with eighteen at the end of July 1920, the Coun- 
cil commenta on the various arrangements for grants. 
However, the report does not discuss the functions or work 
of the amociations generally. Nevertheless, the Council 
does comment on the ways of devising new forms of 
Government support and the use of multi-disciplmary 
teams to tackle many-sided problems and offset specializa- 
tion in the basio training of research workers. The tech- 
niques of operational research have evolved during the 
Department's lifetime and in recent years have influenced 
the organization and methods of many applied research 
establishments and the ways in which they have sought to 
promote innovation in industry. In the past decade the 
Department’s own Industrial Operations Unit has mado 
a valuable contribution to higher productivity by demon- 
strating to a wide range of industry how operations can 
be simplified. Special reference is made to the studies of 
its Eoonomios Committee in such industries as machine 
tools and shipbuilding and to the useful action they have 


. promoted. This section of the report is strictly factual, 


and is supplemented by a tabulated list of developments 
over the years, which completes the &ooount of the 
Department given by Sir Harry Melville in the mono- 
graph in the new Whitehall Series. 

Dealing with activities during the year, the report 
points out that applications for research grants increased 
almost eight-fold between 1956-57 and 1968-64, and 
expenditure increased about ten-fold. It is estimated 
that these research grants at present represent some 10 per 
cent of recurrent expenditure by universities, from public 
funda, on scientific research. The Council suggests that this 
is a reasonable fraction, but it is growing. Accordingly, 
it is becoming more and more necessary continuously to 
examine and to discuss the division of responsibility 
between the universities and the research councils. More- 
over, the proportion is high enough to justify the close 
concern manifest over the effect of any change in the 
organization of civil science. The Council also emphasizes 
the importance of directing attention to the problems of 
securing the best balance between different scientific 
disciplines in the work supported at universities now that 
science has become such an important instrument of 
national policy. The Council suggests that it is mevitable 
that the Government, through the University Grants 
Committee and the Research Councils, should offer (and 
the universities be prepared to accept) more guidance on 
how, by choice of subject and allocation of effort, univer- 
sities can make their most effective contribution in 
scientific research. This is particularly necessary when 
the oost of research in one field is becoming very large 
and absorbing a significant part of the available resources, 
for example, in nuclear physics. 

To encourage this development, the Council notes that 
its Research Grants Committee appomted four new sub- 
committees for technology to consider applications for 
grants, to select promising areas for investigation and to 
keep in touch with developments in Government labor- 
atories and industry. During the academic year 1963—64 
the Research Grants Committee considered 980 new 
applications for granta, totelling £10-5 million (excluding 
major capital grants), compared with 639 applications, 
totalling £6-3 million, in the previous year. Supplementary 
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applications relating to existing major capital grants 
amounted to £621,000. The value of grante awarded has 
increased, but the gap between the number of good 
applications and the number of awards was slowly 
Increasing. The 789 grants made totalled £5-4 million, 
and included 205 granta in applied science and technology, 
which were valued at £1:8 million: this compared with 
517 grants amounting to £3-7 million in the previous 
year. The new sub-committee appointed the previous 
year in the fleld of computing science has already begun 
to influence this fleld of research, and the largest grant 
so far made is £110,000 to the University of Cambridge 
to establish & research group in computing science. This 
centre is only the first of a number that the Committee 
hopes to see established and working in this fleld. The 
Human Sciences Committee considered 61 new applica- 
tions for grants, totalling £480,000, and made 42 awards, 
amounting to £221,000. This included, as an innovation, 
& grant for a regional study of the interaction of indus- 
trial, economic, social and demographic changes, which 
is to be carried out by four departments of the University 
of Liverpool. 

To encourage further graduate training of people with 
industrial experience, the Council instituted during the 
year a series of now awards known as the Department of 
Scientific and Industrial Research Industrial Fellowships. 
These are intended mainly for postgraduate training in 
technological subjects and are designed for older men, 
normally of 26-80, who have at least three years’ post- 
graduate industrial experience in British industry and 
who intend to return to work in industry after completing 
their training. The Fellowships carry a substantially 
higher rate of reward than the normal studentship, and 
are comparable with the salary that the Fellow could 
normally expect to command in industry or in a univer- 
sity, but within a maximum of £2,000; the Council hopes 
that the scheme will commend itself to industry as a 
oo-operative enterprise. The Council also notes a further 
increase in the demand for studentships and fellowships, 
including a further increase in the number of new ones 
held abroad. 

As regards the research stations, the Council comments 
on the report of the Review Committee which was 
appointed in 1968 to consider the functions of the Water 
Pollution Research Laboratory. While the Committee 
was satisfied with the work of the Laboratory, it saw a 
need for additional basio research, particularly in mioro- 
biology and in physics and physical chemistry, for in the 
Committee’s view advances in basio knowledge in these 
areas were most likely to lead to radical improvements in 
the processes for treating sewage and industrial effluents. 
Arrangements are being made to implement the reoom- 
mendations of the Review Committee, and during the 
year the Laboratory’s study of the conditions of the 
polluted Thames atmosphere, which had occupied fifteen 
years, was oompleted. The closing stages of the work 
were greatly accelerated by the use of the Deuce computer 
at the National Physical Laboratory, where the effect of 
ohangee in the polluting load during recent years are still 
being followed and compared with those predicted from 
iknowledge of such loads and of other factors which 
nfluence the condition of the water. The methods of 
computation developed at the Laboratory should be of 
value to the Port of London Authority in controlling dis- 
charge of polluting matter to the estuary and should make 
possible, for the firat time in Britain, control of pollution 
by quantitative prediction of the effects of mdividual 
discharges. 


NATURE 


August 14, 1965 von 207 


The report notes, but does not comment on, the report 
of the Brundrett Committee on Technical Assistance for 
Overseas Geology and Mining. However, it does outline 
recommendations of the sub-committee appointed by the 
Steering Committee of the National Engineering Labor- ' 
atory to examine and report on the needs of industry for 
improvements in design procedure, particularly in com- 
puter-aided design and in programming for numerically 
controlled machine tools. The sub-committee recom- 
mended that the National Engineering Laboratory should 
be the focal point for this work, and that steps ahould be 
taken immediately to make available a nationally recom- 
mended programme for continuous control of machino 
tools in two axes simnlteneously, with step-by-step move- 
ment in a third orthogonal axis interposed. Moreover, 
the sub-committee believed that such an arrangement 
would stimulate further discussion of industry’s needs and 
help to formulate similar proposals for a comprehensive 
programme. It also recommended full evaluation of the 
American Antomatically Programmed Tools Programme 
from the technical and economic point of view, and the 
development of a general generator programme for post- 
processors. These recommendations have been endorsed 
by the Steering Committee. The report also notes the 
large increase in the computing capacity of the National 
Physical Laboratory durmg the year. 

Considerable thought has been given by the Council to 
grant policy towards research associations. However, 
beyond saking the question whether the concept of an 
indefinite financial partnership between Government and 
industry is justified in all ciroumstanoee, the general or 
inherent effectiveness of the research associations is not 
considered, although the Council does suggest that the 
concept of Government partnership with vigorous and 
useful research associations should remain an important 
feature of policy. It believes also that the main function 
of a research association is as an essentially industrial 
research laboratory, to develop all the skills that it can 
in the interests of its industry and so secure continuing 
and expanding industrial financial support within the 
industry for co-operative research. Nine contracts have 
now been placed under the Advanced Computer Tech- 
niques Project, and the fleld of techniques originally 
envisaged is largely covered. Oonsiderable importance is 
attached by the Council to the success of this project in 
establishing direct co-operation in this field between 
Government and industry. 

During the year, the Council developed a campaign to 
implement the recommendations of the Feilden Com- 
mittee on Engineering Design. Although the Committee 
on Engineering Design, when reviewing the position, 
thought that progrees in implementing its recommenda- 
tions in the education fleld had been disappointingly slow 
during the year, the Council suggests that this may be 
partly due to changes in organization which are taking 
place. The Oommittee itself was formally dissolved in 
October 1964. In this, its last report, the Council refers 
rather more fully to information activities and to the 
report of the working party which the Department was 
asked to seb up by the Advisory Council on Scientific 
Policy regarding & national organization for scientific and 
technical information. The functions recommended for 
such & body by the working party are essentially those to 
be exercised by the Office for Scientifle and Technical 
Information which the Government has since set up 
within the Department of Education and Science. While 
the Research Council comments that arrangements had 
been agreed to ensure the closest liaison between the 
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proposed new organization and the National Reference 
Library for Science and Invention, which is the responsi- 
bility of the British Museum, there is no reference to the 
continued delays in the establishment of this reference 
library. Neither here nor elsewhere is there any sign in 
official circles of the real urgency for either the new 
reference library or a national library policy. 

Generally speaking, then, the final report of the Council 
for Scientific and Industrial Research is purely factual, 
with few exceptions such as have been noted. It makes 
little reference to future policy, nor does it comment on 
a number of the steps which the Government has taken 
with regard to the organization of civil science, on which 
some uneasiness, to say the least, is felt in scientific 
circles. That uneasiness could eemly grow if there is 
undue delay in dealing with many of the taske which the 
Council for Scientific and Industrial Research left uncom- 
pleted. What remains to be said is, however, & word of 
congratulation to the Council and ite predecessor, and to 
those who have worked during the years to contribute to 
the growing understanding of the important place which 
science holds in our national life, not only in purely 
industrial but also in many social and economic matters. 
The extent to which science has now become a matter for 
national policy is in great part due to the success of the 
organization initiated forty years ago, largely as a result 
of Lord Balfour's foresight and understanding. 


EINSTEIN SPACES 


Elnsteln-Raume 

(Mathematische Leurbucher und Monographien. Heraus- 
gegeben von der Deuteohen Akademie der Wissenschaften 
zu Berlin Institut für Mathematik. 11, Abteilung 
Mathematische Monographien, Band XVI.) Von A. 8. 
re Pp. x+304. (Berlin: Akademie-Verlag, 1964.) 
58D 


HIS is a translation into German by Prof. H.-J. 
Treder of the Russian original, published in 1961. 
Prof. Petrow has himself revised and enlarged the original 
for this translation. The translator has increased the 
bibliography so that ıt now contains more than 500 
references, and has supplied an appendix on the newest 
developments in the invariant representation of free 
gravitational flelds and the propagation of gravitational 
waves. 
The first chapter deals with tensor analysis in a Rie- 
mannian n-space; this material is conventional, 
for a very detailed discussion of the principal axes of a 
tensor and an account of Lie groupe. Chapter 2 
Kinstein's fleld equations are set down after some his- 
torical preliminaries, and an Einstein space defined as ane 
in which the usual vacuum field equations are satisfied. 
The chapter ends with a useful acoount of known exact 
solutions of the vacuum feld. tions, with or without 
the cosmological term: here we find the fields of Schwarz- 
schild, Kottler, Weyl, Levi-Civita, Bech, Brinkmann, 
Kasner, Delsarte, Chou, Narlikar and Karmakar, Ein- 
stein and Rosen, Buchdshl, Verma and Roy, and some 
others. 
Chav 


arises a source of petty confusion. It is really the 4-index 
Riemann tensor that is being classified, but in general 
that tensor has 20 independent components and defies 
classification. The vacuum field equations reduce that 
number from 20 to 10, and the classification proceeds. 
But then the author shows that if we take another 
related 4-index tensor (actually the Weyl tensor), it has 
only 10 independent components anyway (irrespective of 
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the field equations), and can be classified in just the same 
way. In fact, the title of the book is & bit of a misnomer, 
Bo far as the easentials of the classification-process are 
concerned : that process is more powerful than the title 
seems to imply. 

Chapters 4 and 5 are devoted to groupe of motions, and 
the known solutions mentioned above are reviewed in this 
Ughi Chapter 6 deals with confarmal transformations 
of Riemannian spaces, and Chapter 7 with the Cauchy 
(or initial-value problem) $n vacuo, for a mase-stream (or 
dust-cloud) and for & perfect fluid. In Chapter 8 special 

of gravitational fields are discussed. These include 
separable fields (ds? splits into & sum of quadratic forms 
with no co-ordinate occurring in more than one), flelds 
which are separable as the result of conformal trans- 
formation, flelds with central and axial sym- 
metry, harmonic fields, cylindrical gravitational fields, 
and gravitational fields with boundary conditions. Many 
exercises are distributed throughout the book. 

In the days when physicists made crucial experiments 
with the aid of sealing-wax and string, their physical 
concepts were merely refined analogues of things in the 
world about them. Those happy days are gone. Unless 
one is a mathematician, enjoying mathematics for its own 
sake, the choice is between a guilty conscience and & 
headache when it comes to the oo ts on which gravi- 
tational theory is based. Most people prefer to betten 
down their consciences and use Newtonian conceptsa— 
absolute space and time, action at a distance with the 
inverse square law, the laws of motion—all indefensiblo. 
The conscientious mind must grapple with a mathematical 
theory which is impeccable in concept, but so complicated 
that what little comes out of it may seem scarcely worth 
the trouble. Some people compromise: working with 
Einstein’s concepta, they try to fit Newtonian language 
to the results—for example, they see a ‘force’ in the 
quadratic term in the equations of a geodesic. 

Prof. Petrow does not go in for compromise of that 
gort. With a clear conscience and no headache, he weaves 
the mathematical structure i to Exnstein’s 
theory, without much apparent concern about physics. 
Neverthelees, I think he has hit the nail an the head for 
physioiste by insisting that the 4-index Riemann tensor 
lies at the heart of the matter. This tensor is the gravita- 
tional field, just as Maxwell' vectors are an electro- 
magnetic field. For & long time physicists did not like 
Maxwell’s theory, but they have learned to think sa he 
did. Any physicist who wante to think seriously about 
gravitation must think in terms of the Riemann tensor. 
Indeed, there is here a good analogy. A Maxwellian fleld 
in vaouo may be classified in terms of ite two Lorentz- 
invariants (E.H end #*—H*)—when thee both vaniab 
we have the familiar radiation field. Petrow’s claasifica- 
tion of the Riemann tensor in vacuo (or of the Weyl tensor 
in general) is, algebraically, & much more erudite affair, 
but in principle it is similar—at is a question of seeking 
invariants. 

This book is an obvious must for serious students of 
general relativity. It should be translated into English. 

J. L. Svscn 


PALAEARCTIC GRASSHOPPERS 


Locusts and Grasshoppers of the U.S.S.R. and Adjacent 
Countries 

By G. Ya, Bei-Bienko and L. L. Mishchenko. Part 1: Pp. 

400--xxi. Part 2: Pp. 291--xxi. Translated from the 

Russian. (Jerusalem: Israel for Scientific Trans- 

lations; London: Oldbourne Press, 1963.) 160s. the two 

volumes. 


INCE ita appearance in 1951 the original version of this 
publication has been the standard work on the Acri- 
doidea of the U.S.S.R. The language jn which it was 
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Western European entomologista, and this translation will 
be widely welcomed. 

The two volumes deal with the three families Tetrigidae, 
Eiumastacidge and Acrididae, and the area treated includes 
Scandinavia, Germany, Austria, northern Yugoslavia, the 
satellite countries of Eastern Europe, Turkey, northern 
Persia, north Afghanistan, Mongolia, Palaearctic China. 
Korea and northern Japan, as well as the whole of 
the U.B.S.R. As a result of this very broad BoOpe & 
total of 833 species are covered by the work and over 
40 per cent of them are known only from outside the 
U.S.S.R. 

Vol. 1 begins with a useful introductaon of some 70 
pages, dealing with such topics as the morphology, biology, 
ecology and economic importance of grasshoppers and 
locusta, and this is followed by a bibliography with over 
200 entries. The remainder of this volume is devoted to & 
systematic treatment of the Tetrigidae, Eumastacidae and 
all but two subfamilies of the Acrididae; these two sub- 
families, Acridinae and Oedipodinae, form the subject of 
the second volume. 

By far the greatest value of this work lies in the fully 
illustrated identification keys, which are provided for 
every level in the classification from family to subspecies, 
and are the result of years of painstaking study. As many 
characters as possible have been incorporated into these 
keys, and for categories below the level of genus no further 
deecriptions are given. 

Bibliographical references are given to all original de- 

scriptions and to other works of taxonomic mnportanoe. 
The &ooount of each species includes a few measurements, 
brief indication of its distribution, and references to any 
work on its biology. Drawings of whole insects are given 
for many spocies, representing a fair proportion of the 
genera; these drawings were excellent in the Russian 
edition (though not always well printed), but in the 
Israeli edition they are reduced in size and badly repro- 
duoed. Almost all the shaded illustrations have suffered 
in this way and represent the worst feature of the 
translated edition; they are, however, irrelevant to its 
main purpose. 
Unlike their original counterparts, the two volumes are 
printed on good quality papet and are adequately bound. 
The Canadian orthopterist Dr. R. L. Randell has acted as 
technical consultant to the translators, and mistakes in 
translation resulting from the technicalities of entomology 
are few. The Russian abbreviations used for labelling the 
anatomical drawings in the introduction have been re- 
placed by numbers; this has been carried out successfully 
in most casea, though there are a few minor errors. 

In so competently bringing this valuable work, which 
comes near to covering all the Palaearctio Acridoidea, to 
the English-speaking world, the Israel Program for 
Scientific Translations is to be warmly congratulated. 

Davo R. Races 


SOCIAL HABITS OF 
WATER MOLECULES 


Water and Solute-Water Interactions 
By Prof. J. Lee Kavanau. Pp. 101. (San Francisco and 
London: Holden-Day, Inc., 1964.) 5.50 dollars. 


SK the reflectrve person what water oonsiste of, and 
the reply will probably be on the lines of two parts 
hydrogen to one part oxygen. Addrose the same question 
to one of to-day’s science graduates and the answer will of 
course be more sophisticated (being very likely embellished 
with murmurings about dipole moment and ionization), 
but little enlightenment in terms of any structural arrange- 
ment among the myriads of jostling molecules can be 
expected. It ia not that our teachers or studente have been 


NATURE 
published has, however, severely limited ite usefulness to _ 


August 14, 1965 vo. 207 


. remige, but that no one knows for certain what a snapshot 


of water on a molecular scale would look like. It is not for 
lack of speculation either that our knowledge is so doubtful, 
for there has been great theoretical activity in the field of 
iœ and water structure in the past twenty years, and 
to say the present outlook for solving the principal 
problema 1s promising is to do the minimum justice to the 

No devotee believes that water m bulk and in any state 
of aggregation consiste of molecules so estranged as to 
form no mutual attachments, however temporary. After 
all, ice is crystalline, cold water is denser than 10e, and 
steam is not a perfect gas. Modern approaches to the 
structure of water do not view the liquid aa if it were a 
highly concentrated steam (although Callendar suggested 
water dissolved steam), but they favour instead a retention 
of ice-crystallinity m the liquid. One idea 18 that the act of 
melting makes some lattice-bond rotations so irregular 
that the contmuity of the lattice cannot persist for more 
than a few molecular diameters. Increase of temperature 
then twists the lattico apart still more. On the other hand, 
it may be the mtermolecular vibrations that overcome the 
unity of the lattice, Bo that individual molecules break 
free in increasing numbers aa the temperature is raised and 
take up intermediate positions m the array that remains. 
Another view allows the water molecules a much greater 
degree of promiscuity, while satiafying a continual com- 
pulsion to assemble m very short-lived clusters of about 50 
molecules each. Takmg this concept to an extreme pro- 
duces a molecular orderliness where there are only neat 
clusters, and water oan justifiably be described as ita own 
hydrate. 

Prof: Kavanau had all these considerations in mind when 
he recently completed a monograph on the structure and 
functions of biological membranes, for he moluded a sub- 
stantial discusion of water structure and of molecular and 
ionic segregation in aqueous solution. His discussion has 
now been published separately and on the whole has with- 
stood extraction from its original context very well. A 
certain amount of biological connotation survives, but 
this is neither intrusive nor irrelevant, and the text can 
be read with profit by chemists and physicists. Prof. 
Kavanau's treatment is largely descriptive and avoids 
mathematics, but seta out to comment m detail on the 
succeases and shortcomings of present-day theories. The 
text has been carefully produced and is well supported by 
up-to-date references and indexe. The reader should not 
be diamayed by some apparent confusion between atoms 
and protons in the opening pages, -and need not be dis- 
pirited by Prof. Kavanau’s concluding passages, where 
there is a glimpse ahead to formidable problems con- 
cerning the role of water in biochemical processes. 

E. C. Porra& 


GLASS-CERAMICS IN U.S.S.R. 


Catalyzed Crystallization of Glass 

Editor-in-Ohief: E. A. Porai-Koshita. (The Structure of 
Glass, Vol. 8.) Authorized translation from the Russian ` 
by E. B. Uvarov. Pp. 208. (New York: Consultante 
Bureau, Ino., 1964.) 20 dollars. 


'ATALYZED Orystaliization of Glass differs from 
Volumes 1 and 2 in this series which were reports of 
meetings where very varied topics were brought together 
under the heading of the “Structure of Glass". The con- 
centration on the one topic has resulted in a volume which 
leaves a better overall impression than the earlier volumes. 
In all 44 papers are divided into four sections: (1) general 
aspects of the crystallization of glass (7 papers); (2) two- 
component systems (5 papers); (8) the Li,O Al,O, SiO, 
systam (18 ); (4) other three- and four-component 
systems (14). The book may therefore be taken as a 
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progress report on the development of glass-ceramios in 
the U.S.S.R. Glass-ceramics were introduced by Corning 
Glass Works in the late 1950’s as “Pyroceram’. 

- : sale in which 


glassy phase 

and the article fabricated by glass-f techniques; by 
subsequent heat treatment it is ard mto a orystal- 
line ceramic body. The art in formulating the glass ocom- 
position is to arrange that a multitude of nuclei can be 
produced by heating at one temperature; on these nuclei 
crystals are caused to grow by subsequent heating at a 
higher temperature. At the present time, nucleation 
arising from the formation of minute drops of one liquid 
in another appears to find most support. This immis- 
cibility often occurs as a metastable condition in a glass 
below the liquidus temperature of the normal phase- 
equilibrium diagram. 

The review of V. N. Filipovich entitled the ‘Initial 
Stages in the Crystallisation of Glasses and Formation of 
Glass Ceramics” covers the statistical mechanics of immis- 
cibility in a bmary mixture, and the importance of the 
region of composition where the second differential of the 
free-energy with to the concentration is negative 
(the so-called ‘spin region’) is stressed. Porai-Koghits 
considers that in order to obtain the uniform fine orystal- 
lization desired for glass oeramice crystallization must be 
preceded by the formation of regions with the stoichio- 
metrio composition of the future crystals, although sub- 
microscopic immiscibility does not always cause the glass 
to crystallize. This must be so because the opalescence 
which is caused by the liquid-liquid separation can be 
made to disappear by heating at temperatures well below 

Porai-Koshits and his colleagues describe work on the 
detection of small-scale heterogeneities in glasses by low- 
angle X-ray scattering. 

The low-angle scattering resulta indicate that 
very useful information can be obtaimed. For example, 
the scattering intensity at an angle of 10 min from speci- 
mens of & sodium borosilicate glass are given as 300, 65 
and 20 pulses/min for heat treatment of 8 h at 600° C, 5h 
at 580° C and 5 min at 750° O. The glass heated at 750° C 
was transparent and it was calculated from the X-ray 
scattering to have heterogeneities of 50 A; this is said to 
be confirmed by the fact that pores of 50 A radius are 
formed after leaching. Another interesting observation is 
that in glasses in the Na,O, SiO, system maximum hetero- 
geneity is obtained at 11-5 per cent Na,O. 

The light-scattering work reported is interesting; gen- 
erally it is in agreement with the findings from low-angle 
X-ray scattering. Useful results are reported for Li,;O— 
SiO, and Na,O—Si0, glass 

The rest of the volume is marred by lack of details of 
the compositions of the glasses studied. A standard 
Li,O—A1,0,—8iO, glass is referred to without further 
details; additions of TiO, are made between 2:0-11 per 
cent and these are described as though they were minor 
additions and TiO, is referred to as a catalyst. Podushko 
and Kozlova assert, without any proof, that the effect of 
TiO, is to cause the temperature regions for nucleation 
and crystallization to overlap. 

Some glass-ceramics in the Li,O—AI,0O,—Si0,+TiO, 
system can be produced which are transparent although 
crystalline, Florinskaya and her ool- 


material although both have been prepared from the 
same glass. 

Various papers describe the study of nucleation and 
crystal growth by the use of infra-red and Raman spectro- 
scopy, differential thermal analysis, changes in physical 
he peer with heat treatment, and measurement of 

ielectrio losses. Altogether it is an interesting volume 
which shows that a very considerable effort is allocated 
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in the U.8.8.R. to the development of this new technology. 
Generally the translation and printing are good; six or 80 
minor misprinta were noted, but these did not to be 
misleading. ] R. W. DOUGLAS 


MATHEMATICS OF DECISIONS 


The Theory of Decision-Making 

An Introduction to Operations Research. By W. Sadowski. 
Translated from the Polish by Eugene Lepa. Translation 
edited by H. Infeld and P. Knightafield. Pp. viii + 292. 
(London and New York: Pe n Press; Warszawa: 
PWE-—Polish Economie Publi 1965.) 605. net. 


A E e ee oe 
in America) is one which is assuming increasing impor- 
tance, a8 decisions made by management have to be based 
on an ever more complex array of facts. Over the 

quarter of a century mathematical methods, i to 
assist in the efficient utilization of available resources, have 
been evolved, and there is now a well-developed mathe- 
matical theory covering the best defined problems of 

ional research. 

Although some early studies in lmear programming 
were carried out in the U.S.S.R., the major develop- 
ments in the science have taken place in Western coun- 
tries, and it is interesting to find a book on this subject 
originating in & socialist society. However, the contents 
of this book are as relevant in the West aa in Poland. ; 

The author declares that the work is intended chiefly 
for economists, and the use of mathematica is therefore 
limited, although a slight knowledge of differential calculus 
is assumed. A mathematician will not be satisfied, as many 
proofs are omitted; this in itself is not of great importance 
although one would have liked to have seen proofs included 
in an appendix, but it is unfortunate that the mathematical 
theory which is used is at times and, while the 
resulta obtained are correct, it would be a pity if eoono- 
mists were led to believe that methods presented here were 
mathematically sound. In particular, the description of 
the simplex method suffers because one set of variables is 
used alternately with two different meanings; thus on one 
page there appear apparently conflicting equations, and 
while the author does not confuse them, the inexperienced 
reader may well have diffüleulty. On another occasion, 
after stating his intention to prove a formula, the author, 
when faced with a formula similar to the one he wishes to 


omitted. 

The presentation of the material is well thought out, 
and, were it not for defects in the English edition, would 
make for easy reading. The larger part of the book is 
devoted to linear programming, which is treated in an 
elementary manner, with an abundance of examples. The 
development is good, but unfortunately in his attempt to 
avoid complicated mathematics the author has not pre- 
sented the simplex algorithm in ite usual form, in which 
it is more suitable for computational purposes. The prin- 
ciple of duality and the signifloance of the dual variables 
are well explained, although the translation is bad and 
obscures the meaning in places. The method quoted for 
the solution of the transportation problem is rather 
tedious. Although the benefits of computers are men- 
tioned in the introduction there is little reference to their 
use in the body of the work; indeed the methods presented 

out the linear programming section are more 
suitable for calculation with pencil and paper than with 
oomputers. 
Shorter chapters follow, on the theory of queues, theary 
of games, statistical methods, and dynamic programming, 
the first three of which are well explamed, usually by 
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means of examples. Dynamic programming is & subject 
too often obscured by difficult mathematics, and it is to 
be regretted that the example given here has been need- 
leealy complicated for non-mathematicians by the use of a 
cost fumction itself involving an integral. Each chapter is 
concluded by a good review of the relevant literature, as 
it existed in 1959. The final chapter contains a brief 
survey of applications of operational research in Poland, 
where, it would , little work had been carried out 
by the date of the Polish edition. 

Although this book may well have fulfilled a need when 
it was originally published in Polish, it does not contribute 
to the literature in English. Tta merits have been lost by 
poor tranalation and frequent misprinte, both factors 
which needleasly confuse the reader, and oould have been 
rectified by an editor with a knowledge of the subject. 

ANTHONY WREN 


PROGRESS IN GERONTOLOGY 


Advances In Gerontological Research 
Edited by B. L. Strehler. Vol. 1. Pp. xi+410. (New 
York and London: Academic Press, 1964.) 965. 6d. 


HIS fist volume of Advances in Gerontological 

Research contains a mixed collection of ten papers, 
mainly by American authors, which vary in length ind the 
amount of detail thought to be appropriate. The chosen 
topics are wide-ranging, bub concentrate more on the 
general biological than on the medical aspects of 
ageing. The psychological and sociological sides of the 
subject are omitted altogether, but can be expected to 
appear in subsequent volumes. 

The opening paper by Bondareff is primarily concerned 
with the microscopic pathology and cytology of neurones 
of different ages. Only a short paragraph is devoted to the 
neurophysiologioal aspects of ageing processes in the 
central nervous system, and indicates how much lees is 
known about functional changes in the nervous system 
with age than about morphological changes. Generally, 

undisputed 


Bondareff finds little evidence that important 
and causal changes with age can be identifled in the 
central nervous system. 


enzymes and in amino-acid patterns. Ho believes that the 
activity is important and illustrates in detail hia experi- 
mental findings that cysteamine and folio acid can restore 
the biochemical balance towards the situation charac- 
teristic of younger ages. 

The three other general reviews are by Casarett, Clark 
and Blumenthal and Berns. Casarett critically discusses 
the extent to which exposure to irradiation can mimic or 
accelerate natural ageing changes and, while finding dif- 
ferences between the two processes, believes that the 
similarities are sufficient for the irradiated animal to be a 
useful model system. He, too, puta forward & theory of 
ageing in which he sees both irradiation and natural 
ageing having their effects as a result of increasing oon- 
nective tissue barriers between the circulation and the 
parenchymal cells. 
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Clark’s contribution on genetics and ageing is, perhape, 
the most readable of all. He emphasizes the importance 
of genetic factors, the opportunities for research which 
genetically controlled material provides and discusses the 
relevance of somatic mutation to ageing studies. 

Blumenthal and Berns's topic is auto-immunity and they 
too are concerned with the importance of somatic muta- 
tions. Their discussion centres mainly around possible 
ways in which modifications in immunological reactivity 
may lead to the diseases of old age and attempts to bridge 
the gap between the concepta of natural and pathological 
old age. 

The remaining articles are by Andrews on changes in 
nuclear morphology, a short informative note by Sinex on 
croes-linkages especially in collagen and elastin, and two 
by Bjorkerud and the editor, Strehler, on the isolation of 
lipofuscin granules from heart muscle and the chemical 


snd enzymatic properties of the particles, and on the 


histochemistry and ultrastructure of age pigments. There 
is considerable new and detailed information here about 
techniques, biochemical findings and histochemical ap- 
pearances together with speculations on the origins of the 
granules. One wonders, however, whether the likelihood 
that these granules are more than an epiphenomenon of 
ageing is sufficiently great to justify the allotment of about 
fifth of the book’s pages to this topio. 

Most of the present-day views on the causes of ageing 
are aired somewhere in these reviews. The authars vary 
considerably in their approach to the problem of how to 

an article for this type of book and some succeed 

tter than others. Some degree of overlapping and a few 

trivial proof-reading failures occur. Not everyone will 

want to read straight through the volume, but anyone 

who delves into its pages is bound to come up, with some 
fresh ideas and some new pieces of information. 

In the pest, reviewers of books on ageing have often 
begun by emphasizing the unpopularity and lack of 
scientific respectability of ageing studies. To be included 
in the Advances series can be taken as good evidence that 
the subject has at last arrived. But in addition to marking 
She erenn.an unportent thing -sbuut the book ia: that i 
makes one realize how amorphous and pervasive a subject 
ageing is and how dependent workers are on advances in 
other fields. More depressingly, it serves to show one how 
little real progress has been made in coming to grips with 
the main problems. P. L. Kaosmw 


BIOLOGY OF RESPIRATION 


The Blology of Respiration 
By Sir Victor Negus. Pp. xi--228. (Edinburgh" and 
London: E. and S. Livingstone, Ltd., 1965.) 60s. net. 
TEE Biology of Respiration by Sir Victor Negus is a 
disappointing book on a number of counts. In the 
first place, the title promises considerably more than the 
contents offer. I anticipated that this would be August 
Krogh brought up to date, incorporating the masa of 
work on the comparative physiology of respiration carried 
out since tho publication of his classic in 1941. In fact, the 
contents are very much restricted in scope. About three- 
quarters of the text is concerned with the external appara- 
tus of respiration and is clearly centred around the unique 
contributions of this distinguished oto-rhinolaryngologist. 
When he is on home ground, Bir Victor is superb without 
qualification, and this remarkable &ooount of fastidious 
dissection of the upper airway systems of innumerable 
species, admirably illustrated, carefully, thoughtfully and 
crisply presented would, by itself, justify the purchase of 
the book. This part of the book is marred only by com- 
pression; for example, it might be thought that the oom- 
plex air sac system of birds deserves more than half a page 
of text and the mechanics of pulmonary ventilation in 
mammals more-than a brief mention. 


wo.soce August 14, 1965 


However, there is more to respiration than the passage 
of air in and out of the upper respiratory tract, or of water 
over the gills of fish; the most serious criticiam of the book 
is that there is little attempt to correlate anatomical 
adaptations with physiological function. Thus, forexample, 
there is nothing on foetal respiration; in discussing diving 
mammals and birds, the discussion barely goes beyond the 
use of stopwatches, and the names Scholander and Irving 
aré never mentioned. There is no mention of adaptations 
to altitude nor any discussion of the relation between 
respiratory gaa exchange and the size and metabolism of 
mammals 


Instead of this, the author bas inserted two highly com- 
pressed chapters on respiratory gas exchange and the 
neural control of respiration which apply only to man or 
common laboratory mammals. The latter chapter, in 
m e a aes duca ue 

ing for the novice and irritatingly dogmatic for the 
profeasional. 

Where space is at a premium, & statement such as “The 
effecta of changes in arterial pH upon pulmonary venti- 
lation do not, however, depend on the alteration of pH per 
se, but are determined by the extent to which the pH 
change is caused by or gives rise to coincident alterations 
in artenal POO,” is not only ambiguous but positively 
misleading since no mention has been made of the medul- 
lary pH-sensitive chemoreceptors or of the role of the pH. 
of the oerebro-apinal fuid. 

The bibliography contains 98 references of which only 
about a half are primary sources. 

There is a very real need for & comprehensive book with 
this title. & book which would gather together the work 
done so far and emphasize where the tracts of ignorance 
lie; Schmidt-Neilaen’s recent Physiology of the Desert 
Animal is an admirable model. It might require a re- 
incarnated John Hunter, to whom Bir Victor is clearly 
much indebted, to do justice to such & labour. In his 
absence, Sir Victor and Messrs. Æ. and B. Livi , Ltd., 
might consider expanding this book with Sir Viotor's 
unique contribution as the nucleus. Zoologiste and respir- 
atory physiologists would then be much in their debt. 

M. J. Purves 


THE PROTURA 


The Protura 

A Revision of the Species of the World with Keys for 
Determination. By Prof. 8. L. Tuxen. (Actualités 
Scientifiques et Industrielles, No. 1811.) Pp. 860. (Paris: 
Hermann, 1904.) 54 franos. 


PEE EN No ec Gee E 
placed for convenience with the Insecta, were not 
i at all until 1907 when Silvestri described the 
order and the first species; even now there are fewer than 
150 known species. The original descriptions, with a few 
exceptions, are inadequate, resulting in names being 
applied to different species by different workers and in the 
formation of many synonyms. The only remedy for this 
is to interpret oonolusively all the speciflo names by 
where necessary and erecting neotypes where the types 
are lost. This, together with a re-asecemment of taxonomic 
characters, has been done by Prof. Tuxen in The Protura : 
a Revision of the Species of the World with Keys for 

In this, 48 pages are devoted to morphology, partly 
based on original work by Prof. Tuxen, with emphasis on 
the characters used in the classification. Post-embryonal 
development is dealt with in three pages, while techniques 
of collecting, examination and preservation are outlined 
in one. A list is provided of references to ecology and 
distribution (arranged geographically) together with a 
systematic list of all the known names, ten pages of 
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references to the literature, and indexes to names and 
subjects. The rest and greater part of the book contains 
the systematic discusmon, keys, figures and descriptions 
of the species, including discussion of the in j 
variation of some of the characters; all are clearly and 
conveniently presented. 

Thus, for the first time a critical re-assesament of all the 
morphological and systematic information about the 
Protura is contained in one volume and it should now be 
possible to determine Protura material correctly. How- 
ever, in using the keys it becomes apparent that for 
identification the specimens must be in good condition 
and some familianty with the order is necessary, the 

ta of the sensillae and setae of the foretarsus 
being especially diffüloult to resolve; in this respect it is 
unfortunate that some of the figures of the foretarsus, as 
mentioned in the preface, have been go much reduced. 
One other criticiam that might be made is the number of 
genera which have been used for the relatively small 
number of species, but in Prof. Tuxen’s opinion this is a 
necessary, perhaps only temporary, step to survey & 
group in which relationships and evolutionary lines are 
difficult to assess. 

It is hoped that this work with ite high standards of 
taxonomy will induce similar standards in the work of 
subsequent taxonomists of the grou and encourage the 
collection of information on the biology and ecology of 
the Protura. Further, their distribution may prove to be 
of considerable zoogeographical interest. 

TASA OLAY 


MORE ABOUT COCONUTS 


Coconuts 

By Dr. Reginald Child. (Tropical Agriculture Series.) 
Pp. vii--216--25 plates. (London: Longmans, Green, 
and Oo., Ltd., 1964.) 428. 6d. net. 


T is often surprising to observe, in quite different parte 
of the world, that coconuts are so badly grown, or so 
indifferently maintained. Of course, it can be appreciated 
that, with rising costa of labour, the crop is probably one 
on which only marginal sums can be spent. That, at 
Hash) doge eee However, in these days 
of scientiflo agriculture, from the application of which 
other major tropical orope have certainly profited, it 
might reasonably be expected that more could be done to 
improve this important and valuable crop. The poten- 
tialities are there: very considerable areas could be 
utilized, in simple ways, for the cultivation of the oooco- 
nut, if only ...! In fact, there are regions where scientific 
agronomy is being practised to advantage. 

Accordingly, the handy volume prepared by Dr. R. 
Child, formerly director of the Coconut Research Institute 
of Ceylon, and roduoed as one of the Tropical Agricul- 
tural Series, under the editorship of Mr. D. Rhind, is to 
be welcomed. (The last considerable monograph on this 
crop, The Coconut Palm, was prepared for the Indian 
Central Coconut Committee by Dr. K. P. V. Menon and 
Dr. K. M. Pandalai several years ago.) A further ciroum- 
stance which adds to the value of the new volume is that 
the relevant research and technical literature, which is 
often not too readily accessible to the grower who does 
not happen to be closely associated with a scientific 
department or institution, is presented in condensed form. 
Indeed, in a special chapter, the author has been at pains 
to inform his readers on this point, for, as with other 
pan-tropical crope, the literature tends to be somewhat 
scanty and widely scattered. In fact, various journals 
and reports are now being produced regularly in Ceylon, 
the Philppinee, India, Malaya, Fiji, eto., and in Paris for 
regions within the French economy. There has algo been 
recognition of the need for co-operative scientific work in 
tackling the problems of cultivation and protection—and 
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they are considerable—of this valuable and potentially 
extensible crop. = 
Dr. Child has dealt, in short, informative and readable 
chapters, with the history and botany of the crop, ita 
cultural requirements, the importance of selection and 
breeding in the establishment of plantations, and with 
the many other problems of care, main fertilixing, 
procaine and products. Pests, of quite diverse kinds, 
insects to crabs, and diseases, which are often 
diffloult to diagnose, which afflict the coconut, are 


- The book is helpfully illustrated 
by line drawings in the text and by photographic plates 
of good quality. 

Especially in these days of expensive technical books, 
this volume impresses me as being really good value, both 
for the practical grower and the research reader. Nor is 
the coconut without ite mythology and mystery: let the 
curious reader find out for himself about ‘coconut pearls’ 
to which & short appendix is devoted. 

O. W. WARDLAW 


MECHANISMS OF HORMONE ACTION 


Actlons of Hormones on Molecular Processes 

Edited by Gerald Litwack and David Kri . Pp. 
xi+688. (New York and London: John Wiley and Sons, 
Ino. 1964.) 128s. 


Teron are to be pungeatuletod aa :thetr: ides of 
collecting nineteen articles relating to the mechanism 
of hormone action at the molecular level, for interest in 
this subject has grown rapidly in recent years. The 
coverage of subjects is, naturally, not comprehensive, but 
their selection is a one. The hormonal influence on 
transport across membranes is discussed by Riggs, 
and there then follow four atticles on various aspects of 
thyroid hormone action. Gonadotrophins and the sex 
hormones are discussed in four chapters, while cortico- 
steroids, insulin and the catecholamines merit three 
articles each. There is also a discussion of gastric and the 
duodenal hormones. It is of interest that in many of the 
articles the hasis is on hormonal action mediated via 
messenger RNA synthesis. 

The articles are excellently written accounts, serving 
as good reviews of the literature, and many of the authors 
have taken advantage of the opportunity offered by the 
editors to speculate. Buch personal views are often useful 
if only in promoting thought and experiment to counter 
an unpopular opinion. The book 1s clearly printed, the 
figures are admirably clear, the type ia pleasing to the 
eye, the index is useful and ap to be both compre- 
hensively and sensibly ana 

But, and this is an important qualifloation, there was 
obviously & delay of about two years between the time 
when most of the articles were written and that when the 
book was published.” Such a delay may be of limited 
consequence in some subjects but m rapidly developing 
flelds—and this book was clearly envisaged as being in 
one—4 delay of this length can be disastrous. One of the 
contributors has added an addendum to hia thoughtful, 
elegant and comprehensive 


implied flattery of the invitation. A review article, 
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especially one which is a thoughtful selection and dis- 
cussion of relevant requires a great deal of hard 
work to write, and it is & grewt pity that the hard work 
should be, to an extent, wasted by delays in publication. 
;, A. Konze 


MICHAEL FARADAY 


Michael Faraday 
By L. Pearce Williams. Pp. xvi+-581. 
Chapman and Hall, Ltd., 1965.) 70s. 


I his warm and human biography of Michael Faraday, 
Prof. Williams has traced Faraday’s development as a 
man and a scientist. After ig Faraday's early 
days, he has chapters on his education as a chemist and 
philosopher, and on the “Fallow Years” between 1820 and 
1830 when he gave up his researches in order to devote 
himself to the interests of the Royal Institution, raising it 
in popular esteem and strengthening ite financial position. 
Then oeme the great years of the disoovery of electro- 
magnetic induction, and the author deecribes the develop- 
ment and clarification of Faraday’s conceptions in three 
cha: on “The Nature of Electricity”. 

obapter on “Faraday in the World” is of particular 
interest because it contains an account of Faraday's study 
of the art of lecturing. He had as a first model Humphry 
Davy, a master of that art. “Faraday had been preparing 
himself to replace Davy for a decade and it was his ability 
to reach a lay audience which was, over the course of some 
thirty-seven years, to give the Royal Institution that 
popularity end financial security it had so long needed.” 
Faraday's advice to a lecturer about the importance of 
speaking his discourse, not reading it, reveals his combma- 
tion of courtesy and firmness in a delightful way, “as we 
are sure that you would do it better the leas you reed, 
80 I venture to express a hope that you will not read 
more than you may find necessary for your own oon- 
venienoe", 

Another oues er deals with the origin of the 
field theory. Prof. i enables us to follow Faraday's 
lines of thought by the frequent well-chosen extracts from 
his papers and diary. There is, however, a blemish in this 
chapter which ought to be corrected in a further edition. 
A series of figures on p. 439 e£ seg., which purport to 
illustrate Faraday's ideas on the distortion of a magnetic 
field by paramagnetic and diamagnetic bodies, are false 
in that they represent lines of force with physically 
impossible contours. Faraday’s original rough sketches 
(Experiment 10,882, April 1850, in his Diary) and the 
finished drawings (2,807, October 1850, in ‘Experimental 
Researches in Electncity”) are beautifully executed even 
though Faraday had to extrapolate in exaggerating the 
affect of æ di etic. His intuition led him to their 
right form, although he had no mathematics. The pictures 
in the book, on the other hand, show the lines of force 
which disobey the laws Faraday had so brilliantly estab- 
lished. Then again, on p. 898, in referring to “the setting 
of his glass across the magnotio lines of force”, the author 
appears to suggest that a diamagnetic rod sets itself at 
right angles to the force in a uniform magnetic field, 
whereas, of course, it sets iteelf in a parallel direction like a 


(London: 


paramagnetic, a phenomenon so elegantly explamed by 
Faraday’s tion of a field as to that of 
induced poles. The familiar experiment m which a biamuth 


rod seta itself across the magnetic gap is explained by the 
ends of the rod being drawn to places where the fleld is 
weaker. 

A number of books have been written about Faraday, 
but in the present case the author must have consulted 
more of the original sources than any previous bio- 
grapher, and the result is a very complete and scholarly 
record, which is a notable addition to our knowledge of 
nineteenth-oentury science. W. L. Brace 
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HEADS OR TAILS 


By Dr. R. T. GREEN 
Department of Psychology, University College, London 


N the social sciences, recourse is often made to non- 

parametrio or distribution-free tests because the data 
are not amenable to the more traditional statistical pro- 
cedures. Of these, the binomial or sign test is one of the 
earliest, aala Gad apt flexible, 1b can be-applied to 
any binary series of the heads and tails variety to test 
the null hypothesis that the coin is true; that is, that the 
two outcomes have an equal probability of occurrence. 
Although the mathematica is straightforward, there has 
been & measure of disagreement over the epistemology 
involved. Since the test can be applied only. to two- 
category outcomes, what is to be done when the ooin 
lande on ita edge (an indeterminate outcome) or is knocked 
off the table before we note its face (an unobserved out- 
come)? With a coin this type of outcome is unusual and 
the consequences trivial. In the social sciences the neutral 
category is apt to occur more often and the problem 
cannot be ignored. 

For example, let us take & simple experiment in per- 
ception. We aak our subject to inspect a curved line 
presented in a manner to exclude all other structured 
stimuli. After five minutes we remove the curved line, 
replace it with a straight one, and ask the subject if the 
new stimulus is straight or curved and, if curved, in 
which direction. Thus, the subject 1s offered a three- 
category response. On the null hypothesis that the 
i ion of a curved line for flve minutes will not sys- 
tematically bias the perception of a straight line viewed 
immediately afterwards we would predict that he will not 
favour either direction of curvature and is just as likely 
to report the one as the other, regardless of how likely he 
. That is to 


0-002 level of confidence on the grounds that this is the 
likelihood of getting 10 heads or 10 tails in a row? There 
are some statisticians who would challenge such a pro- 
cedure and a second example is perhapa necessary to 
sharpen the iseue still further. 

Let us suppose we are engaged in an investigation of 
political imagery and that we are comparing the attitudes 
of working-class Conservatives with those of working- 
class Labour supporters. We have set up a hypothesis 
that the Conservatives will choose as an ideal Prime 
Minister someone who makes a good father figure, while 
the Labour supporters will be less inclined to make such 
a choice. This time we are careful to design the experi- 
ment so that each subject can be unequivocally designated 
as a positive or negative instance. The null hypothesis, 
of course, is that the choices of the two groups will not 
differ significantly in this respect. Our definition of 
working-class is & standard one based on occupational 
level, but not being altogether naive in such matters, we 
take the trouble—after obtaining the imagery scores—to 
discover whether or not the respondent himself as 
working-class. To our chagrin, a number of subjecta who 
sweep the roads, deliver milk, and mix cement, yield 
evidence that they see themselves as membera of the 
middle class. We discard tham on the grounds that we 
have no predictions to make concerning the peyoho- 
dynamios of such difficult people. Are we justifled in 


treating the remainder of the sample as sep nian’ of 
the universe we are interested in and conducting & 2 x 2 
contingency analysis of the positive and negative cases 
for the two political affiliations ? Note, we oould in 
principle have saved ourselves the trouble of measuring 
the attitudes of these odd people we eventually discard 
simply by discovering their class attitudes at the start. 
It just so that we prefer not to follow this pro- 
cedure in the interests of good experimental design. 

Returning to the coin analogy, what we wish to do is 

teat the null hypothesia that two coins are equally biased 
without wishing to assume that both are true. Again, in 
order to carry out the desired statistical test it is necessary 
to discard the unobserved and indeterminate outcomes. 
Since this is just a more complicated version of tho first 
problem of testing the truenees of a single coin, we 
shall consider the arguments relating to the simpler case 
first. 
The simplest and the most attractive solution is to 
discard the neutral cases no matter how frequently they 
occur, as had béen suggested by Dixon and Massey! and 
Siegel! in a manner which is casual enough to imply that 
no difficulties are involved. Objections have been raised 
against this procedure, however, and if we are to use it 
we must demonstrate that we do not thereby invalidate 
the basic requirements for applying this test. Putter* has 
shown how the way we choose to deal with the neutral 
category affects the exact power and asymptotic efficiency 
of the test. What does not appear to have been done is 
to consider the epistemology lying behind the choice of 
one procedure or another when applying the sign test in 
particular mstances. For onoe, the most attractive pro- 
cedure turns out to be the moet logical, as the following 
three arguments demonstrate. 

(1) If we were kept in ignorance of the outcome of, aay, 
half the total number of throws we would be obliged to 
carry out our analysis on the remaining throws of known 
outcome. Any sample of throws we take is of necessity, 
and by definition, only a amall part of an infinite universe 
of possible throws. The unobeerved throws not included 
in the sample may all be indeterminate and land on their 
edge for we know, but this does not and cannot affect 
the treatment of the sample we actually have. This is 
the easence of the binomial test. We define our sample, 
and the test says whether or not the procedure producing 
that sample is biased. If we define our sample as that 
which specifically excludes unobserved or indeterminate 
outcomes, then the test cannot refer to any events outaide 
our sample as defined. The distinction between un- 
observed and indeterminate outcomes is of no logical 
significance in this context. 

(2) If it is argued that to be conservative we should 
allocate all indeterminate outcomes to the direction 
favouring the null hypothesis, thia can be shown to lead 
to an absurdity It sounds reasonable only if we confine 
this procedure to semplee in which the ooin lands on its 
edge relatively infrequently. A thick coin makes nonsense 
of the argument, as it could reverse a significant bias in 
one direction and make it appear as an even more sig- 
nificant bias in the other. For example, if on eight con- 
secutive tosses having an observed determinate outcame 
the coin comes up heads every time (it is a double-headed 
coin if one wishes) we would reject the null hypothesis at 
the 1 per cent level of confidence, ignoring the indeterm- 
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inate throws when it lands on ita edge. If it is a very thick 
ooin and there have in fact been, say, one hundred in- 
determinate throws, and we allocate thee against the 
emerging bias, we are obliged to reject the null hypo- 
thesis at a far higher level of confidence, and conclude 
that the coin is biased in the opposite direction fram that 
in which it really is biased. To split the indeterminate 
outcomes in the proportion of the determinate outcomes, 
as is sometimes recommended, only helps to undermine 
the null hypothesis. The only procedure that is genuinely 
conservative is to split the mdeterminate outcomes 
50: 50, with an odd member going to the smaller total 
of determinate outoomes. 

(3) The fallacy of including the indeterminate outcomes 
in the analyms at all is best seen by considering the 
properties of thick biased coins. Let us take a coin which 
is tapered aoroes its edge as 1f it were a truncated oone. 
Such a coin is patently prone to bias, although the 
and direction of bias will be a complex function of the 
angle and thickness of the edge and the sizes of ita faces, 
apart from its elastic properties and the of the 
surface on which it lands. Without getting involved in 
the dynamios and geometry of the process, it would 
obviously be quite straightforward in principle to manu- 
facture such & ooin with any degree of bias we chose. 

Let us suppose that we produce a coin with a 60: 40 
bias, in the sense that out of one hundred observed and 
determinate throws it will on average reflect this bias. 
Now the number of times we actually have to tose this 
ooin in order to arrive at one hundred observed determinate 
outcomes will be a fanotion of the way the coin is made. 
It could be made to produce one hundred determinate 
outcomes in 102 throws or in 200, but the question as to 
the direction and degree of bias with respect to the two 
faces can be settled by reference only to the observed 
determinate outcomes. 

In effect we are dealing with a three-faced die and 
confining our interest to the relative probabilities of 
occurrence of only two of its faces. The third outcome 
is of no relevance to the null hypothesis that the two 
faces in which we are interested have an equal probability 
of appearing. The only relevance that the third outcome 
has is with regard to the amount of work we have to 
do in order to confirm or refute this null hypothesis. A 
thick coin has to be tossed a greater number of times in 
order to obtain a sufficient number of determinate out- 
cames with which to test the null hypothesis that is of 
interest to us, whereas a thin coin involves us in far leas 
wasted effort obtaining outcomes not falling into the 
sample as defined. 

These arguments may be summarised by considering 
& true roulette wheel of 100 poakete, any of which may 
be red, black or white. If we confine ourselves to asking 
whether there is an equal number of red and black 
pockets, then any trials in which the ball comes to rest 
in & white t must be ignored. Aocording to the 
definition of the sample universe in which we are inter- 
ested these triala are not trials at all. So far as the 
mathematios ia oonoerned, ib makes no difference whether 
there are 49 red, 49 black and 2 white pooketa, or one red, 
one black and 98 white pockets. The null hypothesis 
with regard to red and black can be tested only by refer- 
ence to those trials on which the ball comes to rest in a 
black or red pocket. The fact that im order to get a 
sample of 100 trials we have te spin the wheel a littl 
more than e hundred times in the first oase, and something 
like 5,000 in the second, is entirely irrelevant to the 
legitimacy or otherwise of the mathematics. If there 
are in fact twice as many red as black pockets we shall 
detect thia degree of bias in just as many trials, but for 
& very different number of spins, whether there are 
two red and one black pocket, or 60 red and 80 black 
pooketa. 

The same argumenta hold if someone upeete the wheel, 
or switches out the light and removes the ball, in a 
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random sequenoe during the oourse of our experiment. 
Our sample size is thereby reduced, and we have to make 
that many more spins to restore it. But, provided that 
the process is random, then the mathematicae of the 
binomial theorem still apply to those events that we 
define as belonging to the sample universe. That is, they 
are determinate and observed. The indeterminate out- 
comes we have elected not to take an interest in, and the 
unobservable and unobserved we may not include in 
our analyms. If there is some systematic bias in the way 
that the light is switched out, or the wheel is upset, 
then this process must be investigated in some other 
way. The null hypothesis we choose to test makes tho 
implicit assumption that the indeterminate and unob- 
served outcomes do not in fact suffer from such a system- 
atic bias. The possibility that such a bias does exist is 
always with us, but it holds just as much for the tosses 
or spins that are unobserved because we have not made 
them as for those that are indeterminate because the 
com lands on its edge, or unobserved because someone 
switches out the light. 

It is not difficult to see that these same ts 
hold if we are interested in testing the null hypothesis 
that two roulette wheela carry red and white pockete in 
the same proportions, regardlees of how many pookets 
either has $^ toto, or what proportion of the pockets is 
white. The interesting question is why there would 
appear to be anything to argue about over this matter 
of discarding the neutral cases. Possibly the answer is 
to be found in one of the chestnuts that statisticians are 
fond of using to show how easy it is for common sense to 
lead our reasoning astray. The conundrum runs like 
this: “A woman has two children. One of them is a boy. 
What are the odds that the other is also a boy ?" (It is 
assumed that there are an equal number of boys and 
girls in the universe under consideration, and there is no 
Markov chaining.) The correct, and slightly surprising, 
answer is 2:1. If we are surprised this is because we 
have been addressing ourselves to the wrong universe. 
The common error is to assume that we are dealing with 
thè. entire universe of women with two children, in which 
case the answer would obviously be ‘evens’. In fact 
part of this universe, the r containing women with 
two daughters, has Boone ris been exoluded, and we 
are left to deal with a universe in which 2/8 fall into a 
boy-and-girl category and 1/3 in a two-boy category. 
Had we been told: “A woman has two children. The 
first born is & boy. What are the odds that the other is 
also a boy ?", then the answer would indeed be ‘evens’, 
because another part of the women-with-two-children 
universe has been exoluded, and the remaining universe 
under consideration contains boy-then-girl and boy-than- 
boy in equal proportions. 

The social scientist, in setting up his null hypothesis, 
is entitled to address himself to whatever universe he 
elects to investigate. If he wishes to exclude from his 
analysis subjects who report straight lines as straight, or 
working-class respondents who see themselves as middle 
class, then he is perfectly entitled to do so. His con- 


_ clusions will, of course, be limited in that they will refer 


only to the universe to which he addresses himself, and 
he will not be able to make statistical statements about 
respondente lying outside his chosen universe, but there 
is nothing wrong in this. Provided he recognizes the 
limitations he has imposed on himself then he cannot 
be taken to task for using the sign test or 2x 3 contin- 
gency analysis on his remaining data. 

Reverting to the first example, if he wishes to confine 
his interests to those subjecta who stile Adde sated 
as other than straight, and if 10 such subjects report 
the straight line to be curved in the opposite direction 
to the one they inspected for five minutes, then he is 
entitled to reject that particular null hypothesis at the 
0-002 level of confidence. The sort of statement he would 
end up making after running his 100 subjects would ke 
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that: "Most people do not sooth to be affected by tho prior 
inspection o curved line, but if they fall into the 
minority that is affected then it is highly probable that 
they will be affected in the particular direction revealed 
by the experiment". 

With the second example the same argumenta hold. 
Provided the expérimenter confines his conclusions to 
working-class respondente who see themselves as w 
olas, he is quite within his rights to confino his analysis 
to these respondents. Nor does it matter whether he 
discards the ‘neutral’ cases before or after making his 
imagery assessments. This is just a question of admin- 
istrative convenience, and is not on a with deciding 
what to do with the resulta after having had a look at 
them and discovering that the ‘neutral’ cages are swamping 
the data. 

The procedure is suspect only if it is post hoo. BStatis- 
ticians have good cause to be wary of the experimenter 
who decides what tests he will make after having collected 
and inspected his data. If there are a hundred possible 
comparisons that could be made, then, on a purely chance 
basis, flve of these comparisons will appear to be ‘sig- 
nificant’ at the 5 per cent level of confidence, and Ib 
would be picayune, to say the least, to seize on these 
as satisfactory evidence for rejecting some handy ad hoo 
hypothesis. See Cochran and Cox‘, Snedecor’ and 
Tippett". (This is not to say that all statistics are 
necessarily invalid when used post hoo.) 

Similar considerations apply to the experimenter who 
neglects to ify the universe in which he is interested 
before collecting his data. If he fails to foresee the 
possible of including the neutral category 
and decides to exclude subjecta who ‘land on their edge’, 
ntes ssh ue Arabia een ee a p a 
i o to the same sort or suspicion as the experi- 
menter o neglects to specify which groups he intends 
to compare, By tampering post hoo with his universe in 
various ingenious ways he could ‘prove’ that blue-eyed 
men are taller than brown-eyed men, or vice verse, simply 
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by adjusting his universe to exclude the awkward 
instances 


Perhaps it would not be too misleading to assert that 
the issues at stake in the real world, when we come to 
assess the value of an experimenter’s work and the 
legitimacy of the statistics he uses, are not so much 
mathematical or even epistemological, but fundamentally 
psychological. A man who is known to have a theoretical 
system which he defends against all attacks at any cosb 


, must expect to have his procedures, experimental and 


statistical, examined with more care, simply because of 
his known propensity to shape the facts to fit into his 
paranoid delusional system. On the other hand, the 
competent experimenter with no theoretical axe to grind, 
who has shown himself content to shape his theories to 
the facts, or even abandon his theories if the facta damand 
it, earns our trust and respect. Because he is not irre- 
vocably committed to an entrenched theoretical position, 
but is committed to ‘disco and facmg up to the 
facta, we are more inclined to trust both his data and 
his treatment of them. Where the experimenter places 
his emotional investment, in & theory or the facts, is a 
highly relevant piece of information. Every soientiflo 
worker acquires a reputation somewhere along this 
dimension, and other workers habitually use this know- 
ledge to weigh the value of his contribution. This may 
not sound much like scientiflo method as it is described 
in the text-books but, as has been observed before, 
whoever uses scientiflo method it is certainly not the 
I thank Dr. A. R. Jonckheere for his advice. 


1 Dixon, W. J., and Massey, F. J , An Introduction to Statistical Analysis, 248 
(MoGraw-HIII, London, New York, 1961). 


* Boge, B., Fomparmmatris Statistics, 71 (MoGraw-Hlil, New York, Toronto, 


* Putter, J., Ann. Math. Statist., 98, 868 (1055). 

Baa cupo and Cor, G. M, Experimental Dengns, 75 (Wiley, Now 

* Snedecor, G. W., Steksiioa] Methods, 251 (Iowa Btate College, Iowa, 1056). 

THEM L. H- O, The Mahods Seater, tira od; 78 (Wiliama Kd 
orgate, London, 1041). 


CORAL REEFS, ATOLLS AND GUYOTS 


By Dr. R. SILVESTER 
University of Western Australia, Perth 


HE problem of coral reefs and atolls to-day ia not 

so much a lack of information but perhaps a new 
approach in the interpretation of existing observations. 
Recent deep borings into barriers and reefs have increased. 
knowledge greatly, but the new data do not appear to be 
consistent with existing hypotheses on reef origin. A 
new explanation is presented hero which emphasizes the 
role of the ominant swell and the consequences to be 
expected a massive structure, sitting on a saturated 
sedimentary foundation, suffers continual vibration. 
This thesis appears to cover adequately the existing 
knowl of coral formations and pointe out the likely 
discoveries when further holes are drilled acrogs an atoll 
complex. The major differences between guyots and 
atolls are accounted for in terms of subsidence resulting 
from wave action. The ions presented do not 
invoke sea-level changes. epe implications of this are 
noted. 

Coral reefs in general and atolls in particular have 
intrigued geologista and lay persons alike, either through 
personal observation or through the literature published 
about them. They have been the subject of same lengthy 
treatises, of which those by Davis! and Wiens? are the 
ive. In spite of this concentrated 
attention since the middle of the nineteenth century, the 


mode of origin of atolls in particular remains somewhat of 
a mystery. Guilcher’ has been led to remark: ‘‘Coral reefs 
form one of the most complex questions in geomor- 
phology”. 

Coral reefs can be established and maintained under 
a wide variety of conditions, due to the large number of 
species available; but optimal growth of the most prolific 
types requires that the temperature, depth, turbidity and 
salinity of the water be within certain limits. Temperature 
controls the geographic distribution of coral and depth 
determines the specific sites for reefs, mainly through its 
control of light intensity. Salnity requirements are 
readily met in the oceans and it is only by the occurrence 
of freah water, as from river mouths, that coral growth 
could be i 

Turbidity can be & controlling influence by its reduction 
of sunlight im general and by the settlement of suspended 


, particles on the reef structure, or its allied plant life, 


with the consequent reduction in photosynthesis. This 
factor could assume importance during the early stages of 
reef development, when the majority of the reef is within 
the zone of particle suspension. It is apparent, therefore, 
that the greater the wave agitation, or the fmer the bed 
material, the deeper the platform required for coral 
development. In fact, conditions could be envisaged 
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where the combination of wave action and silty soil might 
require such great depths before turbidity were reduced 
that the light intensity would be insufficient for the estab- 
lishment of a colony. This indicates that mud could 
serve as & foundation only in xones of little or no wave 
action. 

Rook, on the other hand, when also exposed to persistent 
"ave action, could also prove an unlikely site for coral 
development. This is because the waves, reflected from 
the relatively steep slo develop into standing oscilla- 
tions or olapoti, the high water velocities of which would 
tend to wash young colonies away. But even where e 
reef survives this ordeal, the wave forces imposed on 
the mature structure would most likely be too great for 
the relatively weak contact it has with the rock face. 
This attachment consista mainly of a cementing action 
of calcium carbonate which would not extend laterally 
in proportion to the horizontal development of the reef 
at the higher levels. Sooner or later the whole structure 
would be torn from the face and be pounded to pieces 
by the waves. 

Thus, for areas where wave incidence is high, the most 
likely foundation material will be sand or some coarser 
sediment. This oan be accreted or eroded in ite shallow 
depths with minimal turbidity, so that R P within 
the range for ooral colonization (namely, 85—40 pe can 
readily be provided in open ocean oonditions. The 
fragmented material of voleanic mounds in & marine 
situation would appear to satisfy the requirements for 
suitable coral reef support. 


Theorles of Origin 


Hoffmeister and Ladd‘ have pointed out that theories 
concerning barrier reefs and atolls may be divided into 
two main classifications, namely: (a) those invoking 4 
change in sea-level relatave to the foundations, and (b) 
those based on a static situation. 

Changing levels. Darwin proposed that fringing reefs 
were established around the edge of volcanoes which had 
emerged from the sea When these mounds afterwards 
subsided the coral continued to grow until a stage was 
reached where the foundation was some hundreds or 
thousands of feet below sea-level. Dana’ and Devis! 
supported this theais strongly, contending that the valleys 
and embayments, formed on the existing volcanic islands, 
proved the effectiveness of sub-serial erosion. Semper’ 
submitted that ocean currants channelled the rising mass 
of a voloanio island: This had also been considered and 
rejected by Darwin. 

Daly published many articles; but elucidated his thems 
fully in 1015 (ref. 8), which proposed glacial control of 
sea-level. Accepting prior reef formation, he contended 
that the lowering of sea-level exposed many of the reefs, 
which afterwards died. Wave action disposed of the 
coral and then eroded the volcanoes to the water line, 
after which the sea rose 85—40 fathoms to give the present 
uniform depth in the atoll lagoons. This theory has 
received much criticism by Devis!, Kuenen’ and Shepard’. 
A similar hypothesis was published by Vaughan", except 
that pital oe colonization of pl latforms was envisaged during 
8 low stand of sea-level, thus obviating Daly’s required 
destruction of the atolls. 

Kuenen*!*1* has attempted to oombine the merits 
of the subsidence and glacial theories. Although he is 
strongly influenced by the former, he introduces eustatism 
as a necessity from other flelde of evidence. He is not 
supported strongly in this respect; for example, Shepard’® 
has been led to state: “It is difficult to assess accurately 
the importance of glacial control of sea-levels in the 
development of the atolle”. 

Stearns e that anticlinee, either rising or 
stationary, d be the major repositories for ooral 
reefs. In other areas isostatic lowering could &ooount for 
the great depth of atoll foundations. In more recent times, 
he contended, eustatiam has assumed greater importance. 
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Fig. 1. Section of atoll as proposed by Menard and Ladd 


Statio levels. Tyearman and Bennett considered that 
volcanoes had been bevelled by tides until the reefs had 
risen to protect them. In many cases the islands had 

before this protection was afforded them. 
Rein!’ thought that organic debris could have accumulated 
on the submarine volcanoes which had not reached depths 
for coral colonization. Murray! extended Rein’s hypothe- 
sis to include dissolving of the interior as the reef extended 
laterally, ostensibly to account for the lagoon. Murray 
also proposed that platforms could be produced by wave 
abrasion. 

Wharton"*, who had surveyed many atolls, was im- 
preased with the limited depth of the lagoons in spite of 
the steep exterior slopes of the foundationa. For him this 
did not comply with a concept of subsidence so he sub- 
mitted an explanation!’ of wave abrasion, suggesting 
80-40 fathoms as the general limit of wave power for fairly 
friable material. Devis! was very critical of these views, 
but an analysis of his arguments illustrates strong 
prejudices. 

iz**;31 suggested that the platforms beneath barrier 
reefs were produced by wave action. He believed that 
lagoons could still be excavated after the reef had 
formed due to the topping of the waves. Hoffmeister and 
Ladd‘ have submitted an antecedent platform theory, 
having earlier attacked both the subsidence theory*t and 
.the glacial theory of Daly®. These platforms were pur- 
ported to have accrued from erosion, deposition, voloanio 
eruption or earth movements. Once they existed at 
suitable depth and in an appropriate biological environ- 
ment, these shoals could foster coral growth, so that 
rise in sea-level “is not essential for the formation of a 
flourishing barrier or atoll”. Ladd™ has recently been 
associated with a hypothesis that shallow water limestones 
have accumulated on ancient volcanic caps which have 
necessarily subsided under the load. A diagram is included 
in this reference showing a limestone cap a mile in thiak- 
ness on which the reef is located (Fig. 1). Whence this 
vast volume of limestone was derived is not stated, but it 
should be realized that in the case of Eniwetok Atoll, 
which is some 20 miles in diameter, the volume of this disk 
would be in the order of 1,200 cubic miles. 

Hass™ has submitted that a reef subsides like a piece of 
cake after its central zone has become extinct through 
lack of nutrienta and sediment asphyxiation. This view is 
based on the apparently false premise that "the depth of 
the lagoons seemed to bear & direot relationship to the 
size of the atoll”. 

From all theee divergent opinions the writers of text- 
books and monographs have been unable to perceive & 
unifying theme. Guilcher’ noted the lack of attention to 
wave forces: '"T'he exact effects of swell and currents remain 
to be determined. These factors are undoubtedly impor- 
tant, but how do they fit in with eustatic oscillations 
and subsidence ?" Wiens? concludes: “From the preced- 
ing discussion it can be seen that answers to the origin 
and evolution of coral reefs and atols still are inconclusive 
in many regpeota". 

New Theory of the Origin of Atolls 


Consider & volcano which has just from the 
sea and has become dormant or extinct. It is likely to be 
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circular in plan with a crater depression at its oentre. 
The following analysis, however, does not depend on this 
latter assumption. As the lava was discharged at or near 
the surface of the sea it would have been cindered, and 
that ejected through the air likewise would have been 
fragmented, forming tephra. The speed and duration of 
the volcanism would determine the volume and distribu- 
tion of debris and also the volume of the hard oore, which 
had cooled mare slowly. 

Ocean swell would immediately attack this friable 
surface, aided and abetted by any local wave system. 
This erosion has been shown, from recent cases of volcanic 
action", to be extremely rapid, especially where swell is 
involved, rather than local storm sequences which are 
relatively infrequent. Once a platform of reasonable size 
had formed, both through erosion and deposition, the 
waves would break further from the beach so formed and 
normal shoreline processes would ensue*’. 

The width and type of apron would vary around the 
periphery of the volcanio island, the orientation bemg 
determined by the swell waves, which arrive persistently 
from one direction". As seen in Fig. 2a, the bench on the 
swellward boundary would be erosional, tapering at the 
sides and turning to deposition on the leeward margin. 
A sloping beach profile would soon be established on the 
zone receiving the brunt of the swell waves. It is on the 
seaward edge of this ledge that the optimum depth for 
coral colonization will be reached first. As noted previ- 
ously, this implies reduction of turbidity as much aa 
appropriate light and temperature conditions. Thus, 
even when similar depths are reached at the sides and to 
leeward the continued transmission of debris m these 
regions would preclude reef establishment. 

Initial reg. On the swellward profile it is only the 
seaward edge that can provide a permanent footing, 
because inshore the ing of the waves is still creating 
too much disturbance. A crescent-shaped reef will thus 
emerge as in Fig. 2b. In ite infancy it will not influence 
the incoming swell, which will continue to erode and 
distribute the volcanic debris. When the reef reaches 
part way to the surface, it will induce wave-breaking, 
so that material could still be denuded between the reef 
and the island. The waves will diffract at the extremities 
and so enter this partially formed shadow zone; this will 
also occur when thé reef is fully developed. As seen in 
Fig. 2e the opposing wave trams could create standing 


waves or clapoti, which produce excessive bed movement. 
These will, m association with waves breaking over the 
structure, continue the bevelling of the shoreward zones. 
It can be appreciated that any coral which had found 





Fig. 2. Progressive development of an atoll from a volo&nie mound 
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in surviving the prolonged agitation of voleanio ash and 
tephra in this area. 

The waves, diffracted by the reef and refracted by the 
shoal conditions (Fig. 2c), are still able to attack the island 
structure, the leadmg edge of which 1s thus forced back 
from the initial reef. No protective coral colonies can be 
established at the sides or leeward until all the erosion haa 
occurred to a stage where turbidity is reduced to survival 

-level. In the event of coarser than normal basaltic 
material becoming exposed to the waves, reefs could be 
established and so afford some protection. This would 
result in an almost-atoll, or even a volcanic island sur- 
rounded by a barrier reef. 

There could well be several false starts to the initial 
reef since, at these early stages, large land-slides could 
ensue with concomitant turbidity of the surrounding 80a. 
These could reduce and Kill the existing colonies. The 
persistent swell, however, will cleanse the same region 
before all others, so that it again becomes the location for 
atoll genesis. At the sides and on the leeward face of the 
island the eroded material is deposited with very little 
compaction. Intermittent submarine slides could there- 
fore be expected, which would have an adverse effect on 
any corals that may have survived these turbid conditions. 
In time, however, sediment movement would decline 
and the next site for coral would be the mde margins 
(Fig. 2d). An important control is effected by the diffract- 
ing waves in the leeward region, which prevent reef 
formation until nearly all the volcanic mound has been 
reduced below sea-level, at least to the depth where sedi- 
ment suspension is negligible. 

As soon as the initial reef assumes a reasonable height 
&bove the bevelled mound, waves will be reflected with 
varying degrees of efficiency. Partial or complete clapotis 
will thus be established on the sweltward side of the reof. 

oscillations of the water particles near the bed will 
result and mound material will be worked downhill or 
towards the side extremities of the reef. While the plat- 
form is deepened the sediment rted to the ends 
of the curved reef could form spita on which the colony 
could expand. It is at these points, where the reef is 
thickest, that the reef changes direction. Wiens? has 
accounted for this accretion by oceanic and lagoonal 
currente, but it is more likely to be from wave action. 

Reef extensions. By the time the reef has extended 
itself to the sides of the volcanic island, the debris from 
wave abrasion of the initial reef will have started to arrive 
from the seaward face and be swept by the swell into the 
shadow zone of the leeward extremities. This promotes 
inward curvature of the reef as illustrated in Fig. 2o. 
Storm sequences may redistribute some of this spit 
material into the normally sheltered zone and so produce 
isolated mounds on which the reef could form. This 
results in a number of gaps or passes between coral 

in this rone. As these gaps decrease in sire and 
number the flow of water through them, due to tidal 
changes or plain outflow of wave swash into the lagoon, 
increases to a point where colonization 1s precluded because 
of bed movement. 

Through the processes described it is apparent that the 
atoll should assume an oval or U-shaped ovtline, with 
numerous in the zone sheltered from the per- 
sistent swell (Fig. 2/). This is confirmed by the published 
reports on the many hundreds of atolls existing in 
the Pacific Ocean and recorded on a statistical basis by 
Wiene’. 

Should & crater have existed in the origmal island 
structure a stage will be reached where the wave eromon 
would cause & break-through of the sea into the deproe- 
sion. By this stage the reef development may be well 
advanoed, but its survival as an atoll will binge on the 
intensity of the disturbance during this crater inundation. 
If the volcano had a smouldering centre the contact of the 
sea-water would produce masses of steam and ash, which 
would be distributed over hundreds of equare miles of 
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ocean. Even a cold crater would contain much fine ash 
which would be disturbed once waves entered the area. 
It is possible, therefore, that coral colonies of nearby and 
even distant atolls could be asphyxiated or retarded in 
growth. 


The break-through of the crater edge is likely to take 
place on the swellward gide, after which the creacent- 
~ shaped mound will continue to be denuded by subsequent 
swell (Fig. 2d). The crater will become the repository of 
muob of the rim material. A significant change in the 
atoll development may ooour at this stage due to a freah 

ttern of accretion. The new zones of shallow water will 
influenoe the refraction pattern of the waves and so cause 
gediment transport which oould distort the oval- or U- 
shape trend. 

Should the reef be completely destroyed, the remaining 
part of the volcanic island will again be exposed to the 

force of the oceanic swell. Its degradation may then 
be so swift that it might be bevelled below the survival 
limit for the coral, turning the mound into a flat-topped 
se8-mount or guyot. Such a result could also be produced 
without & crater catastrophe if the mound material had 
been exceptionally fine or friable throughout. It would 
then have been more eamly eroded, in the style of a mud, 
and have been reduced to a depth greater than normal 
before turbidity was at a level suitable for coral sub- 
sistenoe. In the case of a reef having been established 
under these adverse circumstances, it could suffer more 
hazards from sub-aerial erosion and subsidence than 
when the voloanio debris was coarse. Any remnants of 
coral reef found on guyote should generally be found on 
the swellward end, since this is the zone where reef develop- 
ment would have commenced. 

Reef stabilisation. Returning now to the case of & 
thriving crescent-shaped ooral colony on top of a partly 
bevelled volcanic cone, wave reflexion will increase as the 
reef builds up from the terrace bed. The higher the reef 
the more perfect the olapoti. As already mentioned, 
tbis standing-wave action agitates the bed more vigor- 
ously, with virtually inflnite depth penetration, so that 
the seaward margin of the basaltic base is steepened and 

If this excavation were carried out too quickly 
the reef could well be undermined, causing it to topple 
towards the ing swell. However, this is jp 
likely if the reef has developed into a oreeoentio sha 
(Fig. 2b) and acts as a structural unit, for in this case 
centre of gravity is well back from the reef edge. 

But another, and more significant, effect of these 
clapoti is the continual preasure reversals applied to the 
seaward face of what is virtually a vertical wall. These 
produce vibrations which are tranamitted to the founda- 
tion and aeeist in the settlement of the structure, the 
vertical load of which is constantly increasing from the 
addition of new reef. Since the coral on the seaward 
face is more prolific than that on the leeward side the 
extra weight provided is an ecoentric load. From con- 
siderations of differential soil pressures it is apparent 
that the reef will tend to subside towards the oncoming 
swell. 

Tho initial reef colony may not be very wide, but will 
slowly broaden out, mainly towards the open sea. The 
contmual sinking, combined with its growing process, will 
ultimately form a wedge-shaped body, probably of & 
form as illustrated in Fig. 8a. The of settlement 
into the volcanic mound will vary greatly from barrier 
reef to atoll and between examples of either. It is de 
pendent on the weight and height of the reef, the strength 
of the persistent swell and the nature of the foundation 
material. It will reduce with time since the soil resistance 
will increase while the wave forces remain ostensibly the 
same a8 those when the reef first reached the see surface. 
There is an element of gelf-adjustment in this penetration 
process because the exposure to wave action is reduced 
as the reef disappears into the foundations, so moderating 
the vibrations which aid in this subsidence. 
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In order to force ita way into the footing the wedge- 
shaped reef (or any shaped reef for that matter) must 
displace some part of the foundation. Although part of 
inia Dio maar wil beih wie form of aoil companion, 
the b will be provided by shear strain in the mound 
material. In this respect, the location of the reef near the 
edge of this conical foundation provides ideal penetration 
conditions. The outer slope is a zone of weak sheer 

and tbe inequality between it and the resisting 
forces available on the mner side causes the structure to 
deflect seawards as it is vibrated into the mound. This 
augmente the turning tendency induced by the eccentric 
loading previously mentioned. 

The saturated conditions under which this penetration 
is effected make comparisons with normal soil foundetion 
problems rather tortuous. It appears reasonable to 
suggest, however, that the submerged condition of the 
sediment lowers its shear strength, due to the buoyant 
force of the water reducing ita effective density from 
2-65 to 1-46, for example. The pulsations, extending 
down the face of the wedge, produce preasure fluctuations 
in the pores of the soil which cause a reduction in ite shear 


In time the reef should reach a stable depth at which 
the resistance balances the vertical load and the vibrational 
forces. It should be possible to determine by model 
experiments. or perhaps theoretical analysis, the optimum 
depth to which a reef of given dimensions would need to 
sink before it reached such stability or do-stebility. 
"Th rate of iiibeldanos ovor me would be In ing to 
compute, if only qualitatively. Should it be uniform, 
and the ago of atolls were considered, values in the order 
of one or two centimetres per annum would probably be 
sufficient to account for the thousand or so metres of 
penetration observed in some of the larger atolls. 

The stabilizing effect of the crescentic outline has 
already been mentioned, but when the reef has more or 
lees completed ite encirclement of the disappearing or 
submarine volcanic mound, it is likely to act as a structural 
unit during settlement. The rone facing the predominant 
swell will be heavier and will be subjected to greater wave 
foroes than the leeward section ; it will, therefore, settle 
sooner and deeper. Such tilting of coral atolls might not 
be readily visible because slow subsidence is made good 
by further reef growth. A sense of proportion 1s provided 
by Fig. 8b, which gives approxmate proportions for 
Eniwetok Atoll. It may be possible for the central axis 
of an atoll to act as & pivot so that the leeward region of 
the reef ia lifted above its normal level. This would not 
be the case for isolated sections of reef on the sheltered 
perip of the atoll, because they are not physically 
wired to the mam body. 


The root-type development described is necessary for 
the contmual stability of the reef. If it did not exist the 
atolls could well be vibrated from the top of the volcanic 
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summit. Munk and Bargent!* have stated: “Against the 
windward side of Bikini Atoll alone it is estimated that 
waves dissipate 600,000 horsepower, one-fourth the er 

ted at Hoover (Boulder) Dam’’. If the were 
just to sit on & flat slab, which in turn rested on the 
basaltic base, it would be only the frictional resistance 
between theae three elemente that could oppose the 
tremendous horizontal forces imposed in this pulsational 
manner. 

Barrier reefs around islands or along continental 
margins will vary structurally from atolls only when the 
wave or sedimentary conditions are significantly different. 
The greater exposure of atolls to oceanic swell provides 
for penetration than for barrier reefs. In the latter 
6840, , the more uniform development of the reef 
reduces the possibility of eccentric loading and the 
ges npe tilting of the structure. Even though it is 
not of the same order, the settlement of these reefs into 
the sedimentary shoal is an essential aspect of their 
stability. 

This new thesis of atoll origin differs from those previ- 
ously presented, both in the nature of the reef support 
and in the mechanism by which subsidence oen be effected 
to greet depths. The aignifleanoe of the foundation 
conditions has been alluded to by other workers. For 
example, Ladd and Traoey*? concluded that: “The origin 
of coral reefs will probably never be settled to the satiafac- 
tion of many investigators until a greet deal more is 
learned about the foundations of existing reefs”. Guilcher® 
also, in listing difficulties associated with atoll origin, 
has commented: ‘There are also the problems of the 
relative importance of corrosion and mechanical abrasion 
in the lowering of old reefs, and of the exact importance 
of this lowering". 


Explanatlon of Specific Features 


The theory of origin presented here should &ooount 
for all features of coral atolls, the major ones being the 
lagoon floor and ite boundary, lagoonal islete, the spur and 
groove system of the main reef, the seaward terrace and 
the steep submarine slopes of the voleanic mounds. Data 
on many of these features have been expanded in recent 
pee by boreholes drilled into the margins of some atolls. 

ismic surveys have also been undertaken to ascertam 
the foundation conditions for these coral structures. 

Lagoons. The lagoons enclosed by reef, either partially 
ar fully, differ as between the continental margin and the 
atoll situation. The former vary in depth fram shore to 
reef since they are normal beech profiles partially encircled 
by & sand spit, on which the reef has established itself. 
Atolls, on the other band, have which are more 
uniform in depth, ranging from 30 to 50 fathoms, with no 
correlation between this dimension and the width. 

Around the edge of any atoll lagoon is & terrace of 
calcareous debris at about 10 fathoms depth. Much of 
this is fme sediment which is transported around the 
periphery by waves generated inside the lagoon by local 
winds. The floor of the lagoon is covered by calcareous 
mud and skeletal material containing calcite and aragonite. 
Hundreds of coral knolls rise from it to the surface, 
varying from pinnacle formations to massive patches of 
reef, which may oover many acres. 

As seen in Fig. 3a, the continual outward tilting pro- 
vides space on the lagoon side of the reef for debris to be 
deposited. This calcareous material becames physically 
looked and cemented to the growing coral. Co thy 
it acta integrally with it and hence settles with it into the 
foundation. The bore-holes so far drilled through the 
atolls have probably penetrated extensive depths of this 
detrital material, after passing through some growing reef 
and before reaching extinct original reef at & lower level. 

As the coral progressively settles into the voloanio 
mound the ing forces increase and the subsidence 
tends to zero. Horizontal growth becomes the main 
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feature of development, kept in cheok only by abrasion 
on the seaward, face and deposition on the lagoonal face. 

ut this process the floor remains ostens- 
ibly the same. It may suffer slight lowering ss material 
is worked into the void left by the outward tilting of 
the reef, but this is more than compensated for by the 
detrital products of carbonate precipitation, debris thrown 
over the main reef, and the coral Imolls growing in tho 


Islets. Islets are concentrated in certain sectors of the 
atoll periphery. They consist mainly of debris, as already 
mentioned above. Wiens" has graphed the incidence of 
these in 125 Pacific atolls and concluded that they were 
concentrated on the windward zone, although this was 
not clear fram the diagrams. In this respect ‘windward’ 
must be differentiated from ‘swellward’, because the 
former controls the movement within the lagoon by the 
waves generated within it, while the latter determines the 
supply point of the bulk of the material through swell 
action. The various possible combinations of lagoon 
waves and persistent ocean swell are shown in Fig. 4, 
where it is seen that islets oan vary widely in length and 
breadth. The occurrence of coral knolls on the lagoon may 
drastically affect the wave pattern within a lagoan and 
could therefore act as offshore breakwaters?!** to con- 
centrate acoretion behimd them. 

When an islet consists mainly of the residue of a 
volcanic island it is likely to be located at the leeward end 
of the atoll, away from the persistent swell. This would 
bave been the last section to disappear, or to remain, 
when the final enclosure was being effected by the coral. 
Such islands would tend to be higher and more substantial 
than the normal islets which are constructed only to the 
‘reach’ of the waves. It might be stressed that groupmg 
many atolls together in a statistical a ing Process, 
in order to assess the importance of oertain factors in 
islet formation or location, serves little purpose unless 
the swell and local wind data are known for each. Even 
the general direction of oceanic swell may not suffice if 
an atoll is situated bebind others so that only diffracted 
waves oan reach it, necessarily from a changed direction. 

Spur and groove system. This feature is most pronounced 
on the wa&ve-exposed sections of atolls. The ves run 
more or less radially &croes the reef fiom seaward 
face to the lagoon. They extend down to the lagoon 
floor-level and vary in width from 2 to 12 ft. with a spacing 
of 10-50 ft. Between the grooves on the outer face the 
coral grows strongly, giving the impression of spurs 
protruding from a wall. 

The reef structure aa depicted in the present hypothesis 
is oval or U-shaped in plan and of & wedge section. It 
has penetrated & volcanic mound which has been bevelled 
flat to a depth of about 40 fathoms by the ocean swell, 
This penetration has extended hundreds or even thousands 
of feet with an inclination which has decreased with time. 


Debns transported by 
Ideslired lagoon boundary small and goon waves 
Bulk of debris prowded 
by ocean swell 
zs. | 


Fig. 4. Bifeciofooeanio swell and local winds on tsiet distribution [n atoll 
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giving & curved cross-section (Fig. 8a). However, this 
Progressive enlargement of the periphery during sub- 
sidence would have caused cracking in the reef, similar 
to that occurring in a cup to which an outward force 18 
applied. These cracks would be small initially, but once 
the zonea of weakness were established they would be 
maintained. As each subsidence, either spasmodic or 
continual, occurs, the cracks widen. Even so, their con- 
tained, angles are extremely small, for example, a 12-ft. 
wide groove in a 4,000-ft.-deep reef includes an angle of 
only 0-26?. These grooves are concentrated on the swell- 
ward region of the reef where subsidence and tiltmg are 
more pronounced. They do not appear to extend below 
the lagoon floor-level because debris 18 deposited in them 
from the lagoon and the seaward face of the reef. 

Seaward terrace. On the seaward side of atoll reefs 
are neer-horizontal terraces, which vary in width around 
the periphery and differ greatly from one atoll to the 
next. They can extend from a few yards to hundreds of 
yards in width at & depth of about 8 fathoms, which is 
shghtly shallower tban the lagoon itself. The terraces 
are more pronounced on the swellward margin and may, 
in fact, not exist in the leeward zone. 

As mentioned previously, the outside of the volcanic 
mound is exposed to standing waves, resulting from 
wave reflexion on the reef, and so i8 steepened and 
deepened. But ooral fragmenta of large dimensions 
accumulate on this sloping face and soon build up a 
caloareous apron to this basaltic base. This deposit will 
grow until & depth is reached at which the standing waves 
will not permit settlement and any new material is swept 
clear. Thus a terrace of cemented coral could extend from 
about 40 fathoms up to 10 fathoms approximately, 
which is the general level of this feature. The protection 
against wave erosion afforded by this calcareous apron 
,8 not available on the leeward sections of the atoll and 
henoe continued agitation of the basaltic base results in 
v steep slopes to the mound in this aree. 

Bitnorine 8 . The slopes of the submarine mounds 
vary around the atoll, being some 37° on the swellward 
side and an average 6° steeper on the leeward faces. At 
some reef projections the slopes are encountered, 
sometimes approaching 68°. slopes are greater than 
those ocourrmg around volcanic islands, and it is this 
observation that provides the clue regarding the impor- 
tance of standing waves or olapoti, produced by reflexion 
of the swell from the reef face. These waves agitate the 
mound material to much greater depths than do the 
progressive waves approaching the beach profile of normal 
voloanio i . "This disturbance of the particles causes 
a downhill movement which results In & steeper grade 
beyond the limit of the seaward terrace. In tho le leeward 
zone of the reef clapoti are generated by the swell waves 
propagating around either side of the atoll (Fig. 2c). In 
this region, however, the terrace is alight or non-existent 
80 that the reef 1teelf acts as the fixed point from which the 
bed profile begms. The sea at these seaward faces of the 
reef is therefore extremely deep. 

Borehole data. A number of holes have now been 
drilled into barrier reefs and atolls. The information 
has been summarized by Wiens" and Shepard!*. The 
Great Barrier Reef of Australia exhibited & sandy base at 
about 400 ft. depth and a reef in Bermuda extended 
down 250-odd ft. Earlier borings on the atolls did not 
Teach the basaltic base, but m 1952 two holes in 
opposite margins of Eniwetok atoll fortunately displayed 
itt, 

One of the surprising aspects of the material extracted 
from the bores, either from the Funafuti", Bikini®* or the 
Eniwetok Atoll, was that shallow water Foraminifera was 
found in all of it, even from depths of about & thousand 
metrea. This, however, confirms the contention that the 
reef itself and debris from it becomes buried at the depth 
of the lagoon floor and henoe carries water organisms with 
it that inhabit this depth. In the bores drilled so far these 
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marine indicators have a distinctive lagoonal origin. The 
holes, it should be stated, have tended to be on the maide 
edge of the reef, where detrital matter bas accumulated 
under conditions of sea exclusion. 

Other characteristics of the structures penetrated 
have been the high proportion of unconsolidated material, 
the presence of weathered layers of reef and the inclusion 
of akeletal material of terrigenous sources. The &oorebtion 
of corallme debris in the lagoon oocurs with very little 
compaction by waves so that the resultant rook contains 
many cavities. In fact, beneath large massifs of coral 
thrown over the reef by the swell and deposited on the 
lagoon in, there are caverns due to the inability of 
sediment fe vertically to fill areas underneath them. 
These large sections of reef which have been transported 
across the reef may have been exposed to the atmosphere 
long enough for weathered qualities to be incorporated. 
in them before burial. This has been assumed to indicate 
emergence of the reef above sea-level?*. 

The nutrient-rich volcanic soils soon have flora and 
fauna established on them even though they are subject 
to exoeegive erosion. When land-shdes occur through 
denudation, vegetation and animals alike would be thrown 
into the sea. A small proportion would become lodged 
in the reef, especially in the sheltered lagoon zone, and 
80 be buried with it m the volcanic mound. Only those 
elements which have & skeletal constitution that can 
withstand the decaying process would be available for 
historical demarcation. Ladd and Tracey’, for example, 
have located & snail shell deep in & reef structure. Such 
terrigenous material could also float long distances across 
the ocean to be deposited in the detrital margin of a 
distant | 

The hole drilled on the gwellward m in the Eniwe- 
tok atoll struck the basaltic base 450 ft. below that on 
the leeward section. This can be explained by the longer 
time of penetration of this portion of reef and the greater 
weight and vibration present there. Even if the atoll 
were to act as an integral structure the tilting of the ‘ring’ 
is only of the order of 1 in 240, & very modest grade in 
differential settlement (Fig. 85). 

Shepard! in summarizing the findings of the two 
Eniwetok drill holes, records: ‘“The sections were very 
similar down to 1,400 ft. but strikingly different below. 
The deeper hole encountered Globigerma-rich limestone, 
apparently deposited in somewhat deeper waters than 
those in which the lagoonal sedimente of the ghoaler 
hole were laid down”. As noted earlier, the deeper hole 
was on the swellward side of the atoll, which had grown 
first. Thus, when it was undergoing tilting, prior to the 
lagoon bemg enclosed, deep-water oozes could have 
penetrated the void left on inside of the reef. These 
would have become deposited in the limestone, which, 
nevertheleas, was of shallow water ongin. The leeward 
reef would not have suffered such wave action and hence 
would not have tilted and provided entrance for deep-water 
organisms. As the reef completed ita encirclement, any 
outward deflexion of the swellward reef would not have 
been. ied by the incursion of deep water. Thus 
the top 1,400 ft. of both bores were similar, mdicating 
that this depth of subsidence bad occurred after the 
lagoon. had been more or less completely surrounded. 

The amking of the wedge-shaped reef into the basaltic 
debris must have some effect on the zone in close proximity 
to it. Only one of the holes in Eniwetok Atoll penetrated 
the basement. It was reported’: that a flow structure was 
exhibited in the olivine basalt. The alteration of the 
basalt indicated that it was carried out below the ocean- 
bottom rather than m hydrothermal conditions. This is 
satisfied by the subsidence theory submitted since the 
point of the wedge is considered to be well removed from 
the surface of the mound, as illustrated in Fig. 5. Com- 
pare the lmestone slab concept of Fig. 1. 

There is an urgent need to drill through a lagoon floor 
to esteblish the thickness of the calcareous debris, the 
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Fig. 5. Buggrsted section of atoll showing probable strain Ines in the 
E foundation material 


volcanic debris and the depth to the core of the volcano. 
Apart from any large maasifs of reef which may have 
been carried into the crater during ite inundation, the 
calcareous matter in any such bore should be insignificant 
compared with the basaltic content, which should begin 
just below the marine limestone of the floor. 
A hole drilled into the seaward terrace should exhibit 
reef debris down to about 40 fathoms after which basalt 
should appear for extended depths. The location of the 
bore on the periphery will dictate the nature of the basalt, 
either as in sits or accreted material. In any future 
bores the compaction and, flow of the foundation material 
should be examined thoroughly. 

Seismic information. Seiamic surveys of atolls have been 
conducted with a view to determining the characteristics 
of the foundations. These have not been extremely 
guccesaful because the readings have been interpreted in 
terms of a thick slab of limestone resting on top of & 
volcanic mound, above which the reef is supposed to sit. 
Irregularities in refraction arrival times have indicated 
differing degrees of consolidation for material beneath the 
lagoon. This could occur even when fragmented basalt 
existed throughout the whole mound due to the differing 
conditions under which it might have been placed. For 
example, it could be present through volcanic action 
alone, be deposited by wave action, or be dumped during 
the crater inundation. The core rock beneath could 
exhibit yet another velocity. The thicknesses and slopes 
of the various strata could vary significantly from one 
volcanic mound to the next, depending on the height and 
nature of the eruption and wave forces exerted on it. 
The fragmentary nature of much of this material could 
well be interpreted from seismic teste as calcareous sedi- 
ment of similar compaction. 

The existenoe of the atoll as a cylinder or of a conical 
shell, extending down some hundreds of feeb into the 
voloanic mound, could result in spurious reflexions in any 
seiznio survey. The near horizontal shootings would be 
influenced more than those of steeper angle. But even 
resulta obtamed from boreholes in the reef could produce 
anomalous resulta, if thought to emerge from an extensive 
slab of limestone. 


Guyots 


Guyots are closely related to atolls and therefore any 
explanations submitted for the origin of one should readily 
account for existence of the other. Hess?* and Hamilton?” 
have provided extensive descriptions of guyots. In general 
they can be considered dome-topped mounds st about 
800 fathoms with sides that concave upwards. Corals 
as well as basalt have bean from their tops and 
across their breaks in slo It is thought that guyots 
were originally a group of basaltic islands which became 
eroded by waves and had coral colonies established on 
them. Having not developed fully they were purported 
to have been submerged below the level of subeistonoe, 
after which the guyota were carried down to their present 
level by isostatio adjustment or other sub-crustal forces. 
Emery, Tracey and Ledd?* have outlined the differences 
between, atolls and guyots and the following observations 
are taken from their paper and explained. 

Voleanio rocks occur at the rims of guyote but only 
low on the flanks of atolls. Beoause of the variable fine- 
ness and erodability of voloanic mounds some may never 
provide stable foundations for coral colonization, especially 
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in an adverse wave climate. Thus, even before or just 
after reef formation, the mound may be eroded below 
subsistence-level. Because of the lack of a protective 
apron, generally provided by reef debris, the basalt 
becomes eroded to wave base which, over geological 
time, could be considered to be about 65 fathoms. Further 
sp ing of this friable material would be accomplished 
by standing waves produced in the area by reflexion from 
adjacent atolls’ Tidal oscillations in mid-ocean should 
not be underrated as & means of moving this fine sediment. 

Side slopes on the upper reaches of atolls are much 
steeper than equivalent zones of guyote. As explained 
previously, the terrace protecta the top of the atoll mound 
but the clapoti, set up around most of the reef periphery, 
belp remove material from the seaward edge. The inoid- 
ence of standing waves near guyote is not so great and 
hence the material rests more or lees at the angle of 


Tepose. 

Profiles. The guyot has a rounded profile compared 
with the sharp reef edge of atolls. It is likely that any 
reef on & guyot is only partly formed, so that ıt does 
not project far from the surface of the mound. During 
the ensuing subsidence it may sink into this foundation. 
The final distributing agent at the greater depths will 
therefore smooth the surface from a dome at the centre 
to a smooth curve at the edge. Atolls, on the other hand, 
have a non-erodable edge in the form of reef or seaward 
terrace. j 

The tops of guyots are smoother than the kmoll-filled 
lagoons of atolls. From previous discussion, it wil be 
recalled that coral growth does not commence until 
sediment movement is negligible. Hence, until the 
boundary reef has encircled the lagoon, conditions could 
not exist for knoll formation. Simce a guyot is not likely 
to bave reached this stage of maturity the final touchos 
to the coral complex could not be expected. 

The highest rape of a guyot is at ita centre, whereas 
that of an atoll ia at its edge. The coral roef, which sur- 
vives on an eroding mound to form an atoll, provides a 
fixed framework about which denuding or agrading 
processes proceed. It also provides debris which is 
deposited at the boundary of the lagoon. Coral growth 
and carbonate precipitation add material for the lagoon 
floor. The resulting accretionary pattern is therefore 
a saucer-shaped basin. 

Considering the possible reasons for the present depths 
of guyota, the foregoing suthors** found little satisfaction 
in eustatism, sinking of the entire sea floor or isostatic 
adjustment under individual mounds. Age cannot provide 
the answer either, because similar Foraminifera are found 
on both atols and guyote. However, wave-mducod 
slumping appears to account for most of their features. 
The rapid erosion effected by surface waves on recently 
erupted volcanic material'* serves to indicate the conse- 
quenoes that could be expected over thousands of years 
on basaltic debris when it is not protected by & calcareous 
sheath. 


Eustatic Implications 


The theory of atoll origin outlined here does not invoke 
change in sea-level ab any stage. This complements the 
approach of many other research workers, as noted in 

historical background outlined. However, I may be 
a little leas concerned with this situation than most writers 
on the subject, &noo I have yet to be convinced of eustat- 
iam by the varied but often anomalous data submitted 
in ite defence. It is hoped to discuss this issue in detail 
in the near future. : 

For the present, the explanations submitted for coral 
development should be judged on their merits, particu- 
larly for their rationality and harmony.  Obeervations 
already recorded should be checked against them in order 
to prove their validity or otherwise. Perhaps 
programmes of research could include activities ay 
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1 Davis, W. M., Ae ee ee Amer. Geogr Soe Spec. Publ. No. 9, 
New York (1028 

"Wiens, H. J., pp C CEFENSE HERREN EDS Prem, New 


Haven, 190. 
* Guloher, Coastal and Submerins M , translated from 1054 
Freni iit by Specks, B S, ied ida 'W. (Methuen, Landon, 


and Ladd, H 8, The Antecedent Pi Theory, 
J. Geol , be, 388 (1944). Gy * tipo 


^ Derwm, O., and Distribution Coral Reafs, first od. 1842, 
second od. 1874 (Bmith Elder, London), ed (Appleton-Oenkury- 
Mrd ork). 

* Dana, Ongin of Coral Reefs and Islands, Amer. J. Se., Ber. 8, $0, 89, 
DS (888) 

1 Bemper, O., Dis 


aiue tiiba apingan de Tiare (Lannig, T880); 
as 
Bmstence (New York, 1881). a 
* Daly, B. A., Proc. Amer. Acad. Arts and Sa., 51, 155 (1015). 

,, Kuenen, Ph. H., Marine Geology (John Wiley and Sons, New York, 1950). 

1 Shepard, F. P., Ep mapu mal R Bowo, ata ai 1000); 
= Vaughan, T. W , Corals and the Formation of Coral Resfs, Ann Rep. to 

Bmithsonlen Inst., 1017, Washington, 189 (1910). 

Ph. H., Taden, Tg) om ea Geol. Results of Snelltus Exped , 5, 


pt. 2 
u Kuenen, Ph H., Verkendelingen der X Aked. 
Tetenschappen, Winreps 03 ), (1947). uid 
|, Btearna, H T., Amer. J. Soi , 944, 245 (1040). 
wir yermea D., and Bennett, G., Journal of V. and Traesis—1in the 
‘lends (Crocker and Brewster, Bos , 1882). 


ae J. J., Senakenb. N . Gesell 
rcr Bere, atuf. Frank/wri em Mern, B, 140 


NEWS an 


The Council for Sclentific and Industrial Research 


Ta final report of the Council for Scientific and Indus- 
trial Research, for the year 1964, records gross expenditure 
during the year ended March $1, 1964 of of £23,178,017, 

with £19,479,540 for the year ended December 
81, 1963 (Pp. iv--70. (Cmnd. 2705.) London: H.M.8.O., 
1965. 5s. 6d. net. Bee also p. 671 of this issue of Nature). 
This is reduced to £20,759,733 by various reoeipta from 
industry and other sources for services rendered, of which 
£1,159,141 was fram other Government departments and 
£914,414 from industry, £218,275 being received by the 
National Physical Laboratory. The net increase on 1963 
was £3,528,186, while staff rose from 6,732 to 6,992 during 
the calendar year. Grante for ial researches rose to 
£3,877,318, compared with £3,297,186 in 1963, contribu- 
tions to the Huropean Organization for Nuclear Research 
from £1, 700,000 to £1, 980,000, and there is à new item of 


awards totalled £2,522,920 
(£1,785,067 in 1968) and the 1,741 new research student- 
ships brought the total current at the end of the year to 
4,142; there were also 735 advanced course stu 
and, 180 research fellowships, of which 709 and 111, 
respectively, were new. Of the 4,142 current research 
studentehipe, 547 were in biology and biochemistry, 291 
in chemioal i ing and metallurgy, 1,181 in chem- 
istry, 202 in electrical and 357 in other fields of engineering, 
271 in geology, 113 in human sciences, 358 in mathematica, 
and 827 m physios. The advanced course studentships 
were distributed, in engineering, other than elec- 
trical (149), mathematics (184), and physios (107), with 
75 in the human sciences, 53 in chemistry, 44 in chemioel 
engineering and metallurgy, 42 in geology, 41 in electrical 
engineering and 40 in biology and biochemistry. Of the 
research fellowships, 66 were in chemistry, 42 in physics 
and 34 in biology and bi 

Grants for special researches totalled 1,385, 617 bemg 
new, and of the 1,835, totalling £15-9 million, 302, valued 
at £2-15 million, were in chemistry, 223 (£2-08 million) m 
technology, 204 (£1.27 million) in biology, 161 (£1.13 
million) in physics, 109 (£1-34 million) in metallurgy and 
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materiale, 107 (£935,844) in geology, and 49 (£3-14 million) 
in nuclear physics. An earmarked grant of £34,825 over 
three years was made to the Water Research Association 
for an investigation of the feasibility of deealting sea and 
brackish waters for water supply in Britain, and one of 
£39,685 to three research associations for & joint three-year 
investigation into industrial dust hazards. 

There were increases in the net expenditure on all 
branches of the Department’s work during the year, the 
major increases being for the National Physical Labor- 
atory (£2,486,304 groes; £2,164,502 in 1968); the 
Geological Survey and Museum (£754,785; £649,807); 
radio research (£479,157; £879,041); road research 
(£1,204,067 ; £1,086,674); and building research (£948,366; 
£858,271). For fire research the corresponding figures aro 
£179,589 and £170,605; for forest products research, 
£228,756 and £216,682; for hydraulics research, £313,125 
and £266,868; Laboratory of the Government Chemist, 
£541,669 and £524,975; National Chemical Laboratory, 
£451,724 and £481,416; National Engineering Laboratory, 
£1,086,286 and £1,008,609; Torry Reeearch Station, 
£279,218 and £252,709; ‘Tropical Products Institute, 
£234,921 and £230,437, receipts making the former figure 
& credit of £88,088; Warren Spring Laboratory, £557,172 
and £588,554; and Water Pollution Research, £218,768 
and £199,982. i on the National Lending 
Library for Science and Technology increased from 
£335,827 to £380,808; on headquarters administration from 
£678,775 to £750,099; and annual grants to research 
associations from £2,073,565 to £2,384,446. Special assist- 
ance to industry decreased from £81,209 to £053,049. 


Chemical Physics tn the University of Manchester : 
Prof. G. Allen 


Dr. G. ALLEN, &t present lecturer in chemistry and 
reader-designate in the University of Manchester, has 
been appointed to a newly established chair of chemical 
physica at that university. Dr. Allen was educated at 
Tupton Hall Grammar School, Claycross, Derbyshire, 
and the University of Leeds, where he obtamed a B.Bc. 
degree in 1949 with first-class honours in chemistry. 
In 1952 he was awarded a Ph.D. degree by the University 
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of Leeds for his work in physical chemistry and in the 
same year was appointed post-doctoral Fellow at the 
National Research Laboratories, Ottawa, where he 
remained until 1954, when he was appointed assistant 
lecturer in chemistry at the University of Manchester. 
He waa promoted to lecturer in 1956 and reader-designate 
earlier this year. His reesarch work has been mainly 
in the fleld of spectroscopy and polymer science and he has 
published numerous pepers on these and other subjecta 
in learned journals. 


Psychology In the University of Reading: 
Prof. Magdalen D. Vernon 


Pror. Maapatan D. Varnon, who has been professor 
of psychology in the University of Reading since 1956 
(Nature, 178, 777; 1956), having been inted lecturer 
in 1946 and later senior lecturer and r, retires from 
her chair m 1967. 


Dr. M. Treisman 


Da. M. TxxiwAWN has been appointed to succeed Prof. 
Vernon. He studied medicine in the University of the 
Witwatersrand during 1947-52. He then practised in 
South Africa until 1954, when he entered the University 
of Oxford to read psycholo and physiology, holding 
the Theodore Williams scho in physiology. He 
obtained first-class honours in these subjects in 1956. 
During 1956-59 he carried out research, and was a 
Senior Hulme Scholar at Brasenose College, and during 
1958-60 he was a Wellcome Associate of the Royal 
Society of Medicine. He obtained his D.Phil. in 1962. 
Dr. Treisman was appointed junior lecturer in experi- 
mental psychology in the University of Oxford in 1959, 
and four years later was promoted to his present position 
of lecturer. Dr. Treisman’s research has been mainly 
in the fields of sensation and perception. He has been 
interested in the central factors affecting sensory dis- 
crimination, and especially in applying statistical decision 
theory to elucidate how information given in one 
oan affect discrimination in another. This haa led to work 
on auditory masking, discrimination during sleep, and 
other problems. He has also worked on the scaling of 
subjective magnitudes, the re-interpretation of certain 
traditional sensory ‘laws’, and on temporal discrimination. 


Geography In the University of alin, : 

Prof. H. C. Darby 
Pror. H. O. DanBy, who has been a d ae 

chair of geography i in the University r eae 
held the geography at University College, im 
since 1049. He was previously John Rankin professor of 
hy at the University of Liverpool (1845 until 
19498). Prof. Derby was appointed to a lectureship at 
Cambridge in 1931 and elected Ehrman Fellow at King’s 
College the following year. During the Beoond World 
War, following a short period m the Army, he was attached 
to the Intelli Department of the Admiralty. While 
at Liverpool, he also held a Leverhulme Research Fellow- 
ship. Binoe his appointment to London, he has been a 
visiting professor to the universities of Harvard, Chicago 
and Washington State. Prof. Darby has made the fleld of 
historical geography very much his own and has greatly 
stimulated interest in the subject on both sides of the 
Atlantio. His earlier work was on the medieval Fenland 
and the draining of the Fens. As editor and contributor, 
he is in the process of publishing & reconstruction of the 
Domesday geography of England. Four volumes of this 
study have already appeared. His contributions to 
geography were recognized in 1968 by the simultaneous 
awards of the Victoria Medal by the Royal Geographical 
Society and the Daly Medal by the American Geo- 
graphical Society. Prof. Darby has been president of both 
the Institute of British Geographers and Section E of the 
British Association for the Advancement of Science. 
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He has demonstrated a practical as well as an academic 
interest in the landscape and resources of Britain, serving 
as & member of the Commission on Historical 
Monuments and of the National Parks Commission. He 
is also a member of the recently formed Water Resources 
Board. 


Medical Research Coundl : Second Secretary 


IN view of the rapid expansion of ite work and ite 
increasing involvement in public affairs, the Medical 
Research Council has, with the agreement of the Secretary 
of State for Education and Science, decided that the 
Secretary of the Council shall in future be reinforced by 
a Second Secretary who shall act as his deputy and alter- 
nate in all respecta. Because of the Council's increasing 
concern with the development of biology, it is believed 
that the Second Secretary to the Council should be 
recruited from the field of men who have had experience 
of research, and have distinguished themselves, in the 
biological sciences. Accordingly, Prof. J. A. B. Gray, 
professor of physiology in University College, London, has 
been appointed to this post. Sir Charles Harington has 
agreed to occupy the post of Recond Secretary in an 
acting capacity until Prof. Gray takea up duty some time 
in 1966. 


Prof. J. A. B. Gray 


Pror. GRAY was educated at Clare College, Cambridge, 
and University College Hospital. He qualified M.B., B.Chir. 
in 1942 and, after service in the Royal Navy, worked in 
the t of Physiology at the National Institute 
for ical Research. Thereafter he went with Sir Lindor 
Brown to the Department of Physiology in University 
College, London. He was awarded an Be.D. (Camb.) in 
1962 for his work on the mechanisms of sensory receptors, 
and the title of professor in physiology was conferred on 
him by the University of London in 1959. From 1957 
until 1968 he was secretary of the Physiological Society, 
and since 1960 he has been dean of the Faculty of Science 
in the University of London. 

Research Units 

THs Medical Research Council has set up a Demyelinat- 
ing Diseases Research Unit in the University of Newcastle 
upon Tyne. The Unit will continue and expand investi- 
gations of the mechanisms of demyelination with special 
reference to the possible virological as well as allergic 
aspects of multiple sclerosis which were previously under- 
taken by the Research Group with the same title. The 
Unit remains under the honorary direction of Dr. E. J. 
Field, senior lecturer in neuropathology in the University 
of Newcastle upon Tyne, and Prof. H. G. Miller will 
continue as the Unit’s honorary clinical adviser. 

Dr. Wallace Fox has been appointed director of the 
Council’s Tuberculosis and Chest Diseases Research Unit, 
following the retirement of Dr. P. D'Arcy Hart. The title 
of the Unit has been ded to take acoount of ite 
increasing work in the general field of chest diseases, 
including carcinoma of the bronchus. 

Mr. John Bleby has been appointed director of the 
Council's Laboratory Animals Centre at the Medical 
Research Council Laboratories, Carshalton, following the 
resignation of Dr. W. Lane-Petter. 


Research Groups 


UNDER ita scheme of Research Groups, the Research 
Council is able to provide additional support for the 
development of research programmes in university 

ts. The financial provision made available in 
this way enables the university to expand ite staff and 
other resources devoted to the research in question, on 
the ing that, after a stated period, it will 
assume responsibility for the further rt of the work. 
The Council has agreed to provide the following university 
institutions with support for the establishment of research 
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groups: Unsversiy of Bristol: Research Group in Neuro- 
secrotion in the Department of Pharmacology (Prof. H. 
Heller) for research on the ultrastructure and function of 
the hypothalamo-hypophysial system, and on the dis- 
tribution and identafication of neurosecretory products and 
their actions and metabolism throughout the vertebrate 
phylum. University of Edinburgh: Research Group on 
Bacterial Enzyme Variation, in the Department of Mole- 
oular Biology (Prof. M. R. Pollock), for research on the 
enrymatic basis of variation and adaptation in mioro- 
organisms. St. Mary's Hospital Medical School, London : 
Research Group on the Structure and Biological Activities 
of Antibodies and Protein Antigens in the Department of 
Immunology (Prof. R. R. Porter), for research on the 
structure of antibodies and the means by which their 
structure enables them to combine specifically with 
antigens. 

Academiclan Nikola! Vavilov Prize 


THe Soviet Academy of Sciences has instituted an 
Academician Nikolai Vavilov Prize, to be awarded for 
outstanding achievements in genetics, selection and plant 
breeding every three years, on November 26—Vavilov’s 
birthday. Academician Vavilov was responsible for many 
major discoveries in biology, and for laying the foundation 
for many new lines of research in botany, plant breeding, 
genetics and selection. A large plant collection of more 
than 800,000 varieties was amassed under his direction, 
representing the flora of the world; this has formed an 
experimental base for developing new varieties of farm 
arope in the U.8.8.R. and abroad. Nikolai Vavilov was the 
first preaident of the Soviet Agricultural Academy and 
headed the plant breeding mstitute. It is good to record 
that Vavilov has now, posthumously, been restored, by 
the Russians, to the honourable place which he rightfully 
deserves in Soviet science—a place which he has always 
held in the eyes of Western scientiste. 


The University Grants Committee 


To fill vacancies on the University Granta Committee, 
Mr. Anthony Crosland, the Secretary of State for Educa- 
tion and Science, has announced four new appointments. 
The new members are: J. W. Atwell, managmg director 
of G. and J. Weir, Ltd., Glasgow; Prof. O. E. H. Bawn, 
Grant Brunner professor of inorganio and physical 
chemistry, University of Liverpool; Prof. R. C. Cross, 
Regius professor of logic, University of Aberdeen; Prof. 
J. Diamond, Beyer professor of mechanical engineering, 
University of Manchester. Three members of the Com- 
mittee, whose terms of office had expired, have been 
re-appointed. They are: Sir Erio Ashby, Master of Clare 
College, University of Oambridge; Prof. F. W. Rogers 
Brambell, Lloyd Roberts professor of zoology, University 
College of North Wales, Bangor; Prof. O. H. Philips, 
professor of oriental history and director of the School of 
Oriental and African Studies, University of London. 


Nationa! College of Rubber Technology 


AT a meeting held at the Department of Education and 
Science between representatives of the ent and 
the University Grante Oommittee, the London 
Education Authority, Loughborough University-desig- 
nate, the Northern Polytechnic, the National College of 
Rubber Technology and the industry, it was that 
a postgraduate centre of polymer technology, developing 
the work at present done at the National College of 
Rubber Technology, should be established in the new 
University at Loughborough. The University Granta 
Committee has invited the Univermty-designate at 
Loughborough to submit detailed plans as soon as possible 
for the necessary buildings and equipment for 100 studenta 
in the first instance. This is on the understanding that 
the industry will meet the cost of residential acocommods- 
tion. It is proposed that the National College shall come 
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to an end when the new centre has been established, but 
the Department of Education and Science and the Inner 
London Education Authority will make arrangements for 
work, up to and including degree level, to continue and 
to be developed as necessary in London in order,to match 
the needs of the industry. 


New Steering Committee for Hydraulics Research 


Tux Minister of Technology has appointed a Steering 
Committee to be responsible for the general supervimon 
of the research programme. and work of the Ministry’s 
Hydraulics Research Station at Wallingford, Berkshire. 
This Committee has now established three specialist com- 
mittees on coastal engineering and harbours, on rivera 
and estuaries, and on hydraulic structures and hydro- 
electrics, and an Inter-Departmental Liaison Committee 
will be appointed to mamtain and strengthen links with 
other Government Departmente. These changes came 
about owing to the fact that the previous ta, 
whereby the Council for Scientific and Jbdastsal A 
was advised by the Hydraulics Research Board on the 
work of the Station, automatically came to an end when 
the Council and the Department of Scientific and Indus- 
trial Research were dissolved on March 31, 1965. 

The members of the Steering Committee for Hydraulics 
Research are: Dr. B. K. Blount (chairman); Prof. J. 
Allen; Dr. E. Lee; T. A. L. Paton; R. C. H. Ruseell 
(director of hydraulics research); E. B. Wright (secretary). 
The Committee’s terms of reference are: ‘“To be respon- 
sible to the Minister of Technology for the general super- 
vision of the work of the Hydraulics Research Station 
and for the allocation of effort thereon within the financial 


vali 
Steering Committee on the Bap gar of work of the 
Station in the flelds for which they are responsible. The 
chairman of each of the committees is: R. O. H. Russell 
(coastal engineering); Prof. J. Allen (rivers and estuaries) ; 
T. A. L. Paton (hydraulic structures and hydro-electrica). 
The other members of the committees have yet to be 
nominated. 


Voluntary Services Overseas 

Ix a written answer in the House of Commons on 
July 9, Mr. A. E. Oram, the Parliamentary Secretary to 
the Ministry of Overseas Development, stated that the 
number of graduate volunteers serving overseas under the 
Voluntary Service Overseas Scheme had risen from 86 in 
1962-68 to 255 in 1963-64, to 507 in 1964-85, and was 
expected to reach 900—050 in 1965-686 and 1,300 in 
1966-67. On July 18, also in a written answer, Mr. Oram 
stated that of 118 short-term appointments, mainly for 
agricultural graduates, which the I Ministry of Overseas 
Development or the Department of Technical Co-operation 
had been asked to fill in Africa, during mid-1962 to mid- 
1965, 48 were to research and 65 to advisory or 
executive posts. Of these 118 officers, 36 had had formal 
training in tropical agricultural subjecta as postgraduate 
students, and most of the othera would have acquired 
specialized knowledge of tropical agriculture before 
selection. He estimated that the Department would 
probably make about 60 appointmenta in the next 12 
months, of which about one-third would be for research. 


University Foundation of Brussels 


Tas forty-fourth annuel report of the University 
Foundation of Brussels ing the year ended September 
80, 1964, in which ta totaling 6-8 million france were 
made, includes & tri to ita honorary President, Baron 
Holvoct, on his ninetieth birthday (Pp. 190. Bruxelles: 
Fondation Universitaire, 1965). Study grants totaling 
561,000 france were made to 19 students at the universities 
of Bruseels, Louvain, Lidge and Ghent, and five subsi- 
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diaries of 60,000 france for studies abroad in the universities 
of Paris, London and Cambridge and at the College of 
France. Subsidiaries to scientific works amounted to 
748,000 france, and to scientific periodicals 2-4 million 
france, while scientific associations received  granta 
amounting to 908,000 francs and another 30,000 france 
went to university sesociations. is reported with 
the Index of Sotenisfio Publications, of which two volumes 
are to appear in 1965, and the report includes oa first 
list of periodicals which it is proposed to microfihn, as well 
as notes on relations with other institutions. Under the 
heading “Belgian American Educational Foundstion" is 
given a list of bursars nominated in 1964-65. 


Euratom Information 


Euratom Information, issued by the Centre for Informa- 
tion and Documentation, Euratom, Brussels, is printed in 
German, French, Italian, Dutch and English No. 3, 
Volume 3, March 1965, lista scientiflo and technical 
publications issued in connexion with the EHuratom/ 
United States Joint Research and Development Pro- 
gramme, or the Jomt Nuclear Research Centre, including 
reports of the European Atomic Energy Community. 
Liste of patents and of research contracts are provided, 
and each section has indexes of authors, inventors, firms 


and organizations. 


Sclentific Research In British Universities and Colleges 


Tua latest edition of Sotentijic Research in British 
Unwerstties and Colleges for the year 1964-65 has been 
published by H.M.8.0. on behalf of the Department of 
Education and Science and the British Council (Vol. 1: 
Physical Sotences. Pp. xix+368. 37s. 6d. net. Vol. 2: 
Life Sotences. Pp. xviii+ 404. 40s. net. London: 
H.M.8.0., 1965). This invaluable publication outlines 
soientiflo research in progress in British universities, ool- 
leges of advanced technology, national colleges, regional 
technical colleges in d and Wales, and equivalent 
colleges in Scotland and Northern Ireland. So far as pos- 
sible, all reasearch undertaken within faculties of science, 
medicine, engineering, technology and agriculture is 
included, as well as work of a scientific nature occurring 
within other faculties. This year's publication differs 
somewhat from previous years’ editions. Because of an 
increasing amount of material, the publication has been 
arranged in two volumes and the arrangement is now 
according to subject. Volume 1 contains the physical 
sciences, both and applied, and Volume 2 the life 
sciences, including medicine and agriculture. Certain 
inter-disciplinary subjects (biochemistry, eto.) are included 
in both volumes. Each volume is divided into broad 
subject flelds and within each field the material is 
arranged by  university/oollege de ta. As in 
previous editions, each entry inc the head of 
department and the names of permanent steff actually 
engaged in supervising research. The material for 
the universities was collected by the British Council 
and for the colleges by the Department of Education and 
Suence. While the new style of the publication offers 
many advantages, it would have been & considerable help 
if the numbers had been dropped to the base of the 
page if the page headings had been brought to the 
outer margins; this would have made 
reference from the indexes considerably easier. 


Sir William Jackson Hooker 


Among botanists throughout the world, the name of 
Bir William Jackson Hooker is remembered for his 
inspired directorship of the Royal Botanical Gardens at 
Kew, and for passing on the good work to an equally 
eminent son when he died on August 12, 1865. Hooker 
senior was educated at Norwich School, and being of 
independent means was able to devote a lifetime to 
science. He travelled extensively in Europe in his 
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research work, and later travel brought him perpetuation 
in Mount Hooker in the Rocky Mountains as well as in 
the order of mosses, Hookerialea. On returning from an 
expedition to Iceland the ship in which Hooker waa 
travelling caught flre and much of his collected material 
was lost. However, his memory was so keen that he was 
still able to publish a review of the work which he had 
carried out. He set up at Halesworth, Suffolk, a herbarium 
which rapidly gained international renown. Later he gave 
the herbarium, together with his fine hbrary, to Kew. 
Although it was his son, Sir Joseph Dalton Hooker, who 
graduated M.D. at Glasgow, Hooker senior became linked 
with that University through his election to the chair of 
botany in 1820 at the age of.thirty-füivo. In 1841 came 
his appointment as director of Kew, and it was there that 
Hooker’s genius showed iteelf to the full. Through him 
the great collections of algae, lichens, ferns and other 
planta were greatly enriched. Apart from published 
works such as his two-volume Musoti Ezotios dealing with 
foreign mosses, and his editing of the Flora Londinensts of 
Wiliam Curtis—works enhanced by Hooker’s 
abilities as artist and illustrator—he found time to edit 
many journals, including the Botanical Magasine and the 
London Journal of Botany. His son kept up the good 
traditions of the Hooker family both through his expedi- 
tions and published work, and is remembered, among 
other things, for his encouragement of a raw youth named 
Charles Darwin. 


Perfumes agalnst Pests 


Pasa of the same family as carrot fly feed on the 
blossom of Umbelliferae and may be controlled by 
spraying the headlands. This observation suggested the 
possibility of using scents to attract and trap insects aa 
an alternative to pesticides, and the Henry Doubleday 
Research Association undertook a pioneer experiment to 
test the idea (Perfumes Against Pests. Pp. 51. Booking, 
Braintree, Hasex: Henry Doubleday Research Associs- 
tion, 20 Convent Lane, 1965. 85. 6d.). A range of twelve 
of the cheaper oils, seven from the order Umbelliferae 
and the remainder from plante used extensively for 
flavouring, were diluted with isopropyl aloohol and added 
to 10 per cent solutions of brown sugar. The solutions 
were placed in jars covered with a 3/16-in. square hole 
mesh, to exclude bees and wasps, and the traps were 
usually sited at a sheltered position a short distance 
from the crop so as to attract the adult pests before egg 
laying. For fruit pests, the traps were hung in trees or 
set between bushes. The catches were analysed and 
tabulated and some preference trends indicated that 
coriander oil was best for cabbage root fly, onion fly and 
celery fly and had a broader spectrum than sweet fennel 
oil. Promising results were also obtained with parsley 
seed, dill, cumin seed and carraway oils, and from an 
apple blossom, synthetic scent, and there were suggestions 
that both Barbados and Demerara sugars were attractanta. 
The Association is prepared to supply outfite for further 
study. 


Rutherford Memorlal Lecture and Scholarships 


Uxwpua the terms of the scheme to commemorate 
Lord Rutherford of Nelson, the Council of the Royal 
Society has made the following appointments. Rutherford 
Memorial Lecturer, Prof. P. I. Dee, profeasor of natural 
philosophy in the University of Glasgow, to be Rutherford 
Memorial Lecturer for 1965 in Canada, and to delrver the 
Lecture in Saskatoon on September 29, 1965. Rutherford 
Scholarships, Mr. 8. D. Bradshaw, of the University of 
Western Australia, Perth, to a Rutherford Scholarship 
for three years, to work for the first year at the University 
of Sheffleld (with arrangements for the subsequent 
years to be made later) on comparative studies on the 
factors controlling the secretion of adrenal hormones in 
mammals and reptiles with particular reference to the 
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role of the pituitary gland and the kidney; Mr. B. J. 
Frost, of the University of Canterbury, New Zeeland, to 
& Rutherford Scholarship for three years to continue 
working in the Department of Psychology, Dalhousie 
University, Halifax, Canada, on an investigation of the 
interaction of excitatory and inhibitory processes in 
colour vision. 


The Paul Instrument Fund Awards 


Tue Paul Instrument Fund Committee has made 
grants as follows: £1,000, as a supplementary grant, to 
Prof. W. R. B. Garton, professor of physics, and Dr. 
R. C. M. Learner, research associate at the Imperial 
College of Science and Technology, for completion of the 
construction of a high-resolution, broad-range spectro- 
graph; £3,200 to R. L. Gregory, university lecturer in 
experimental psychology and Fellow of Oorpus Christa 
College, Oambridge, for the development and building of 
an instrument designed to minimize atmospheric and 
other disturbances ın astronomical telescopes ; £2,500 to 
Dr. W. J. Jones, of the University Chemical Laboratory 
and Fellow of Trinity College, Cambridge, for the oon- 
struction of laser apparatus for the excitation of Raman 
spectra; £1,850 as a supplementary grant, to Sir John 
McMichael, professor of medicine in the University of 
mt of Medicine, 
Postgraduate Medioal School of London, for the oon- 
tinuation of the development of a muniature electro- 
magnetic flowmeter. 

The Paul Instrument Fund Committee, composed of 
representatives of the Royal Society, the Institute of 
Physics and the Physical Society and the Institution of 
Electrical ineers, was set up in 1945 “to receive 
applications m British subjects who are research 
workers in Great Britain for grante for the design, oon- 
struction and maintenance of novel, unusual or much 
improved types of physical instruments and apparatus 
for investigations in pure or applied physical science”. 


University News: Keele 


Tus following appointments have been made: R. T. 
Beattie (lecturer in the Department of Peychology)s 
Dr. D. B. Cook (post-doctoral Fellow in the 
of Theoretical Physics and Theoretical Chemistry); T. P. 
Webber (Research Fellow in the Department of Biology). 


London 

Da. A. N. Davison has been appointed to the'chair of 
biochemistry tenable at Charing Hospital Medical 
School. The following readers have also been appointed: 
Dr. A. P. Mathias (biochemistry, tenable at University 
Oollege); Dr. J. L. Knill (engineering geology, tenable at 
the Imperial College of Science and Technology). The 
following titlee have been conferred: Professor, Dr. M. 
Freedman (anthropology, in respect of his poet at the 
London School of nomios and Political Science); Dr. 
A. L. Greenbaum (biochemistry, in respect of his post at 
Univermty College). Reader, Dr. J. D. Bilimoria (chem- 
ical pathology, in respect of his post at Westminster 
Medical School); Dr. A. J. Smith (geology, in respect of 
his at University College); Dr. W. M. Watkins 
(bi , in respect of her post at the Lister In- 
stitute of Preventive Medicine). 


Manchester 


Tue following lecturers have been appointed: B. Cox 
and Dr. T. R. Wilson (pharmacology). 


Newcastle upon Tyne 


Tus following lecturers have been appointed: Mr. D. 
Brook (statastics in the Department of Mathematios) ; 
Dr: R. H. Pam and Mr. R. Virden (biochemistry); Mr 
B. J. Miflm (plant science). 
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Sheffield 

Tus following leoturers have been appointed: Dr. G. 

Coleman (biochemistry); Dr. T. F. Mortimer (pathology); 

Dr. W. T. Raynes (ahemistry). The title of reader in 
botany has been conferred on Dr. J. Webeter. 


Southampton 


Tau following appointments have been made: Reader- 
ships, Dr. A. W. Bright (electrical engineering) ; Dr. 
L. G. E. Bell (zoology); Senior Lectureships, W. A. 
Matthews (psychology); Lectureships, K. J. Binns 
(electrical engineering); Dr. J. A. Bette and D. R. 
Wilkins (electronics); Dr. F. A. Bostock, Dr. M. 8. P. 
Eastham, I. J. Ketley, L. G. Proll, Dr. B. 8. Weetoott, 
N. L. Biggs, G. M. Phillips and P. J. Taylor (mathematics) ; 
Dr. R. D. Wills (physics); Dr. W. T. Drabble, Dr. B. J. 
Parsons and Dr. G. N. Woodruff (physiology and bio- 


chemistry); Dr. F. 8. Billett (zoology). 
Announcements 

Tua Alvarenga Prize for 1965 has been awarded by the 
Oollege of Physicians of Philadelphia to Dr. F. 


Harlow, director of the Primate h Center, Uni- 
versity of Wisconsin, Madison, for his work on social 
deprivation in monkeys. 

At the annual general meeting of the Royal Statistical 
Society on June 16, Mr. L. H. O. Tippett was elected 
"icones for the year 1965-66. Mr. B. P. Emmett, Miss 

. V. Cunliffe and Dr. J. A. Heady were re-elected 
honorary secretaries and Mr. W. Rudoe was elected 
honorary treasurer. Prof. O. R. Rao was awarded the 
Guy Medal in Silver of the Bociety. 


A REGIONAL meeting of the Association of Applied 
Biologista will be held in Newcastle during September 
14-17. Further information can be obtained from F. 
Blackburn, Department of Plant Science, the University, 
Newcastle upon Tyne 1. 

Tua 452nd meeting of the Biochemical Society will be 
held jointly with the Italian Biochemical Society in Santa 
Margherita during September 7-8. Further information 
can be obtained from the Biochemical Society, 20 Park 
Crescent, London, W.1. 

AN international colloquium on '"The Optical Properties 
and Electronic Structure of Metals and Alloys’’ will be 
held in Paris during September 18-16. Further informa- 
tion oan be obtained from Prof. F. Abelés, Institut 
d'Optique, 3 Boulevard Pasteur, Paris 15. 


A GHNERAL discusion of the Faraday Society on 
“Intermolecular Foroes" will be held at the University of 
Bristol during September 14—10. Further information can 
be obtained from the Assistant Secretary, the Faraday 
Society, 6 Gray’s Inn Square, London, W.C.1. 


A MERTING of the British Radio Spectroscopy Group 
on “Magnetic Resonance in Metals" will be held in the 
University of a up i Beptember 18-14. Further 
information can be obtat from Dr. E. F. W. Seymour, 
Department of Physics, the University, Leeds 2. 

AN international conference on ‘The Microwave 
Behaviour of Ferri ios and Plammas" will be held 
at the Institution of Electrical Engineers during Septem- 
ber 13-17. Further information can be obtained from the 
Secretary, Institution of Electrical Engineers, Savoy 
Place, London, W.C.2. 

A OONFHEHNOH on ‘Machines for Environmental and 
Materials Teeting", organired by the Institution of 
Mechanical i and the Society of Environmental 

i , will be held at the Manchester College of 


“Science and Technology during September 6-10. Further 


information can be obtained from the Conference Section, 
Institution of Mechanical Engineers, 1 Birdcage Walk, 
London, 8.W.1. 
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RECENT DEVELOPMENTS IN THE OIL INDUSTRY OF RUMANIA 


T is rare indeed these days that an ity occurs 
to obtain first-hand mformation o contemporary 
developments, both technical and economic, of & major 
industry in an ‘Iron Curtam’ country, more especially 
when this is presented in English and, perhaps what is 
even more surprising, by means of an elaborate series of 
photographs i Indoor and outdoor activities 
within that industry. That this has been most success- 
fully achieved in the oase of the oil industry in Rumania 
is attested by & recent publication entitled O1l—Natural 
Gas—Petrochemistry in Rumania*. Tho purpose of this 
publication i is adequately summed up in the mtroduction: 
: album includes a brief survey of the develop- 
ment of the Rumanian oil mdustry, as well ae facts and 
figures related to ita present-day evolution; the photos— 
representing the images of the main sectors of the oil and 
petrochemical industry and socio-cultural achievements 
in this fleld—illustrate the upsurge taken in recent years 
by the oil ind as well as its future prospects’. The 
Photographs, in b -and-white and in colour, are excel- 
lent; they acoount for considerably more than the 
descriptive text, the latter being essentially brief sam- 
maries of progress over the years, but with obvious 
emphasis on what has ed since the advent of the 
Rumanian People’s io. 
“A Brief History the Rumanian Oil Industry" is 
the first heading; this traces evente back to 1857 when 
ion of kerosene was in fact the industry as then 
established, the first kerosene refinery plant being built 
neer Ploiesti, while Bucharest, the capital, was the first 
town. in the world to be illuminated with kerosene. The 
gasolene stage dates from 1896 with production from oil- 
extraction pits about 250m deep. With introduction of 
mechanical methods of drillmg, oil production steadily 
Tose, to be seriously interrupted by the First and later the ~ 
Second World Wars. Nationalization of the industry 
began in 1948 and this is proclaimed ‘‘.. . the 
point for the impetuous development of the oil industry 
in Rumania”. The second heading, "Well Drilling and 
Oil and Gas Production”, records the fact that, compared 
with the crude oil production of Rumania for 92 years 
before 1948, “ ... in 15 years alone (1949-1963) more than 
145 million tons were produced, i.e., some 90 per cent of 
the overall production before nationalization”. Modern 
geological and geophysical methods greatly contributed 
to the discovery and loitation of new and rich oil and 
natural gas pools in Oltenia, Western Wallachia and 
Moldove. Apart from oil, methane has proved ane of 
the richest natural resources of the country ; ita occurrence 
is widespread and at 99-4 per oent pure methane it is 
claimed that Rumanian natural gas is uni in this 
respect throughout the world; output at 10,887 million m? 
of methane in 1963 was at that time a record for the 
country; since then, to meet mdustrial and household 
demands for the gas, the methane transportation pipeline 
network is-being expanded to 4,000 km. 

The section on “The Oil-Prooeseing Industry and 
Petrochemistry" notes that, in recent years, important 
units for processing crude oil have been commissioned, 
among which are specifically mentioned the refineries at 
DáürmÁnesti and Onegti in Moldova, the oil plant at the 
Teleajen refinery, and the catalytio reforming complex 
at the Brazi reflnery. In the petrochemical fleld, the oil 
industry now produces (from methane, oto.) ammonia, 
high-conoentration nitric acid, ammonium nitrate, meth- 
anol, formaldehyde, urea and ; from the urea, 
&minoplaste and adhesives for the wood-processing indus- 
try are obtained. Spon d pr E idee 
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has been increased and a polymethaorylio resin 'Stiplex' is 
now in production. Further petrochemical planta are 
being built, to include new nitrogen fertilixer plante, 
plastics production, for example, polyvinyl chloride, 
polyvtby iene and polypropylene, polystyrene, phenol- 
ormaldehyde resins, a sy ete.; manufacture of 
synthetic yarns and bres ia being developed, as also ia 
Rumania’s synthetic rubber output based on oil gas; and 
the “Danubiana’ factory in Bucharest is geared to a 
production of 1-1 million car and tractor tyres in 1965. 

Under the ing ‘Research Work and Designing in 
the Oil Industry" the ‘indoor’ activities of more than 
3,000 research workers and designers are briefly discussed ; 
the relevant centres include: the Research Institute for 
Oil Drilimg and Extraction at Cimpina; a Designing 
Institute for Oil-welle at Ploiesti; a Designing Institute 
for the Oil-Proceasing Industry, again at Ploiesti; here also 
is the Petrochemical Research Institute; and there is a 
Research Institute for the Chemical Utilization of Methane 
et Medias. Photographs of some of the laboratories oon- 
cerned, equipment, apparatus, pilot plante, eto., leave 
littlo room for doubt aa to the m: set-up and efficiency 
of this more academic aspect of the industry. 

“Rumania—an Exporter of Oilfleld Equipment and 
Oil Producta” is the title of a section of this album 
devoted to commercial interests of the industry in its trade 
with other countries. We learn that Rumania now has 
commercial relations with more than 40 countries as 
regards ite oil products and that new export markote are 
being opened up in Europe, Asis, Africa and Latin 
America. Rumania has built & 750,000-ton oil/year 
refinery at Gauhati, Aesam State, India; it claims that 
"Rumania ia now able to design and deliver the necessary 
equipment and plante for modern refineries of any 
capacity, working on any raw material and turning out 
any required product”; her co-operation with the oil 
industry in Bulgaria, Burma, Ghana, 
Indonesia and the United Arab Republic is also 
noted. 

No communication from a Communist country would 
be complete without some reference to cultural facilities 
and this publication ends with & section, fully illustrated, 
dealing with “Living Conditions of Oilworkers’’. The 
information given here is impressive, particularly as 
regards housing &oocommodation and conditions, social 
amenities, education, medical care, and recreation. In 
these respects the industry is true to the modem oon- 
ception of care of all people concerned in its development 
and progrese, as is such & traditional feature now of the 
major oil companies operating all over the world. It 
would indeed be interesting, if not instructive, if only half 
the information contained in this book were available in 
the same form from other oil-producing countries behind 
the ‘Tron Curtam'; the aid that such reading (and in thia 
case seeing as well) imparte to better understanding of 
these countries is both ethically and technically incal- 
culable. 

Not oontent, however, with this chall essay into 
world publicity, 1965 sees the first issue of & new official 
bulletin entitled Chemisiry, siad in ee 
Here again the purpose is abundantly clear: to oe 
Rumanian oil industry in the forefront of techni 
commercial developments and to spread ita potentialities 
world wide. This bulletm is also printed in English; 
whether in other languages is not disclosed. A synopsis of 
the contents of Vol. 1, No. 1, is indicative of ita scope, 
Which does in fact spread the net wider than just the oi 
industry. “‘ . the interested circles will find surveys 
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of the articles published in the speciality journals, news 
related to the research and designing activity, brief plant 
information, trade notes and statements of visitors of our 
oil and chemical sector as well as other materials illustrat- 
ing the steady progress witnessed by the Rumanian oil 
and chemical industries”. It is si tly added that 
this Centre will supply, on d “articles, summaries 
and other additional information translated into one of 
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the international languages, accompanied by photos". 
This bulletm is in mimeograph type with no illustrations 
save coloured advertisements on the inside covers; but 
the contents—research and design, short news, commercial 
information, patente—books and reviews, oto., if .this 
pattern is followed in future issues are bound to attract 
eee ee E 
of international oil technologists. H. B. Minm 


ATOMIC ENERGY IN AUSTRALIA 


HE twelfth annual report of the Australian Atomio 

Energy Commission *, for the year ending June 80, 
1964, deals with the production of uranium in Australia, 
research activities at the Lucas Heights Research Estab- 
lishment and im Australian universities, and generally 
with international relationships and nuclear power 
developments in various countries. 

The finanoial statement records that capital expendi- 
ture was reduced by some £4175,000, but that research 
expenditure increased by about £4270,000 to nearly 
£A8 million, largely because of the introduction of im- 
proved salary scales for the staff and the increased cost 


of recruitment of staff. The not operating and capital | 


diture for the year was £A,3,478,862, an morease 
of £A,287,000 over the previous year. The advance 
to the Rum Jungle Project was reduced, however, from 
£A1-58 million to £A720,000. 

Uranium oontinued to be m over throughout 
the world, but the major cut-backs in p uotion required 
to stabilize the industry in the Western World are now 
completed. It is expected that since output will continue 
to fall as individual mimes close down, no additional 
drastic will be necessary, and that in the early 
1970's world requirements for nuclear fuel will increase 
agen quite rapidly. During 1968 about 1,200 short tons 
of uranium oxide were produced and sales during this 
period were valued at approximately £A55 million. 
Only one sales contract remained in operation in June 
1964, and although the United Uranium N.L. expected 
to complete production during 1964, the final deliveries 
under the £45 million contract with the United Kingdom 
Atomio Energy Authority will extend into 1965. Treat- 
ment of stockpiled uranium ore at Rum Jungle is expected 
to continue at the present level for several years. 

The Commission’s main research programme is devoted 
to the investigation of the technical and economic feasibil- 
ity of a high-temperature, carbon dioxide-oooled, bezyllium 
oxide-moderated, power reactor of the pepple-bed type. 
The fuel elementa consist of a dispersion of thorium oxide 
and commercial plutonium oxide in beryllia, and the oore 
of the reactor comprises a large number of spheres or 
. pepplee, about 1 in. in diameter, of the fuel material. 
Four different engineering designs of the reactor system 
are being studied and these are shown tically 
in the annual report. Although considerable effort has 
been devoted to the various engineering and theoretical 
physios problems involved, inoluding the development of 
computer codes for core nuclear studies, the Commission 
specifically states in the report that there is no commit- 
ment to construct a power reactor m Australia. . 

At the Lucas Heights Research Establishment the high 
neutron flux materials testing reactor, Hifar, continued 
operation st a power output of 11-MW (thermal) on ao 
28-day cycle for the whole year, except for a two-month 
major overhaul period. The small low-power reactor, 
Moata, was used mainly for experiments associated with 
the performance of systems moderated with beryllium 
oxide. Alterations were made in the control rod read-out 


* Australia. mual Repori of the Ausiralan A torlo ys 2 
Commission for the 30a Tuna eger Pp. 80. (Coogee, N.8.W.: 
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system, and to the internal graphite reflector. New facli- 
ties completed or installed at the Establishment included. 
a large single oell capable of remote-handling of up to 
600,000 o. of cobalt-60, and æ 3-MeV positive ion Van de 
Graaff accelerator for fast neutron physics experi- 

menta. 

The Establishment maintained & good safety record 
during the year. No serious accident, either radiological 
or industrial, oocurred. A wide range of radioisotopes 
was produced for use in medieme, research, agriculture 
and industry, and im addition to supplying Australian 
requirements, radioisotopes were exported to Ja 
India, New Zealand. South Africa and the Philippines. 
The development of sources of gamma-excited mono- 
energetic X-rays and their application in industry were 
given particular attention. Special projects included the 
production of sources of caesium-134 and thulium-170 for 
poe purposes, and the investigation of the 

neutron- and gamms-radiation on non-metallic 

bonding materials such as epoxy resin. Large sources of 
high speciflo activity of cobalt-60 can be produced in 
Hifar, and during the year the Commission supplied 
the Royal Adelaide Hospital with a 1,800-c. source, the 
Royal North Shore Hospital in Sydney with & 2,160-c. 
source, and under the Colombo Plan, the Cancer Institute of 
Madras, India, with a 3,025-c. source. The only significant 
change during the year in the demand for specific radio- 
isotopes was an increased request for radiography sources 
in amaller sizes and cylindrical sources of iridimm-192 
of 1-mm length and 1-mm diameter with an activity of 
is Sere , and similar sources of cobalt-60 with an activity 

1-5 o. were produced to meet this requirement. 

The first international conference on ‘“Beryllium-oxide’’, 
attended by scientista from six countries, was held in 
Newport, New South Wales, during October 21-25, 1968. 
The conference was sponsored and organized by the Com- 
mission, and 56 were presented for discussian, 
including 27 from Australian Atomic Energy Com- 
mission Research Establishment. The topics discussed 
covered aspects of fabrication, structure, physical and 
mechanical a serpy rediation damage and gas-solid 
interactions. e last day of the conference waa devoted 
to & symposium on the utilization of berylium oxide, 
in reactora. The proceedings of the conference have 
been published in & special issue of the Journal of Nuclear 
Materials (1964). In addition to & wide range of booklets, 
leafleta and other lications on atomic energy, the 
Commission also lished & quarterly journal, Atomic 
Energy in Australia, a quarterly Radioisotope Neweleter, 
and & special 55-page booklet entitled An Introduction 
to Nuclear Sotence for use in schools. The Commission’s 
film “Atoms for Everyday” was shown on the national 
television network and & major exhibition, ''Australia 
and the Atom”, featuring many aspecta of atomio re- 
search, production and mining of uranium, nuclear power 
and the use of radioisotopes, was in Brisbane and. 
Nevwoastle. The Research Establishment held open days 
during September 26-28, 1903, and some 6,000 persons 
visited and inspected it. 

Research contracts totalling more than £451,000 were 
placed with Australian universities. Details of these are 
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listed in an appendix to the report. The Commission, 
together with the ten Australian universities, constitutes 
the te membership of the Australian Institute of 
Nuclear Science and which is governed by the 
Institute Council consisting of one representative from 
each of the universities and four from the Commission. 
All member universities are engaged in traming nuclear 
scientists and engineers and in-related research. 112 
projects were supported by- research and training grants 
of the Institute, and the expenditure amounted to about 
£4100,000. Plasme physics, in particular, received 
special rt. An informal conference on plasma physics 
was held duri November 1968, and the research effort 
at three universities was assisted by providing on loan & 
special high-speed camera capable of photographing the 
formation and decay of plasmas. Two other informal 
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specialists conferences were held at Lucas Heights under 
the auspices of the Institute—s ‘Heat Transfer and Fluid 
Flow” conference during August 1968, and & “Radiation 
Chemistry" conference during October 1963. 

In conjunction with the University of New South 
Wales, the Commission is to establish an Australian School 
of Nuclear Technology with headquarters at tho Lucas 
Heighte Research Establishment. The facilities of both 
the Research Establishment and the University will 
be available to the School. The aim is to formal 
training and education in nuclear technology; and full- 
time courses of varying length in the science and tech- 
nology of nuclear reactors, the production and application 
of radiosotopes, radiological safety and health physice, 
eto., will be open to studente from Australis and overseas. 

B. WaINTROUB 


BRITISH CHEMICAL REFERENCE SUBSTANCES 


late 1963, the General Medical Council and the 

Pharmaceutical Society of Great Britain agreed to set 
up a joint authority to pre and distribute chemical 
reference substances to carry out certain testa 
and assays described in the British Pharmacopoeia, the 
British Pharmaceutical Code» and the British Veterinary 
Coder. The Joint Committee held ite first meeting in 
March 1964, and established a number of panels. Each 
panel was charged with the task of establishing one or 
more of these reference substances, and, since these 
substances might be of value for other purposes, the 
panels were asked, should it prove impracticable to 
obtain absolute purity, to ascertain so far as possible 
the amounts of all impurities. 

The first two ‘British Chemical Reference Substances” 
have now been made available: digoxin and 24-butyl-4- 
methoxyphenol (the most active isomer present in 
butylated hydroxyanisole); these are required for the 
Addendum 1964 to the British Pharmacopoeia 1908, which 
became official as from June 1, 1965. The reporte to the 
Joint Oommittee of the panel responsible on the prep- 
aration and purity of these substances have now been 
published. 

The digoxin reference substance is required in the assay 
of digoxin and of its two preparations, the injection and 
the teblete, and for purposes of comparison (in place of 
the previously used authentic specimen) in the infra-red 
identification test. From ite examination of the reference 
substance, the panel concluded that the substance is at 
least 99-7 per cent pure, containing not more than a total 
of 0:3 per cent of gitoxin, acetyldigoxin, digoxigenin and 
digitoxin. 


The 2-t-butyl-4-methoxyphenol reference substance is 
required for the assay of butylated hydroxyanisole and 
in the infra-red identifloation test. In this case, a purity 


of at least 99-85 per cent has been achieved, the balance 
Li Penal up of very small amounts of 8,3’-di-(t-butyl)- 
2,2’-dihydroxy-5,5’-dimethoxybiphenyl (bís-BHA), 2,5- 
di-(t-butyl)-4-meth: henol, 4-methoxyphenol and a 
trace of an unidenti impurity. As well as ita pharma- 
ceutical uses, butylated hydroxyanisole has extensive 
usage in the food industry as an anti-oxidant in oils and 
fats, and the establishment of this reference substance 
will be weloomed in flelds outaide of pharmacy. 

Samples of these reference substances are distributed 
by the Pharmaceutical Society and are available on 
application to the Assistant Director, Department of 
Pharmaceutical Sciences, 17 Bloomsbury Square, London, 
W.O.1, at a cost of £4 10s. for 0-8 g of the digoxin, and 
£8 for 0-2 g of the 2+-butyl-4:methoxyphenol. Copies 
of the panel's reports can be obtained from either of the 
joint secretaries, Mr. T. O. Denston, 44 Hallam Street, 
London, W.1, and Dr. K. R. Capper, 17 Bloomsbury 
Square, London, W.O.1. 

Because there may be some confusion between ‘British 
Chemical Reference Substances” and “Authentic Speci- 
mens", both of which are distributed by the Pharma- 
ceutical Society, it 18 appropriate to explain that the 
reference substances are samples which have been partid 
so far as is practically and economically feasible, any 
remaining impurities having been identifled and a limit 
set on their presence. They are used in assay procedures 
and to serve as the reference material in testa used to 
limit the presence of certain impurities in pharmaoopoeial 
and Codex substances. Authentio specimens, on the 
other hand, are only tested samples of good quality 
commercial material which are needed for certain tests, 
notably infra-red identification teste, for which a oom- 
parison material having the purity of & reference substance 
is not essential. 


PESTICIDES IN THE ENVIRONMENT 


N advanced study institute on ‘Pesticides in the 
Environment and their Effects on Wildlife", epon- 
sored by the North Atlantic Treaty Organization, was 
held at Monks Wood Experimental Station during 
July 1-14. 

The main of the Institute was to enable those 
working on the effects of pesticides on wildlife to exchange 
ideas and to discuss future research. Thirty-four pa 
' were read, and dealt with the background of the wildli 
problem and with fleld and laboratory studies of the 
effects of pesticides in terrestrial, freshwater and marine 
environments. Seventy-one scientists from Government 


and university laboratories attended the meeting, inolud- 
ing chemista, toxicologists and soologista of eleven 
nationalities. 

The pepers and discussions showed that pesticide 
residues have been detected in a wide spectrum of physical 
and biological samples from diverse environmenta, 
indicating that contamination is widespread. In some 
instances, harmful effecta on wildlife i were 
clearly demonstrated, but more frequently the effecta of 
residues are unknown. 

It was concluded that in order to understand the effecta 
of pesticides more fully, there was need for more work, 
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Aon 
including: routine collection of data; experimental 
research ; use of present knowledge; and dissemination 
of information. Details are as follows: 

Route collection of data. Carefully designed surveys 
are needed to obtain valid estimates of animal populations 
to assess effecta of changing environmental conditions. 
Furthermore, it is necessary to measure the accumulation 
of chemical residues in many physical and biological 
componenta of the environment to assess the present and 
future levels of contamination. i studies of 
residues in Canada, Hire, France, the Nether- 
landa, Sweden, the United Kingdom and the United States 
provide the basis for further research of this kind. Special 
emphasis should be placed on persistent compounds, and 
on aquatic species which seem to be especially valuable 
as indicator organisms. Multiple-detection methods with 
associated techniques for confirmation of identity should 
be used wherever possible. Detailed information oon- 
cerning the total quantity of pesticide used in different 
countries must be obtained to understand residue data 
properly, and to predict future trends. 

Haxperimontal research. There is a need for developing 
and standardizing analytical procedures, censusing 
methods and other techniques. Investigators should pey 
fall attention to the use of oritical and confirmatory 
techniques which have already been worked out, and to 
the statistical treatment of accumulated data. More 
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work i is required on pesticides other than organochlorine 
compounds. In particular, improved methods of chemical 
analysis for organophosphorus pesticides and their meta- 
bolites should be investigated. The dynamics of pesticides 
in different environments need to be investigated more 
thoroughly, V p decomposition, physical and bio- 
logical dispersal and accumulation. Additional investi- 
gations are required to resolve the difficulties in using 
results obtained from laboratory stadies to assess le 
effects on populations in the fleld. Long-term fleld studies 


are particularly necessary for assessing the effecta of 


persistent chemical compounds and their metabo- 
lites. 
Use of present knowledge. It is necessary to ensure 


dias uhi wreak Cody e exec det pe Bae 
at the stage of introduction of a new icide, and in 
considering the introduction of extensive control pro- 
grammes. Special consideration should also be given to 
rare species and those of restricted range and special 
vulnerability. 

Dissemination of information. To implement the 
development of research outlined above, it was hoped 
that members of the Oonference would continue to 
exchange information, and that international meetings of 
a similar kind to this Advanced Study Institute would 
be held at regular intervals. An annual list of current 
research projecta would be particularly valuable. 


OVER NORTH AMERICA 


By BENSON FOGLE 
Geophysical Institute, University of Alaska College, Alaska 


1962, when the work reported here only one 
recorded sightmg of noctilucent clouds from North 
America was known. This was the observation reported 
by Vestine in 1934 (ref. 1). The of sightings from 
North America led to the belief that nootituoent clouds 
did not occur here as frequently as over Europe and the 
U.S.S.R., where hundreds of such observations have been 
made during the past eighty years. — 

A careful literature search made in 1962 uncovered 
eleven additional records of North American sightings of 
uootilucent clouds, and an observation programme con- 
ducted at College, Alaska, during the summer of 1962 
resulted in five more si . On the basis of these 
findings it was conoluded* that nootiluoent clouds occurred 
over North Amerioa more frequently than previously 
supposed, and that the scarcity of recorded observations 
was probably due to the lack of informed and interested 
observers. 

To investigate the apparent frequency of occurrence, 

ial extent and lifetime of nooctiluoent clouds over 
orth Americe, an extensive network of noctilucent cloud 
observing stations was established m 1968 over Alaska 
and Canada which in 1964 was extended to Greenland 
and loeland. Co-operation in the set-up of this network 
of stations was given by the Canadian t of 
the Ioelandic Meteorological Service, the U.8. 
Wi Bureau, the U.S. Federal Aviation Agency and 
the U.S. Air Foroe Weather Squadrons. Fig. 1 shows the 
locations of the stations participating in this programme. 
A Noctilucent Oloud Observation Manual was prepared 
and issued to all icipating stations to acquamt the 
observers with noctilucent clouds. During the summer of 
1963, only 33 Alaskan stations and 15 stations in western 
Canada took part in the programme. This past summer 
(1964) all the stations shown in Fig. 1 took part, as well as 
the crews of the Pan American World Airways and Alaska 
Airlines aircraft flying the Fairbanks—Seattle route. 
ing 1963, with 48 stations participating, 25 displays 
of noctilucent clouds were sighted over North America. 


` 


During 1964, with 88 stations participating, 57 displays 
were sighted. These numbers represent reliable sightings. 
A number of additional reporte had to be discarded 
because of insufficient evidence of a definite display. A 

complete listing of the nights of the 99 lays of nooti- 


lucent clouds over North America to date is 
given in Table 1. It also gives the number and latitude 
and longitude range of tho stations which reported 


noctilucent clouds on these nighta. The low-latitude, 
artificially produced nootiluoent clouds by 
Meinel* are not included in Table 1. The date of the dis- 
play, given by a single number, refers to the night begin- 
ning on that date and ending on the following one. The 
observations listed in Table 1 are presented in Fig. 2 in 
the form of a histogram and a smoothed curve. The 








L Network of nootilusent eloud-observing stations over North 
Te America, Greenland and Iceland 
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histogram 
noctiluoent per interval, 
Tho is based on the relation N = (a+ 25+ 0)/4, where b ts 
the frequency In the Interval in question and a and c are for the adjacent 


10-day 


histogram representa the number of sightings ten-day 
interval. The smoothed curve was d from the 
histogram using the smoothing relation N = (a+ 2b+0)/4, 
A E ee ee eee 
a and c are the frequencies for adjoining This 
smoothing relation serves to correct at least for 
cloudy nights and other factors, and should represent the 
actual relative frequencies with greater accuracy than the 
histogram. The observations given in Table 1 are also 
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divided according to the number of sightings for different 
latitude ranges in intervals of 5 degrees. These frequencies 
are given in Fig. 8 in the form of a histogram and a 
smoothed curve. 

The salient features of the North American observa- 
tional data of nootilucent clouds are: (1) noctilucent 
clouds have been observed from late April through late 
September; (2) the peak of sotivity is around the end of 
coe (3) noctilucent clouds occur far more often after 

the summer solstice than before (27 before and 72 after); 
(4) the lowest and highest latitude sightings are 46:5 and 
76-3 degrees, respectively ; (5) the optimum latitude range 
for observing nootilucent clouds is 50-65 degrees; (8) 
nostilucent clouds occur as frequently over North America 
as over Europe and Russia. 

Since the o ion of nootilucent clouds is restricted 
to twilight periods when the Sun is between 6° and 16° 
below the obeerver's horizon, it is not possible at present 
to determine the true lifetime of these clouds. Sometimes 
extensive lays of.noctiluoent clouds recur for two or 
more successive nighte, but whether they are parte of a 
distribution thab is continuous throughout the intervening 
day-times is uncertam. Lifetimes of 5-6 h have been 
measured for two widespread displays—August 1l and 
August 12, 1068—obeerved over Alaska and Canada, 
Particular parte of noctilucent clouds may last for only a 
few tens of minutes. For example, one well-defined. 
portion of the August 11, 1968, display formed and 
decayed in a clear portion of the sky in period of about, 
80 mm. 

Sometimes the whole boundary of & noctilucent cloud 
display can be seen and ite area estimated; this may be 
only a few tens of thousands of km’. The extent of sky 
at the level of 82 km visible from one station is a circular 
area about 1,000 km in radius; but only & part of this 


Table 1. Dates oF NOOTILUOENT CLOUD DIBFLAYS O»4ERYED OVER NORTH ÀXERIOA 























1 
1 
1 
1 6 
2 61-1-61:2 
1 61-2 50 
1 51 97 
1 62-5 1146 
1 50 68 
1 612 150 
1 52-2 100-6 
1 763 1706 
1 611 150 
1 612 150 
1 064-9 148-0 
i | 8 t 
1480 
1 May, 1 1 58-4 134 6 
26 June, 1063 1 522 106 6 
28 June, 1063 1 611 150 
1 July, 1063 T 548 66-8 
3 July, 1063 1 58-7 94-1 
4 July, 1063 1 88-7 O4-1 
5 Joly, 19603 1 58-7 941 
B July, 1063 2 58-4—59 5 184-0-199-7 
9 July, 1068 1 61-5 “5 
11 July, 1063 1 61-1 1 
12 July, 1063 2 61-2-6146 150-159 6 
B 3 en i 612 
d 57-68 4 14-6-1857 
25 July, 1063 1 1 
27 July, 1 064-9 1 
31 July, 1063 7 53-0-60-2 115-1291 
1 Aug., 1963 1 602 2 
5 Aug., 1903 4 58-8—64 9 122-7-148 
6 Aug., 1963 5 60-6-65-2 135-3-152.1 
8 Aug , 1063 1 63 142 
11 Aug , 1068 17 58-4-65-2 122-7-153-9 
12 Aug., 1063 23 58-465-% 135 8-161-7 
16 Aug , 1963 1 63-66 1 
18 Aug, 1963 2 64-5-64 9 148-140-1 
18 , 1903 1 64-0 148 
26 Apel, 1064 1 45-5 737 
13 April, 1004 3 54-04 9 60-5-148 
*0 doc 1064 2 53 4-53 5 60-5-105 6 
3 , 1904. 1 58-8 1113 
9 May, 1964 1 53-4—58 3 60-5-68-3 
11 May, 1904 1 59-7 154-9 
17 May, 1964 1 56-2 683 
3 June, 1964 1 58-7 94-1 

































5 1 
9 1 
10 1 
11 2 
12 June, 1964 1 
15 June, 1964 1 
20 June, 1064 1 
21 June, 1064 2 
23 June, 1904 1 
24 June, 1064 2 
28 June, 1064 8 
29 June, 19004 10 
$0 June, 1964 11 
1 July, 1964 5 118-5-122°7 
4 July, 1904 3 52-3—58-2 66-8-100-6 
5 July, 1964 10 53-2-60-6 60-65-135-5 
6 July, 19064 4 53:4150 6 60-5-189 7 
7 July, 1904 1 54.8 66:8 
8 July, 1964 8 53-5-60-1 66:8-134-6 
10 July, 1964 1 58-8 “7 
11 July, 1984 11 51-0-60-6 66 8-135-3 
12 July, 1964 8 51-0-80-2 106-0— 
13 July, 1064 B 53-6-608 111-2-120-2 
15 July, 1964 3 6 94:1-181-5 
16 July, 190604 15 52-23-64 106-6-165-6 
17 July, 1964 1 61-1 155-6 
20 July, 1964 4 59-5—64-5 1839-7-150-1 
21 July, 1064 7 47-0—04-9 06-6-1520 
12 July, 1964 8 47-0-64°9 66-8-148 
23 July, 1064 8 53-3—0?-5 68-3—129-5 
24 July, 1964 11 583-3-064-9 60-6-148 
25 July, 1964 1 60-1 112-2 
26 July, 1064 6 63-2-64:0 70-8-148 
27 July, 1964 4 54-6—01.1 198-7-155-6 
£8 July, 1064 8 58-32-63 68-8-161.5 
39 July, 1004 3 1 111-3-145-4 
30 July, 1964 4 581-61 94:1—113-2 
1 Aug., 1964 1 58-3—03-8 68-3-152-0 
2 Aug, 1064 18 54—04-9 68-3-148 
3 Aug, 1964 8 57-3-06-0 O4-1-162 6 
6 Aug., 1064 4 62-8—04-9 11-1—148 
7 iung, 1064 5 61-164 22 6-155-6 
8 Ang., 1064 8 61-08-5 82-56-102 0 
9 Aug., 1904 5 58 7-64-0 94-1-1 
11 Aug , 1064 4 53-6-06-0 113-5-168-0 
18 Aug., 1964 10 68 8-71:8 122-7-165-4 
20 Aug., 1964 1 58-7 94-1 
19 Aug., 1004 2 53-8041 90 1-130 
$0 Aug., 1064 I 53-8 1 
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oan be iluminsted by sunlight against a dark sky. 
Twenty-six of the displays observed over Alaska and 
Canada were too extensive to be all visible from any one 
station. Combination of the data from many observers 
indicate that the areas covered by eight of these displays 
(August 11, 1968; August 12, 1963; Juno 29, 1964; 
July 5, 1064; July 11, 1964; July 16, 1964; July 24, 
1964; and August 2, 1964) were more than 2 million km’. 
It is possible that noctilucent clouds might at trmes cover 
all longitudes around the pole and have an area of order 
10° km*; but this, if true, would be diffloult to establish 
from observations of the kind presently available because 
they are restricted to twilight, and only stations in & 
sector of about 90? in longitude can see them at the 
same time. 

A prominent feature of many noctilucent cloud displays 
is the presence of well-defined parallel bands. These have 
been identified with systems of waves of various wave- 
lengths. Only.a few wave-lengths have been measured 
in the past; they range between 7 and 100 km (refs. 5, 6). 
We have recently developed s simple method for mees- 
uring the wave-lengths from individual photographs of 
noctilucent clouds. The method is based on the oon- 
stancy of the height of nootiluoent clouds at 82 km, and 
requires good photographs which contain several pointe 
the elevation and azimuth angles of which are known. 
From the photographs, the elevation angle to the pair of 
bands in question is measured as well as the incremental 
angle between them. A knowledge of these two quantities 
is sufficient for determining the wave length. Photographs 
of three displays of noctilucent clouds obeerved over North 
Amerioa have been analysed by this method so far. A 
total of 248 wave- were determined from these 
photographs and the cy distribution obtained is 
shown in Fig. 4. As seen from this curve, the wave-lengths 
range from about 5 to 100 km, the most frequent value 
being about 10 km. 

Two mechanisms have been suggested to account for 
the wave structure in noctiluoent clouds: internal gravity 
waves’ and interface waves". A rehensive discussion 
of these mechanisms by Haurwits’ indicates it is likely that 
the short wave-lengths of about 10 km are due to inter- 
face waves, and that the longer wave-lengths are due to 
internal gravity waves. More date on the temperature 
distribution, wind sheer at the mesopeuse, ss well aa 
simultaneous velocity and wave-length measurements are 
needed to determine with more certainty the cause of the 
waves. 

An examination by Vestine of the nootilucent cloud 
date for the years 1885-1938 showed that there was no 
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noculneents cloud interval. The 
curve is based on the relation N = abro) 4, where b ts the 
fuoreney n ihe tterval m esi tni tod are for te adjacent 
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Fig. 4. Frequeney distribution of wave-lengths in three nocüluceni 
cloud displays (248 measurements) 
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apparent correlation of nootiluoent cloud activity with 
either volcanic activity or meteor showers, but there was 
some evidence of a correlation with years of sunspot 
minims. Vestine pointed out that this apparent correla- 
tion might be fortuitous since the number of noctilucent 
cloud observers and interest in these clouds have varied 
widely over the years. Quiroz!’ re-examined the possible 
correlation of noctilucent cloud activity with sunspot 
cyole using & partially complete list of 711 sightings for 
the period 1885-1963 and found no correlation. We have 
recently compiled & complete list of the 1,084 nootiluoent 
cloud sightings reported during the period 1885-1964 and 
compared the frequency of occurrence of nootiluoent 
clouds with the sunspot cycle data for the same period. 
These resulte, given in Fig. 5, show that there is no cor- 
relation of noctilucent cloud activity with sunspot oycle. 
A physical relationship between the two, however, is not 
improbeble, since solar-induced variations in the density 
and temperature of the atmosphere near 80 km could well 
have an important effect on mooming dust particles and 
their subsequent redistribution. 

This work was po gian, by U.S. National Science 
Foundation grant G.P-1759. The participation of the 
personnel of the agencies named here in the observational 
work is gratefully acknowledged. I thank Mrs. Carol 
ee ee 
computetional work. I aleo thank Mr. A. Madea 
Dr. Sydney Chapman and Dr. Bernhard for 
their advice. 
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PHASE MODULATION OF GEOMAGNETIC MICROPULSATIONS 


By T. J. HERRON 
Lamont Geological Observatory, Columbia University, Palisades, New York 


HE Geomagnetiam Gro UP of Lamont Geological 

Observatory has recorded variations in the total 
intensity of the magnetic field with a rubidium ur 
magnetometer. High-resolution power spectral 
of large amplitude, narrow-band Pc2 micropulsations 
have been performed by digital computer. A relationship 
was found i the frequency domain between the Po? 
activity and longer period Pc5 micropulsations which 
indicates that the shorter period signals were phase 
modulated by the longer period variations. 


ae cnr 


the natural Fig. 2 presenta the pre-whitened 
spectrum with the six dB slope removed. Power density 
is in units of gammas*/o/s. In Fig. 2 there is a series of 
peaks, somewhat equally spaced in frequency, between 
0-015 and 0-04 o/s, which are incorrectly spaced to be due 
to side lobes of the hamming spectral window. 

The high-amplitude, narrow-band Pc2 micropulsations 
began on this day at 1,000 h local time and continued 
until 1,400 h. Fig. 3 shows 1-h spectra of the first and last 
hours of the 4-h period. Frequency-time analysis of the 


L Rubidi magnetometer secre aig of Pe ceni toni sipartmoosed long pelod Pos yariatóns. Lebanon State Forest, New 
a rs Jamey, 1240 local dine, Ook. 25, 


The magnetic variations were recorded at & station in 
the Lebanon State Forest on the New Jersey coastal plain. 
Part of the date were recorded in digital form on punched 
paper tape at a sampling rate of once per second. In 
other oases, analogue records were taken to the laboratory 
and digitized on an electromechanical instrument. In 
addition, part of the data were also recorded simultane- 
ously at stations separated several hundred kilometres 
from Lebanon. 

Power spectral analyses were performed on sections of 


In this investigation, the data were pre- 
ld eue bsc d we et 
use of & filter which attenuated at six dB per octave 
towards the long p and also cut sharply the periods 
leas than the fo period, thus reducing 
aliasing errors. Sabine HMM ae aoe 
trum was done with a hamming window. 
Fig. 1 is a photograph of the rubidium 
magnetometer reoord duin part of the 
interval the of which is shown in 
Fig. 2. The photograph shows 30 seo period 
micropulsations oerimpoeed on longer 
period variations. . 2 shows the spectrum 
of a 2-h and 13-min section of record, 
during 11.87-18.50 local time, during an 
interval when the Kp index was at the 
relatively low values of 1+ and 2+. The 
was computed using 8,504 date 
points at 2-28-se0 spacing. Three hundred 
and fifty lags were used. The frequency 
resolution was 0-00063 o/s. Simce some 0 
of the spectral peaks are very marginal and 
were obscured by the steeply rising curve of 





entire interval confirmed what is suggeeted by Fig. 3, 
namely, that the average period of the signals drifted 
gradually, by about 4 sec, towards longer periods durmg 
the interval. Hone daund inate Nan of abi d 
2-h interval provided the frequency resolution necessary 
to show the equally peaks of Fig. 2, but was not 
so long that the were averaged out by the slow 
drift in period. 
Fig. 4 presenta pre-whitened 
simultaneously at Le. 
Pennsylvania, 1,000-1,200 h local time, on a disturbed day 
when the Kp index was 4-. These stations are separated 
by 318 kilometres in an east-west direction. The spectra 
were computed using 2,400 data pointa at a 3-0-se0 
specing. Two hundred and forty lags were used. The 
resolution was 0:0007 o/s. At both stations 
e analogue records showed short period Po? micro- 
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_ Fig. 2. Power spectrum cfa 2-h and 18-mtn terval, tnaludtng section of record in Fig. 1 
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pulsations superimposed on longer period 
variations. The close correspondence of peaks 
between stations is evident. Again the pat- 
tern of nearly equally spaced peaks 18 seen. 

A phase modulated signal has a frequency 
spectrum with a peak at the carrier fre- 
quency plus an infinite number of side- 
bands separated from the carrier by integral 
multiple of the modulating frequency?. 
The phase modulated signal can be repre- 
sented aa: 

a = Asin (2nFt + (Pe + Ap ooa 2rpt)) 


where F is the carrier frequency, u the 
modulating frequency, P, the phase angle, 
and Ag oœ 2nxut the phase deviation in 
radians. The side-bands of a phase modula- 
tion frequency spectrum diminish rapidly in 
magnitude when they are displaced from 
the carrier frequency by more than As, 
or equivalently, when the number of side- 
bands exceeds Ag. 

If the highest peak in Fig. 2 is assumed to be the carrier 
frequency, then F = 0:0315 o/s. There are seven peaks 
on the low-frequency side of the carrier, extending to 
0-0150 c/s and spaced an average of 0-00225 o/s apart. 
If 0-00225 o/s is taken as tho modulating frequency p, 
then Agp, which must be the approximate half-width of 
the spectrum and which in this case is 0:0165, requires 
Ae = 7:3. Ag should not be much greater than the 
number of side-bands, which is so. 

The most obvious peek m Fig. 2 is the large 
one at 0-00250 o/s (400 sec period), which is very close 


to the assumed modulating frequency. It is suggested, 


ete ea thie POE ee ts the energy of a long-period 
magnotic variation ich phase-modulated the shorter 
period si 


signals. 

In the Lebanon—Breezewood spectra of Fig. 4, the long- 
period peak has an average value on the two spectra 
of 0-0032 o/s (312 sec period), a higher modulating fre- 
quensy than in Fig. 2. the spacing of the fine 
peaks is not entirely regular in Fig. 4, the average spacing 
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Fig. 4. Btmultaneous power spectra at stations separated 818 km 
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Fig.5. Oyele-number versus time plot of wave-train shown in insert 
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between pointe A and B is 0-0031 o/s, a wider spacing 
corresponding to the higher modulating frequency. 

A phase deviation of the size caloulated (7:8 radians) 
should be easily visible on & cycle-number versus time 
plot of & continuous section of & micropulsation wave- 
train long enough to undergo a full cycle of modulation. 
Fig. 5 shows such a plot for & 320-sec long amplitude 
group which occurred during the 4h interval already 
referred to. As was seen leas well for several other sections 
of wave-train, the pointe lay about straight line in a 
smusoidal manner. The maximum phase deviation here 
is only about 1-5 radians, however. Fourier analysis of 
micropulsation groups, such as shown in Fig. 5, which 
oocurred during intervals when the long period activity 
was present, also showed & frequency spectrum 
of a carrier frequency accompanied by side-bands. 

The equally spaced peaks are & very marginal feature 
on both the power spectre and the Fourier . They 
oan be detected only if very strong mi tions occur 
superimposed on large amplitude, Jong period variations. 
No clear occurrence relationship was found between the 
two bands of activity. Twelve high-resolution spectra 
were computed. In six spectra, where strong Pe2 micro- 
pulsations were present, the long-period spectral peaks, 
which ranged from 312 to 400 seo iod, were present 
and of high amplitude. Of these mx, only the spectra 
shown in this report revealed the phase modulation. effect 
clearly. In the other six instances were found 
where either one or the other of the period bends was 
preeent alone. 

This work was supported by U.B. Office of Naval 
Reasearch contract Nonr 4259 (05) and National Science 
Foundation grant G.P—4442. 2 


! Davidson, M. J., J Geephys. Ree., 69, 5116 (1904) 


1 Goldman, B Analytis, Modulation and Notes (OKoGraw-Hin 
Book Oo., New ork, 1048). 
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ORIGIN OF CHONDRITES 


By Pror, A. E. RINGWOOD 
Department of Geophysics and Geochemistry, Australian National University, Canberra 


PPROXIMATELY 90 per cent of the meteorites 
that fall on the Earth are classed as chondrites. 
Chemical analyses of chondrites reveal some striking 
similarities and dissimilarities. The abundances of the 
major componente are remarkably similar when considered 
in relation to the compositional variations of & comparable 
terrestrial petrologic clase such as basalte!. This similarity 
is so characteristic that in the few cases where chondritic 
structures are lacking (for example, Type I carbonaceous 
chondrites) the chemical composition clearly serves to 
establish genetic affinity with the chondrite class. Super- 
imposed on the general similarities in abundances of 
major components, there are soms systematic differences 
of comparatively amall magnitude which are characteristio 
of the different major classes of chondrites. One of the 
principal variations of this type ia m the oxygen content. 
This exercises a major control over the mineralogy of 
chondrites, which is the basis of their clasaifioation?. 
Another is in the total iron content, which is also used for 
classification" (Fig. 1). 

Contrasting with the relative uniformity of major 
elamant abundances, very large differences exist in the 
abundances of certain minor elements. For example, 
chlorine, iodine, tellurium, xino, cadmium, germanium, 
load, bismuth, thallium and mercury are depleted in 
ordinary chandrites compared with Type I carbonaceous 
chondrites by factors varying between 5 and 1,000 (ref. 8). 
Signifloant but smaller relative depletions exist for many 
other elements. Apart from meroury, the foregoing 
elements are only slightly depleted in enstatite chondrites 
compared with Type 1 carbonaceous chondrites. How- 
ever, enstatite chondrites have suffered significant relative 
depletions (80-80 per cent) in a number of oxyphile 
elements, for example, calcium, barium, yttrium, rare 

scandium, chromium, titenium, uranium, thor- 
iumm*^4, The outstanding feature of the trace element 
abundance pattems is that many elements in all groups of 
chondrites are leted compared with Type I carbongoe- 
ous chondrites. It would be ible to obtain the com- 
positions of enstatite ch ites, ordinary chondrites 
and II and III carbonaceous chondrites solely 
by the removal of the appropriate amounts of trace and 
minor elements from Type I oerbongoeous chond- 
rite". 

The abundances of many elements, for example, lead, 
bismuth, tellurium, mercury, thallium, iodine, cadmium, 
zino, germanium, uranium, thorium, in ordinary chondrites 
and to a lesser extent in enstatite chondrites 
widely fram estimated ‘cosmic’ &bundanoes, derived 
nuclide systematics and theories of nucleosynthesis. On 
the other hand it is extremely signifloant that the Type I 
carbonaceous chondrite abundances are in reasonable 
agreement with the commic abundances for all but the 
most volatile elementat.***. This indicates that Type I 
carbonaceous chondrites- have had a simpler chemical 
history than other classes of chondrites. This is supported 
by their highly oxidized state and by the high content of 
water, oarbonsceous com and other volatiles 
which they contain. Latimer! and Urey! have pomted 
out that in the cold gas-dust cloud believed to be the 
immediate of the solar system, the dust particles 
would also be highly oxidized, volatile-rich, and 
of most elements in their pri ial abundances. Aooord- 
ingly Urey! suggested that the carbonaceous chondrites 
might be closely related to the primitive dust of the solar 


nebula. This suggestion was developed in greater detail 
by Mason” and by me*4, Although Type I carbonaceous 
chondrites appear to represent the closest approach to 
the primordial dust which we , it is probable that 
a ate differences exist. They &ppear to have had & 

thermal and metamorphic history and to have under- 
gone slight differentiation. This may have occurred 
when the primordial dust accumulated into & emall parent 
body. 

From the relationships described here, it might be 
suggested as a working hypothesis that other groupes of 
chondrites have evolved in some way from primitive 
material resembling the present Type I carbonsceous 
chondritee!*:14.32, 


Oxidation-reduction Equilibria In Chondrites 


From a critical study of the chemistry of chondrites 
Prior™ concluded: ‘The leas the amount of nickel-iron 
in chondritic stones the richer it is in nickel and the richer 
in iron are the ium silicates”. This generalization 
has become known as Prior’s rule, and is illustrated in 
Fig. 1 which is based on self-consistent chemical and 
mineralogical analyses. Fig. 1 shows that there can be 
no doubt sbout the validity of Prior’s rule if it is taken 
as implying a general trend rather than a strictly quantita- 
tive relationship. As the amount of oxidized iran increases 
from 0 to 26 per cent, metallic iron falls from 80 to 0 per 
cent. A wide range in oxidation states (as defined by the 
FeO/FeO + MgO ratios of the silicates) is found. How- 
ever, the range is not continuous. There is a large hiatus 
between enstatite and ordinary H chondrites. More 
extensive investigations!" indioete the presence of a 
small but distinct hietus in FeO/FeO + MgO ratios 
between H and L groupe. Keil and Fredriksson!’ oon- 
oluded that Prior’s rule is best used to describe and inter- 
pret redox relations between groups of chondrites rather 
than within individual groupe. They make a strong case 
for this view when applied to the ordinary H chondrites. 
The metal contents within this group are not related 
closely to the FeO/FeO + MgO ratios of the silicates. It 
a that the metal has become slightly fractionated 
i tly of the silicates as in enstatite chondrites 
(Fig. 1). The situation with regard to the L group is not 
so clear. There has evidently been an analogous slight 
independent fractionation of metal for oxidized iron 
contents between 9 and 12 per cent. However, a distinct 
correlation of metal content with oxidized iron is present 
over the entire 9-16 per cent interval. 

Urey and Craig? observed that the ordinary chondrites 
may be divided into two groups, H and L, according to 
their total iron content. The D group contains about 5 per 
cent lees iron than the H group. This is shown clearly in 
Fig. 1, which suggests that the L group has been formed 
by the removal of about 5 per oent of metallic iron from 
the H group. It is therefore clear, as emphasized by Urey 
and Craig! that the relationships between chondrites 
cannot be explained by a rigorous application of Prior’s 
Tule. In addition to variable redox states at constant total 
iron composition, some proceas for ind ent fractiona- 
tion of metal must have operated". is is also seen to 
have oocurred in the enstatite chondrites (Fig. 1). Never- 
theless, this complexity should not be permitted to divert 
attention from the i ce of Prior's rule viewed as a 
an 88 & rigorous relationship. 
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In the previous section it was concluded that the 
pel material of the chondrites waa highly oxidized. 
t follows from the relati ips described by Prior, and 
already discussed here, that the oxidized primitive material 
was subjected to widely varyimg degrees of chemical 
reduction. The two most abundant reducing agents are 
hydrogen and carbon and it is of vital importance to 
establiah which of these dominated in the chondrite 
reduction processes. 

Decisive evidence is supplied by the enstatite chondrites. 
The metal phases of these objects contain several per cent 
of elemental silioon in solid solution!’ and the FeO content 
of the silicates is of the order of 0-1 per cent!*. These 
observations establiah that enstatite chondrites formed 
under extremely reducing conditions. If they formed by a 
process of hydrogen reduction or by condensation of a 
hydrogen-rich gas phase, a very high hydrogen-to-oxygen 
ratio is required. Thermodynamio calculations indicate 
required minimum H/O ratios at appropriate tempera- 
tures varying between 300 and 2,000 (refs. 20, 21 and 22). 
For comparison, the H/O ratio of the solar atmosphere 
is about 1,000. 

It ia very difficult to understand the occurrence of 
sulphur, rino, cadmium and carbon in enstatite chondrites 
if they formed under these conditions. Graphite is a 
significant constituent of most enstatite chondrites. How- 
ever, it is completely unstable in the presence of excess 
hydrogen and/or oxygen at elevated temperatures. With 
the solar H—-O—C abundances, carbon would occur as 
CO or OH, dependent on preasure. Enstatite chondrites 
also contain on the average about 3 per cent of sulphur 
occurring i in Fe8. At 1,500? O the equilibrium 
FoS + H, = Fe + H48 proceeds to the right when the 
H/8 ratio exceeds about 70. The solar H/S ratio is 60,000 
which is 700 times higher than will permit the stability 
of FoS or any other sulphide phase with equivalent 
sulphur activity. Analogous argumenta apply to xine 
and cadmium which are present in some enstatite chon- 
drites in the same proportions as in Type I carbonaceous 
chondrites, that is, in their ‘cosmic’ abundances. It is 
impossible to condense or retain these volatile elements 
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Fog. 1. between oxidized and metalhe iron for 
chondrites by self-conmstent chemical and 
FeO/FeO + MgO determinations. Adapted from ref. 14 
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in the presence of solar H—O—S abundances at tempera- 
tures above 1,000? C (ref. 7). 

On the other hand, the retention of carbon, sulphur, 
zinc and cadmium is explicable if the redox state of en- 
statite chondrites was established through reduction by 
carbon rather than hydrogen. Minerals occurring in 
enstatite chondrites are schreibersite, (FeNi),P; daub- 
reelite, FeCr,8,; oldhamite, CaS; troilite, FeS; osbarnite, 
TiN; graphite and iron mlicide. Al these minerals 
are characteristic of blast-furnace ‘assemblages produced 
when iron ores are strongly reduced by carbon. The 
common occurrence of this group of minerals in both 
environments strongly that the chemical processes 
which produced enstatite chondrites and blast-furnace 
jrons have been similar, that is, that the iron in meteorites 
has been produced by reduction in & condensed system 
in the presence of carbon", It may be noted that in 
such a system, in the presence of an appreciable pressure 
of sulphur, but at low hydrogen pressure, rino and cad- 
mium are stable at high temperatures as sulphides. 

It is concluded that the mineral assemblage and chami- 
cal composition of enstatite chondrites cannot be accounted 
for either by reduction of primitive material by hydrogen 
or by condensation from a hydrogen-rich gas phase. On 
the other hand, formation by oarbon-reduotion of primi- 
tive oxidized material in a condensed system at hu 
temperatures is consistent with the observations. 
view of the clear genetic relationships between enstatite 
and ordinary chondrites, it is probable that the latter 
have been produced by a similar process. Further direct 
evidence for the production of niokel-iron and silioon-iron 
in the Kaba Type III carbonaceous chondrite and the 
Grady ordinary chondrite by carbon reduction has been 
described by Sztrokay ei al.“ and Ramdohr™. 


Origin i 

The foregoing arguments lead to the basio hypothesis 
that ordinary and enstatite chondrites have formed by 
autoreduction from primitive material similar to the Type 
I carbonaceous chondriteg*1?1633, Tt must be admitted, 
however, that the physical and chemical conditions under 
which this autoreducton may have occurred are very 
poorly known and consequently tho subject of much 
controversy. One of the princi unsolved problems 
concerns the mechaniam by which the fractionations of 
elementa between the principal groupe occurred. Another 
basic problem concerns the identification of the parent 
bodies of the chondrites. Most evidence suggests that they 
are formed by collisions in the asteroidal belt*. However, 
from the short cosmic-ray exposure ages of chondrites, 
Urey™:*’ has argued in favour of an origin on the lunar 
surface. Evidence at present available does not permit 
a clear choice between these sources. Accordi , it is 
appropriate to consider alternative models of origin. 

(a) Asteroidal Model. The following model is a modifica- 
tion of an earlier hypothesis of mine’, Aspects of 
this hypothesis were criticized by Mueller and Anders’, 
and the modifications have been introduced to meet these 
objections. -. 

It is assumed that chondrites evolved on parent 
bodies in the asteroidal belt which formed by direct 
accretion from the primitive oxidized dust phase of the 
parental solar nebula. The composition of these bodies 
wes similar to Type I carbonaceous chondrites. They 
were heated internally by short-lived radioactivities"’, 
resulting in the reduction of oxidized iron by carbonaceous 
compounds, to produce a metal phase in eiu, and in 
equilibrium with the surrounding silicates. Most of the 
reduction proceeded under sub-solidus conditions, and 
the gaseous reduction products were able to migrate to the 
surface of the parent body, where they escaped. In the 
early stages of reduction they consisted principally of CO, 
and H,O, while in the later stages, OO and H, predomin- 
ated. In the case of the ordinary chondrites, reduction 
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prooeded until almost all the carbonaceous material had 
been consumed. The varying oxidation states of the 
ordinary chondrites are thus explained in terms of varying 
initial quantities of hydrocarbons trapped in the accreting 
dust. In the case of enstatite chondrites, carbonaceous 
compounds were in excess. Aoccordingty, reduction of 
iron to metal was complete and reduction proceeded 
sufficiently far to produce some elemental silicon. Tho 
ecctatite chondrites contain graphite in accordance with 
this model. 

With further heating, extensive melting occurred in the 
deep interior of the parent body or bodies. Turbulence 
generally prevented settling of unmelted metal icles 
and silicate orystals. However, in the parent y of the 
L group, turbulence was not sufficient to prevent a limited 
amount of fractionation caused by sinking and segregation 
of metal particles in the magma, and resulting in the 
depleted metal content characteristic of this group. The 
magma rose to the surface regions of the parent body. 
Decrease of confining preasure in the surface regions 
tenuit a uf esa at aurou to peonesd to Gani 
pletion. Rapid escape of gaseous reduction products 
(mainly CO and H,) from the magma at this stage caused 
disruption and resulted in a type of volcanism, leading 
to the formation of chondrules and the development of 
typical chondritio structures. 

The conversion of a Type I carbonaceous chondrite 
into an ordinary chondrite by the above process involves 
the loea of about 80 per cent of the initial mass as volatile 
components—principally H,O, CO, H48, OO and H.. 
These aro lost continuously as dense, iti fluids, 
during heating and reduotion. The composition of these 
fluids varies according to the 
possible that the migrating fluids fanctioned as 
selective solvents for many minor elements and that 
extensive chemical fractionations were thereby caused. 
Thus, loss of chaloophile elements fram ordinary chon- 
drites may have been caused by their solubility as com- 
plex bydrosulphide ions in H,O—H,—H,§ solutions’. 
A lower hydrogen fugacity in the parent body of enstatite 
chondrites may have prevented the formation of these 
soluble complex ions and accordingly the chaloophile 
elaments were not lost’. Fractionation of oxyphile 
elaments, for example alkaline earths and rare earths, 
may have been caused by solubility in H,O—CO, solutions 
given off at an early stage of reduction!.’. . 

The proceases postulated as explanations of the frao- 
tionation patterns in chondrites are poorly understood 
and incomplete. One thing, however, is certain. The 
loss of 30 per cent of volatile components during suto- 
reduction of Type I carbonaceous chondrite material at 
elevated temperatures and must inevitably 
cause extensive selective fractionations of many elements. 
Whether or not these fractionations correspond with those 
observed in ordinary and enstatite chondrites remains 
to be determined. 

(b) Lunar model. The case for a lunar origin of ehon- 
drites resta largely on interpretation of their short cosmic 
r&y exposure ages')?7, ve suggested elsewhere that 
the Moon contains substantial amounts of material similar 
in composition to Type I carbonaceous chondritest*;*.31, 
It might therefore be suggested that this material has 
evolved into ordinary and enstatite chondrites by the 
operation of processes analogous to those advocated above 
for the asteroidal model. It would be necessary to assume 
the presence of short-lived radioactivities in the Moon 
soon after its formation. 

In this section I wish to pose an alternative model 
for the formation of chondrites on the Moon. It is sug- 

that ordinary and enstatite chondrites may have 

from planetesimals of Type I carbonaceous 
chondrite composition by impact phenomena when the 
latter fell on the Moon during ite final stages of formation. 
The impacts would cause transient heating, leading to 
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shock melting. It is possible that carbonaceous material 
reacted with oxidized iron under these conditions leading 
to formation of a metal . The scoompanying 
explosive loas of reduction producta may have disintegrated 
the shock-melted chondrite, forming chondrules in the 
manner demonstrated by Fredriksson and Ringwood". 
The mixture of chondrules and metallic particles then 
became consolidated into chondrites on the lunar surface. 
These events all oocurred about 4:5 billion years ago. 
More recently, collisions of asteroids and/or cometa with 
the Moon ejected substantial amounta of ohondritio 
material which was afterwards swept up by the Harth*.*’. 

This mechanism appears to satisfy the major require- 
ment discussed previously that ordinary and enstatite 


-ahondrites formed from primitive material by a process 


of carbon reduction in & condensed environment. The 
transformation of a carbonaceous chondrite into an 
ordinary chondrite requires about 300-400 cal/g. This 
may be compared with the free fall at the Moon’s 
surface of approximately 700 cal/g. It is possible that the 
energy liberated by impact of the planetesimal with the 
Moon may have been substantially higher than this, 
ing on its previous orbit. 

A serious difficulty of this hypothesis lies in explaining 
the fractionations of elementa among the different ohon- 
drite groups. Previously it was- suggested that these 
were caused by selective solubility of various elements in 
supercritical, dense fluids of H,O, H,8, OO,, OO and H, 
which were expelled during heating in the parent body. 
An analogous explanation might be attempted in the 

t case. The volatile components mentioned here 
must also be liberated over a very short time-interval as a 
dense fluid during the impact and reduction, and there 
will be a partition of many other elements between the 
chondritio and the fluid phases. The nature of the partition 
equilibria which would occur under such conditions is 
quite unknown, but almost certainly they will lead to 
substantial chemical fractionations of some sort. Whether 
they are in the required direction can only be establiahed 
by experiment. 

The foregoing hypothesis is ‘admittedly highly gpeoula- 
tive. However, Pike aeara atte opuld De wupperten 
by subsequent direct experimenta, the hypothesis may 
Hae cP die cns OF Glonction for oreple iy ra 
tions of of chondrites, for example: (1) It is 
not necedsary a5 assume the presence of short-lived 
radioactivity in the parent bodies of chondrites. (2) It 
provides a ready explanation for the common occurrence 
in meteorites of structures caused by shook waves. These 
structures would be produced by impacts on the Moon. 
It is doubtful whether collisions between asteroidal 
parent bodies could cause the observed phenomena, since 
the relative collision velocities of objects in asteroidal 
orbits are usually smaller than 1 km/seo**. (8) It is easier 
to understand the formation of polymict meteorites by 
collision phenomena on the lunar surface than between 
asteroids. Because of the amall gravitational potential 
energy of the latter, collisions are more likely to lead to 
disruption end loss of material than thorough mixing 
and consolidation. (4) The Moon was origi muah 
closer to the Earth than at present. It is possible that the 
Earth’s magnetio field was stronger early in ita history 
and that it possessed appreciable strength at the distance 
of the lunar orbit. The remnant magnetization layed. 
by chondrites” mi then have been obtained the 
terrestrial field. (5) Present explanations’™ of the 
ooourrenoe of primordial gases in meteorites attribute it 
to a mixture of two ts. One component 
resembles that possessed by carbonaceous chondrites and 
is thus readily explained on the present model. The other 
e roe is of unfractionated solar oompoeition. 
E et al.5 have shown that rare gases can be 
incorporated in mineral grains by shock wave phenomena. 
The final stages of accretion of the Moon may have 
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oocurred before the unfractionated gases of the solar 
nebula had been dissipated. Shock-wave phenomena 
accompanying the collisions of carbonaceous chondrite 
planstesimals with the Moon in the presence of unfrao- 
tionated solar gases may have led to incorporation of the 
observed gases in chondrites (and other meteorites). 

The foregoing discussion has been concerned with 
chondrites. It is also possible that other classes of 
meteorites have also been formed on the Moon under 
conditions which permitted complete melting and exten- 
sive differentiation of chondritic material**. 


Conclusion 


Neither of the two hypotheses discussed here is com- 
plete or satisfactory in all respects. However, I believe 
that they are faced by less numerous and less serious 
objections than apply to the currently popular hypothesis 
that chondrites have formed from material which oon- 
densed directly from a hydrogen-rich gas phase during 
the passage of shock waves through the solar nebula®*!, 
A critical discussion of this latter hypothesis will be 
presented elsewhere’. Clearly it is of decisive i o6 
to establish whether chondrites are derived the 
Moon or from the asteroids. Until an answer to this 
question is forthcoming, great uncertainty surrounds all 
theories of origin, although many important boundary 
conditions have been revealed through recent chemical 
and physical investigations. 

1 Mason, B., Meteorites (Wiley and Bons, New York, 1062). 

! Urey, H. O., and Oraig, H., Geookien. Coemoabim. Asta, 4, 36 (1053). 
"Urey, H. O , Rew. Goophye., B, 1 (1004). 

* Lovering, J. F., and Morgan, J. W., J. Geophys. Ree., 69, 1070 (1064). 
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LATE WEICHSELIAN GLACIATION IN THE CHESHIRE-SHROPSHIRE BASIN 


By G. S. BOULTON and P. WORSLEY 
Department of Geology, Untversity of Keele, and Department of Geography, University of Manchester 


INOE Hull’s! recognition a nee ee 
Pleistocene deposita of the O area in 1864, the 
succession Upper Boulder Clay, Middle Sands, Lower 
Boulder Clay has been accepted by many subsequent 
workers in the Cheshire-Shropshire Basin and the ad- 
joining of Lancashire. Dissenters from this view, 
such as Kendall! and March’, regarded the succession as 
much more complex. T. I. Pocock‘ considered that a 
Lower Boulder Clay ice sheet found its limit to the north- 
' west of the Warwickshire Avon, that the Middle Sands 
were laid down as outwash deposits during the retreat of 
this ice sheet, and that the Upper Boulder Clay represented 
a re-ad vance to a moraine stretching from Market Drayton 
to Ellesmere. Poole and Whiteman’, however, considered 
this moraine to be a Middle Sands moraine deposited 
during the retreat of the Lower Boulder Clay ice sheet, 
and afterwards overridden by the Upper Boulder Clay 
ice sheet which terminated in the Bi area. 
It is now clear that in the northern pert of the Cheshire- 
ire Basin the sequence is often very complex. 
Sections quoted by MocQuillm* between Ashley and 
Wrenbury, and further north near Aldford, show up to 
five clay bands separated by sands and gravels. Pooook*, 
in the Maoccleafleld area, found three boulder clays beneath 
Middle Sands, while examination of borehole data together 
with detailed mapping, between Bar Hill and Wrexham, 
shows ences similar to those found by MoQuillin. 
Many sections show Poole and Whiteman's* conception of 
Pooock’st Market Drayton—Elleamere moraine as a Mid- 
dle Sands moraine overlain by Upper Boulder Clay to be 
a considerable overatmplification. 


The succession exposed in the sand quarries of the 
Chelford area has been described by Simpson and West’ 
88 a example of the tripartite sequence. A detailed 
investigation of the quarry sections and borehole records 
reveals the situation shown in Fig. 1. 

Data derived from trial borings show no evidence of & 
Lower Boulder Clay lying beneath the sands. A Boulder 
Clay-Sand Complex, consisting predominantly of lens- 
shaped masses of tough red-brown till in intimate asso- 
ciation with red-yellow sands, overlies a series of strongly 
cross-stratified, grey-yellow, poorly sorted pebbly sands 
containing abundant coal fragmente, the cross-bedding 
indicating a northerly derivation. These deposits lie 
unoonfarmably on sands which are very distinctive, and 
for which the authors would suggest the term ‘Chelford 
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Fog. 1. Schematic diagram showing the sequence of drift deposita m the 
Cheiford area 
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Sands’. These Chelford Sands are characterized by a high 
degree of sorting (mechanical analyses on samples collected 
from single cross-strata show 95 per cent of the sample to 
lie between the 0-4-mm and 0-1-mm size grades) and high 
quartz content (97-4 per cent silica on chemical analysis). 
Low angle cross-stratification (up to 15°), tabular planar 
sete defined by plane beds, and minor distributory chan- 
nels, indicate current flow from a source between north- 
east and south-cest. Within the sands are many intra- 
formational frost cracks up to 8 ft. in depth, and occasional 
dreikanter. The evidence suggests a depositional environ- 
ment of low angle alluvial fans subject to occasional sheet 
flooding, in a cold arid climate. Locally the uppermost 
10 ft. of the Oheltord Sands are a buff colour due to iron 
staining; but this is progressively cut out by the unoon- 
formity. Several lens-abaped organic beds oocur in the 
Chelford Sands, flat-lymg tree trunks within them having 
a roughly north-east-south-weet orientation. These beds, 
dated at 57,000 years B.P., give an upper age limit to the 
overlying glacial complex. 

The examples quoted above, together with many other 
such complex sequences now known from the Cheshire— 

Basin, throw doubt on the validity of the 
terms Upper Boulder Clay, Middle Sands, and Lower 
Boulder Clay as meaningful lithoetratigraphio unite. 
Boulder clays lying at surface on sands have in the 
past been automatically referred to the Upper Boulder 
Clay although, as MoQuillin's* sections show, they may not 
be correlatives. Similarly, the Chélford sections show the 

e AN sands to be stratigraphically different from 
erlying Chelford Sands, although both have been 
bare to as Middle Sands. 

This often complex and thick sequence appears, how- 
ever, to have & southerly limit in & ridge of high ground 
stretching in two arcs from Bar Hill to Whitchurch and 
Wrexham. Detailed mapping along the line of this ridge 
shows it to be a complex end-moraine. 

Ib rises up to 150 ft. above the level of the surrounding 
country and is as much as 2 miles wide. At the eastern 
end, between Bar Hill and Adderley, large numbers of 
minor ridges are superimposed on the moraine and aligned 
in a narth-east-eouth-weeb direction. These smaller ridges 
are often cut through, or flanked by, deep channels, and 
enclosed peat-filled kettles are prominent. Immediately 
east of Whitchurch the moraine is a very sharp ridge, and 
in the Elleamere district it forms the southern limit to a 
broad area of hummocky ‘stagnation’ topography. The 
moraine is often broken through by valleys which are 
presumably melt water channels derived from the retreat- 
ing ice, the form of the moraine indicating that the ice- 
front was bi-lobate in form, the ice being divided by the 
Mid-Cheshire Ridge (Fig. 2). Belta of hummocky terrain, 
running north-south along the eastern and western mar- 
gins of the Basin, are continuous with the end-moraine, 
and it seams that these, together with deposits such as the 
Wrexham Delta Terrace*, were marginal or sub-marginal 
accumulations built up at an ice-front which lapped 

the flanking hills. Indeed its at Llay, 
described by Peake’ eri doen be e Ie IUE 
along the Welsh borders, appear to be an integral part of 
this marginal complex. 

Many of the deposits lying north of the end-morame 
appear to retain their original depositional forms. This is 
best seen in the hummocky ‘stagnation’ topography of 
Elleamere, Padeswood, Wrinehill and other areas. The 
present-day surface topography seams, over much of the 
area, to be similar to that which must have existed im- 
mediately subsequent to deglaciation, the different surface 
deposits in different places being due to the varying 
conditions of deposition within a single ice-sheet. 

The boulder clays and related deposita to the south of 
the moraine are generally thinner and considerably more 
eroded than those to the north, often showing evidence of 
considerable soliftuxion; depositional forms are rare. A 
similar contrast between the drifts north and south of the 
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Brandenburg-Lesnow moraines of the North European 
Plain is the basis of the Weichselian/Warthe distinction’. 

The boulder clays which oep the end-moraine often 
appear to merge with those to the south. It may, however, 
be possible to distinguish between them by considering 
the depth of leaching in these deposita, which is a function 
of several variables—permeability, carbonate content, 
topography, climate and time. Depths of carbonate 
leaching in boulder clays of similar lithology at localities 
of similar topographic position, both north and south of 
the Bar Hill-Whitchurch-Wrexham moraine, were calou- 
lated, a correction for variation in original carbonate 
content being made using the equation": 


100 x d (measured thickness of leached pore) 

À (original thickness) = a(% of irunlmched 
The results are marked on the map (Fig. 2). 54 measure- 
menta north of the moraine gave & mean depth of leaching 
of 53 in. As yet only a few measurements have been made 
south of the moraine but the depth of leaching appears to 
be significantly different, the mean of 9 measurements 
being 104 in. This suggests that the surficial drifte north 
and south of the moraine do not belong to the same drift 
sheet, but that the drifta to the south are considerably 
older than those to the north. It would, therefore, appear 
that the ice-sheet which was responsible for the deposition 
of an Upper Boulder Clay in the northern part of the area 
advanced to a line extending from Bar Hill to Whitchurch 
and Wrexham, in which position an end-moraine acoumu- 
lated. The ice then retreated and did not afterwards 
override this moraine. 

Although morphologically the Bar Hill-Whitehurch- 
Wrexham advance is a well-defined unit, it is extremely 
difficult to determine the vertical extent of the deposita 
belonging to it. The apparent complex sequence of 
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deposita in this area invalidates the facile assumption that 
boulder clay —glaciation, and that sands —retreat deposits. 
Indeed, where the tripartite succession appears to hold, as 
in the Stockport area!*, there is no evidence of a break or 
a weathering horizon in the sequence to indicate a time 
gap between two major glaciations, and the fact that 
Upper Boulder Clay and Lower Boulder Clay are litho- 
logically identical is an t against a two-glaciation 
explanation. Moreover, U per Boulder Clay is often seen 
to overlie sand in which there is no trace cf dith olar 
Thus, as yet there is no definite evidence of deposits of a 
glacial advance above the horizon of the Chelford Sends 
and below the deposita which appear to belong to the 
Bar Hill-Whitahurch-Wrexham advance, which it is now 
possible to date. 

Abundant molluscan shells, presumably derived from 
the Irish Bea, are contained within the Cheshire drift 
sequence. Shells obtained from coarse sands at the base 
of a till/eand complex (which has been referred to the 
Upper Boulder Clay), exposed in a pit at Sandiway near 
Northwich, have been dated by the radiocarbon method 
(Isotopes Ino., New Jersey). An assay on two specimens 
of Nucella lapillus (Li.) gave an age of 28,000 years B.P. 
+1800, —1500. The shells were complete, relatively un- 
leached and each about 20 g in weight; much of the outer 
ahell was leached away by acid treatment prior to the 
assay, to minimize the effect of contamination. 

On the latest data available from Europe", there 
appears to have been a widespread climatic amelioration 
between 80,000 and 25,000 years B.P., known in Europe 
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as the Paudorf interstedial. This climatic amelioration 
was followed, in Europe and North America, by the 
maximum of the last or Weichselian glaciation. The dated 
molluses, whatever their means of derivation, underlie and 
therefore pre-date a til/sand complex which has been 
correlated with the Upper Boulder Clay which terminates 
at the Bar Hill-Whitchurch-Wrerham moraine. Zone II 
organic deposita have been found lying upon thie till aheet 
at Hatchmere (S.J. 555720) (J. W. Franks, personal 
communication). The Bar Hill-Whitchurch-W rexham 
advance is, therefore, younger than 28,000 years B.P., 
and older than 10,000 years B.P. Tho most extensive 
glacial phase which falls between these two dates is the 
Late Weichselian glaciation which reached a maximum 
along the Brandenburg-Leanow moraines of North Europe 
at about 20,000 years B.P., and it is to this stage that the 
Bar Hill-Whitehurch- Wrexham advance must belong. 
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LITHOFACIES AND CORRELATION WITHIN THE LOWER TORRIDONIAN 


By D. E. LAWSON . 
Sedimentology Research Laboratory, Department of Geology, University of Reading 


A STRIKING aasociation of sedimentary unite (Table 1) 
withm the lower Torridonian Diabaig Group can 
be traced from Stoer to Rubha Rédidh, Wester Rose 
(Figs. 2 and 8). Correlation is facilitated by three marker 
horizons which persist for up to 50 km: a tilloid, a limestone 
horizon, and an i sandstone-boulder con- 
glomerate. In this unite 1-8 correspond to those 
establiahed by the Geological Survey in the Diabaig 
Group at Stoer!. 

At Coigach, Gracie’, mapping the area of Cnoo Mor an 
Rudha Bhig, sub-divided the lower Torridonian as 
follows: 


V Enard Bay ‘shoreline’ 

(a) coarse-grained facies 

(b) fine-grained facies 

sedimentary brecoio-conglamerate facies 
laminated sandstone facies 


HHS 


I ‘fanglomerate’ facies 


He recognized àn unconformity beneath the sedimentary 
breosio-conglomerate facies and the ‘probably contem- 
poraneous' Enard Bay ‘shoreline’ (NO 028147, NO 038148). 
He also suggested a second unconformity at the base of 
the laminated sandstone facies (NO 027147). 
Throughout the aree (Fig. 2) the lower Torridonian 
unconformably overlies the Lewisian Gneiss. The suc- 
occasion (Table 1) begins with breccias and conglomerates 
(dominated by fragmenta of locally derived gneiss) and 
associated well sorted flaggy to lamimated sandstones 


(unite 1-8). Their restricted occurrence, lithological 
variation, thickness and preservation are controlled 
largely by the pre-Torridonian gneiss topography. Sand- 
stones of unit 4 are well at Stoer (NO 084286 to 
038288 and 037270 to 036273) and Badluchrach (NG 
988957). Elsewhere they are of local occurrence or 
absent. The coarser sandstones display penecontempor- 
aneous deformation structures and trough crose-beds. At 


Table 1. UNITS WITHIN THE LOWER TORRIDONIAK 


max, 
Unit Occurrence (metres) 
10. 0 lamina tod Rubha Rádh 60 (Rubha R&dh) 
oooauional shales. 
Enard Bay ‘shoreline’ Oolgach (V,s b)* 
9. Bandstane-boulder Ocigach *, Badiuch- TO (Rubha Réidh) 
raoh, ed Rádh, 
od Rind 
PsP ace eap 
8. Well leminated, Stoer, *, 486 ( 
TE cross- Oolgaeh (III) Ootgach) 
Rubha 
7. Red mudstones Stoer, Coigach (IIe)* 50 Gin 
and Btoer, Coigach (IIc)* 50 (Btoer, 
with thin beds of 
5. Tillold Stoer, aan I) *, 43 (Coigach) 
4 Coarse, red, occasionally Stoer, Coigach (IIa) *, 300 (Btoer) 
contorted 
wiih interbedded 
3. Gneiss conglomerate 
and breocla Well developed tn 
, OOOUT 200 (Btoer) 


* Refers to Gracte’s divisions at Onoo Mor an Rudha Bhig, Coigach". 
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1. Lower portion of the sandstone-boulde: conglomerate - 
ne Inchrach. Height of diff 14 m inns 
Badluchrach the troughs exoeed 15 m in breadth. Sun- 


cracks and rippled surfaces oocur in the interbedded red 
mudstones. 


The first unit of correlative signi the tilloid 
(as defined by Crowell”, of. Pettijohn4), has been 
described in the Northwest memoir! aa “a 


hard rib of sandy, oaloareous mudstone with frag- 
menta of igneous rock” at Stoer; as “a breocia made 
up of igneous fragmenta, principally of epidiorite, at 
Badluchrach; and as “a purple grit deeply steined 
with ferric oxide, and composed of angular fragments of 
felaite and grains of quartz and feldspar” at Beoraig. At 
Coigach (NQ 082140) the tilloid forms the lower portion 
of Gracie’s IIb division. 


o thickness of the tilloid 
at Stoer is 25 m, at Coigach 48 m and at Badluchraoh 
approximately 20 m. 
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A remarkable feature of the tilloid at Stoer is the way in 
which parta of it laterally intrude and contort the strate 
of unit 4. Blocks of sandstone up to 2 m long, together 
with smaller fragments of mudstone, have been detached, 

rted and further deformed within the tlloid. 
Available evidence suggests that the tilloid is a volcanic 
mudflow with breccia-beds, and that it passes laterally 
into volcanic sandstones. Comparable deposits described 
by Crandell? are attributed to mudflows of voloanio origin. 

Well-rounded ‘sedimentary pebbles’ up to 1 am acroes, 
with strongly hematitized rims, were deeoribed by Grecie 
in his IIb division at Coigach. These have been found in 
the upper part of the tilloid at Stoer, embedded in a sandy 
matrix. They may be ascoretionary lapilli, or pisolitea 
derived from & relict soil profile of uncertain location. 


STOER 


CNOC MOR AN 
RUDHA BHIG 


ACHILTIBUIE 


SCORAIG 
BADLUCHRAGH 








BADLUCHRACH 


SCORAIG 


. APPLE CROSS: 


Sandstone 
HI Mudstone 


Em ,Sandstone-Boulder 
ES Conglomerate 





Tg. 3. Diagrammatic representation of present knowledge of distribution and relationahip 
ation x80. Looh Maree fault 
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[aa] Gnelss Breccia 
3 Gneiss 


of units within the lower Torridonian, Vertioal exagger- 
compensated for 
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Pisolites of similar type commonly develop in preeent- 
dey soils under alternating oxidizing and reducing 
conditions‘ and have been noted in piedmont soils devel- 
oped from ferromagnesian-rich rocks’. This suggests 
en alternating wet-dry, warm climate at the time of 
deposition. 

The limestone of unit 6 commonly comprises small 
(< 2 om), grey, calcareous lenticles and disrupted cal- 
careous laminae within a red, silty matrix. At Coigach 
the limestone occurs in red, sandy mudstones (= the 
lower member of Graoie's Io division) and laps on to the 
Lewisian—Torridonian unconformity, encrusting gneiss 
boulders. Microscopic textures suggesting algal activity 
have been found in the encrusting limestone by Miss E. R. 
Jamieson and these, wil be described. elsewhere. At 
Stoer the base of unit 6 (lower 6 m) is mamly sandy, 
passing upwards into interbedded red sands and silta 
which form moet of the unit. Two limestone beds totalling 
104 cm in thickness oocur approximately 12 m above 
the base, with grey siltstones and shales between, and for 
several motres above them. Graded beds occur at the 
top of the grey interval. Red mudstones interbedded 
with flaggy sandstones form the top of the unit, the flags 
showing suncracks, ripplemarks and pseudonodules. 
Above comes the uninterrupted sequence of red mudstones 
forming unit 7. 

Well-developed thin stratification and frequent well- 
laminated crose-beds typify unit 8 wherever found. This 
new sedimentary style is initiated by a sharp erosional 
ese: at Bier cal Üoltodh: Lamination is regular and 

planar or gently arcuate. Comparison with 
recent depoeite'-* reveals & similarity to the lamination 
of intertidal and near-shore sandy sediments. In principle, 
however, a fluviatile origin is also possible. Large-scale 
cross-bedding predominates in unit 8, with tabular and 
wedge-shaped sete of high or low dipping aroee-laminae. 
Seta oocur singly or in groupe. The thickest known is 
5-6 m (ref. 2); elsewhere maximum thicknesses are 
usually 1-2 m. ‘Transport ab Coigach appears to be from 
the east’, and at Badlucbrach and Rubha Réidh from the 
north-east. These directions are contrary to those in 
the stratigraphically higher Applecross Group, which has 
been mainly from the west and north-west. 
Symmetrical and asymmetrical ripplemarks are abundant 
et Rubha Réidh, their crests oriented predominantly 
north-east—south-weet. These occur on beds between 
the croes-bedded unite and are sesociated with sun- 
cracks and some rainprinte. At Btoer ripplemarks are 
leas frequent. 

The sandstone-boulder conglomerate and spectacular 
unconformity beneath record a significant event m Torri- 
donian depositional history hitherto recognised only m 
Coigach*. The Geological Survey reported the Badluch- 
rach and Rubha Réidh unconformities, but assigned both 
conglomerates to the Trias!:’. The laminated sandstone 
(anit 8) and lower unite are out by & 
steep erosion surface overlain by the te. At 
Rubha Réidh (NG 748922) a stepped contact cuts through 
28 m of laminated sandstone m a horizontal distance of 
lesa than 40 m. With an average slope of 35° indented 
by steep steps with up to 5 m vertical relief, this exposure 
gives & oonvin i of an i oliffed 
shoreline buried beneath fallen debris of all shapes and 
siros. 

The lower unstratified portion of the’ conglomerate 
(up to 84 m thick) comprises a chaotic assemblage of sub- 


rounded to sandstone pebbles, cobbles, boulders 
and blocks (Fig. 1). The largest block measured 11 m x 
4 m (ref. 2). The matrix (usually « 10 per cent of the 


rook by volume) consists of medium to coarse structureless 
sand enclosing occasional small fragments of vem quarts 
and gramitio gneiss. No evidence was found of the 
‘Cambrian’ pebbles previously reported at Rubha Réidh”. 
Pebbles of pale grey quartzite are found at Badluchrach 
but are not diagnostio of the Cambrian. 
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The sandstone fragments in the conglomerate are 
identical with the lammated sandstones beneath the 
unconformity. At Rubha Réidh isolated veins 
and tension gashes are: (1) confined to the cobbles and 
boulders; (2) frequently oriented nearly perpendicular 
to the internal beddmg. This implies sufficient time for 
the development of quartz veins during the interval 
between lithification of the lammated sandstone and subse- 
quent erosion resulting in the unconformity. Predomin- 
&nily vertical orientation of bedding in the large blocks 
and the quartz veining suggest that the conglomerate 
may have been derived from oliffs with strong vertical 
jointe. Gracie" interpreted the conglomerate as æ oliff 
rockslide it “probably contemporaneous” with the 
sediments of his Enard Bay ‘shoreline’. 

In the upper portion of the omerate the fragments 
gradually decrease in size, a crude stratification appears, 
and the conglomerate becomes interbeddod with sands 
progreasively dommating the upper of the sequence. 
These sands are well laminated, sorted and display 
‘black bands’ (predominantly iron ore mimerals with 
tracers of detrital epidote). The bands occur in zones 
40-50 om thick with mdividual concentrations ranging 
from 1 mm to 15 om thick. The 15-cm bed st Rubha 
Réidh is exceptional and can be traced for more than 
100 m. The black band zones occasionally ahow cross- 
beds and sag-and-drop structures (cf. Btewart!*). 

The sediments above tbe conglomerate are exposed only 
the er- 
ate is transgreesed by Enard Bay ‘shoreline’ sediments, 
separated from Applecross sandstone by an erosion 
surface. At Rubha Réidh the interbedded black band 
zones give way upwards to a considerable thickness of 
medium- to thin-bedded4, red (cocasionally groen) 
sandstones with oroes-bedding, ripplemarks and 
sional thin concentrations of small (< 3 om), wl-sounded 
sandstone pebbles. These are overlain by je m of grey- 
green nee and sandy shales with large suncracks 
and ‘mud-with-lenticles litho 13, Upwards the shales 
grade into red silts and sands by alternation. Coarse, 
pebbly, poorly sorted Applecross sandstones overlie the 
entire sequence with an erosive contact. 

The angular unconformity between the laminated sand- 
stone and the Applecross east of Culkem Bay, Stoer 
(NO 042830), is marked by & sandstone-boulder oon- 
glomerate up to 1:3 m thick. Sub-rounded boulders of 
laminated sandstone (up to 1:2 m long) are set in & matrix 
of pebbly Applecross &rkoee!*. Further work is necessary 
to determine the relationship of this conglomerate to 
the sandstone-boulder conglomerates of unit 9 to the 
south. 

Definite changes in type of sedimentation at the bases 
of unita 5, 8 and 9 separate the lower Torridonian into 
four major phases of deposition. The unconformity 
beneath the last phase (unit 9) may mdioate a considerable 
lapse of time. 

The assistance of Dr. A. J. Gacie and other odlleaguos 
in the Sedimentology Research Laboratory is gratefully 
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PRIMARY SEDIMENTARY STRUCTURES FROM THE SILURIAN AND LOWER 
DEVONIAN OF THE OSLO REGION, NORWAY 


By J. H. McD. WHITAKER 
Department of Geology, University of Leicester 


URING a detailed investigation of the Silurian and 
Lower Devonian of the central and southern Oslo 
region, Norway, with special emphasis on the Ringenke 
area, various primary sedimentary structures have been 
found, most of which have not been described previously 
from this region. This article records their character 
and uses the evidence which they provide to deduce 
palaeocurrent trends and general conditions of deposition. 
A fuller account will be submitted for publication in the 
Norsk Geologisk Tidsshrift. For tho stratigraphy and facies 
variations of the region, see Kiser? and Henninggmoen?. 
In the Silurian, ‘stages’ 6, 7, 8 and 9 (mainly marine), 
four lithologies predominate: 

(1) Oaloareous siltstones, especially in ‘stages’ 6c 
(Liandoverian) and 8a (Wenlockian), showing the greatoet 
variety of structures. These include ripple mark, ripple 
bedding, ripple-drift lamination, small-scale croas-lamina- 
tion, convolution, ball-and-pilow structure, slumps, 
rapid thickness variations, channelling. groove and stria- 
tion caste, bounce, prod and roll caste, current-oriented 
fossils, load casting, diapiriam, and trace fossils. Grading 
i8 generally absent but laminated tops occur. There 1s 
one penecontemporaneous discontinuity (erosion) surface. 

(2) Limestones, 


shelly, showing thickness variations, channelling, cross- 
bedding, slumping, several types of nodular development, 

algal gur- 
rounds to other fossils, partially filled brachiopods acting 
as ‘geological spirit levels’ and fossil orientation including 
elliptical stromatoporoids. 

(8) Shales, present m. ‘stages’ 6. 7, 8 and 9, showing 
distortion of bedding around more-resistant objects such 
as limestone nodules, compression below groove casts, 
and flame structures where the overlying beds are load 
casted. They show mud cracks as carly as 8b (ref. 4) 
and again at several horizons in ‘stage’ 9, with reddening. 
There are no macroscopic primary structures which are of 
use in palaooocurrent analysis. 

(4) Caloareous sandstones, present in 6b and 8b, masatve, 
often croas-bedded and slumped. and sometimes with 
bell-and-pulow structure. : 

In the highest Silurian and lowest Devonian, ‘stago’ 10 
(mainly non-marine ‘red-beds’), & further three lithologies 
are found : 

(5) Conglomerates, with clay or limestone pebbles in a 
sandy matrix, often showing trough croee-bedding. 

(6) Sandstones, micaceous, massive-bedded to thinly 
laminated, with ripple mark, ripple-drift lamination, 
tabuler and trough croes-bedding, primary current hnee- 
tion, load casting, ball-and-pillow suruoture, slumpe, 
channelling, trace fossils (especially eurypterid tracks), 
flute caste (two examples only), & single rill mark and 
several problematical top-surface and sole markings. 

(7) and mudstones (relatively poorly developed 
except at the base) showing mud cracks (a few with 
diapiric structures*) and flame structures underneath load 
casts. 

Pelaoocurrent indicators are well developed at certain 
horizons and several hundred azimuths have been 
measured. The different types of directional structures 
give consistent resulta for the manne Silurian: the non- 
marine ‘red-beds’ of the Lower Devonien show, a8 might 
be expected, s different pattern of sediment distribution. 


Most abundant in the Silurian are groove casts, widespread 
areally over & limited thickness of strate in 0e, between 
7 and 18 m below the first prominent limestones, rich ın 
Pentamerus borealis in "a. Throughout the Ringerike 
area, shales a few cm thick alternate with calcareous 
siltstones of similar thickness, and on the soles of some 
of the siltstones are well-developed groove casta about 
8 om wide and 4 em deep. They are generally fairly 
symmetrical in cross-section (Fig. 1) but some are slightly 
deformed by load casting. Superimposed on many of 
the groove casta, and having the same bearng, are 
striation casts, bounce caste and prod caste. Many show 
trace foasila as convex byporeliefs*. Current-onented 
slender polyzoa, tentaculites and accumulations of 
brachiopods, notably Piagtorhyncha (Camarotoschia) de- 
complicata, have been found in the bottoms of the grooves, 
which are usually filled with finely laminated calcareous 
siultetones with inclined laminae, although shelly limestones 
are also found. Occasionally, disconnected ‘rods’ of ailt- 
stone are seen resting on, and covered by, shale, as at the 
cliff sections at Stein and Ulbvedtásen. This type may be 
referred to as ‘separated groove caste’ by analogy with the 
‘separated ripples’ of Pettijohn and Potter (Plate 90)’. 
They are due to an insufficiency of silty filing to produce 
& connected bed. Burrowing organisms were active but 
bioturbation is not well developed. The trends of 249 
grooves in 6c at Ringerike give & very pronounced maxi- 
mum between east-north-east and east or west-south-weet 
and west (arithmetic mean of bearings is 083? or 263°, 
standard deviation + 18°). 

Similar large groove casts with associated striation 
casts at the same horizon may be seen along the roadside 
near Aviles station on the Oslo~Koleds line. On the 
south-west shore of the island of Malmøya in Oslofjord, 
35 km south-east of Ringerike, normal and separated 
groove caste are again displayed (Fig. 2). Within them, 
oriented brachiopods and polyzoa occur. Here, the 
groove casts are slightly earler (65) than those just 
deecribed, and the facies is more shaly, occupying part 
of the Oslo—Scania reesion. In tho Skien area, grooves 
similar to those at Ringerike occur. In these three more 
southerly areas, current trends are approximately north- 
east or south-west. 

Other pal&eocurrent indicators, much less common, 
include very small-scale crose-lamination and ripple- 
drift lamination, either in cosets rarely exceeding a few 
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2. ted ts in cross-section. 6b, 
Fig. Beparated groove cas Malmøya, Oslofj ard. 


centimetres in thickness, or as small ‘dunelets’ on the tops 
of calcareous siltstone beds. Kuenen? first commented 
on the presence of cross-laminated tops to graded grey- 
wackes and explained them as having been formed during 
the declining stage of & single turbidity current. Bouma!’ 
developed this idea, placing them in his “mterval of 
current ripple lamination, To”. Instead of greywackes, 
turbidity currents can lay down calcareous siltstones 
with similar structures, as in Cummins’s Montgomery 
Trough"™1*, and it is possible that the Oslo region Llan- 
dovery siltstones could be similar turbidites. A pomt of 
interest is that the dip of the foreeets is not in the diroinoti 
of the currente which produced the grooves, but approxim- 
ately at right angles to them, directed southwards, & 
feature noted by Prenti0e!* and Kelling". Kelling 
suggested that the nose of a turbidity current seta up & 
lateral surge-wave which may be reflected back from the 
marginal slopes of a trough, the time-lag being such that 
transverse d itional structures are produced at the 
top of the turbidite. Evidenoc for such marginal slopes 
in the Ringerike area is given by measurements of 148 
slump axes. The mean trend is 80°, standard deviation 
+ 28°, indicating northward or southward inclined 
palaccelopes, again at right angles to the eroding current 
directions. It must be emphasized that while the sedi- 
monts of 65 and 6c show some features characteristic of 
turbidites, the general absence of grading, rarity of 
convolution, lack of flute casta, the well-preserved shelly 
fossils and evident shallow-water conditions (described 
later) makes them far from typical Perhaps Kuenen’s}* 
“diving flash floods" were the cause, initasted on barren 
lands without land vegetation. These flash floods, on 
“entering water, would become “‘turbidites of zero depth’, 

picking up shells from the near-shore zone, and these 
turbiditea, being heavily charged with sediment, would 
tend to produce groove casts rather than flutes, filled 
with non-graded beds as there would be insufficient time 
for velooity-differentiation of the sediments!’. 

At higher horizons, directional structures are lees 
oommon and groove casts are rare. At Ri ike, in 7a 
and 76, elliptical stromatoporoids and ‘nodule lineetion' 
indicate currents from just north of east or south of west. 
In the silty beds of 8a there are occasional striation, prod 
and bounce casts and some ripple-drift lammation. On 
the west coast of the island of Store, Ringerike, a well- 
defined roll cast, made by a longitudinally ribbed ortho- 
conic neutiloid, is associated with other sole markings, 
indicating movement towards the east. In 8a, there are 
alternating limestones and shales with large numbers of 
the angie coral Semasophyllum. One hundred and 
eighty-seven bearings on long axes were measured and 
fairly good current orientation 18 indicated (mean trend 
88? or 63°, standard deviation + 33°). 


a granie handie as 90 en enis Beds rotated to horizontal for 


For ‘stages’ 6, 7 and 8, the results of palaeocurrent 
measurements give & consistent pattern of water move- 
ment from west-south-weat or cast-north-east at Ringer- 
ike, while farther south, on much lees data, south-west 
or north-east directions are As on other 
evidence a source aree (the Telemark Land which extends 
northwards into the Jotunheim) is postulated to the west, 
north-west and north of the Oslo region, these ourrenta 
would more probably have been movmg sediment in a 
west to east sense, rather than the reverse. A remarkable 
early paper by Kiser, who anticipated the use of palin- 
spastic maps, shows troughs and uplifted. areas along 
north-east and south-west directions during ‘stage’ 5 
(high Ordovician) in the Asker area, siete weet of Oslo. 
In this southern part of the region, but not m the centre, 
later folding was along the same axes. In the north of 
the Oslo region (Hadeland and Feiring), Major!* measured 
the cross-bedding in the more sandy facies of the Lian- 
dovery and deduced derivation from the weet and north. 
Henningsmoen’ reports considorable transport of terri- 
genous material from north and north-west in lower 
Wenlock times. Thus, currents seam to have been con- 
verging on an aree just north-east of Oslo. 

The non-directional structures in ‘stages’ 6, 7 and 8 
are common in many different environments snd are of 
little help in indicating the conditions of deposition, 
except for: (1) the shelly limestones of 7a and 7b with 
stromatoporoids and corals, many on end or overturned, 
indicating clear water with considerable currents, and 
the larger reef structures of 8o, suggesiung very shallow, 
well-aerated water; (2) rapid thickness variations and the 
formation of irregular, steep-sided channels in the lime- 
stones and calcareous siltstones especially in 6o over & 
wide area, suggesting rapid lithificaiion and erosion by 
fast-moving currents; (8) also in 6e, the occurrence at 

of & uniquely eroded top^to a calcareous 
siltatone which is standmg above the general level of the 
bed at this locality (Fig. 8). The clint-hke erosion surface 
continues below the overlying Llandovery shale, showing 
that ib was formed immediately after deposition: this 
particular structure suggests local brief emergence above 
sea-level. 

The evidence from both kinds of primary structures 
thus pointe to fairly shallow or very shallow water with 
vigorous normal currents and, at times, atypical turbidity 
currents flowing over most of the Oslo region in the Llan- 
doverian and Wenlockian, with a somewhat deeper 
trough over Oslo itself. The term ‘mi 
used by some authors, is best avoided: the description 
‘shelf conditions’ is preferable and draws attention to 
some similarities with the British Silurian shelf facies. 

Twice there were di from the normal conditaons 
of sedimentation at Ringerike: during 7e (Upper Llan- 
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QOhnt-like erosion oaloareous 
, Ringerike. (10 em of the scale is visible) 


Fig. 8. surface on bed af siltstone, 60, 
doverian) marme mudstones of greyish red colour (102 4/2 
on the Rock Oolor Chart) were laid down, the pigment 
possibly derived from erosion of lateritic surfaces of 
basalte, and soon afterwards, several bentonites were 
deposited, as in Jümtland, Vastergotland, Gotland and 
Scania, again testifying to widespread vulcanicity towards 
the end of the Llandoverian. 

‘Stage’ 9 (top Wenlockian—Ludlovian) is more caloareous 
and suggests shallower conditions of deposition than the 
preceding ‘stages’ and there are few directional structures: 
measurements of the onentation of specimens of Armeno- 
oeras on adjacent bedding planes near Skjervold farm, 

i » give inconcluaive resulta, and it would appear 
that, as in Britain at this time, the depositional trough 
Was up and currents were more variable in direction. 
Small reefs with Favosites and stramatoporoida, Amplaxo- 
pora meadows and other polyzos surrounded with algal 
growths bear witness to ahallow, lime-rich waters. From 
90 onwards, occasional loas of typical marine conditions is 
shown by thinly bedded green shales with & fauna of 
eurypterida, phyllocarids, ostracoderms, small brachio- 
pods, ostracods and the alga, Ohastocladus?. Several 
horizons show reddening and mud cracks, indicating 
temporary exposure to the atmosphere, a prelude to the 
succeeding ‘stage’ 10. à 

In the thick sequence of non-marine ‘red beds’ (the 
Ringerike Sandstone, ‘stage’ 10) the best-developed and 
oommonest directional structure is croas-bedding. Less 
common 1s ripple-drift lamination (type 1 of Walker**), 
ripple mark and primary current lineation, a depositional 
structure recently discussed by Allen*!. The dip directions 
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of 111 foreset beds, including some ripple-drift foresets, 
have been measured and the mean is 169°, standard 
deviation + 52°, indicating sediments demved broadly 
from the north-north-weet. Fifty-two alump fold axes 
give a mean trand of 72°, standard deviation + 27°, sug- 
gesting & palaeoslope directed towards the south-south- 
east. This is consistent with a marked thinning (from 
1,000 m to 800 m) ın the Skien area to the south’. The 
clay and shelly limestone pebbles in the conglomerates 
indicate derivation most probably from the Silurian 
which lies to the north, while a more distant source in the 
same direction, namely, the uplifted Jotun nappes of 
Central Norway, is suggested by the presence in the sand- 
stones of fresh anti-perthitic felspars characteristic of the 
jotunitee. Ripple mark and primary current lineation 
measurements are rather variable and no general pattern 
emerges. 

The non-directional primary structures, notably mud 
cracks and animal tracks, indicate the periodic democation 
of bodies of water in which fish and eurypterids flourished. 
There is & large collection of tracks in the Palaeontological 
Museum in Oslo, including the ar tr&oks of the 
giant Mixopterus and the delicate markings made by very 
emall ids. 

The results outlined here were obtained during the 
tenure of a post-doctoral fellowship awarded by the 
Royal Norwegian Counoil for Scientific and Industrial 
Research. I thank Dr. F. M. Broadhurst for his advice. 
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HYDRATION OF PORTLAND CEMENT 


I; was suggested earlier that the rate of hydration of 
individnal minerals in Portland cement ohnker depends 
on the position of Fermi-level m the individual mimerals'. 
Furthermore, it has been shown that the reaction between 
Portland cement clinker and water is a semiconduotor 
surface reaction, probably ‘n’ type reaction on ‘p’ type 
semiconductor’. Hydration of clmker minerals is, there- 
fore, & chemisorption process occurring on the surface of 
clinker crystals (which may be semiconductors). Thus 
hydration (and similar reactions), in which Portland 
cement clinker takes part, ahould be controlled by the 
instantaneous position of Fermi-level in the minerals 
(see also ref. 8). It will be shown in this article that, 
as in the case of limet, the lower the temperature at which 
thermionic emission starts from olinker minerals, the 
higher is ite reactivity with water. This means that the 


higher the position of the Fermi-level in clinker crystals 
the greater is the reactivity of the clinker with water. 
Thus the position of Fermi-level in clinker mmerals con- 
trols the rate of hydration of Portland cement. This is 
in agreement with the theories put forward eerlier!, 
Experiments were carried out with the same cament 
clinker used in earler experiments". The clinker was 
powdered and the fraction passing a B.S. 300 mesh sieve 
was used once it had bean freed of lime by repeated 
ing with absolute aloohol. Specimens used were 
(a) oli , (b) clinker heated at 1,000? C for 4 h, (e) 
clinker heated with admixture of 1 per cent by weight, 
individually, of the following oxides: zino oxide, ahrornio 
seaquioxide, oxides of molybdenum and manganese and 
lime and nickel oxide (the molybdenum oxide was obtained 
by heating ammonium molybdate, and the manganese 
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Table 1. Gan rk WEGET DUJ TO HYDRATION AMD THE TEMPERATURES OF IMFLEIIOK 
Olinker heated with 
Original 
olinker MoO(t) mn0(?) | 
Gain in dus to hydra- 0 0604 0 0509 0 0522 
ation 0 0668 0 0697 0-0716 
0 00152 0 00130 0-00130 
ae lanes a um 
Hydrated material { 17x) MO 714 TM 





oxide by heating manganese acetate). Both heated and 
unheated materials were prepared in tablet form under 
pressure and the variation of electrical resistance of these 
tablets with temperature (in steps of 25° to 950° C) was 
measured, during heating and cooling, &ooording to a 
method given elsewhere!. 

Tablets were hydrated in water vapour for 8 days and 
then immersed in water for 7 days. Results of hydration 
have already been published" and these are made use of 
in this article (Table 1). Variation of resistance with 
temperature for the hydrated tablets, during heating and 
cooling, was measured in & similar manner. 

Because the tabletes cracked to different extents on 
heating and because the springs used to hold the samples 
quite often failed at high temperature, tho resistance 
values obtained during cooling do not represent true 
values for the olinkers or of their hydrated products. 
Hence resistances of both anhydrous and hydrated 
materials only during heating are considered. In Fig 1, 
only reaistance-temperature (log, B~10*/T, where R 
is in ohms and T in degrees Kelvin) curves for anhydrous 
clinker and its hydrated product are shown. The curves 
for other materials are snnilar t that some of the 
kinks in the curves, which are attributable to phase 
changes, are either abeent or suppressed to some degree 
in the heated samples. 

In the resistance-temperature curve of each material 
there is an inflexion pomt, at which there is & sudden 
change in the slope (point A in Fig. 1). This change 
cannot be attributed to any phase change, as any such 
change does not occur at the temperatures i 
to the inflexion pomt temperatures. The change in the 
slope of the curve is in the direction in which there is an 
increase in the electrical conductivity of the material. 
The temperature corresponding to this inflexion point is 
taken, on the basis of the arguments given in the earlier 
article dealing with lime‘, to be the temperature at which 
thermionic emission starts from the material. Tempera- 
e pn cas chance 
The pointe B and C (Fig. 1) may be due to phase changes 
B 
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nnd at these temperatures possibly in dioeloium 
ilicate. 

It can be seen (Table 1) that the temperatures at which 
the inflexions occur in the resistance-temperature curves 
are higher (except for ZnO and Cr,O,) than in the curve 
for the original clmker. The higher the inflexion-point 
temperature, that is, the higher the temperature at which 
thermionic emission starta, the lower is the Fermi-level. 
Thus with the clinker minerals (devoid of O&O), the rate 
of hydration should decrease when heated alone or when 
heated with oxides of molybdenum, manganese, cobalt 
and nickel. 

The tare at which the inflexion occurs for the 
hydrated material (which had only peer hydrated) 
in all cases remains practically the same. It is higher 
than the inflexion pomt temperature ‘obtamed for corre- 
sponding anhydrous material except for the oxides of 
molybdenum and ese. <A rise in the inflexion 
point temperature (the rise i the temperature at which 
thermionic emission commences) may mean that the 
hydrated material is more of & ‘p’ type semiconductor 
than the anhydrous clinker. In the samples with the 
oxides of molybdenum and manganese it is the reverse, 
and the hydrated material appears to have become 
comparatively more of an ‘n’ type semiconductor. 

The gain in weight of the different clinker samples due 
to hydration in the given time (three days va hydre- 
tion, seven days water hydration) is plotted m Fig. 2 
against corresponding temperatures of inflexion given in 
Table 1. The pointa are widely scattered, which is to be 
expected when one considers the inhomogeneous state of 
the samples, and that the effect of any of the oxides may 
not be identical for all the constituent minerals of the 
clmker. Nevertheless, there is a distinct tendancy for the 
points to be in a band in which the gain m weight increases 
as the temperature of inflexion decreases. That is, as the 
temperature at which thermionic emission commences for 
the minerals is lowered, the gain in weight due to hydre- 
tion in & given time—that is, the rate of bydration— 
increases. Any lowering of the temperature at which 
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thermionic emission starts means that the Fermi-level is 
raised (it comes nearer to the level just outside the crystal). 
It is therefore concluded that the higher the position of 
the Fermi-level in the olinker orystels the greater is their 
rate of hydration. Thus it is the position of Fermi-level 
i the Portland cement clinker mmetals which controls 
their rate of hydration. The reason for this, in a mixture 
of minerals such as Portland cement, is now being 
investigated. 


> Central Research Institute, 
Roorkee (U.P.), India 
1 Chatterji, A. K., and Phatak, T. O., Nature, 197, 656 (1965). 
1 Obaterjl, A. E, and Phatak, T. O., Nature, 903, 138 (1964). 
? Chatterji, A. K, and Kapse, G. W., Nature, 200, 858 (1963). 
1 Chatterji, A. K., Phatak, T. O., and Dhartyal, K. D., Nature, 803, 61 (1904). 


Iw this article we ahall oonsider the relationships 
controlling the hydration of Portland cement. 

The amount of hydration of Portland cement in a given 
time wes determined from the non-evaporable water 
content in the hydrated cament or from the water absorbed 
during hydration. The rate-of hydration has been taken 
to be synonymous with the rate of growth of the hydrated 
products. From the results obtained and from the data 
given in the literature it is concluded that (a) during the 
early period of hydration (0-5-5 h) the relation between 
the quantity of water taken up by cement (water of 
hydration) and the time of hydration cannot be unequivo- 

cally assigned to any particular law—some date can be 
Sun Oe de i one EE 
inverse logarithmic law and others to an inverse mass 
law; (b) thereafter, to a period of 28 days (the period over 
which obeervations were taken), hydration follows directly 
aooording to a logarithmic law. It has also been found 
that minor additions of cuprous oxide, rino oxide and 
alumina to Portland cement enhance the rate of hydra- 
tion, while traces of ferric oxide, chromic sesquioxide, 
nickel oxide and oxide of manganese retard it. The direct 
logarithmic law is, however, adhered to in all theee cases. 
The oxidation rate of metals also obeys (among others) 
this direct logarithmic law. It should be pointed out that 
the reason for a similar law controlling the rate of hydra- 
tion of Portland cement and rate of oxidation of metals 
may be due to the ai in the besio mechanisms of 
the two phenomena. It is further suggested that the ions 
libereted during hydration of cement and the degree of 
stability of the water structure may also be factors 
influencing the rate of hydration of cament. 

The resulta are arranged ing to the following 
time schedule: (a) First 0-5—5 h of hydration (our own 
date); (b) 4-81 h of hydration (date taken from Fulton!); 
(c) 1-7 days of hydration (date taken from Fulton’); 
(d) 1-28 days of hydration, with or without admixture of 
oxides (our own data). 

(a) Period 1:5-5 h. .These experiments were carried 
out in two sets. In one, normal Portland cement was 
used as such, and in the other the same cement was 
heated for 18 h at 110° O and then used for hydration. 
2 g cement was used in each experiment and this was 
mixed with distilled water (water cement ratio 0-40 by 
weight). was by hand for 8 min—this period 
being included in the hydration time. The mixtures 
were placed over water in a closed vessel for the periods 
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M 57, 117, 177, 287 and 297 min. ions were 
carried out in & constant temperature room (~ 78° F). 
Materials were then placed in an oven and dried at 110° C 
to constant weight and the difference in weight of the dried. 
sample and the original cement was taken as the non- 
evaporable water!—representing amount of water taken 
in hydration. Reeulte are given in Table 1 and Fig. 1. 

Gain in weight due to hydration per g of cement during 
a given time (W in mg/g) and ita reciprocal are plotted 
against loge (t in sec) and are shown as curves A and B, 
Fig. 1. A linear relation is obtained and a in the 
slope of the curves is obtained after about 2 h hydration. 
The curve for 1/W versus time is not shown, but it can 
easily be seen that a linear relation holds in this case also. 
Thus some date fit into a direct logarithmio relationship 
(curve A, Fig. 1), others an inverse logarithmio relation- 
ship (curve B, Fig. 1), and others inverse mass relationship. 
Hydration in this period (or in any of the subsequent 
periods) does not follow parabolic or cubic laws such as 
are found to hold good in oxidation of metals. 

(b) Period 4-31 h. Date for water abearbed (mg/g) 
by cement when allowed to hydrate over this period, as 
given in Fulton, are plotted against logs (t in sec) 5) (Fg, 2). 
Cements from 6 different sources were used in these 
experiments (E;, K, L,, Fy, M, and N,). Date obtamed 
with cements M,, E, and P, fall ona straight lme. Inverse 
logarithmic and inverse mass relations were not obtained 
for this period. From Fig. 2 it can be seen that a sharp 
increase in the rate of hydration in these cementa occurs 
after approximately 5-5-7 h. After this period the hydra- 
tion continues at the same rate, for & given cement, for 
& period up to 81 h. 

(c) Period 1-7 days. Treating Fultoh’s data for this 
period! in & similar way produced a linear relationship 
(Fig. 3) for plots of non-evaporable water content (mg/g) 
of hydrated cement against loge (t in Bec). (Cement 
had been taken from & number of sources, designated as 
Ry, Gy, O, and F,, and hydrated for periods 1-7 days.) 
Other relations do not hold good during this period. 

(d) Period 1-28 days. Experimente were carried out 
using ordinary Portland oement as well as Portland 
cement mixed with 0:01 per cent by weight of euprous 
oxide, rino oxide, alumina and nickel oxide, and with 
0-1 per cent by weight of ferric oxide, chromic seequioxide 
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and oxide of manganese (obtained by heatmg manganese 
acetate) (0-1 per cent was used as additions of 0-01 per cent 
of the latber oxides to the cement did not produce any 
significant changes in ite rate of hydration). 

Cement paste was allowed to hydrate in saturated lime 
water and the dearease in volume of lime water was noted 
at intervals of 24 h for 28 days. The decrease in volume 
represents the amount of water absorbed by the paste, 
T Gaia ie OP oe laii 
evaporeble water content of the paste at an: icular 
stage of hydration’. The experimental was the 
same as that used by Fulton!, except that an i 
glass tube was used instead of a burette and ‘Mobil’ ail 
was used as the indicator. in volume was cal- 
culated from the change in level of oil in the glass tube and 
from the known average diameter of the tube. Change in 
volume due to any interaction between oil and lime water 
was corrected for, at any stage of hydration, by noting 
the volume in & blank with only lime water 
and oil, under identical setting. All the experiments 
were simultaneously conducted in & constant temperature 
room (~ 78° F). 

Results are shown in Fig. 4. The decrease in volume 
per g of cement at any stage of hydration has been taken 
proportional to the non-evaporable water content of 
the hydrated cement at the ing stage of hydra- 
tion. The decrease i volume has been plotted against 
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log (time in sec) (Fig. 4). A linear relationship is 
obtained. (Other relations, such as mverse logarithmio 
or inverse mass, do not hold good.) There is a sharp 
increase in the rate of hydration of neat cement and oament 
mixed with cuprous oxide, zinc oxide and alumina on 
the fourth day of hydration. When nickel oxide xd 
oxide of manganese are &dded to cement the 

the rate of hydration is delayed to the sixth day. With 
additions of oxide of chromium and iron the hydration 
rates, which are lowest, remain uniform. 

It is seen that during the period 1-28 days, compared 
with ‘pure’ Portland cement the non-evaporable water 
content of cament mixed with cuprous oxide, rino oxide 
aad alumina is higher at any stage of hydration of Portland 
cement. That is, the rate of hydration of Portland oement 
is enhanced by admixtures of these three oxides in traces, 
but the reverse oocurs, during the same period, on addition 
of chromic sesquioxide, ferrio oxide, nickel oxide and 


oxide of in similar &mall quantities. Thus the 
oxides of oo (Cu40), zmc and aluminium act as aooelar- 
ators and 


oxides of chromium (Cr4,0,), iron (Fe40,), 
nickel and manganese act as retarders—when present in 
traces. Thus it might be poasible to obtain adequate 
retardation in the hydration of Portland cement clmker 
by adding traces of these oxides in quantities relatively 
smaller than gypsum. This may afford a means of 
eliminating the use of gypsum in Portland cement. 
We thus determined that: (1) The rate of hydration 
follows & direct logarithmic law (we are neglecting the 
other laws which mi be opera perating durmg the first 
few hours of hydration). (2) Sudden changes in the rate 
of hydration occur at different periods during hydration. 
(3) The change in hydration rate which occurs at the 
fourth day may be delayed or elimmated by the additions 
of oxides containing cations of valency higher than that 


of silicon. (4) The rate of hydration of cament is en-. 


hanoed by addition of traces of oxides to cement with 
cations of valency lower than that of silicon, while the 
reverse occurs when oxides having cations of valency 
higher than that of silicon are ad (the choice of silicon 
aa tho standard ia arbitrary at thin tage of our discuation). 

o relationships have also been observed to 
hold good (among others) in oxidation of metals. These 
relati have been deduced by Mott’, Cabrera and 
Mott*, Uhlig* and Evans’. It will be seen that, of these, 
the basic considerations of Uhlig (leading to a direct 
logarithmic law) are applicable to hydration of caments. 
According to Uhlig the rate of oxidation is controlled by 
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the rate of flow of electrons from metal to oxide—which 
in its turn is controlled by the work funotion of metals. 
It was shown earlier that the hydration of Portland 
cement clinker takes place by the transfer of electrons 
from the olinker minerals‘, and that the rate of hydration 
is controlled by the position of Fermi-level in these 
agin! and consequently by the thermionic work fano- 

receding article). It may be that because of the 
same mechanism operating in oxidation of metals 
and hydration of Portland cement both the processca 
obey the same rate laws. 

Apart from these, it appears that Uhlig's approach to 
the problem of oxidation of metals is also ble of 
explaining another unusual finding oonoerning the 
hydration of Portland cement. Portland cement is a 
mixture of minerals. When it reaota with water it would 
be expected that ita constituent minerals would react with 
water at their individual reaction rates—which vary 
from mineral to mineral. This, however, dies nut Manoa 
These constituent minerals, when made into a mixture to 
form Portland cement, react with water at equal fractional 
retes (Copeland and Bragg!). This aspect will not be 
discussed hare. 

Tho effecta on the rate of oxidation of metals of adding 
traces of oxides es impurities aro as follows': when the 
oxide scale is an ‘n’ type semiconducting oxide, minor 
additions of the cations of valency lower than that of the 
metal (being oxidized) to the oxide scale raises the oxida- 
tion rate, while the reverse occurs when cations of higher 
valency are added. In ‘p’ type semiconducting oxides 
the situation is opposite. In both these caseg diffusion 
of (metal) cation through the oxide layer controls the 
rate of oxidation. Diffusion is primarily controlled by the 
defect structure of the oxide. 

Oorrespondingty, in hydration of cements it is known 
that the hydrated products have defect structures; the 
exact nature of the defects is, however, uncertain. More- 
aver, the nature of the diffusing ion in hydrated products 
and the nature of semioonduction (if any) in them are 
also unknown. However, there ia some indication that the 
hydrated products may be E BP semiconductors 

communication). basis, hydration 
ought to take place by anion (OR) diffusion through the 
hydrated layers. 

Acceleration and retardation of the rate of hydration 
will now be considered. Calcium ions are produced 
during hydration of calcium silicates. These ions may be 


œ absorbed by the clinker minerals or may remain m the 
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body of the hydrated product. In either case, the reaction 
rate should be enhanoed as the adsorption of caloium ions 
by clinker orystals may raise the Fermi-level of the 
crystals concerned ; this may enhance the reaction rate as 
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lained elsewhere*_and also for the reason that the 
ency of calcium is leas than that of silicon. The same 
may y bold good for the hydration of tricalcium aluminate 
where alumina is liberated during hydration. Thus the 
process of hydration itself may provide for ita own 
enhancement. It may be that the rate constant is con- 
trolled by the concentration of the ions liberated during 
hydration and may have different values for different 
ee of concentration of ions. 
amount of hydration in a given time will also 
depend on the availability of hydroxyl ions which may 
diffuse through the hydrated layers. These hydroxyl 
ions would be provided by the water. If the water struo- 
ture were disturbed, say, by the addition of chlorine iona 
(fram calcium chloride, which is added to cement to 
accelerate hydration) a greater number of hydroxyl 
would be available for diffasion through the layers. 
Hence the hydration rate ‘of Portland cement should 
increase both for calcium and chlorine ions when calcium 
chloride is added to it. Again the hydration rate is 
retarded on addition of gypsum to Portland cement 
clinker. Stabilization of water structure by the (BO,)— 
tetrahedron fitting into the ‘vacancies’ in water structure 
(and thus stabilizing it) may be responsible for fewer 
hydroxyl ions being available for diffusion through the 
hydrated layer—and thus leading to a retardation of the 
process. Thus the extent to which the water 
structure is stable may be a contributory factor in con- 
trolling the rate of hydration of cement. This, however, 
is to be considered as supplementary to, rather than 
replacement of, the chemical reasons behind the process 
of acceleration or retardation of the hydration of Portland 
cement. 

Tons liberated during the hydration of cament should 
by themselves enhance the rate of hydration. The state 
of stability of the water lattice may also be a factor in 
controlling the rate of hydration of Portland cement. 
The greater the instability, the higher should be the rate 
of hydration. 

A. K. CHATTHRJI 
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NITROUS OXIDE — ACETYLENE FLAME IN ATOMIC ABSORPTION 
SPECTROSCOPY : l 


By J. B. WILLIS 
Divitton of Chemical Physics, C.S.I.R.O. Chemical Research Laboratories, Melbourne, Australia 


INCE its introduction some ten years ago the technique 
of atomic absorption 1 has become a 
valuable method for the determination of trace concen- 
trations of a wide range of metals in solution, and some 
85 metals can be satisfactorily converted to the atomio 
form by spraying solutions of their salts into a low- 
temperature, pre-mixed flame such as air-ooal gas, air— 
DEP T estu gii 
such as the alkaline earths, chromium, molyb- 
denum, and tin are only partially atomized, however, 
and chemical interferences tend to-ocour, while a number 
of metals such as aluminium, beryllium, silicon, titanium, 


tungsten, and vanadium are not Suspe. atomized at 
all in such flames. t 

"Tho ditdsuits of ouitteletely ater thè metal io De 
determined has long been recognized aa the principal 
limitation of the atomic absorption technique in chemical 
anslysié, and this article desoribes the use of a new type 
of flame which enables affective atomization of a wide 
range of metals and overcomes many of the chemical 
interferences found with conventional flames. 

Some success in ths atomization of the group of metala 
already mentioned (aluminium, beryllium, silicon, titan- 
jum, tungsten and vanadium) has bean achieved by direct 
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injection of their solutions, usually in ic solvents, into 
turbulent oxy-acetylene flames*~. flames, however, 
as well as being unpleasantly noisy, are of limited value 
for absorption measurements as they normally provide 
only a short light-path. 

Amos and Thomas have successfully atomized alumin- 
ium! and other metale’ by spraying solutions of their salta 
into & pre-mixed flame of acetylene and enriched air (50 
per oent oxygen), but the high flame speed of this mixture 
severely limite the size and of tho orifice at which 
it can be burned and there is & of flash-back if the 
flow of acetylene is reduced too far while adjusting or 
extinguishing the flame. The need for supplies of the 
Bpeoial oxygen—nitrogen mixture may also prove a draw- 
back. 


Clearly it would be desirable to have flames giving the 
samo temperature as that of enriched air-eoetylene but 
with lower burning velocity, and the flames of acetylene 
burning in oxides of nitrogen suggest themselves. Table 1 
shows the characteristics of such flames, together with 
those of the conventional flames normally used in atomic 
absorption work. 

At the third Australian Conference 
(Sydney, 1961)’, Mr. J. E. Allan reported that he had 
experimented with the nitrous oxide—acetylene flame, but 
these ta, which were made with a burner having 
a 4:75 in. x 0-010 in. slot, were abandoned because of 
the poor sensitivities obtained". 

Since supplies of nitric oxide and nitrogen dioxide are 
not readily available I have confined my attention 80 far 
to nitrous oxide, which is widely distributed in liquid 
form for anaesthetic purposes. I have found that nitrous 
oxide-acetylene mixtures can be safely burned at a slot 
as as 4 in. x 0-015 in. in a burner made of j-in. 
thick etainlees steel, and that either gas may be turned 
off first without danger of flash-back. Water cooling is 
not necessary, and the burner may be fitted directly to 
the sprey-ohamber of an ordinary atomic absorption 
instrument. 

Using a Techtron 44-8 single-beam spectrophotometer 
and replacing the normal tubular burner with one based on 
the design of Amos and Thomas’ and having & 2 in. x 
0-018 in. alot in a j-in. stainless-steel block I have obtained 
the sensitivities shown in Table 2, which are very similar 
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Table 1. ONARAOTERISTION OF FLAME SUITABLE FOR ATOMIO ADSORPTION 
BFBOTEROBOOPT 


Maximum flames Martmum 
Speed (am seo?) temperature (* 0) 


Gas mixture 
Ar 82 L9t5 
H . 160 1,900 
50% oxygen + 50% nitrogen—ecetylone 040 2,815 
1,130 3,060 
Mitrous oxide-acetyieno* 180 2,055, 
Mtiro oxide-acetylene* 90 3,080 
Mitrogen dioxide—aoetylene* 160 - 
Table f. BENEITIVITIBS FoR METALS IN AQUEOUS BOLUTION UBIKG THE 
MITROUB OXIDR-ACNTYLENA 
Spectral line Concentration In 
Metal (A) giving 1% 
Al 3,098 1 
Be 0-08 
& 2,516 5 
Ti 3,043 4 
WwW 2,551 5 
Y 3,184 15 


to those obtained*!* with the enriched air—acetylene flame. 
Sensitivities obtained with a burner having a 4 in. x 
0-015 in. slot are usually much poorer. 

Metals such as the alkaline earths, chromium, molyb- 
denum, and tin show enhanced sensitivities with respect 
to those found in the air-acetylone flame. A particularly 
pleasing feature of the new flame is the disappearance of 
chemical interferences: calcium, for example, is not 
influenced by the presence of 100 times its concentration 
of phosphorus, nor is magnesium by 1,000 times its 
concentration of aluminium. 

I thank Mr. M. D. Amos for discussion of his resulta 
before publication and for the loan of an experimental 
burner, and Atomic Spectral Lamps Pty., Ltd., for the 
loan of hollow-cathode tubes. 
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OXYGEN ISOTOPIC COMPOSITION OF ORTHOPHOSPHATE FROM SHELLS 
OF LIVING MARINE ORGANISMS 


By Dr A. LONGINELLI 
Laboratorio di Geologia Nucleare, Pisa, Italy 


s et al.! and Epstein et al.™! succeeded in estab- 
lishing & tempereture scale based on the measurament 
of the isotopic composition of oxygen in the carbonate 
ahells of marine animals and in the environmental waters. 
In the case of fossils the “O/!*O ratio of the environ- 


the same type determined any Pup mim. the oxygen-18 

content of ancient waters could be obtained. —— : 
In 1988 I started a pelaeotemperature project with 

the purpose of establishing & relationship between 


the growth temperature and the oxygen isotopic composi- 
tion of the phosphate of living shells. 

The teahnique used for the P inpe of the phosphate 
of shells and the removal of the oxygen by fluormation 
with BrF, is the same as described by 'Tudge*. The 
conversion of the oxygen to carbon dioxide for spectro- 
metrio measurements was made following the technique 
described by Clayton and Mayedsa’. The method is 
summarized as follows. 

The phosphatic shells were mechanically cleaned, 
them washed and air dried, crushed in & steel mortar and 

in an agate mortar. The was dissolved 
slowly with 10 M nitric acid the organic matter 
oxidized by addition of 0-3 M KMnO, solution. The 
PO? was precipitated twice ss (NH,), PO,12 MoO, 
2HNO,-H,0 then as MgNH,PO, 68H40. The latter 
precipitate was dissolved again with 5-4 M. nitric acid, 
then added to bismuth reagent solution (0-2 M Bi (NO,),; 
20 M HNO,). The precipitated BiPO, was filtered, 
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washed and dried for 12 h at 90° O then dried again in a 
vacuum furnaoe at 180° O for more than 8h. After that 
the sample was ready to be introduced into the fluorina- 
tion tube. To obtain a constant ture in the 
vacuum furnace this was heated by vapours of boiling 
xylene. Xylene was frequently removed to avoid a 
lowering in the boiling-point (144:4? O), due to posable 


alteration. The details of the chemical ure are 
described in Tudge's and have been followed closely 
with good results. fluorination ap was made 


using nickel and fluorothene together with ‘Hoke 418 K’, 
monel, vacuum tight valves. In these valves ‘Teflon’ 
gaskets were used instead of ‘Kel-F” gaskets. All metal 
connexions were silver-soldered. The fluorination reaction 
was made with samples of 20-30 mg and quantities of 
BrF, between 5 and 10 times the stoichiometric require- 
ments. The reaction tube was pre-fluorinated before 
each measurement, evacuated for about l h, then high- 
purity dry nitrogen, which was dried further by passmg 
it through a 5-m ‘Pyrex’-tube trap at liquid nitrogen 
temperature, was admitted at a pressure of about 820 mm. 
After the introduction of the BiPO, sample, the reactor 
was evacuated for 4 or 5 h, then the BrF, was introduced, 
and the reactor was heated at about 100° C for 30 min, 
although the reaction seemed complete within a few 
minutes. The o was then held for 3-4 min in each 
trap of the lme at liquid nitrogen temperature, to separate 
the oxygen from volatile impurities; 1t was then ‘toeplered’ 
into & calibrated volume to calculate the yield of the 
reaction. The oxygen was then circulated by means of a 
Toepler pump over & hollow cylinder of carbon made 
from a i gr DhI, electrode, heated inductively at 
about 600°-650° O*, while oontemporaneously the carbon 
dioxide was frozen out in liquid nitrogen oooled trap. 
To catalyse the conversion to carbon dioxide of the carbon 
monoxide eventually formed, platinum wire was wound 
round, the carbon cylinder. 

Oxygen was run in three different portions of about 
96, 8-8 and 0-2 per cent. Each portion was run to com- 
pletion, then the successive portion was added. In this 


sample was measured by means of an ‘Atlas 86’ double 
collector mass spectrometer. The results are given i 


10/10 sample — 10/10 standard 
3a 1,000 ( 110/140 lard 

In order to avoid isotopic contamination all the oondi- 
tions outlmed by Tudge were fulfilled. 

To check the reproducibility of the conversion of oxygen 
to carbon dioxide, and of the whole procedure, several 
measurements were made. Thirteen samples of purified 
tank o were oonverted to carbon dioxide during 
different ys and the samples of carbon dioxide analysed 
with two different ‘Atlas M86’ mass spectrometers. The 
working standard was carbon dioxide from & pure 
white ri marble the 1*0/1*0 ratio of which is — 1-60 
parta usand compared with PDB-1 Chicago stand- 
ard. This working standard was preferred for TE o ta 
measurements because of ita reproducibility, which has 
been well tested for many years. (A limestone, the 3 value 
of which is about — 18-0 against PDB-1, is being tested 
for reproducibility for use as a work 


The standard deviation calculated is +0-12 


in Table 1 
parts per thousand. 
The reproducib of the camplete procedure waa 
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Table 1. ISOTOPIC ComPoarriox or Tanx OXYGEN OONVAETED TO CARDON 
OxIDE 
Date No. of mmpks &'O v». PDB-1* Dev. 
Average (— 11-26) 
11.5.1904 Fá —11$2 -006 
F5 -11% — 008 
12.5.1964 ro —11.53 —0-27 
Fl —-11319 +0 07 
F8 -11:29 ~0-08 
Fo —11:29 —0-08 
13.5.1964 F10 —1108 +018 
Fii —1141 +0 05 
F12 —1143 -017 
15.5.1064 F1* —1109 T017 
Fli — 11-18 +008 
Fis —11 10 +016 
Fi6 —11-82 —006 
om +013 ' 


* This ts versus OO, liberated from PDB-1 by reaction with H,PO, 


Table 2 OXYGEN Isororio COMPOSITION OF OHEXIOAL Rusamrr OR (PO), 


Xo. of g0 2) Dev. from average 
Date samples (v. PDB-1* (—59 61) 

2751004 Toos — 20-90 — 0-38 
29-5 1064 50b — 29-06 —0 37 
1.6.1064 F50c —29-74 —0-13 
3.6.1904 F51s — 29-60 T 60-01 
18-6 1064 J51b — 329 28 T1033 
18-0.1904 Foza — 20 21 T 0-40 
19-06-1904 Puts — 29-31 +030 
25-06-1064 Fola — 9 88 —0-27 
2.7.1904 FBI —29-64 +007 
17.7.1004 FB30 — 29 60 +001 

om +028 

* As in Tabie 1. 


two or three portions which were fluorinated separately. 
A total of ten measurements was made using two different 
mass spectrometers. The results are given in Table 2. 
The standard deviation is + 0-28 parts por thousand. Con- 
sidering the large difference between the standard and 
the samples and the use of different mass spectrometers 
this deviation is to be considered as an upper limit. 

The choice of the living species which could be used 
was made at first on the basis of the results reported in 
Vinogradov's review’ on the chemical composition of 
marine organiams. The purpose was tho selection of the 
largest number of marine organiams with measurable 
amounts of phosphate m their shells or skeletons for utiliza- 
tion for an isotopic phosphate—water temperature scale, 
and for measurements on foasils. Different species and 
different specimens of the same. species were analysed 
for their phosphate content. At present about one 
hundred species have been examined. These results will 
be published later. Owing to the small number of species 
contaming appreciable amounts of phosphate and to the 
difficulty of obtaining samples, a first group of ten species 
was selected, containing both carbonate and phosphate. 
The oxygen isotopic composition of eee was 
measured as already described and that of carbonate was 
meesured using the standard technique’. The main 
purpose of these first measurements was to obtain informa- 
tion on the range of the oxygen isotopic composition of 
phosphate in marine animals and on the possibility of a 

Because of the small content of phosphate, generally 
several specimens from the same fauna were processed 
together. The species measured, their location and the 
results obtained are listed in Table 3. The analytical 
resulte are against two different stan: : 
carbon dioxide produced from PDB-1 by reaction with 
100 per cent phosphoric acid, and standard mean ocean 
water (SMOW) as defined by Craig*. It must be pointed 
out that in the case of carbonate the differance of the 
oxygen isotopic composition between the carbon dioxide 
from the sample and the carbon dioxide from the P.DB-1 
standard is equal to that between carbonates. It is known 
that the 10/10 ratio in the carbon dioxide liberated from 
a carbonate by reaction with phosphoric acid is higher 
by about 10 parta per thousand than that im the carbonate 
itself’: 


CHOP*O)OO, — i 
* = (307*0)CaCO, ~ 
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25 
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12 
5 
1 
1 
80 
1 
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In the case of carbonates the chemical preparation 
of the sample is the same as that of the standard. The 
same fractionation effecta are determined, thus preserving 
the value of the difference of the oxygen isotopic com- 
position between the carbonates. 

This is not the case with phosphates. The phosphate 
oxygen is extracted quantitatively by a chemical reaction 
involving no isotopic fractionation, and then converted to 
carbon dioxide. The difference between the oxygen 
isotopic ition of this carbon dioxide and of the 
carbon dioxide liberated from PDB-1 by reaction with 
phosphoric acid is not equal to that between phosphate 
and PDB-1 carbonate. 

The 3 values of carbonates and ph 

also against SMOW. They were 
equation: 
B eatz) = D (eati) + Ò (trata) + 107 ao È (tate) (1) 
by which an isotopio analysis of a sample œ reported 
relative to a standard (st. an he LUE 3 value 
relative to another standard ( astes being t being the 
difference of isotopic vopn. ‘between standard l 
and standard 2 expreased in per mil. 

From the equation given by C Craig!* the following value 
is assumed : 


hates are given 
culated by the 


3 ppB-sKow= + 30-6 

Taking into account the fractionatian in the extraction 
of the carbon dioxide by reaction with phosphoric acid 
one gets: 

dco, PppaMow = +40-9 
From these values and from equation (1) the isotopic com- 
positions relative to SMOW are easily obtained. 

The resulta are shown graphically in Fig. 1 and are 
corrected for the effect of the isotopic composition of the 
environmental water. The values used for this DAE 
s +1-0 parts per thousand for Mediterranean 

d —1-0 thousand for species from N Gand. 
i dd Bai These values are only approximate, 
and have been deduced from some measurements of the 
Tyrrhenian surface sea-water in the collection aree 
(Table 4) and on three measurements made on the Grand 


Bank bottom water. From these three measurements, - 


and taking into consideration the variability during the 
year of the influx of water from the Labrador current, the 
average value of — 1 parte per thousand relative to BMOW 
seams to be a reasonable one. iniu d unc in LE 
position of phosphate is given against the growth 

ture, as calculated from Epstein equation. The 
Ue US dia to Ge dE ait a e 
theoretically predicted on the basis of biological and 
physical considerations. Tho only exception is that of 























crabe Eripha spinifrons and Portunus sp. which are 
supposed to form their shell along the coast of Tuscany 
at & temperature of about 19? + 4° O. In this case a 
biological fractionation effect is probable either in car- 
bonates or in phosphates. A sting ray from the Pacific 
Ocean and a S 1 i 


Sting ray: 31O (PO1-)-21-90; 3240. (COf)-6-20. 
Squilla maniis: 5140 (POt)-17-50; 31O (CO1-)—65.5 
but the large fractionation effects shown by their calcium 


carbonate do not permit one to draw conclusions on the 


validity of the resulta. 

Unfortunately these resulta cannot be compared with 
those of Tudge, which were given against a working 
standard of unknown oxygen isotopic co ition. 
The following conclusions can be drawn 


m this first 
group of measurements. f 
(a) The range of the oxygen isotopic composition of the 


phosphate precipitated by Peleoypoda and other marine 
animals is rather far from that of the calcium carbonate. 

ing both measurements to the PDB-1 Chicago 
standard, and bearing in mind the fractionation effect 
determined by the chemical reaction of CaCO, with 
phosphoric acid, the difference between the !*0/!*O 
ratios is about 12 parts per thousand. 





14 15 16° 7 B 19 2 n n B 
&*0 (POP) versus SMOW 


r4 


A 
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Table 4. orren IBOTOPIO COMPOSITION OF HXA-WATER FROM THE OOLLEC- 
_ TIOK ARMAS OF PHOSPHATIO BAMPLES 
Samples and their location Average 40 (SHOW) 
B surface y 
5 miles off La Spezia (August) 7110 
6 coastal 


A near Livorno (Beptember-October) +005 

3 iles off Calvi (Corse) (December) +115 

semples 

Gulf of Genoe Tan) +105 
2 bottom samples ( m. 

1€ iL X (end ot May) ELIO 
1 (80 m.) 

45° 02’ -145 


(b) There exists a relationship between temperature 
and oxygen isotopic composition of phosphate. From 
tho fact that there is a good agreement in the results 
obtained from different marine animals  (Lamelli- 
branchiata, Cirripedia, Cephalopoda and Brachiopoda) 
one can assume that the precipitation of phosphate takes 
on in these cases under isotopic equilibrium conditions. 

this is so, crabe seem to precipitate the calcium phos- 
phate of their shell under non-equilibrium conditions. 
This probably happens also to other crustaceans. To 
check if there is a constancy of the biological fractionation 
effect, some crabs are being grown under controlled 
temperature conditions. 

(c) Owing to the amall number of samples and to the 
fact that specimens were not grown under controlled 
temperature conditions an equation is not given. How- 
ever, the slope of a straight line calculated by the least- 
squares method is about —4:1. This value of the slope is 
very near to that calculated for carbonates (— 4:3). 
Because of that it seems rather difficult, at least on the 
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basis of these first results, to state a phosphate—carbonate 
temperature scale. Phosphatio brachiopods will be grown 
under oontrolled-temperature conditions. It it is possible 
to obtain from them measurable phosphate samples, & 
definite equation will be given from which it will be 
possible to prove the foregoing assumption or to check 
the possibility of deducing correct values of the oxygen 
isotopic composition of the sea-water from the carbonate 
and the phosphate equations. 

(d) From the resulta obtained the fractionation factors 
can be calculated as follows: t= 25° C, a = 1:0156, 
t = 0° C, a = 1:0218. These a values are bigger than 
those calculated theoretically by Urey e£ al.!, which were: 
i = 25° C, a = 1:0087; t = 0° O, æ = 1-0104. 

I thank Prof. E. Tongiorgi, Dr. H. Craig and Dr. R. 
Gonflantini for their advioc. I also thank Mr. 8. Nuti 
for his assistance and the officers and crew of the M.S. 
Genepesca I for their help during the collection of Atlantic 


specimens. 
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CRYSTAL-GROWTH POISONING OF n-PARAFFIN WAX BY POLYMERIC 
ADDITIVES AND ITS RELEVANCE TO POLYMER CRYSTALLIZATION 
MECHANISMS 


By G. A. HOLDER and Da J. WINKLER 
Impertal Oil Enterprises, Ltd., Sarnta, Ontario 


The earlier work showed that 
lyethylene crystallized from 
plates'. In addition it has 


crystallization a 
lozenges and dendrites could be obtained'. 

We wish to report that during studies of n-paraffin wax 
crystallization from middle distillate fuel oils it has been 
found that if several hundred parte per million of certain 
polymers are t in the oils, the crystal growth habit 
of the wax is changed from lozenge-shaped plates to 
dendrites and other forms. The findings, although of 
considerable general mterest in their own right as examples 
of orystal-growth poisoning, are of particular value because 
of the similarities between the crystal habite of the wax 
and those reported in the literature for polyethylenee and 
other polymers*. Since the dendritic growth which we 
observed in n-paraffinio wax is caused by the presence of & 
polymer which interferes with the normal oourse of 
crystallization one can speculate, for example, that the 
dendrites reported for polyethylene may have been 
produced as a result of orystal modifiers which occur 
naturally in the polyethylenes. 


The photographs of the wax were taken with & 
Leica 35-mm camera fitted to a Leitz ‘Laborlux’ micro- 
scope using phase contrast transmitted hght illumination. 

Early in the investigations it was found that the cooling 
rate and the environment could have a marked influence 
on the size and shape of the wax orystals. Accordingly, 
all the photomicrographs presented in the paper were 
obtained by cooling the solutions in bulk (that is, minimum 
sample size 25 g) in & oold room using carefully controlled 
cooling rates in the range 0-2-2° F/h. When the wax 
crystals & & few drops of each solution were 
transferred from the bulk containers on to & microscope 
slide, using & spatula, and then photographed. Where not 
stated otherwise, the polymeric additive used in the work 
described hare was an ester-type copolymer which is 
available commercially as & 50 per cent solution in kerosene 
under the trade name ‘Paradyne 20’ (ref. 3). However, 
it bas been found that smmilar photographs can be obtained 
whether the ester-type copolymer or a purely hydrocarbon- 
type is used as the additive’. Jj 

In the absence of any copolymer, the wax precipitated 
as overlapping and intergrowing lozenge-shaped eo 
In the presence of dissolved copolymer a consi ble 
variety of orystal shapes and sizes was obeervod depending 
on the polymer concentration and the growth conditions. 

The effect of 500 parte per million of dissolved copolymer 
on the wax crystallization is illustratcd in Figs. 1, 2 and 3. 


720 


Fig. 1 abows a typical wax crystal produced on cooling a 
i catalytically cracked oil. The photograph shows an 
excellent example of dendritic growth and is very similar 
to many photographs of polymer crystals published in 
the literature’. Detailed investigations of the different 
types of dendrites which can be formed by lyethylene 
have been carried out by Wunderlich‘. in 

types have also bean observed with wax by ourselves. 
Fig. 2, for example, shows a twin dendrite which was 
obtained by oooli the same oil referred to in Fig. 1 at 
2° F/h, instead of 1° F/h. In contrast, Fig. 8 shows 
& dendritio type unlike any yet published for poly- 
ethylenes. However, ib should be mentioned that it is 
very doubtful whether any correlation between the 
type of dendrite and the crystallization conditions oan 
be established since a number of structures can usually 





* Dendrite cooling (at 0-8" Y/h) Night catalytloalty 
a ie enm erp 18 pn. ate (Mt OT E Tohi ostalytioaliy 
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Fig. 4. Typical composition of the dendritls s-paraffn wax crystals 





usod by cooling 
p.p.m. 


. 5. Bloek-ilke and - 
tei? F/h) a 50/50 Blend of einem a rated M ond 
hydrocarbon eopolymer 


be distinguished in any given solution. Dendrites have 
been found in & wide variety of oils which have been 
treated with the additive. A gas chromatographio analysis 
on dendritic wax filtered from a typical oil is ted in 
Fig. 4. The wax consisted of C,,—0,, n- in solid 
solution &ooompanied by trace amounts of isoparaffins. 
The polymeric additive composition is important, but not 
critical, provided certain structural requiremente are met. 

Very often block-like crystals are produced at j 
high concentrations of copolymer. This effect is illustrated 
ky the photograph shown in Fig. 5. These blook-like 
crystals appear to be formed from would-be pyramidal 
crystals which have not completed their growth inde- 
pendently. 

Bo far, true dendritic crystals have been observed only 
when mixtures of n-paraffina are crystallized in the presence 
of copolymer. Attempts to obtam true dendrites by: (a) 
crystallizmg pure single n-peraffis from solution in the 
presence of copolymer, and (b) by orystallizmg selected 
mixtures of n-paraffins in the absence of copolymer have 
been unsuccessful. T 

The mechanism by which dendritic, growth occurs has 
been discussed in detail by Saratovkin® with reference to 
alloys and morganio crystals. 'Hesentislly the same basic 
mehana eia be dest to ecila The way Ri wb Ihe 


uw 
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copolymers change the habita of the wax oryswela'. We 
therefore propose that the dendritic wax crystals are 
obtained because the copolymers modify the crystal habit 
of the n-paraffin wax by selectively poisoning the growth 

Y) crystallographic 
plane. 


The copolymer molecules are made up of runs of 
methylene groups which are broken periodically by 
branching. The poisoning action probably occurs because 
the copolymer molecules are sufficiently similar to the 
n-paraffins to incorporate themselves at the wax crystal 
growth step (perhaps by chain folding) and yet sufficiently 
dissimilar (by virtue of their branches) to obstruct the 
further addition of n-paraffin molecules to the crystal. 
When. crystal growth is retarded in the 001 plane the 
crystal will grow relatively faster along its Z axis. Conse- 
quently ‘thicker’, that is more isometrio, wax crystals are 
produced when copolymer is present. At high polymer 
concentrations, growth in the 001 plane is evidently 
restricted to such an extent that even dendrites cannot 
form; instead much of the orystel growth takes place 
along the Z axis and blook-like or pyramidal crystals 
result, as is illustrated in Fig. 5. 

Tho remarkable changes in the crystal growth habits of 
n-paraffin wax produced by low concentrations of polymers 
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are probably idealized examples of effects which are 
operating in many other systems. In i , we think 
that similar mechanisms may well apply to polymer 
oryBtallizations themselves, and also to cnzymo and pro- 
tein orystallizationa reported in the literature, for example, 
refs. 7 and 8. In these systems the crystals consist of 
mixtures of complex molecules. The crystal poisons would 
be present either as impurities or, more hkely, occur 
naturally as components of the polymers themselves. In 
either event, the results clearly emphasize the desirability 
that morphological investigations of the orystalhzation of 
molecules should preferably be carried out under 

eae a controlled conditions and using only material 
which has been carefully purified. 

A more detailed report on the mochanism of the poison- 
ing will be made in & later publication’. 
1 Keller, A , in Growth ond Perfection of Orystals (Wiley, New York, 1058). 
Bari s Polymer Shingle Crystals (Interscience, Wiley and Bona, N.Y , 
* Imperial Oil, Ltd, Sarnia, Ontario. 
1 \underfieh, B., and Sullivan, P., J. Polymer Sci, 81, 195 (1062). 
* Holder, G. å., and Winkler, J (in the press). 
* D, Dendrite Cryetallisation (Rus. Trans. Consultants Bureau 
Ine, New York, 1969). 
1 Ooleman, J. B., Allan, B. J., and Vallee, B. L., Serencs, 131, 350 (1060). 


* Herodian, J. A, Koutaky, J. A., and Walton, J. A, Nature, 204, 1086. 


DISCONTINUITIES IN LIQUID FLUIDIZED BEDS 


By Da N. J. HASSETT 
Loughborough College of Technology, Loughborough 


N an earlier communication! attention was directed to 
hitherto discontinuities in liquid fluidized 
beds. Attention is now directed to a parallel existence of 
discontinuities in sedimentation. When aqueous disper- 
sions of a variety of materials are settled, small mounds 
and craters are frequently observed on the surface of the 


final eediment. This has been noticed in the case of 
natural products such as clays as well as chemical pre- 
cipitates, and constitutes evidence of some sort of channel- 
ling effect in the sediment. 

Tt ia known that fine particles often settle as flocs, an 
individual floo comprising an aggregate of particles 
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embracing & core of liquid, with the result that the 
sediment initially had & low solids content. A natural 
inference is that a subsequent slow collapsing of the floca 
releases liquid which, in percolating upwards through 
the sediment, creates preferential channels of flow, with 
possible formation of mounds by either of two mechanisms. 
Closer observation, however, has shown that these 
channels are initiated at a relatively early stage of settling, 
and in the di phase. 

Figs. 1-4 show stages in the sedimentation of an aqueous 
dispersion of & precipitated chalk, initially at uniform 
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concentration 0-02 v/v, in a glass measuring oylinder of 
4 cm internal diameter. Within 3 min of commencement 
of settling, in which time the upper level had fallen leas 
than 5 mm of ita orginal height of 230 mm, the suspension 
showed signs of curdling and slight scores could be seen 
at the cylinder wall. As time progreased the scores 
developed into sensibly vertical or upwards-inclined 
channels of some 1-2 mm wide, wherein liquid streamed 
upwards carrying fine particles seemingly as individuals 
rather than as flocs, at a linear velocity of some 5 mm/sec. 
In reaching the surface they formed miniature volcanoes 
as seen clearly sectioned at the wall in Fig. 4. 

That this is not merely a wall effect 1s shown by Figs. 5 
and 6, taken at the surface of another sediment, where the 
eruptions chanced to be located randomly away from the 
wall. Such eruptions are often apparent at the surface 
about 10-15 min after the beginning of settling, in the 
case of suspensions at volume dilutions of between 15 
and 50:1. The suspensions are quite fluid at the time of 
formation and for a considerable period thereafter, as 
demonstrated by the response to any slight movement of 
the cylinder. Despite the fluidity of the suspension, the 
channels are most persistent in their location, although 
random making and breaking can be observed as might 
be expected. The random nature of channel formation 
indeed could be ly responsible not only for the 
anomalous nature of many batch-settling curves, but 
also for the variationa and differences noted in repeat 
batch-settling experimenta. 

It is interesting to obeerve that where suspensions of 
initial concentration greater than 0-06 did not give visual 
evidence of ourdling or channelling at the wall, small 
mounds were nevertheless formed more centrally at the 
surface. It could be inferred as a general conclusion 
that channels initiate in accord with flow patterns in & 
suspension, which are set up by the prior shaking to obtain 
& uniform suspension, and persist for some time after 
commencement of settling. c 
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Fig. 7 shows part of the surface of a sediment in a tank 
of some 40 am-x 60 em cross-section. Here the eruptions 
have spread over wider areas, the larger spreads having a 
diameter of the order of 10 am, and now another pheno- 

~menon is observed. This is a lateral shrinking of the sedi- 
ment to form a series of vertical fissures. The horizontal 
scores which can be seen extending mainly over the non- 
fissured area are also of interest. That they are not 
extraneous seems evident since they do not extend across 
the eruption-spread areas. 

The existence of channels explains certain anomalous 
measurements made in continuous thickening experiments 
in a tank of some 100 em diameter and 200 cm deep, 
where hydrostatic head measurements at & series of depth 
intervals indioating quantity of suspended matter are 
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made to an accuracy of 0-01 mm water. Random fluctus- 
tions with an amplitude of up to 0-60 mm can now be 
explained in terms of such channelling. 

Finally, the similarity of Fig. 5 to the appearance of 
a gentle bubbling gaa fluidized bed is noted, and the 
possibility that dispersions of non-flocculated particles 
should settle with formation of parvoida cannot be 
excluded. 

I thank Mr. J. Gascoine, of the Loughborough College 
Photo-printing Unit, for the photography, and the Depart- 
ment of Scientific and Industrial Research for a grant 
covering & wider investigation, enabling the engagement 
of junior research assistante. One of these, R. Buxton, 
assicted in the setting up of the experiments. 

1 Hamett, N. J., Nature, 189, 097 (1901). 


HYBRIDIZATION OF LACTIC DEHYDROGENASE in vivo AND 
in vitro 


By Dr. STANLEY N. SALTHE, Da. OSCAR P. CHILSON and Pror. NATHAN O. KAPLAN 
Graduate Department of Blochemistry, Brandeis University, Waltham, Massachusetts 


the basis of a variety of observations it is generally 
- accepted that lactic deh (LDH) is com- 
posed of four sub-unita, and that two basic types of sub- 
unit are present in tissues of most species'*, Muscle or 
M type is the principal form in skeletal muscle, and heart 
or H type predominates in hoart**. The various forms of 
LDH are represented schematically in Fig. 1. In contrast 
to mammals and birds, tissue extracta of a number of 
vertebrates do not show the ‘normal’ flve bands of LDH 
activity on starch-gels. Several species have more than 
five bands in complex patterns which may be due to 
2Mor2H In several ies as few as two 
electrophoretic bands are found. licit in the inter- 
pretation of electrophoretic patterns ia the idea that, 
within a given cell type, random combination of LDH 
sub-unita occurs, and that all possible combinations 
are stable under the experimental conditions; otherwise 
interpretation is complicated, if not impossible. 
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Fig. 1. Naturo of the multiple molecular forms of lactic dehydrogenase 


The development of methods that permit the formation 
of inter- as well as intra-specific hybrids*" makes possible 
the investigation of fundamental questions concerning 
the degree of structural similarity among various LDH's 
and the interpretation of electrophoretic patterns. 

The experiments of Singer and Iteno* and subsequent 
investigations have shown that a very wide variety of 
haemoglobins can hybridize 9n vitro by treatment at low 
pH (refs. 9 and 10). It has also been shown that the 
structural features required for the formation of functional 
haemoglobin tetramers have been largely conserved during 
evolution", even though the amino-acid sequences, 
oxygen-binding capacities, Bohr effects, and immunologi- 
cal proparties of these proteins are different". 

ore recently Huehns e£ al." have observed hybridiza- 
tion of hasmoglobins én vitro at neutral pH at 38° O. 
Their technique permits measurement of relative rates 
of hybridization, and in the course of their investigations 
they observed large differences in rates of interaction 


between certain types of sub-unite; it was suggested that 
differences in rates of interaction between haemoglobin 
sub-units also occur in vivo. 

In some respects our studies on LDH parallel investiga- 
tions on haemoglobin. Both proteins are tetramers and 
have four ‘active sites’, and X-ray crystallographic studies 
have shown that at least one LDH has properties of 
symmetry comparable with those of baemoglobin!'. 
Within a given species the H and M sub-unite are catalytio- 
ally and immunologically distinct and have different 
emino-acid sequences, but form functional hybrids. 
Therefore it was of interest to determine whether haemo- 
globin was unique in ite ability to form functional inter- 
species hybrids, and to compare rates of hybrid formation 
between different types of LDH sub-units. 


Hybridization /n vitro 


Most of our experimenta have been carried out with 
highly purified orystaline enzymes, but since hybridiza- 
tion also occurs in crude extracts, the degree of purity of 
the enzymes apparently is not oritioal. Purified enzymes 
or crude extracta were dialysed overnight against 1:0 M 
sodium chloride + 0-1 M sodium phosphate (pH 7:0), 
mixed, frozen in a dry-ice-methanol bath, and allowed to 
thaw at room temperature. Samples were then dialysed 
for 3-12 b against 0-1 M sodium phosphate (pH 7:0) to 
reduce the salt concentration, and subjected to starch-gol 
electrophoresis‘. Table 1 summarizes the combinations 
which we have subjected to hybridizing conditions, and 
indicates whether or not hybrids were formed, and 
whether binomial electrophoretic patterns were produced. 

Most of the enzyme combinations hybridized readily, 
showing that those structural features which ere required 
for tetramer formation have been largely conserved during 
evolution. These results are in agreement with the pre- 
liminary observations of Markert?’. 

A number of interesting exceptions with respect to 
hybridization were observed. The L lactic acid-specific 
LDH from Lactobactllus arabinosus did not hybridize 
with dogfish M LDH, and when combinations of dogfish 
M LDH were frozen and thawed with lobster muscle 
LDH a faint, smeared band, staming for both enzyme 
activity and protein, and with electrophoretic mobility 
intermediate between the two pure types, was observed. 
Apparently hybrids were formed but were somewhat 
unstable. 
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Table 1. IWtNESPBODIO HYBRIDIA'IOK OF LACTIO DNHYDEOGENÀARES 


| 
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hybrids between H type and 
cluded the hagfsh ( stouis), the bullfrog 
(Rana oatesbiana), the congo eel (Amphiuma iridaatyla), 
the codfish (Gadus calarias) and the haddock (Mellano- 
grameus aeglfinus). In these species no tissues were 
found that showed hybrids, even th pean dtd 
types were present in some. In the oe int 
band with a mobility approximately equidistant from the 
H and M bands was observed. Failure of the H and M 
enzymes of these species to hybridize in vivo is not neces- 
[| Chioksa Ha 
t Cod Hg 
Chioksn H4-- Cod Hy 
[| Hoddook H4 
Chioken H4 Hoddock Ha. 
Dogfish M4 
Haddook Hą+ Dogfieb Mg 
Buitfrog M4 
Bultfrog H4 
Bullfrog Hg+ Bullfrog M4 
( Best Ha 
' Bufifrog M,+ Beef H, 
[| Chiohen Hg+ Bullfrog Hy 
[] Haddook M, 
$ 0 Haddook M,-- Hoddook H4 
[] Rabbit Ha 
Rabbit Hgt Hoddook M, 


.4. Bitch af electrophoretic patterns comparing hybrid- 
Fe ston bere ED S eet asic a of sarin e 
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sarily due to synthesis in separate cell types, because when 
extracta of these ies were subjected to hybridizing 
conditions (by the Deen tee technique’) hybrids were 
not formed, and the undefined intermediate band in 
bullfrog tissue was not intensified (Fig. 2). 

Failure to form hybrids in vitro under a given set of 
conditions may be due either to failure to dissociate into 
sub-units or to much lower rates of combination of sub- 
unita into hybrids, as compared with reformation of the 
pure types. In previous reports wo have presented 
evidence that, by varying the ionic strength, the nature 
of the ions, and coenzyme analogue concentrations, differ- 
ent LDH's will show quite different rates at which their 
sub-unita wil hybridixe’1", In order to test these two 
alternative hypotheses ts were made to hybridize 
the H and M type LDH's of the species that failed 
to hybridize in vivo as well as $n viro, with H type and 
M type enzymes of other species. Although the M 
enzymes of codfish, haddook, congo eel, and bullfrog 
Bi or ne ons 
H type LDH's, they do hybridize 9n vitro to give binomi 
patterns of multiple forms with H type from other 
species. This demonstrates that these M type enzymes 
have structural featurea sufficiently similar to other 
LDH’s so that functional tetramers can be formed. When 


' similar experiments were done with heart extracts from 


ood, haddock, bullfrog and congo eel, it was found that 
the H type enzymes differed from their specific 
M types in their ability to hybridize under these condi- 
tions with other LDH’s. A schematio representation of 
the kinds of patterns that were observed is shown in 


. 2. 

u o TE arate eile 
not necessarily owing to involvement of different oel 
types, and failure to hybridize $^ vitro is not necessarily 
owing to complete absence of dissociation. It is poemible 
that when mixtures of H and M type extracts from 
ood, haddock, bullfrog congo eel are frozen and 
thawed, at least partial dissociation occurs but that the 
parent types are reformed in preference to hybrids. 
The results shown with chicken H, and bullfrog H, 
indicate that, although some hybridization oocurs, the 
parent forma are still kinetically favoured. Since 

one-third of the activity is lost under the freeze-thaw 
conditions, an alternative hypothesis is that failure to 
observe hybrids may be due to their instability. 

We have found, for example, that the H type enzymes 
of different populations of bullfrogs have different stabili- 
ties at low pH. H type LDH from Louisiana bullfrogs 
shows no loss of- activity at pH 5-6, whereas the same 
enzyme from Wisconsin bullfrogs loses half ite activity 
after an hour at this pH. This is reflected in starch gels, 
where there is a pH gradient from anodal to cathodal ends, 
in an absence of the heart band from Wisconsin popula- 
tions but not from Louisiana populations. Differential 
heat stabilities result in similar distortions of starch-gel 
patterns, since there is also an anodal-cathodal 
ture gradient along the gels. ' 


Hybridization In vivo 
We have carried out experiments which demonstrated 


:& remarkable effect of environmental conditions on sub- 


unit association. The H type LDH's of the leopard frog, 
Rana pipiens, and of the pickerel frog, Rana palustris, 
do not hybridize $^ vio with each other or their 
corresponding muscle types. However, binomial 

of hybrid H types were formed in vivo in 
ae tadpoles between these species. Eggs were 
obtained from female Rona pipiens by the pituitary 
implant method”, and fertilized with & sperm suspension 
fram ground testes of male Rana is. The tadpoles 
were reared until large enough for the hearts to be con- 
veniently removed. Fig. 3 shows the electropharetio 
patterns of the LDH's in crude extracts of hearts both of 


d 
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the parental species and of the hybrids. It is apparent 
that the products of the homologous genes of these species 
can combine to form biologically active hybrid molecules. 
Our success in hybridizing these two enzymes $n vico 
indicates that there may be # vitro conditions under which 
the various refractory heart LDH’s will dissociate and 
reassociate, forming stable nybrid enzymes. These condi- 
tions have not yet been discovered, and the sub-units of 
this group of H type LDH's remain peculiar in this 

In this case we have clearly shown that failure 
to produce hybrids in vitro ia not due to hybrid instability 
because the H-type hybrids of Roma pipiens and Rana 
palustria produced in vivo are quite stable. 

From our work with embryos we have obeerved that in 
Rana pipiens, Rana is and Rana sylvatica, the ova 
as they are deposited contain primarily the H type 
LDH, so far as can be determined by starch-gel electro- 
phoresis. There is no observable change in e horetio 
pattern until about the time of hatehing (Shumway 
stage 19), when the M band begins to become more intense. 
At this time also, in the hybrid embryos, the paternal H 

LDH makes ite first ce on starch-gels, 
together with the hybrid LDH’s composed of both pater- 
nal and maternal sub-unite (Fig. 4). This figure indicates 
Be (prepa END E eis bee 
the and H types. These bands appear to be similar 
to the single intermediate band in the bullfrog (Fig. 1). 
Like that band, they cannot be intensified by freezing 
and thawing muscle and heart extracts together. For this 
reason we feel that they may not be hybrids 
of H and M sub-unite. ybrids between 
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ance of paternal H e and the first intensifloation of the 
M type coincide wi the rise in enzyme activity per 
embryo reported to begin at around the hatching stage by 
Wallace. We have confirmed Wallace’s observation that 
before this stage there is no change in the level of LDH 

ivity. It is possible that until this stage the enzyme 
activity in the embryo is caused wholl by the LDH 
UE cant in dior oves, end that Vs arheo ES 
not begin to ite own LDH until the hatching 
stage. Since both the initial intensification of the M 
type and the first appearance of tho paternal H type 
occurs at the same stage, the structural genes responsible 
for their production appear to begin funotioning at the 
same time. 


On the basis of their tendencies to form hybrids under 
various conditions, LDH’s can be divided into three broad 
groups. First, there are those that hybridize in viro in an 
apparently random fashion with no types favoured kinetic- 
ally. This group includes the majority of the LDH’s 
that have been studied. Secondly, there are those H 
type LDH’s (for example, bullfrog H type, ME eel H 

, haddock H type) that will not hybridize with certain 
H’s but will partially hybridize with others. In those 
cases dissociation apparently occurs, but the pure types 
are kinetically favoured. Thirdly, there are those H type 
LDE’! (Rana palustris H and Rana pipiens H) which do 
not hybridize in vitro with any other LDH's under the 
conditions employed. Since no enzymes have been found 
that will hybridize with these types in vitro we cannot say 
whether these enzymes do not dissociate under these condi- 
tions; but 9^ vivo conditions are such that random com- 
bination of sub-unita doea ocour. However, the H types 
of Rana pipiens and Rana palustris do not appear to 
hybridize with their corresponding muscle types in vivo. 
By way of comparison with other species that have been 
studied, it does not seem reasonable that thia phenomenon 
should be explained simply on the basis of synthesis in 
separate oell types. It is possible that the mechanism of 
synthesis within a given oell type controls which sub-units 
are put together. There is the alternative possibility that 
when the two H LDH’s are synthesized in the same cell 
there is no preference of one sub-unit for another (Fig. 8), 
but when H and M sub-units are synthesized in the same 
cell the pom types are kinetically favoured. 

Thus the only sources of LDH’s that will not form 
random hybrids in vitro with the usual techniques are the 
hearts of cold-blooded lower vertebrates, these being some 
frogs and salamanders as well as some teleost fishes. 
Since the sharks (dogfish) and birds and mammals do show 
normal hybrids between the heart and muscle sub-unita, 
their abeance in the groups indicated appears to have been 
an independent evolutionary acquisition in each of these 
three groups. This is further indicated by the fact that 
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vig M cale of the two postu erue R. PIPINS “@e. M PLANTARIS LONGUS A LIVER (ADULT) 
geen because they have i H 
mobilities. We have found that the M R PiPiENS 72° @ HEART acm 
LDH's of these two species are identical by R PALUSTRIS e^" , M PLANTARIS LONGUS (ADULT) 
every criteria that we have applied. They m PALUSTRIS JL Jj HEANT (ADULT) 
do not differ immunologically, catalytically, 
in tem stability, or in electro- 4 pipiens ere; 
phoretio mobility. The H LDH's of these . WHOLE EMBRYO FROM. FENTIIZATION 
two species, however, differ in all these R PIPERS (Q) XRPALUSTRIS| e os © Tees 
; R. PIPIENS e 0 WHOLE EMBRYO FROM HATCHING 
It is not clear from electrophoresis alone R PIPENS (9) XR PALUSTRD | GP e ip TO FEEDING STAGE 
EU E TDI uiris IM R PIPIEXS @+:-@ | nana FEEDING 
They may be present at any stage before the cecil ail +| @= @ ud 
one when they are first seen on starch gels, pH TO 
but in such small amounts, or concentrated in 
so few ocells, as compared with the whole ga cnini pera ae eee dar conte Dhowibalo 
imi buffer, af pH 7, 18h. Under theme conditions ; 
embryo, that they are below the limita of ar paler theme D oe byla hee betwen the but tho 


resolution of this method. The first appear- 
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in species of frogs and salamanders considered to be 
primitive on gross morphological grounds, the hynobiid 
salamanders, pipid frogs, and some discoglossid frogs, 
the usual three hybrids plus the pure M and H enzymes 
do oocur (Salthe, unpublished). Since the muscle sub- 
unite of all these species will hybridize $n vitro with 
other kinds of LDH sub-unita, this peculiar evolutionary 
change appears, from the date so far available, to have 
occurred in the heart sub-unita only. 

It would seem from these observations that the struc- 
tural genes responsible for the production of H and M 
type sub-unite have been evolving at different rates in 
some groups of vertebrates, the H sub-unite undergoing 

ter modifications 1n soms lower vertebrates than the 
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from the U.8. Publio Health Service, National Institutes 
of Health (C.4—08611), the National Aeronautice and Space 
Administration (NSG-375), and the American Cancer 
Society (P-77F). One of us (8. N. B.) holds a postdoctoral 
fellowship of the American Cancer Society, and O. P. C. 
holds a U.S. Public Health Service postdoctoral fellowship. 


NATURE 


August 14, 1965 von 207 


1 (jeg, D : Kaplan. N. O., Levine, L., and Zwilling, H., Science, 138, 962 


n) e and Markert, O. L., Biochem. Bwpkys. Hee. Communs , 6, 171 
s D. X., T. L, and X. O., 143, 929 
ater Goodfriend, Kaplan, Sorvence, 143, 020 a 


* Fine, L H., Kaplan, N. O., and Kuftines, D., Brockementry, 8, 116 (1068). 

* Markert, O. L., Sounos, 140, 1829 (1983). 

* Oostello, L À., and Kaplan, N. O , Poole. Biophys. Acts, 73, 658 (19638). 
T co P., Costello, L. A., and Kaplan, N. O., J. Mol. Biol., 10, 349 


* Singer, B. J., and Itano, H. A., Proc. U.S. Nat. Aced. Ser., 45, 174 (1959). 

* Lable, D., Rosa, J., Dreyfus, J., and Schapira, G., Wature, 194, 384 (1062). 
= Itano, H A., and Robinson, H., Nature, 184, 1468 (1959). 

u Herner, A. H., and Riggs, A., Waters, 198, 35 (1063). 

1 Riggs, A., and Harner, A. B., Proc. U S. Nat. Acad. Sci., 48, 1664 (1062) 

¥ Diamond, J. M , and Braunitzer, G., Netwre, 194, 1287 (1062). 

N Hektoen, L , and Boor, A. K , J. Infect. Diseases, 49, 20 (1931). 


Banna E., Beaven, G. HL, and Stevens, B. L., Biochem. J., 93, 444 


1$ Rosman, M. J. (personal communication). 
Barr O. L., Abe. IV—104, Heth Internahonal Congr. Bvochem., N.Y. 
(1004). 


H Cleon, O. P., Costello, L. A., d Kaplan, N. O., Hwohemistry, 4, £71 
(1965). = $ 


* Rugh, B., Hologwal Bulletin, 68, 2 (1084). 
™ Wallace, R. A., Developmental Mhol., 3, 486 (1061). 


DDT IN HUMAN MILK 


By Dx. GRIFFITH E. QUINBY*, JOHN F. ARMSTRONG 
and D& WILLIAM F. DURHAM 
Toxicology Sectlon, Technology Branch, Communicable Disease Center, Public Health Service, 


U.S. Department of Health, Education and Welfare. 
Wenatchee, Washington 


N 1950, Laug et al. investigated the DDT exoretion- 
level in human milk in the United States!. These 
"workers found DDT in 80 of $2 les (94 per cant) of 
milk from women in Washington, D.C., with no recognized 
exposure to this insecticide other than that of the general 
population. The average concentration of DDT in these 
samples was 0-18 p.p.m. with a range of zero to 0-77 p.p.m. 
In 1962, testa on six individual samples and one pooled 
sample of human milk in California showed DDT-levels 
ranging from zero to 0-12 p.p.m. and DDE contents from 
none to 0-25 p.p.m. =. The highest total of DDT and DD 
was 0-37 p.p.m. In Hungary, the milk of ten healthynursing 
mothers waa found to contain from 0-13—0-26 p.p.m. of DDT 
in whole milk or 8-3-6-6 p.p.m. in the lipid ion. 

This &rtiole reports the excretion of DDT in human milk 
as measured in individual and pooled samples collected in 
several cities in the United States during 1960 and 1961. 
The work is & component of & more comprehensive 

- The complete project involves determination of 
DDT and DDE storage-levels in body fat and DDA 
excretion rates in urine for the general population and for 
specific environmental and occupational groups as well as 
measurement of DDT and DDE content of complete 
prepared mals. These surveys have been correlated by 
obtaining as many of the samples as poesible from the same 
individuals. For le, & number of the subjecta in the 
work reoorded hire alse contributed meals from their 
households for study of DDT and DDE ingestion rates. 
The resulte of the other segmente of the complete DDT 
study will be published separately?—. 

A total of 10 individual and 4 pooled samples of human 
milk were &nalysed. The individual samples were collected 
in Chicago, Illinois (4 donors), Wenatchee, Washi 
(5 donors), and Phoenix, Arizona (1 donor). Multiple 
samples representing time-periods varying from 2 to 7 
months were collected from three of the donors in Chicago 


* Present address: Community Pesticide Study Project, Btate of Washing- 
ton Department of Health, Wenatohes, W: 


to determine the temporal variation in the concentration 
of DDT and DDE. The pooled samples were collected by 
the Fitzsimmons Army Hospital in Denver, Colorado. 
These samples were pooled from many (18 to 44) donors 
who were dependants of military personnel from various 
perte of the United States. 

The samplee from Chicago and Denver were obtained as 
the precipi formed by the treatment of 1-2 l. of 
fo: i milk using the method of Murthy et al.*. The 
filtrates had been used for determination of strontium-90 
levels. These preorpitetes were provided through the 
courtesy of the Robert A. Taft Sanitary Hngmeering 
Center, Cincmnsti, Ohio. The samples fram Wenatchee 
and Phoenix were frozen as whole milk in plastic bottles 
until analysis. The sample from Phoenix had been 
formalinized prior to freezing. 

Complete histories of to pesticides were 
obtamed from the donors of the individual milk samples. 
Three of the donors from Wenatchee lived m houses 
immediately adjacent to orchards that had been periodi- 
cally treated with DDT for many years. However, no 
DDT was applied to these orchards during the period of 
milk collection. None of the other donors had any known 
exposures to DDT other than those characteristic of the 
general population (that is, consumption of small amounts 
of residue in the diet and occasional household use of 

rays or aerosols containing DDT). It was not practio- 
able to obtain the histories of exposure to pesticides from 
the women who contributed to the four pooled samples. 

Aliquota (usually 100 ml. of milk) were analysed by & 
modification of the Schechter-Haller spectrophotometrio 
method’. Even though the limited of this 
method for quantities of DDT-and DDE less than 5 ug was 
realized, all samples which produced recognizable Schechter— 
Haller colours were accepted at their calculated values. In 
all but three of the samples analysed, visible blue, red, or 
intermediate colour was produced in the Schechter-Haller 
reaction. 
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Table 1. CoxONNTEATION oF DDT awd DDH ry HuxaX MX IN THR UXITND STATES 
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All the values given in this article for total DDT- 
derived material (DDT plus DDE) have been expressed in 


terms of DDT valent. Numerioally this is &ooom- 
plshed by multiplying DDE concentration by the factor 
1:311. Values for DDE expressed as a fraction of total 


DDT-derived material were determined by use of the 
following formula: 


DDE (94 of total) — 


DDE (p.p.m. as DDT equiv.) 
DDE (p.p.m. a8 DDT equiv.) + DDT (p.p.m.) 


Recent investigations have indicated that gas chromato- 
graphic techniques are able to detect smaller quantities of 
DDT and DDE and to distinguish more quantitatively 
the various isomers and ratios of isomers than is the oolori- 
metrio procedure’. Nevertheless, the Schechter-Haller 
method has been used for so long that it is important for 
purposes of comparison with earlier investigations for 
some additional data to be collected ın this way, at least 
until there is more information based on the newer 
techniques’. 

The concentrations of DDT and DDE in these samples 
of human milk are shown in Table 1. Whole milk oon- 
tained an average of 0:08 p.p.m. DDT and 0-04 p.p.m. 
DDE based on the individual samples and 0-07 p.p.m. 
DDT and 0-10 p.p.m. DDE based on the pooled samples. 
The lipid fraction contained an average of 2-5 p.p.m. DDT 
and 1:4 p.p.m. DDE based on the individual samples and 
3-5 p.p.m. DDT and 4-8 p.p.m. DDE based on the pooled 
samples. There is good correspondence between the DDT 
levels for these two types of samples; however, the DDE 
levels correlate less closely. 

Data collected in the survey recorded here on the 
variation in the excretory level of DDT and DDE in 


Table 2. TEMPORAL VARIATION IW CONCENTRATION OF DDT AWD DDB IX 
HUNAN MILK 


Donor I Donor IT Donor It 
DDT DDH DDT DDH DDT DDH 
(p.p) pm) pm) 0pm) (p p.m.) pm) 

Monthly 0-08 007 0-09 002 0-18 004 

replicates 007 0-06 0-10 006 0-14 003 
004 003 010 0-04 
0-08 0-08 0-09 0-04 
0-06 0-06 0-12 0-16 
0-08 0-04 012 0-07 
0-12 0 09 

Mean 0-06 0-06 0-11 0-07 0-14 0-04 


human milk over a period of time is shown in Table 2. It 
can be seen that there was little change in the excretory 
levels of DDT and DDE for each individual subject over 
the 2-7-month periods investigated. 

The trend in the concentration of DDT in human milk 
in the United States between 1950 and 1960-61 is illus- 
trated in Table 8. The mean DDT concentration was 
0-18 in 1950 as compared with 0-07-0-08 p.p.m. in 1960— 
61. A comparison of the frequency distribution shows 
that there were fewer samples at the higher concentration 
levels in the later survey. Results of the earlier survey 
were not reported on the basis of lipid fraction nor waa the 
DDE content of the milk determined. The range of values 
in the work reported here for both DDT («0-01-0-22 
p.p.m.) and DDE (< 0-01-0-14 p.p.m.) is comparable with 
that for samples collected in California in 1962 (DDT, 
zero to 0-12 p.p.m.; DDE, zero to 0-25 p.p.m.)"?. 


Table 3. TRIED O TO OOXOENTRATIOX OF DDT IN HUMAN MILE IN TI 
UNITED HTATIS 


Percentage of samples 
Range of values 1960 1060-61 (this paper) 
(p.p.m. of DDT) (Laug et al.) Individual 
«001 6 $0 0 
0 01-0-06 9 0 25 
0 06—0-10 25 50 75 
011-015 41 10 0 
0-16—0 20 6 0 0 
0-21-0 80 6 10 0 
0-81—0 40 0 0 0 
0-41-0 50 3 0 0 
>0 50 3 0 0 
Total Xo. of samples 32 10 4 
Mean concentration (p.p.m.) 0-13 008 007 


It is of interest to compare the DDT and DDE levels in 
tbe fat moiety of human milk samples with the storage 
levels of these compounds in human body fat. In & recent 
investigation using analytical techniques comparable with 
those used in the work recorded here, storage levels of 0:8 

.p.m. DDT and 13-5 p.p.m. DDE in the extractable lipid 
ction of buman body fat taken from persons in the 
general population of the United States were found’. 
Thus, although concentrations in both tissues are of the 
same order of magnitude, DDT, and particularly DDE, 
levels appear to be somewhat lower in the fat moiety of 
human milk than in the extractable lipid fraction of human 
body fat. In the body fat, DDE represented 68 per cant of 
the total DDT-derived material, while in the milk DDE 
constituted 38 per cent (based on individual samples) or 
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60 per cent (based on pooled lea) of the total. The 
DDT levels in human milk Noni neay (3-3-6-6 p.p.m. 
in the lipid fraction) are associated with an average DDT 
storage level in human body fat in that country of 5-7 
p.p.m.1*, i 
tly, Hungary is the only country other than the 
United States for which values for DDT excretion in 
human milk have been reported. The values from 
Hungary for DDT in human milk (0-18-0-26 p.p.m. in 
whole milk) appear to be somewhat higher than the levels 
PH here or thoee rted by West!! for the United 

tates. In comparing DDT sto levels in human body 
fat from various countries, Ganbe et al.* concluded that 
the level in Hungary equalled or exceeded that in the United 
Stats, while the concantrations were lower for other 
countries (Canada, Britain, France, and Western Germany) 
for which data were available. 

The pharmacodynamic relationships of DDT intake, stor- 
age and excretion are incompletely understood, even in 
physiological situations in which the complicating factors 
involved in lactation do not oocur. However, it can be 
calculated that a daily output of 700 g of milk containing 
0:07 p.p.m. of DDT would account for a total daily exore- 
tion of about 0-05 mg of DDT by this route. This amount 
would &ooount for about 125 per cent of the estimated 
daily dietary intake of DDT for the general population of 
this country (0-04 day)'. Another fraction of 
the intake is in the urme as DDA. The finding 
that the daity DDT excretion for lactating women may be 
slightly greater than the average daily DDT intake of the 
general population may, at least partly, be accounted for 
by the fact that during lactation women may eat greater 
than average amounts of food and/or may mobilize stored 
body fat. The constancy of the DDT excretion-level in 
milk for individual donors over the period of investigation 
may indicate that the relatively large amount of DDT 
stored in body fat serves as a ‘buffer’ to prevent large 
daily changes in excretion associated with possible daily 
changes in DDT intake. 

Cows’ milk also contains DDT; and here, too, as in the 
case of human milk, the average concentration apparently 
has decreased over the years. Comparable values for 
surveys of market milk showed that 67 per cent of samples 
were positive for one or more pesticides m 195514, but only 
33 per cent were positive in 1958. Zweig ei al. have 
reported that cattle fed a diet containing 0-5 p.p.m. of 
DDT excreted less than 0-01 p.p.m. of the insecticide in 
their milk. However, at levels of 1, 2, $, and 5 p.p.m. of 
added DDT, detectable residues of DDT, pro ional to 
the level of contamination in the feed, were found in the 
milk of all animals. The cows fed DDT at the lowest level 
(0-6 p.p.m.) ate an average of 20 kg feed/day. Thus, their 
daily doee of DDT was 10 mg/day. Aseuming that the 
average weight of these animals was 400 kg, it may be 
calculated that the dosage was 0-025 mg/kg/day. This 
dosage resulted in a DDT concentration of <0-01 p.p.m. 
in the milk of the cows. Even if these cows averaged 0:01 
ppm. and excreted 15 1. of milk a day, the total DDT 
excretion in the milk would be 0-15 mg/day or about 1-5 
per oemt of the dose. Calculations of this sord made for a 
number of other investigations in which cows have been 
fed DDT-oconteminsted diete give results of the same order 
of magnitude, exoretion rates ranging from 1-8 to 20-8 per 
oent of the daily doee!*. There seems to be a tendency for 
a larger fraction of DDT intake to be excreted m the milk 
at higher dosage rates. 

It is interesting to compare these values for the cow with 
those already given here for women. At-a DDT dosage 
level of about 0:025 mg/kg/day, the cow excretes DDT in 
milk at concentration of lees than 0-01 p.p.m. and 
eliminates only about 1-5 per oent of the daily DDT intake 
in this way. However, at a DDT dosage level of about 
0:0005 mg/kg/day, lactating women excrete DDT in milk 
at a mean, concentration of 0-07—0-08 p.p.m. and elimin- 
ate about 125 per cent of the estimated average daity DDT 
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inteke in thia way. Thus, although the calculations for 
the cow are based on a higher daily intake of DDT, the 
cow excreted leas DDT in the milk both on a concentration 


basis and calculated as a fraction of daily intake than did . 


lactating women. 

Turning now to the question of safety, it appears, from 
study of available cages of accidental or intentional inges- 
tion of the compound, that the aingle oral dose of DDT 
that will cause poisoning in man is about 10 mg/kg!*. The 
repeated dose of DDT that is harmful to man is unknown, 
but studies in volunteers!'!* and in men with massive 
occupational exposure!’ show that adultes can withstand 
without detectable injury 200 times the average dictary 
level of 0-18 mg/man/day that prevailed in 19538". 
Furthermore, the dietary level of DDT has now 
decreased to about 0:03* (ref. 21) or 0-04 mg/man/day*. 
This amount of DDT corresponds to a mean oonoentra- 
tion of about 0-02 p.p.m. DDT im the total wet diet of 
adults in the United States’. 

The resulta presented here indicate that babies having 
human milk as their sole food source are to a 
somewhat higher dietary concentration of DDT (0-07— 
0-08 p.p.m.) than is the general population (about 0-02 
ppm) Furthermore, the food tion per unit of 

-weight is higher for infante than for adults. Ifa 
5 kg (11 Ib.) infant consumed 0-7 1. of milk daily containing 
DDT at an & concentration of 0-08 p.p.m., the 
resulting dosage would be 0-0112 mg/kg/day. This value 
may be compared with the average t dosage of 0-0006 
mg/kg. Also, there is a considerable amount of evidence 
that young animals, including foetal ones, are somewhat 
more susceptible than adulte to many chemicals including 
DDT; however, the difference is only a few-fold. On the 
other hand, there is one report that & single oral dose of 
DDT waa less toxic to young (2-4 h old) than to adult 
Tate™. 

Thus, the information at present available for man 
indicates that there is, for adults, a large safety factor 


, sesociated with the use of DDT. For infante, the safety 


factor appears to be smaller. Oontmued research and 
surveillance of the exposed population should be carried 
ont with particular attention being given to the health of 
infants to ensure that undetected toxic effects do not follow 
long-oontinued, low-level exposure to DDT and other 
persistent pesticides. 
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^^ PROTEIN PRODUCTION BY LYMPH NODE CELLS OF RATS STIMULATED 
WITH PERTUSSIS VACCINE 


By CHARLES E. SLONECKER and Dr. WILLIAM O. RIEKE 


Department of Gabe gio Structure, Untversity of Washington, 
Schoo! of Medicine, Seattle, Washington 


Re investigations have emphasized that ho- 
cytes are of major importance in the initiation of the 
primary immune response to certain antigens’. Although 
it has been reported that small lymphocytes enlarge after 
antigenic stimulation’, and that larger lymphocytes in 
inal centres proliferate and produce certam immuno- 
globulins, little is known of the protein metabolism of 
the various sizes of lymphocytes durmg such responses. 
A group of eight adult male Lewis rats was given 
is cells (Lilly, 


intravenoualy. 


. rata were killed at 1, 6, 12, 18, 24, 86, 60 and 80 h after 


injection of tritiated methionine. One popliteal lymph 
node was minced in rat serum for smears while the contra- 
lateral popliteal node was fixed in 10 per cent formalin 
for 3u paraffin sections. Autoradiographs of both smears 
and sections were made by techniques previously de- 
soribed' and were exposed for 2, 5 and 8 weeks. 

A second group of adult male Lewis rate was anti- 
genioally stimulated and killed as described for the afore- 
mentioned animals. Both popliteal nodes were oolori- 
metrically for deoxyribonucleic acid (DNA)* 
and ribonucleic acid (RNAÀ)*. 

Following stimulation with is vaccine, the pop- 
liteal nodes rapidly increased In weight. Quantifloation 
of DNA. (Fig. 1) in the enlarged nodes indicated that this 
increase in weight was due to cell proliferation. Difer- 
ential cell counts on amear preparations showed that this 
proliferation occurred principally in the lymphocytio 
series. There was also a slight rise in the number of 
reticular oells present in the popliteal nodes, but no 
appreciable change was obeerved in the plasma cell series. 

Protein metabolism was analysed in each cell series and 
category by studying autoradiographs of node smears. 
Both the percentage of labelled cells and the grain density 
were determined. The most active cell type in meta- 
bolizing radioactive amino-acid was the large lymphocyte 
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(Table 1, Fig. 2). The stimnlated large lymphocytes were 
much more beevily labelled unit area than were the 
controls. Part of the labelling of stimulated large lympho- 
cytes no doubt reflected only the normally occurring 
increases in cytoplaamio constituenta prior to division. 
However, since control lymphocytes are also known 
to be dividing", the di ce in labelling between 
stimulated and control cells suggested increased protein 
production and turnover in the stimulated cells. Further 
evidence of increased turnover of protein was seen from 
the decrease in label with reference to tame (Fig. 2), 
which was greater in the stimulated large lymphocytes 
than in the corresponding controls. Many of the heavily 
labelled large lymphocytes in the stimulated animals 
appeared more besophilic than the large lymphocytes 
in control animals. This histochemical reaction aleo 
suggested increased protein metabolism. While the 
present investigation alone does not distinguish between 
a non-specific increase in protein metaboliam in large 
lymphocytes and the production of specific immune 
substances, the work of others** has implicated this cell 
type in the production of immunoglobulins. 
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The second highest labelling intenmtiee with tritiated- 
methionine were seen in the medium-sized lymphocytes 
(Table 1). Again it was noted that the stimulated cells 
exhibited more activity than the controls. Like the large 
lymphocytes, the greater labelling intensity in the 
stimulated medium lymphocytes may have bean due m 
part to the synthesis of cellular constituenta prior to 
division. However, previous investigations in this labor- 
atory have shown that even in non-stimulated rate 
medium lymphocytes turn over protein more rapidly than 
may be expected from mitosis alone’, and since immune 
substances have been shown to be produced in stimulated 
medium cells’, it seems probable that the increased labelling 
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Table |. LABELLING PATTERNS OF LYMPHOCYTES IX THE POPLITRAL NODE 


Large ae Small 
posi Average Average Averages 
-Moeth. grains grains 
1 100 16-2 94 54 T 58 
6 99 16-3 94 04 80 16 
12 87 160 88 8-8 64 34 
18 96 12-0 B9 59 57 37 
34 87 123 82 60 54 3-5 
326 60 &7 76 47 58 $5 
60 59 44 50 41 338 a4 
90 51 3-5 43 3-5 30 28 
Controls 
1 90 1147 T3 3-0 53 20 
6 92 10-8 85 5b 74 4-0 
12 T 100 70 43 53 *1 
18 74 8-4 T8 47 47 34 
124 75 66 73 4-0 45 30 
36 67 54 58 3-5 39 *1 
60 49 37 40 40 29 
The peroentage labelled and average counts of all axes of phoaytes 
in stimulated and non-simuleted Topliea] nodes are shown. ections of 
Krtumis vaccine (axpertmentala) or sahne sae) See made Iig the 
‘ootpads before isotope adminwitradon. experiments have shown 
that 100 per cent of control lymphocytes may be Isbelled 1 h after isotope if a 


Tho small lymphocytes labelled with the least intensity 
of all lymphocytic cells. However, as in the large and 


dividing to form small celis. Fig. 2 also shows that, unlike 
control small lymphocytes, stimulated small cells de- 


creased in labelling intensity during the first 18 h. This’ 


may have been the result of a decrease in the number of 
labelled small lymphocytes as these stimulated cells 
enlarged to form medium lymphocytes!:18, 

Fig. 2 further demonstrates that, concurrent with the 
drop in the labelling of amall lymphocytes, there was an 
increase in the labelling intensity of medium cells. This 
probably was due both to a division of labelled large cells 
to form medium-sized lymphocytes, and also to the 
enlargement of some heavily labelled small cells. 

Nucleic acid analysis supported the autoradiographic 
evidence for increased protein metabolism in stimulated 
lymph node cells. Fig. 1 shows inareases in both the 
amount of nodal RNA and the RNA/DNA ratio per oell. 

The results of the labelling patterns of the reticular cells 
are shown in Fig. 3. The reticular cell series of the stimu- 
lated nodes showed only a alight increase in number and 
a moderate increase in protein metabolism. The decrease 
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in some label throughout the experiment occurred in both 
experimental and control nodes. The moderate turnover 
of label as compared with the marked turnover in lymphoid 
cells suggests that reticular cells do not exhibit markedly 
increased metabolism following antigenic stimulation. 
This is not intended to minimise the role of the reticular 
cell in the immune response but does support the evidence 
that they do not function as stem cells!® and also argues 
against these ocells being primary producers of immune 
ing P 

It is concluded that rat lymph nodes stimulated with 
pertussis vaccine exhibited a lymphocytosis without a 
concurrent plaamocytosis during the initiation of the 
stimulated lymphocytes increased in both RNA and 
protein synthesis. Because reticular cella show only a 
slight increase in number and a moderate increase in 
protein metabolism during the initial immune g 
they do not appear to behave as stam cells or as cers 
of immunoproteins. 

This work was supported by U.S. Publio Health 
Service grant GM 00309. 
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ACTIONS OF SOME COAGULANT SNAKE VENOMS ON BLOOD PLATELETS 


By M. G. DAVEY and E. F. LUSCHER 
Theodor Kocher Institute, University of Berne, Switzerland 


ECENTLY, Nahas, Denson and Macfarlane’ reported 
details of the coagulant actions of eight viper 
venoms. We have examined effecta of six of these on 
washed human blood platelets. These actions on platelets 
were compared with those of thrombin, which is believed 
to be a principal agent in the formation and consolidation 
of platelet haemostatic plugs, and of thrombi, in vivo’. 
The venoms used, and their coagulant properties, are 
listed in Table 1. The Russell viper venom was & commer- 


cial preparation (‘Stypven’, Burroughs Welloome). Other 
venoms were the crude preparations used in the coagula- 
tion studies'. Stock solutions of 1-2 mg/ml. were made in 

hysiological saline solution buffered with iris (tris- 
ly e ath AAMER EAA) to pH 74; these were 
stored at — 20° O and thawed and diluted as required We 
also obtamed a purified coagulant fraction of A. rhodostoma 
venom from Dr. M. P. Esnouf, as & solution of 120 ug/ml. 
in saline. This substance has a thrombin-like action on 
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Tabb 1. VENOMS STUDIED AND OOAGULANT ACTIVITY 


Acceleration 
Venom Factor X Hke 
acttvation* activity * F 
-—"Busmell's viper ++++ 0 +++ 
Bothrops airos +++ + pe 
Bothrops jararaca ++ ++ ++ 
Fats colorata ++ 0 + 
Anoistrodon rhodoetoma + Ttt + 
Trumereswrus purpureomaculata 0 + + 


fibrinogen, splitting off fibrinpeptides A and B, aa well as 
a number of peptides not produced by thrombim*. Of the 
other venoms, that of the Russell viper contains an activa- 
tor of factor X (ref. 4); that of Bothrops jararaca has been 
found to clot fibrinogen directly, but to remove only 
flbrinpeptide A in doing so‘. 

We determined fibrinogen clotting times using purified 
human i , 98-99 per cant clottable*, 25 mg/ml. in 
saline, plus 0-026 M calcium chloride solution (0-1 ml. of 
each) and enough érts-saline to give a final volume of 0-5 ml. 
after addition of the venom solution tested and any other 
additions. The mixtures were incubated at 37° C, and 

ion times recorded. Plasmas clotting times were 
determmed by substituting pooled normal human plasms 
(which had been stored for some months at —20° C) 
for fibrinogen in this test system. Calcium was some- 
imbs Omitted. Inhibitors tested included ‘Hirudex’ 
(crude extract of Hirudo medioinalis; Laboratoires ANA, 
Pans) and heparin (‘Liquémine’, Hoffmann—La Roche, 
‘5,000 units/ml). Platelets to be added in coagulation 
tests wero first washed as follows, and suspended in 
iris-saline buffer to & concentration of 1—5 x 10° per 
ml; 0:1-ml. aliquots of such suspensions were used. 

Plateleta were obtained as previously described’ and 
washed three times after isolation from plasma: twice 
with 0-9 per cent sodium chloride (9 parts) plus 3-6 per 
cent trisodium citrate (1 part); once with érts-saline 
buffer containing 0-5 per cent glucose. They were ro- 
suspended in & minimum volume of tris-saline-gluoose, in 
concentrations of 80-100 mg of protein (4-5 x 10! 
platelets) per ml.: protein was devermined by the biuret 
method’. 

For venom investigations, 0-4-ml. aliquots of such 
suspensions were pe in glass tubes; unless otherwise 
stated 5 umolee of calcium chloride solution were added, 
followed by the substance to be tested, with sufficient 
tris-saline to bring the final volume to 1 ml. Inhibitors, 
when tested, were included in this volume. Tubes were 
incubated for 15 min at 37° O and the extent of macro- 
scopic platelet aggregation, and of contraction of the 
formed , were recorded. Then 0:2 ml. of a 
solution of EDTA (disodium ethylenediamine tetraacetate, 
0-077 M) was added, the tubes were placed in crushed ice, 
and their contents diluted to about 10 ml. with irts-saline. 
After centrifugation at 1,500g for 20 min in the cold the 
supernatants were separated, the platelets resuspended 
in a further 8 ml. of tris-saline, and both fractions extracted 
with 2 cent (final concentration) perchloric acid m the 
cold. farther centrifugation the supernatants were 
neutralized with potassium hydroxide, and their ultra- 
violet &beorptions determined at 260 mu in a Beckman 
DU spectrophotometer. The proportion of the total 
absorbing material in each supernatant fraction was 
calculated. 

In experiments in which it was desired to exclude 
ionized calcium from the incubation mixtures, the addition 
of calcium chloride was omitted. In ita place were added 
2 umole of the calcium-chelator EGTA (ethyleneglyool 
diamimoethyl tetraacetate, Geigy; 0:1 M solution of the 
sodium salt, pH 7-4). 

The resulta of coagulation testa performed with the 
venom were compatible with the of their coagu- 
lant activities shown in Table 1. The degree of &ooelera- 
tion of plasma clotting by the addition of platelets was 
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proportional to the amount of factor X activation pro- 
duced by the venom tested. 2 

In control platelet experimente, platelets inoubated 
with calcium and buffer showed no macroscopic changes 
but lost some 20-80 per cent of their ultra-violet-absorbing 
contents to the supernatant. Thrombin (Hoffmann-La 
Roche; 63 N.LH. units/mg), at a final concentration of 
10 units/ml. caused aggregation within 1 min; contraction 
of followed withm 2 min and was complete 
within 5. 60-70 per cent of total ultra-violet-absorbing 
material was in the supernatants. pio investi- 
gations have established that this material is mainly 
adenine nucleotides’. ] 

Table 2 shows the effects of the venoms studied at 
various concentrations. That of T. 
was the only one the action of which was comparable to 
that of thrombin in all respects (venom concentrations of 
20 pg/ml. and above). The two Bothrops venoms caused 
platelet aggregation and nucleotide release without con- 
traction, up to 80 pg/ml. E. colorata and A. rhodostoma 
venoms caused slight aggregation and release only at 
200 ug/ml. The pure A. rhodostoma t was without 
effect up to 24 pg/ml. (equivalent to approximately 250 pg 
crude venom?). . . 

Russell’s viper venom caused platelet aggregation only 
at the lower concentrations tested (5-20 ug/ml.), but 
nucleotide release was observed with all concentrations 
tested. At 200 ug/ml. ite release effect was equivalent 
to that of thrombin. Unaggregated platelets which had 
been treated with Russell’s viper venom were aggregated 
within 20 seo of the addition to them of thrombin (20 


Calcium dependence of three venom actions was tested 
by replacing calcium in the incubation mixtures with 
EGTA. This inhibits platelet aggregation by thrombin 
almost totally, but nucleotide release only partially. The 
effecta of T. culata venom were similarly 
altered, but all actions of the Bothrops venoms were 
inhibited in the presence of the chelator (Table 8). 


Table 2. ACTIONS OF VENOMS ON PLATELETS 


Oonesn- Se 
Venom tration Aggregation of Nuoleotide 
viper 48-9 
Russell's 5 ++ 0 
20 ++ 0 56-7 
100 0 0 573 
200 0 0 684 
B. atros 40 ++ 0 67:2 
80 +++ t 699 
B jareraos 40 + 0 49-4 
80 +++ 0 43:6 
E. colorata 40 0 0 19-4 
1200 t 0 37:7 
A. rhodostoma 40 0 0 ?8 T 
200 + 0 500 
A. rhodosioma 12 0 0 296 
Pure ooagulant 24 0 0 29-3 
T. purpureomaouiate 10 +++ + 437 
20 ++++ ++++ 53-3 
40 Ttt ++++ 629 
80 ++++ ++++ 735 
Thrombin 10unia/mL ++++ Ttt 60 3-69 5 
Buffer = 0 0 21 2-29-7 
Table 3. CALGIUM AND VENOM ACTIONS 
Platelet effect (80 ) Plasma clo 
: $ Nucleo- (pec) (80 j 
Venom - Oontrac- tide Wi o 
tion release ORO, Cal, 
B. atros + CaCl, ++ + 50-9 413 = 
+ 0 0 29-8 - 640 
B.jararaos + ++ 0 43-6 350 — 
+BGTA 0 0 20 0 - 65 
T. yurpureomaculata. 
T O&O. ++++ ++++ TH5 634 - 
+BGTA 0 60-6 = 93 2 
Thrombin 10 units/ml, 
+000, ++++ BB 603-605 
4 EGTA t 0 43-8-57-0 


732 
Table 4. ACTIVITY OF T. purpureomeculata VINON 
ve preparan Amount im 926 Fibrinogen- 
emom on 
(origina ll (mL) Agge Oontrac nudeoude clotting 
400 ag mb) tion release (266) 
Intact 01 ttt ttt 60-3 167 
Dialysed 01 t++t+ ++ 480 165, 
OP +44++ ++++ 571 - 
Dialysis buffer 02 0 0 208 »1,000 * 
06 0 0 256 
Heated 56° O, $0 mtn 01 +++ + 587 102 
Of ttt ++ 62-9 - 
Heated 100* O, 10 01 ., .0.- ^ 0 31-6 230 
min 0&-^ + oe. 0 30-5 - 
+ 'Hirudex' 0-1 ml. “er 0 "0 458 >1,000 * 
+ Heparin 500 unite ^1 + 0, 40-2 >1,000 t 
Thrombin 10 units +++ tts - 603-605 <10 
+ 'Hirudex' 0-1 mb 0 0. 353 > 1,000 
+ Heparm 500 units 0 0, 1 > 1,000 


* Mixture then olotted by 10 units thrombin: «10 seo. 
t Mixture then clotted by 10 units thrombi. 60 sec. 


Further experiments were performed to characterize 
the active substance in T. purpureomaculata venom 
(Table 4). It ved to be non-dialysable (48 h against 
100 volumes of tris buffer, pH 7-4; or against 2 vol. of 
buffer when the buffer was tested for activity). It was 
not inactivated by heating solutions to 56° O for 80 min, 
but most activity was lost after 10 min at 100° C. Its 
activity has been found quite stable during storage of 
solutions for at least 2 months at — 20° C and at least one 
month at 4? C. Its action was inhibited, but to a lesser 
extent than that of thrombin, by ‘Hirudex’ (0-1 ml./ 
40 ug venom) and heparin (500 unite/40 ug). The clotting 
activities of the variously treated venom solutions were 
sunilar to their activities towards platelets. Absence of 
residual thrombin-inhibiting activity in the venom- 
"Hirudex' mixture suggests that the venom, like thrombin, 
reacts with hirudin to form an inactive product. 

We conclude, tentatively, that the coagulant and 
pletelet-altering substance in T. purpureomaoulaia venom 
are the same. This factor differs from thrombin in the 
rate of ite action on fibrinogen and ite greater heat- 
stability. It is, on the other hand, similarly oaloium- 
dependent in ite &otion on plateleta and is similarly 
inhibited by hrrudin and by heparm. 

In these studies the venom coagulant (A. rhodostoma) 
which we knew reproduced the effect of thrombin on 
fibrmogen failed to alter platelets. Venoms with a partial 
proteolytic effect on flbrinogen (B. jararaca; ! B. atroz) 
only partially reproduced thrombin’s action on platelets. 
In contrast, T. venom had a platelet 
effect quite disproportionate to the rate of ite coagulant 
activity. Now, this venom may prove to have the same 
proteolytic actions on fibrinogen as does thrombin, but 
thæe must proceed so much less rapidly that other 
explanations need to be sought for the similarity of 
thrombin and venom actions on platelote. Thrombin is 
known to release some amino-acids and & few small 

tides from fibrinogen, as well ae the well-defined 
rin-peptidea A and B (ref. 10). Other potentiel sub- 
strates of thrombin include the coagulation factors V 
(ref. 11), VIII (ref. 12) and KUM (ref. 13). Of these, 
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factors V (ref. 14) and XIII (ref. 15), as well aa fibrinogen, 
are closely associated with platelets. One of these or a 
similar protein may prove to be the substrate of similar 
actions of thrombin and this venom coagulant. 
Certainly, these observations make 1t difficult to ènter- 
tain any longer the concept that thrombin acts on the 
fibrinogen of platelets just as it acta on plaema fibrinogen 
to induce platelet metamorphosis!*. Other evidence 
against this concept has recently been brought forward!:1*, 
The action of Russell’s viper venom in platelets deserves 
further mention. In this case, the release of platelet 
nucleotides is dissociated from platelet aggregaticn, 
even in the presence of calcium, when high concentrations 
of the venom are used. It has been shown that - 
tion of platelete by thrombin is mediated by the adenosine 
diphosphate (ADP) it releasee*'; but aggregation by 
ADP alone requires a plasma oo-f&ctor!?, whereas aggrega- 
tion by thrombin does not, ae these experiments illustrate. 
Plateleta which have been exposed to Russell’s viper venom 
retain their ability to aggregate when thrombin is added 
to them. The venom therefore does not destroy any 
substance essential for aggregation. A posable conclusion 
is that thrombin releases ADP and also a substance 
whioh is an essential co-factor for aggregation; while 
Russell viper venom releases nucleotide alone. Our 
experiments suggest that such & co-factor is present in the 


soluble fraction of platelet proteins, and in small amounta —. 


in plasma, in serum and in preparations of fibrinogen. 
It has not yet been identified. 

We thank Prof. R. G. Macfarlane and Dr. M. P. Hanouf 
for supplies of the venoms, and Miss G. Báumlin for her 
asistance. The work was supported by the National 
Heart Foundation of Australia and by the Kommission 
zur Förderung der Hiweissforschung an der Universitat 
Bern. 
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ENVIRONMENTAL INDUCTION OF HERITABLE CHANGES IN 
Nicotiana rustica 


By Dr J. HILL 
Agricultural Research Council Untt of Blometrical Genetics, Department of Genetics, University of Birmingham 


VER since Johannsen! carried out his work with 
dwarf beans (Phaseolus vulgaris) it has been realized 
that the phenotype expressed by any given individual 
results from the joint action of ite genotype and ite 
environment. Normally the external environment has no 
permanent effect on the phenotypic expression of a lineage. 


but there are two exceptions to this general rule, namely 
induced mutation and conditioning. Both of these are 
phenotypic alterations brought about by a specrfic set of 
environmental conditions and. isti even after the 
removal of these conditions. Induced chromosomal muta- 
tion occurs at random, however, whereas conditioning, 


à 


- 
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like most induced extrachromosomal mutations, is & non- 
random process which has been compared by Mather* to 
the phenomenon of paramutation found in maize by 


.— Brink’. ; 


Since this article will be concerned pri with con- 
ditioning, it is necessary to define this term at the outset. 
Conditioning can be ed as the directed alteration 
in the normal development of the phenotype of an indivi- 
dual resulting from the action of external agents. Such an 
alteration may be temporary, that is, a phenocopy lasting 
only for the lifetime of the individual concerned, or it may 
be more t, the effect being transmitted from 
parent to offspring. Such a more t effect may 
nevertheless show & gradual diminution in ite intensity 
over succeasive generations such a8 ocours, for example, 
with dauermodifleations*. It may, on the other hand, 
remain undiminished even after several cyoles of sexual 
reproduction. The effects observed by Highkin' when he 
grew inbred: lines, Of pes under eee op d 
régimes come into this category, as do those recorded 
by Durrant* and Durrant and Tyson’, who used all possible 


C, GENERATION 


(Within each treatment Une 3 
plants chosen at random & 
salted -ue each line now 
comprises 3 families) 
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fertilizers for at least the preceding ten years. Thi 
ment was laid out in a randomized block design with six 
replicates, and supplementary light was provided. Rosette 
diameter of the plante was measured at fortnightly 
intervals, while flowering time in days from an arbitrary 
date and final height in inches were also recorded. Analysis 
of the data showed that overall the most significant 
feature was the effect of potassium in Increasing rosette 
diameter. Potassium also tended to promote flowering, 
but this effect just failed to reach signi ce at the 5 
per cent level of probability, no doubt of the high 
block interactions which were used as the estimate of 


experimen: T 
between the treatment groups m 
Plants grown. on these different fertili 
be referred to collectively as the O, generation. For each 
variety and within each treatment line three lante were 
chosen at random and selfed. "The asad from these planta 
was harvested and used to grow out the C; eration 
(that is, one generation removed from the original treat- 
ment) during the summer of 1968 (Fig. 1). 


INBRED VARIETY 
Grown on all & possible combinations 
of N, P&K fertilisers 





Ci GENERATION WN UNDER UNIFORM NUTRIENT CONDITIONS 
(Plants from each family setfed) 

‘ Up i S BEA 
C GENERATION GROWN UNDER UNIFORM NUTRIENT CONDITIONS 


Wig. 1. Diagrammatic representation of the experimental procedure 


combinations of nitrogen, phosphorus and potassium 
fertilizers to iriduoe heritable changes in an inbred line of 
flax. Durrant was the first to emphasize the genetical 
i of this phenomenon. 

Following an earlier unsuccesaful attempt to condition 

L is thaliana’, an. i t was conducted to see 
whether heritable changes could be induced in mbred 
varieties of Nicotiana rustica usmg different combinations 
of fertilizer treatments. The varieties chosen were inbred. 
when they were first obtained by Prof. Mather in the 
early 1940's*, and since that time they have been main- 
tained by strict selfmg for approximately twenty further 
generations. There can therefore be no doubt as to the 
mbred nature of the material involved. The first experi- 
ment was conducted in a glasshouse during the winter 
of 1962-63 using three varieties of N. rustica. These 
varieties were grown on soil taken from a set of limed 
plota which had been treated with the eight different 
combinations of nitrogen, phosphorus and potassium 


The C, generation was grown on an experimental area 
which received a uniform dressing of complete 


experimen: [ : 

to germinate satisfactorily. Seed from the various lines 
was sown in appropriately numbered paper pota oontam- 
ing Jobn Innes No. 1 compost mixture. Two seeds were 
sown in each pot and after approximately a fortmght the 
seedlings were thinned out, leaving only the centre plant 
m each pot. This was adopted in order to 
minimize the risk of conscious selection. Afterwards 
the planta were planted in the experimental field, still m 
their paper pote, in rows set 27 in. apart with 12 in. 
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between plants within rows. Again the characters recorded 
were plant diameter with time, flowering time and final 


It became apparent from this experiment that one of 
the varieties had not been permanently conditioned by 
the original glasshouse treatment, for the differences seen 
in the C, generation were no longer preeentin C,. However, 
on analysis the remaining variety (V.16) did show highly 
significant differences between the treated lines for both 
flowering time and final height (Table 1). These proved 
to be significant even when tested against the differ- 
ences between families within lines, that ie, differences 
between the progeny of individual C, planta accumulated 
over all 8 treatments. An orthogonal breakdown of the 
sum of squares between lines reveals potassium to have 
the most signifloant effect in promoting flowering. For 
height, on the other hand, praotioally all the comparisons 
are significant. If the treatments applied in the glasshouse 
have produced any permanent changes in this variety we 
would further expect a high correlation between the line 
means of the C, and C, generations for flowering time. 
The oorrelation is in fact 0-86 while the regression sum of 
squares of O, on O, is highly significant irrespective of 
which item in the analysis it is tested against. A similar 
expectation does not hold for haight because the differ- 
ences produced in the C, generation were not mgnificant 
at the 5 per cent level of probability. i 


Table 1. ANALYSIS OF O, HXFNRIMENT TOR 7.16 


Oharacter Flowering tame Final height 
Item DF. MOS. D.F. S. 
~ Between hnes 7 1,175 001 7 961-87 * 
Betweon families within 
lines 16 242 91t 16 284-90 t 
Error 634 17-35 662 12-90 
* P=0-01-0 001. 
t P=<000L 


At the end of 1963 individual plants within each of the 
eight original lines of DnE ier The experi- 
mental design for the 1964 test of the O, generation was 
essentially similar to that of the previous year except that 
the blocks were not divided into plots, the indrvidual 
plante being randomized within the blooks. Again, the 
experiment was grown over a uniformly treated area, 
and as before flowering time and final height were recorded. 

Analysis of the 1964 flowering time data indicates the 
presence of significant differences between lines and 
between families within lines when tested against 
the experimental error (Table 2). That the mean 
square between linee is not signifloantly greater than the 
mean square withm lines is due solely to the erratio 
germination of one of the famihes within the phosphorus 
line. On removal of this family the between-lines item 
becomes highly significant when tested against the withm- 
lines item. An orthogonal breakdown of the sum of squares 
Sy Be eee Aimilar to Ihet whioh 
emerged from the C, experiment. For flowering tıme the 
effect of potassium is the most striking, whereas for height 
practically every comparison proves to be significant. 
This similarity is borne out by the correlation between 
the line means of the O, and O, experiments, which for 
flowering time is 0-86 and for height is 0-92. The regreasion 
sum of squares for both characters is signifloant against 
whatever item in the appropriate analysis it is tested. 
Table 8 gives the line means for all the various generations 
and the ranking of the different treatment lines in each 
experment. The marked reduction in the range between 
the earliest and latest flowering lines from the C, to the C, 
generation is not to be attributed to a dimmution of the 
conditioning effect but rather to the very warm summer 
of 1964 which compreased the range of flowering time in 
all the many experiments carried out with N. rustioa in 
this department. Height, which is lees affected by tem- 
perature than flowering time, does not show & similar 
decrease; in fact, if anything, the difference between the 
tallest and shortest lines is greater in the C, generation. 


Table 2. ANALYSIS OF C, HXPERIMENT FOR V.16 


Character Flowering tume Final height 
Item D.F. MS, D.F. M 8. 
Between Itnes 7 89-01 7 828-00 * 
Between families within —- 
Imes 16 53-61* 16 144-76* 
Error 378 322 380 8 29 
* Pm «0-001. 


Table 3. MEANS OF TREATED Looms 
(Figures tn parenthesis refer to relativo 
Flowering time oat eut 
3 


Line 0, [A €, A 
N 20-07 (6) 12-14 (5) 401 9 43-74 (6) 38-05(6 

P 16-67 (3) 14 4 (6) 6-13 41-00 (8) 3487 
x 17-07 (5) 10-18 (2) 3-68 44:59 (5) 40-67 (4 
NP 2433 (7) 10-74 (7) 590 (6 45-88 (4) 30-43 (5 

NK 11-67 (1) 9-80 (1) $88 (8 49-66 (2) 46-15 

PK 17-00 (4) 10-68 (4) 2-85 (1 42-85 (7) 37-80 

NPK 13-38 (2) 1048 (3) 4-10 (4 46-06 (3) 4167 

NIL 17-00 (B) 17-77 (8) 8-00 (6 4973 (1) 44-60 

No. of plants on whioh 

is 6 120 60 120 eo 
Further experiments ero being carried out, in particular 
F,and F, di crosses between the eight lines, to examine 


the within family variances, but this résumé of the 
results to date indicates that the changes produced by the 
application of different fertilizer treatments in an inbred 
variety of N. rustica must be heritable since they have now 
been tranamitted through two generations without any 
further treatments being applied. The apparent diminu- 


between the two years. For height the changes have been 
maintained without any ap + dimmution even though 2 
there were no aigni t Geen between the original 
treated plante—doubtlees because these were grown in 
the she dhoune where they barely attained one-quarter of 
their normal stature. 

The causes of conditioning remain a matter of conjecture 
for the time being. From Durrant’s work on flax some of 
the more obvious explanations can be eliminated, but 
evidence of more positive natare is not yet forthcommg. 
One thing 1s clear, however. Heritable changes have not 
80 far been induced im material or for characters which 
have been subject to deliberate and intense seloction. 
Such attempts have always failed, whereas both flax and 
Ntcotiana—which have proved conditionable—have under- 
gone relatively little conscious selection. Presumably 
material which has been heavily selected hes also been 
grown in the most favourable environments and any oon- 
ditioning which might have taken place will have gone 
hand in hand with selection. Once induced changes ofthis -> 
type have occurred they may well be irreversible under 
the normal range of environmental conditions experi- - - 
enced by the plant. Thus one is forced to seek out as 
material suitable for conditioning those plant species which 
have not been the objecta of artificial selection, while 
experimental convenience requires that they be either 
obligate inbreedera or else readily made to gelf-pollinate 
80 that the nature of any induced changes may be demon- 
strated. 

The precise form of any practical applications which 
conditioning may have for crop improvement cannot be 
foreseen at t. Ite most likely practical use would be 
if some hitherto commercially unimportant species were 
to assume agronomic importance. But, in such circum- 
stances, one presumes that conditioning would auto- 
matically oocur as selection was practised on the material. 

I thank Prof. K. Mather and Dr. J. L. Jinks for their 
advice. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Evidence that the Dark Areas on Mars are 
Elevated Mountain Ranges 


Smwon the time it was definitely concluded that the dark 
areas on Mars were not large, open bodies of water, much 
speculation has occurred concerning the ion as to 
whether these areas are elevated above or depressed 
below the bright desert regions. 

Apart from seasonal polar rifta (for example, the Moun- 
tains of Mitchel) and brightening of certain areas (Hellas), 
which indicate the possibility of snow deposits on isolated 
peaks and high plateaux, there has been no direct physical 
evidence for the existence of extensive mountain ranges on 
Mars. 

The planet is so far from Earth that even with the 


~ 


largeet telescope under the beat seeing conditions elevation 


„differences could not be resolved easily, unless one knew 


Y 


exactly where to look. Lowell! long ago calculated that no 
mountains in excess of 2,500 ft. in height could have 
escaped deteotion. However, he seems to have assumed 
lunar type mountains, that is, having steep sl and 
being large in extent, & type of mountain whioh would 
cast & well-defined and easily detectable shadow. 

If we consider the long dark strip Sebeeus Sinus, which 
is about 400 km wide, to be a symmetric mountain ridge 
3,000 m in height, it would only have slopes of about 1°. 
It is difficult to believe that a mountain ridge on Mars with 
& 1° slope could cast a shadow detectable from Earth. 
In any event, Sabaeus Sinus is aligned in an east—weat 
direction, and is bordered by dark areas to the east and 
to the west so that any shadows cast would fall on areas 

dark in contrast. 

It is therefore not unreasonable to conclude that the 
dark areas on Mars could be mountainous ranges of 
conmderable height, but with gentle slopes. 

In 1964 I began a statistical survey of localized white 
and yellow cloud occurrences to look for poasible relations 
with topographical features. The formation of localized 
clouds on Mars is indeed a rare occurrence, and the liter- 
ature survey therefore has been extended over observa- 
tions of the past century in order to gain some reasonably 

i information. 

One of the most interesting resulta of this analysis ia the 
fact that many white clouds are observed to form over 
bright desert regions bordering slong dark areas and to 
remain stationary in these positions for some time. 

Notable areas of these instances have been recorded 
by J. Focas and A. Dollfus? for the regions of Edom 
(A= 855°, p= — 10°) to the north of Babaeus Sinus 
and for Deucalionis to the south of SBabaeus Sinus, 
although similar occurrences in other regions are not 
unknown. (Other instances of these oocurrences have been 
observed in Libya, Isidis Regio, the borders of Margaritifer 
Sinus, over the central part of Mare Acidalium in the 
region of Achillis Pons, and in Zephyria sa reported in a 
personal communication by J. Focas.) These white clouds 
form over the bright regions just mentioned but align 
themselves lengthwise adjacent to the dark area Sabaeus 
Binus. 

From polarization investigations Dollfus* has interpreted 
the curves for white clouds to be '*. . . identical with that 
observed for ice crystal clouds". Therefore they are 
convective phenomena and are subject to a thermodynamic 
analysis 


In invoking an explanation for these phenomena, the 
theary of the formation of standing waves to the lee side 


of mountain ridges developed principelly by R. 8. Soorer* 
has been used. 

If a pressure gradient is aligned with an east—west 
mountain ridge, the air currents blowing perpendicular 
to the ind side of the mountain will cause standing 
sinusoidal waves to form on the lee side. These winds 
are generally referred to as Fóhn winds and have been 
extensively investigated in the mountainous Alpine 
ranges of Europe‘. 

A Fourier representation of the mountain profile 
(assumed symmetric) takes the form : 


a'b i 

C= iss ab [one ts dk (1) 
where b is the height of the mountain, a is the width of the 
profile at half-maximum measured in a direction from 
the centre of the mountain, and & is the wave number. 
The mountain profile acts as a disturbance to the otherwise 
laminar flow which propagates iteelf upwards through the 
airstream. 

The disturbance at some height s of the airstream away 
from its undisturbed state then is given by: 

eo 


C (s) = ab [r5 etsi dk 


0 


(2) 


where the function FEY is derived from the vertical wind 


equation: 
w” + (L — yw = 0 (3) 


and is explained in detail in the works by Soorer*" and 
summarized by Colby*. 

If a parcel of air containing water vapour is carried 
along one of these airstreams and is raised along one of 
the sinusoidal disturbances to a height above the level of 
condensation, it will make itself visible as a cloud having 
the lens-shape of the sine wave at that point. These 
so-called lenticularis clouds are stationary and always 
form to the lee of mountains since that is where the 
sinusoidal pattern is strongly concentrated (Fig. 1). 
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With this as the lanation for the peculiar white 
cloud formations descri on Mars, we must a fortiori 
believe that-the dark areas are extended mountain ranges 
causing lee-waves to form whenever meteorological 
conditions are suitable. l 

The required horizontal pressure gradients are known to 
exist on Mars as manifested in Hoee's now familiar iso- 
berio map of the planet’. In addition, mapping of the 
tropical wind patterns by McLaughlin” reveals the possi- 
bility of Fohn winds in these regions. 

Theoretically, then, equation (2) should be solvable 
for the altitudes of these . However, it should be 
noted that deriving meteorological data for the planet 
Mars is an extremely difficult task and must of necessity 
bo extended over many years of observations from which 
only average numerical values are obtained. 

Treatment of equation (2) is being carried out in detail 
by me and resulta will be published in a paper at a 
later date. At least some idea of the magnitude of moun- 
tain heighta on Mars is hoped to be obtained by this 
procedure in spite of the precariousness in using the 
numerical values derived from meteorological obeerva- 
tions. ` 

Nevertheless, it should be safe to these white 
cloud formations as physical evidence of presence of 
mountain ranges on Mars, and it will be extremely 
interesting to see if this theory is corroborated by the 

Potserenie, Of Muss tenenitted adk to: Marth by the 
ariner IV space craft. 


R. A. Waris 
Department of Physics, 
Space Structure Research, 
University College, 
London. 

1 Lowell, P., Mars and Its Canals, 100 (Macmillan, New York, 1907). 
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ASTROPHYSICS 


Limits on the Density of Intergalactic 
lonized Hydrogen 


OBSHEVATIONB of background radiation at radio fre- 
quencies can be utilized to place limits on the amount of 
ionized hydrogen which exists in intergalactic space. For 
this p , I have calculated the intensity to be expected 
at low ies from cosmic sources in an Einstein-de 
Sitter universe. Intergalactic matter is assumed to possess 
the following properties: 

(1) The electron kmetic temperature is independent of 
time, as suggested by the form of the coamic energy 
equation given by Layrer!. 

(2) Intergalactio matter is pure hydrogen (that is, no 
other source contributes electrons). ] 

(3) The electron density has attained its equilibrium 
value for i temperature and density. 

(4) The electron temperature T > 104 °K (that is, 
hydrogen is ionized). 

(5) The electron temperatare is much greater than the 
temperature appropriate to the radiation density. 

(0) The density of intergalactic hydrogen is a constant 
fraction, x, of the mean density, p, that is: 


eu = Xb c 


where y is < 1 and independent of time. 


(1) 
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The intensity is computed by means of the relation*: 


L- of jean) Ea on fer) - 0,1) di 
where: 


(2) 


R 
Xs (8) 


and j(v,t) is the emission coefficient per unit volume; 
E(t) is the expansion scale factor, proportional to #/*, for 
early stages of all relativistio evolving universes and at 
all stages of an Himstem—de Sitter universe; r is a 
dimensionless time variable analogous to optical depths: 


, t | BG) 
z(y) — «(v ZEE » Jar (4) 


Bo long as the frequency v’ co onding to ¢’ is so small 
that bound-free absorption ig i and Av'[kT < 0-1, 
the optical depth can be represented by the analytic 


expression : 


x(t) — T(t) = 1-589 x 10" TA se (5 4 1} LW 


v - Oi ÉD] ~ 


5/t t 

-3() mG) (8) 
a/S is the ratio of the collisional-radiative recombination 
coefficient to the collisional—radiative ionization oo- 
efficient’. If one chooses values of T and x that: produce 
the greatest possible optical depth for given frequency 
and red-shift, one finds from equation (5) that effects 
of intergalactic free—free absorption on discrete source 
spectra at frequencies greater than 10 Mo/s will not be 
noticeable at red-shifts leas than about 80. A red-shift 
of 80 is signi y greater than the present largest 
known red-shift, z = 2-01 (ref. 4). (Further details on 
the calculation of optical depth and intensity will be pub- 
lished elsewhere.) 

We consider two types of emission: (a) free—free emis- 
sion from ionized intergalactic hydrogen, and (b) emission 
from discrete, non-thermal extragalacti 4 
The latter is represented by an empirical model of the 
evolution of radio-souroe luminosity obtained by Davidson 
and Davies! by fitting radio source counts. The following 
changes were mado in the Davidson and Davies model: 
dispersion in source power at any given epoch was 
neglected, and no cut-off was introduced for the emission 
coefficient. (Davidson and Davies set the emission oo- 
efficient equal to zero for red-shifte greater than 3*; 
3* = 4-44 in an Einstein-de Sitter universe.) 

The intensity resulting from the combination of free—free 
emission and emission from non-thermal discrete sources 
is plotted in Fig. 1. Observed pointa are taken from the 
summary by Wielebinski and Yates’ for v = 1-404 Mo/s 
and from observations by Alexander and Stone’ below 
5 Mojs. Wielebingki and Yates find that the observed 
background i can be fitted with a spectral mdex 
a= —0-65 + 0-15 throughout the range 18-8404 Mojs. 
A measurement of brightness temperature T's = 8-5° K 
at 4,080 Mc/s by Pensias and Wileon* indicates that. some- 
where between 404 and 4,080 Mo/s, a must become 
positive. Now, in general, the combined emission from 


v æ y 


intensity due to H+ has a positive spectral index « = 1-1. 
One notices in Fig. 1 that ify = 1 and T > 2 x 1% °K, 
the spectral index becomes positive at too low a frequency 
and the calculated intensity is too large to agree with 
observations at v = 100—400 Mo/a. Also, it is evident 


( 


3 


No. 4998 August 14, 1965 


Table 1. THEORETICAL BRIGHTNESS TRMPRRATURE AT 4,000 MO/s 


souroe 
Intergaiacho contribution contribution 
T Tewithz=1 Tgwiihz-01 Tp With y-01 
K * K rd "xt 
10° 63 
2x10° 93 16 
6x10° 160 2-9 0 065 
2x10* 1229.3 53 0 075 
6x10* 46-5 T4 0 067 


from Table 1 that for T > 6 x 
predicted background Bago eee ee 
cantly greater than 8-5° K at 4,000 Mo/s. We therefore 
eliminate an Einstein-de Sitter universe with y = 1 and 
T » 2 x 10°K. 

Both galactic and io sources may contribute 
significantly to the observed background intensity. There 
is some confusion at present about the existence and size 
of the galactic contribution. If we assume that the beck- 
ground is primarily the result of cosmic sources, we can 
place more stringent restrictions on the density of inter- 
galactio H+. If y = 1, the calculations for temperatures 
leas than 2 x 10! °K yield too little radiation at fre- 
quencies below 80 Mo/s. The best fib to the observed 
intensity in the range v = 5-100 Mo/s is obtained for a 
value of y between 0-1 and 0-01. Over the 
interval 1-100 Mojs, the models corresponding to y= 0-1 
yield spectra with indexes a = —0-50 to — 0:57, tly 
flatter than the observed (the theoretical spectra 
would be steeper if the time dependence of the discrete 
source luminosity were weaker than that derived by 
Devidson and Davies), and the contribution to the 
intensity fram non-thermal discrete emission dominates 
the contribution from, in 

The di 
intensities below 3 Mo/s does not invalidate the general 
conclusion that the obeerved background at low fre- 

eo ee uir. apne 
reflect either the crudeness of our model be discrete 
source emission or local galactio absorption. We assumed 
that the spectral index of a discrete source is independent 
of time and frequency, whereas it is very likely that 
discrete source spectra turn over at low frequencies due 
to internal processes such as synchrotron self-absorption 
and thermal absorption. 4 


105 °K and y = 1, the 


ic emission. 


Ty (Wfm"/(o/a) eter) 


NATURE 


tergalacti . 
between caloulated and observed 





737 


As one can seo from Table 1, agreement with the 
observed background intensity near 4,000 Mo/s is quite 
good for x = 0-1. Unlike the intensity at low frequencies, 
the theoretical intensity neer 4,000 Mo/s resulta mainly 
from intergalactic emission. 


and for his advioe. This work was carried out while I 
held a U.S. National Science Foundation oo-operative 
graduate fellowship. 
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Contribution of Characteristic X-rays to the 
Radiation of Solar Flares 

Aros bombarded by energetic electrons may experience 
ionization through the loss of a K-shell electron. Part 
of the subsequent rearrangement of the ion to its ground- 
gtate involves the movement of an outer (usually an 
L- or M-shell) electron to fill the K-shell vacancy. The 
energy released in this transition appears in one of two 
forms. Either a photon is emitted (characteristic redis- 
tion) or one or more outer electrons are expelled from the 
ion (the Auger process). The purpose of this communica- 
tion ig to point out thatcharacteristio X-rays emitted as à 
result of such inner-elecotron transitions 
may make an important contribution to 
the X-ray emission of solar flares. It is 
not yet known with certainty whether the 
radiation from flares in the AA 1-8 A 
region is pedo of thermal!" or 
non-thermal’ origin. e deteotion of tbe 
characteristic radiation of iron atoms in 
the X-radiation from flares would indicate 
that non-thermal processes are important 
in the production of X-rays in this wave- 
length range. ; 

Equation (1) gives the emission per unit 
volume due to collisionally excited charac- 
teristic radiation in the K-series lines of 
any atomic constituent of a gas: 


ca(Z) -NW hvs f N. (EvE) (E) 


dB erg om sec (1) 
where: Ng = number density of Z atoms; 
N4E)dE = number density of electrons 
of energy E, E + dE; e,(E) = velocity of 
electrons of energy E; Qz(E):- K-shell 
ionization cross-section; Wy, = K-fluores- 
cence yield (fraction of K-shell ionizations 
which produce K-series photons); hvs = 
energy of K-series photon; Ei. = eleo- 
tron energy required to ionize K-shell. 
Most of the energy of these K-series 
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transitions goes into the Ka, (K — L,) transition with 
lesser amounts going into Ka, (K — 14) and higher order 
transitions. These lines are closely grouped, however, 
and in computing the total energy in the K-line they 
may be considered together, using the K-fluorescence 
yield for all transitions to the K-shell. 

Little 18 known about the emission of characteristic 
radiation by partially ionized atoms. However, it seems 
unlikely that the lose of some, lees than half, sey, of the 
outer electrons of an atom would markedly affect the 
K-shell ionization cross-section, Qr, or the K fluoreacence 
yield, Wz. This is because the energies involved in the 
inner-shell transitions are much larger than the energies 
involved in the removal of the outer electrons. In these 
computations the K-shell ionization cross-section formula 
of Arthurs and Moiseiwiteah* have been used. The oroas- 
section is maximum for incident electrons with energies 
of three times the K-ahell ionization potential. 

If sizeable fluxes of non-thermal electrons in the 10-80- 
keV -range are produced in solar flares, as is 
indirectly indicated by the scintillation counter observa- 
tions of Anderson and~*inckler’, then theeo electrons 
will excite the imner-shell transitions which produce 
characteristic X-rays. The most interesting element for 
investigation is iron. It 1s relatively more abundant than 
other heavy elementa (Nye e 8 x 10-* Ng) and ita 
characteristic radiation falls in the wave-length range 
(AX 1-2:5 A) responsible for the sudden disturbances of 
the lower ionosphere which accompany some flares*.’. 

In order to evaluate the relative contribution of the 
characteristic radiation excited by non-thermal electrons 
1b is convenient to compare this emission to the brems- 
strahlung emitted by the same electrons at the same 
wave-length. Using equation (1) with Wye = 0-35, 
hvye = 1-1 x 10 erg/pboton, and neglecting the varia- 
tion with electron energy of the parameters under the 
integral, we estimate the emission in the characteristic 
lines of iron (with an uncertainty of roughly a factor of 
three) to be: 

ta (Fe) œ 2 x 10-*N Nz, erg am~ seo-t (2) 
It is acoeptable m this case to neglect the integration over 
electron energy since this dependence is not atrong through- 
out the 10-30 keV region. Electrons of energy greater 
than 80 keV appear to be relatively few in number* and 
BO contribute little to the excitation of characteristic 
radiation. For comparison with the - bremsstrahlung 
emission from these same electrons we re-write equation 
(2) in terms of the hydrogen atom density, Ng: 
ta(Fe) ~ 16 x 10-** N,N xq erg om-* geo-! (3) 
The standard formulas are used to calculate the intensity 
of the bremsstrahlung emission per A from these electrons 
at the wave-length of the iron K-line ing & gas 
consisting of 87 per cent hydrogen and 13 per cent helium. 
Again the result is not strongly dependent on electron 
energy, within the 10-30 keV energy range. The brems- 
strahlung intensity is: 
fbrema(A = 1:9 A) ms 35 x 10-8 N,N 
erg om^ seo-t A-1 (4) 

We see from this comparison that if sizeable numbers of 
energetic electrons are created by a flare then the charac- 
teristic radiation from noutral or weakly ionized iron may 
mako & substantial contribution to the X-ray emission of 
the flare in the wave-length interval around 2 Å. Further- 
more, the iron K-line multiplet is only about 0-03 A 
broad so the characteristic Ime should be distanotly observ- 
able above the bremsstrahlung continuum with a spectro- 
graphic resolving power of roughly 0-2 A. Self-absorption 
of the characteristic radiation is negligible. The optical 
depth of the line at the level of the photosphere is of the 
order of 0-001. 

Since the X-ray line emission in this spectral region 
provides a diagnostic tool to measure the relative roles of 
thermal and non-thermal prooeeses in flares it is useful 
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to compare the features of tho line spectra of the highly 
ionized atom FeX XV and the characteristic radiation of 
neutral or weakly ionized iron. FeX XV would be formed 
and excited m thermal regions with a very high (Te > 10! 
°K) electron temperature whereas the characteristic 
radiation of neutral or weakly ionized iron would evidence 
the injection of energetic non-thermal electrons into a 
relatively much cooler gas. 

FeX XV sa helium-like atom and 1te reeonance tranmtion 
appears aa & doublet (1s* LS,— 152p! P, and 1s*18,—1s2p *P,) 
at à 1-87 A with a separation of 0-006 A bevwoen the two 
components. Transitions at à 1-50 A (ls! 1S, — le3p 1P) 
and à 1-51 A (ls* 18, — le4p 1P,), as well aa others of 
higher order, may also appear. 

The characteristic spectrum of neutral iron is well 
known. The strongest component is Ka, at A 1.032 A 
with Ka, appearing oao-half as intense at A 1-086 A. 
KB, appears at à 1-906 A with about 18 per cent of the 
intensity of Ka,. Other (satellite) lines may appear with 
much fainter intensity depending on the local conditions 
of ionization. 

I thank Dr. Paul Kelly, of Lockheed Missiles and Space 
Co., who performed the Hartree-Fock calculations yielding 
the energy-levels of FeX KV. Dr. R. G. Athay made the 
orginal suggestion that characteristic radiation might 
be of importance in solar flares. This work was begun 
ab the High Altitude Observatory, Boulder, Colorado, 
under the support of contract NOnr-893(07) from the 
Advanced Research Projects Agency through the Office 
of Naval Research; and was completed under the Look- 
heed Independent Research Program. 
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RADIO ASTRONOMY 


A Model of the Quasi-stellar Radio Variable 
CTA 102 


ACCORDING to Sholomiteky!, the quam-stellar! radio 
source OTA 102 (ref. 3) has a variable flux density at 
32 6 cm, the period being about 100 days. Sholomitaky 
takes this to mean that the source cannot be larger than 
~ 0-1 parseo, which is the distance light travels m one 

iod. Since ite ar diameter is not lees than about 

‘01 sect’, he concludes that it must be closer than 
2 Mpo, and 18 possibly inside our own Galaxy. However, 
Schmidt* has recently announced that the optical object 
identified with OTA 102 has a red shift z = 32/2 of 1-037, 
and so 18 probably at a distance comparable with the 
radius of the universe (~ 3,000 Mpc). 

Although it is by no means certain that the observed 
variations originate in the source itself, we wish to propose 
a model which assumes this, and is consistent with the 
red shift observations. 

The model 18 illustrated in Fig. 1. The radio emission 
is produced in a spheroidal shell the axis of symmetry of 
which 18 approximately along the line of sight. (Shell 
models for radio sources have been discussed by several 
authors’, and spheroidal shells ın particular by Layrer?*.) 
The main part of the emission comes from the region ADB, 
and ita spectrum is taken to have a peak at about 300 
Mo/s (Fig. 2). The variable part is assumed to come from 
the diak-hke region AOB, which is pulsating (perhaps as 
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& result of an explosion occurring at O, the effect of which 
may reach all parte of the disk at about the same time). 
When this region is vum Pcwiclasducr dp tur p Rp hoe 
will rise, the individual electrons will be socelerated by 
the betatron mechanism, and the radiated power will be 


greatly enhanced. When radiating at its maximum, 
it is i to emit ~ 25 per cent of the total flux 
observed at 1,000 Mo/s in order to account for the observed 


variations (that is, ite flux density must be ~2 x 10-* 
W/m'/(o/s)). Ite spectrum is taken to be as shown in 
Fig. 2. The total spectrum then agrees with the observed 
spectrum of OT'A 102 (ref. 9). 

The disk will have ite minimum size consistent with the 
required flux if it is opaque at (proper) frequencies up to 
~ 1,000 (1 + s) Mo/a when compressed. ore, 
if ita emission 1s to vary with & (proper) period of 100/ 
(L + s) days, ite thickness cannot exoeed 3x 10!7/(1 + s) 
em. The electrons which radiate at frequencies around 
1,000 (1 + z) Mo/s have energies of ~ 2x 10-5 (1 + s) H- 
ergs, each electron producing ~ 2-16 x 10-"H args/seo/(o/s) 
(where H is in gauss). If synchrotron self-absorption is 
occurring, the power radiated from the surface of the 
disk at this frequency is ~ 3x 10-* (1 + s} H+ ergs/eco/ 
(o/a)/om*. The number density of these electrons is 


therefore ~ 5x 10-* (1 + z} H3 per o.c., and their energy . 


density ~ 10-* (1 + s)4H-* ergs/o.c. Allowing for the fact 
that they only contribute a few per cent of the particle 
energy density, and assuming that the total particle energy 
is comparable with the magnetic energy, we conclude that 
the magnetic fleld when the disk is ressed 18 ~ 5x 1071 
(1 + 1) gauss. PER AROE ee ee 
will probably be sufficient to produce the 
of about 20 in luminosity at 1,000 (1 + s) Mo/s though 
the exact factor depends on the energy of the 
electrons). The pulsations will be sufficiently rapid if the 
Alfvén speed ~o, and this will be true if the particle 
density of the ambient gas does not exceed ~ 1 per c.c. 
The angular diameter of the disk when the magnetic 
field has the foregoing value ist’ ~3 X10-* (1 + £)t seo. 
(This assumes that the electrons are radiating incoherently. 
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If they were ooherent the angular diameter of the source 
oould be much smaller, which might permit ite linear 
diameter to be — 0-1 parsec, consistently with a large red 
Shift.) It follows that: 


in the steady state cosmology. (In the Einstem-de Sitter 
model this value must be decreased by a factor ~ 2 if 
z~ 1.) Estimating the average magnetio field over the 
whole shell as 10-* (1 + z) gauss, we deduce from the 
occurrence of self-absorption below 300 Mo/s that, in the 
steady state model: 

= 225 cast parsecs 

This estimate of B enables the parameter yj to be determ- 
ined, for since the disk must not deviate from the tangent 
plane at O by more than ~0-1/(1 + z) parseo, it follows 
from the geometry that R = 2,500s/y and so n= 
lle(1 + s}. 

If s ~ 1 the dimensions are: E ~ 160 parseca, r ~ 16 
parseca, and 7 ~ 15. The lifetime of the electrons is 
50-100 years in the fluctuating region, and rather longer 
in the rest of the source. The total energy of the source 
is at least ~ 105" ergs, of which ~ 10% ergs is in the disk. 
The probability that the shell should be oriented so that 
the disk pointe towards us is about 3 x 10-5, which implies 
that very few radio sources can conform to our model. 
This model enables us to make the following predictions: 

(1) The amplitude of the variations depends on the 
frequency y of iater as follows: 


0<v< 300 
~ 0-018 Cen" -1} $00 < v < 1,000 
~ 0-25 y > 1,000 


where vis in megacyolee. Thus the observations of Caswell 
and Wille!*, who found no variations at 178 Mo/s, are not 
y inconsistent with Sholomiteky's observations. 

(2) For 300 < v < 1,000 the intensity reaches a maxi- 
mum in & time £ (v) days, say, (t < 50), and then remains 
constant for a time (100-24) days (that is, while the disk 
is opaque to frequencies between v and 1,000 Mo/s). The 
rige-time £ (v) ia an imcreasing function of v, as illustrated 
in Fig. 3. 

(3) The times at which the intensity is a minimum 
should be the same at all frequencies v > 300 Mojs, 
unlese there is appreciable dispersion. 

However, as regards (8), even if there is negligible 
dispersion in the source, there may be appreciable dis- 
persion produced by ionized intergalactic gas!. At 
400 Mo/s, for example, the resulting delay may be as 
large a8 2 h. At this frequency our model predicts an 
increase in flux of more than 1 per cent in about 10 days 
following the minimum, so that an intergalactic delay 
might be detectable. Moreover, there may be, superposed 
on the main variation, an additional small amplitude 
variation of much shorter time-scale than 50 days, which 
might then be detectable when the main variation is at a 
minimum. It would therefore appear to be worth while 
to develop the sophisticatod techniques necessary to 
detect the possible dispersion, and go to test the hypothesis 
that there is a significant ionized gas in intergalactic 


Flux density 
at 1,000 Mc/s 


Flux density ac 400 Mc/s 


100 days 
Fig. 3. Time variation of flux density 
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space, and perhaps even to determine the scale-factor of 
the universe if other radio variables are discovered". 

We thank Profs. F. T. Haddock, A. Sandage and M. 
Schmidt for their advice. This work was begun while one 
of us (D. W. B.) wes visiting the Department of Physics 
and Astronomy, University of Maryland, under National 
Aeronautio and Space Administration grant NsG 5860. 
He is to Profs. H. Laster and G. Westerhout 
for their hospitality. 

Note added in proof. It has been reported by W. A. 
Dent (Science, 148, 1458; 1965) that the quasi-stellar 
source 80 278 (and ibly $C 279 and 30 345 as well) is 
variable at 8,000 Moje; and that again there is a discrep- 
ancy between light-size, red shift and diameter. 
However, tho di is much leas than for OTA 102, 
and & special geometry of the type considered here might 
be æ possible explanation without leading to such an 
unfavourable probability factor. 
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RADIOPHYSICS 


Spectral Varlations of the Structure of the 
Radio Sources Cassiopeia A and Cygnus A 


Ix 8 recent article, Ryle, Elamore and Neville gave a 
beautiful synthesis of the brightness distributions asso- 
ciated with the radiation at 1,400 Mc/s from the radio 
sources Cygnus A and Cassiopeia A. No discussion was 
given in their article of the relevance of earlier observations 
at other cies. A comparison of the resulta of Ryle 
et al. with the original low frequency measurements high- 
lights some interesting features of both sources and 
stresses the need for further measurements at even lower 


frequencies. 

Cassiopeia A. The approximate circular symmetry of 
the Cassiopeia A source was determined by Jennison and 
Das Gupta’ at 125 Mo/s. Later phase-sensitive measure- 
ments by Jennison and Latham‘ at 127 Mo/s showed 
that the diameter of the source in position 90? was 
4-1 min aro, that the distribution was limb brightened 
more than the radiation from 6 uniformly illuminated disk 
(and therefore considerably more than that from a volume 
emissive sphere) and that there was a faint spur to the 
east which extended for 4 min beyond the limb when 
projected into position angle 90°. Concurrent optical 
observations by Minkowski’ confirmed the optical dia- 
meter as 4:1 min and also showed a faint spur’ i 
from the main body of the nebula m position angle 70°. 
The independent agreement on the existence of this spur 
lends considerable support to ita reality, but though it 
may be marginally detectable in observationa made by 
Conway’ at 500 Mo/s in 1955, it has not been obeerved in 
later measurements at higher frequencies. The enigma has 
recently been discussed elsewhere*, wherein it was pointed 
out that if it resulted from material or ahock waves pro- 

ted from the original explosion normal to the line of 
ight, the velocity of propagation would have to be in 
excess of 15,000 km/sec. It seams unjikely that the spur 
was a background feature, independent of the 
remnant, or that the radiation could be so transient that 
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it faded before the measurements were made at higher 


It appears to be more probable that the - 


feature has a steep index. 

The Cambridge super-synthesis of Cassiopeia A at 1,400 
Mo/s shows a break in the shel] and a general reduction of 
brightness from the centre through the gap near the poei- 
tion angle 75°. Not only is there this diminution of 
brightness at this position angle within the nebula, but also 
& faint spur extending from the gap is i detect- 
able in Fig. 4 of Ryle’s paper. This latter feature would 
probably not be signifloant were it not for the earlier meas- 
urements. The optical filament to the extreme east of the 
nebula does not lie within the main contours of the nebula 
but appears to define the southerly limit of part of the 
flare. The breakaway of material in this sector might 
result from leas opposition to the expansion by the ambient 
gas clouds, but this seems unlikely, for the general expan- 
Sa ot the Wain Dodo ot dhe nebula to be pro- 
ceeding with remarkable symmetry, although, as Ryle 
points out, the intense peak to the west is diametrically 
opposite to the gap. A preferential ejection in the initial 
explosion could give rise to the spur, but it is not easy to 
see why the gap has remamed open and why the optical 
and low-frequency radio emissions appear to be distributed 
along the spur. A later secondary explosion or flare is & 
possibility, but the ejection Velo mar then be oon- 
siderably in excess of 15,000 km/sec. Layxer® has suggested 
that axial expansions may be expected in many radio 
sources, but the spectrum may indicate that the electrons 
radiating in the Cassiopeia flare are less energetic than 
those in the shell. 

The results of Ryle e£ al. support by inference the exist- 
ence of the Cassiopeia flare, and the in tation of the 
reason for ite existence is clearly of consi le mterest. 
Detailed measurements at low frequencies are very deeir- 
able to confirm the structure, polarisation and spectral 
index of the flare, and, indeed, to see if the feature still 
existe. 

Oygnus A. The resolution of the Cygnus A source into 
two major componente by Jennison and Das Gupta’? in 
1952 showed that at a frequency of 125 Mo/s the separation 
between the two major components was approximatel, 
Bh oe murale Wis EARI E avis che auction angle ct whidi 
was slightly in excess of 90°. Jennison and Latham‘ 
using improved techniques at 127 Mo/s then determined 
the apparent separation between the centres of emission as 
88 seo aro the major axis in position angle 97° and 
showed that the a source, leading in R.A., was slightly the 
stronger. Later measurements (Rowson; Twiss, Carter and 
Little; Lequeux; Bracewell; Maltby, Moffet and others) 
were confined to high cies. In all these later 
measurements the major bmary distribution was con- 
firmed, with some disagreement over the brighter of the 
two components and a suggestion of a central component 
of different spectral index. 

The measurements by Ryle, Elamore and Neville are in 
remarkable ent with those of Rowson at 3,000 
Mo/s*:*. The convolution of their detailed distribution 
with the angular distribution corresponding to a lower 
limit for the resolving power, ag used by Rowson, smooths 
the weaker inner source into the profile of the adjacent 
major component and reduces the apparent spacing 
between the major components to & value closer to that 
obtained at 3,000 Mo/s. The position angle of the major 
axis in the Cambridge synthesis is identical to that found 
by Rowson. 

The more interesting comperison is that with the one- 
dimensional synthesis and major axis determinations made 


will no | agree with that determined by Smith 
was d dias 


the east. There is & change of slope m the Cambridge 
profile at approximately 19h 57m 46e which may constitute 
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such a component. It is possible that both these inner 
evap are enhanced at lower frequencies relative to 

of the distribution. Ryle’s synthesis shows 
a R e central contribution at 1,400 Mc/s and under- 
lines the need for detailed measurements with a high 
resolving power at frequencies below 125 Mo/s. 
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PHYSICS 


Nature of the Spearpoints observed during 
the Combustion of Zirconium Droplets 


PHOTOGRAPHIO time exposures of rapidly moving metal 
droplets which are burning luminously in & gaseous 
oxidixer often exhibit curious sp ints. These streak 
images: (1) become leas intense Bud adael DAITOWEF ; 
(2) suddenly intensify and broaden; (3) finally narrow 
again as they gradually extinguish altogether. The 
overall photographic trace resembles a -pomted spear, 
hence the name. 

Spearpoints are frequently observed among the sparks 
formed when metals sre ground against an abrasive 
wheel]. Srmilar traces occur when particles of zirconium 
are ignited by flash heating’. 

The work recorded here shows that the spearpoints 
associated with the combustion of zirconium droplets 
result from the solidification of molten spheres of slightly 
sub-stoichiometric zirconium dioxide. It follows that the 
sudden intensification of the photographic image is caused 
by an increase in the emissivity of the droplet of oxide as 
it solidifies. 

Freely fallmg droplets of zirconium were formed and 
ignited by an intense pulse of light from & capacitor dis- 
charge lamp; the apparatus and technique, exoept for 
slight improvements, have been described previously*. 
The burning droplets were photographed by their own 
incandescence with & camera the shutter of which was 
opened electrically for 0-5 seo after the scattered light 
from the heating flash had e ed. A typical 

int is shown in Fig. la, which was recorded with a 
droplet 525p in diameter burning in flowing oxygen at a 
pressure of 625 torr. 

The characteristics of the speerpointe were examined 
by in an inclmed glass plate in the droplets’ 
path of fall. This is shown in Figs. 1b and c. Whenever 
it was placed above the level at which the image abruptly 
widened and intensified, the droplets adhered to the plate 
and continued to burn, as shown in Fig. 15. But when the 
plate was inserted in the path below this level the glowi 
droplet bounced elastically from the plate and dro 
into the bottam of the apparatus where it bounced 
several times again before This is shown 
in Fig. lo. ee ee ee 
shoulder of the spearpomt, withm &bout 1 mm, semi- 
elastic deflexions occurred. 

The most reasonable explanation of these phenomena is 
that the trace intensifies as the droplet solidifies. The 
partially elastio deflexions probably result from & droplet 
with & solid exterior and & molten interior. 

When droplets burning, as in Fig. 1, were quenched in 
liquid argon 2—8 mm above the shoulder of the spearpoint, 
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Fig. L Time of 
a 025 tom, € 
spearpoints are AITOWE. 
IA d, tho droplet falia fel, Shoring complet spoar pl erat ndn 
has been inserted in droplets path o above and below 
te In b Indicates 
dified droplet 


their weights had increased 34-85 per cent. This corre- 
ae to the composition range ZrO;.,4-1-95- 
ition is consistent with the colour of the 
pee droplets, which were dark grey or black with 
faint grey striations. Droplets which were quenched 2-3 
em above and below the shoulder of the spearpoint were 
black and white, respectively. Zirconium oxide of the com- 
positions ZrO,.,4, ZrO,.4, and ZrO,4 is black", ZrO,.,; 
is dark grey’, and ZrO,.,, is white’. 

E is concluded that the sudden imtensification of the 

(iguid) eZ traces is caused by the transition ZrO,» 

— ZrO,-» (solid), where z is of the order 0-08. 

rocees should occur very close to the melting point 

of Z » which is 2,700°—2,800° O (ref. 10). It is y 

that the chemical composition of the droplets will change 

significantly in the short time required to form the 

shoulder of the spearpoint. Likewise, the temperature 

of the droplets cannot change during a phase transition. 

Therefore the intensification of the photographic image 

must be caused by an increase in emissivity as the molten 
sub-stoichiometric oxide solidifies. 

A similar explanation may e&pply to the spearpointa 
observed during the combustion of dropleta of metals 
other than sirconium‘. 

I thank Mr. N. L. Richardson for his assistance. 

This work was supported by the U.8. Atomio Energy 
Commission. 

L. 8. Naxson 
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Nucleation of Freezing by Cavitation In 
Sub-cooled Bismuth and Gallium 


In the article entitled ‘Nucleation of Freezing by 
Cavity Collapse and ita Relation to Cavitation Damage", 
it was stated that there was experimental evidence to 
support the suggestion that freezing in substances such 
as bismuth, germanium, gallium and silicon (the freezing 
points of which diminish with pressure up to relatively 
high compressions) may not be nucleated by cavitation. 
The complete basis for thia comment was not provided 
and it is clear thet an additional explanation is necessary. 
To my knowledge, no experiments involving the use of 
ultrasonically generated cavitation have been performed 
on these substances in their sub-cooled liquid states. The 
statement was based instead on information regarding 
other forms of treatment that normally induce dynamio 
nucleation. Apparently both sub-cooled gallium? and bis- 
muth? are known to be surprisingly immune to such treat- 
ment. I believe that all dynamic nucleation is due to 
cavitation. The behaviour of gallium and bismuth is 
taken, therefore, to indicate that they are immune to the 
nucleating effecta of cavitation, no matter how it us gener- 
ated. Such a conclusion is obviously open to debate. The 
real test would seem to lie in the ultrasonic cavitation 
experiments. 


Research Laboratories, 
General Motors Corporation, 
1 Hiekiing, E., Nature, 206, 4067 (1065) 
' Roellig, L. O. (personal communication), 
* Gllckaman, M H. (personal communication), 
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Viscosity of Emulsions 

An iterative process, using Vand’s formula}, appears 
almost always to be successful in obtaining a linear plot 
of the resülta of ta of the viscosity of emulsions 
at varying contenta of the disperse phase. The process 
can be carried out conveniently by means of a high-speed 
computer, and resulta are. given for three dispersions, 
of which two are bituminous. 

There is & need for & linear plot of the results of the 
measurements of the viscosity of emulsions, using the 
concentration of the disperse phase, or the equivalent of 
this, as the independent variable. Vand's formula gives a 
relation between the viscosity of & suspension and the 
volume occupied by the continuous phase. If the recipro- 
cal of the logarithm of the relative viscosity nz is plotted 
against the volume concentration of the disperse phase, a 
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1/(6 0 + log w) 
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Fig. 3. Phot of 1/(20 + logey) aon Toine onom gunt o the depenia 
plot can be obtained which is lineer up to about 50 per 
cent concentration. If the disperse phase consists of 
spherical particles of nearly uniform size, it appears that 
the best straight line through the i tal points so 
obtained intersecta the concentration axis at about 
60 or 70 per cent volume concentration. The ordinate of 
the accompanying figures is: 

l 
O + logn 
where 7 is the measured viscosity of the suspension in 
poises, and O is the quantity to be determined by iteration 
using some linearity criterion for the final plotted points. 

The results of Vand’, which were obtained using a 
suspension of glass spheres in a solution of potassium 
iodide, are shown in Fig. 1, and indicate that a plot oan 
be obtained which is closely linear. Fig. 2 shows results 
which were obtained from measurements of the viscosity 
of an anionic emulsion of bitumen particles with diameters 
varying from 8 to 6 microns*. This emulsion shows a 
variation in viscosity similar to that observed in the case 
of the suspension of glass spheres, except that the points 
diverge from a straight line at a lower concentration than 
those obtained from measurements on the suspension. 

Measurements of the viscosity at varying concentrations 
of the disperse phase* were made on an anionio emulsion 


E 


^ 
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which had a wide range of particle sizes (1 micron to 10 
microns in diameter). The resulta are shown in Fig. 8. 
Emulsions with volume concentrations higher than those 
shown were not stable and measurements could not be 
made on them. The behaviour of this emulsion as shown 
by the results is totally different from that of the previous 
one. Only some of the particles appear to take part in 
resisting the applied shear stress, otherwise the straight 
lino would point towards the 70 per cent pomt on the 
concentration axis. It is reasonable to suppose that 
the large particles are the ones which do so, and that 
the small particles ocoupy the interstices. 


W. H. Coen 
School of Highway Engineering, 
University of New South Wales, 
Kensington, Australia. 
. Phys. Coll. Chem., 62, 277 (1948). 
Phys. Coll. Chem., 88, 305 (1048). 


D. J., Master of Technology Thesis, The Untversity of New South 
Wales (1963). 
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Electron Transfer In Spherical Vacuum 
Chambers 


Ix an effort to explain the breakdown of proportionality 
between ionization current and gas pressure in cavity 
ionization chambers, Greeniag! ted the transfer of 
slow electrons between the chamber electrodes. Using an 
approximate formula for the energy distribution of 
these electrons, he analysed the behaviour of ‘vacuum’ 
chambers with planar, spherical and cylindrical geometries, 
and thereby accounted for the ical currént- 
voltage characteristic reported by Taylor*. Greening 
noted that the characteristic is in general dependent on 
the directional distribution of the emitted electrons; but 
stated that the expressions derived for the case of spherical 
electrodes should be independent of this angular function. 
Burlin and Husam have recently adopted a spherical 
vacuum chamber in their experiments on electron trans- 
fer, and have compared their resulta with those calculated 
on the basis of Greening’s semi-empirical theory. 

Neither Greening nor Burlin and Husain" have taken into 
account the effect of the surface-potential barrier on the 
slow electrons (~ few eV) and the consequent nature of the 
angular distribution function. Hachenberg and Brauert 
give a description of this in their review article on secondary 
electron emission. Electrons having energies very much 
greater than the barrier height will be affected to a 
negligible extent and their energy-angular distribution 
will remam un In this case one would expect 


. &n angular distribution symmetrical about the axis of 


irradiation, and Greening’s theory would hold. However, 
low-energy electrons suffer a refraction at the medium/ 
vacuum interface and the angular distribution will be 
symmetrical about the normal to the surface. The follow- 
ing abridged analysis ilustrates the effect of this process 
on the characteristic of a spherical vacuum chamber, 
and also demonstrates the consequenoo of non-uniform 
radiation flelds. 

Let N(H,--)dEdíl equal the number of electrons per 
unit area per rad emerging from an radiated. electrode, 
which have energies between E and E + dE and directions 
in the element of solid angle dQ around the unit vector — . 
In the case of azimuthal symmetry, we can write: 

NUL^- aman = 7859 wig oa ao a) 


where 6 = 0 is the surface normal. Consider Fig. 1, which 
depicts two concentric spherical shells. In general the 
absorbed doge at any surface is a function of o, that is, 
Da(e) and Ds(q), which take on known values according 
to the nature of the radiation field. The total number of 
electrons emitted from the outer sphere which are ool- 
lected by the inner sphere m the absence of & potential 
drfferenoe is given by: 
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x o sin lj 
Qna = l 27rb ain 9 Dslpjdp [] į sin 0N(Z,9)0d4E (2) 
Similarly, the transfer from inner to outer sphere is: 

(3) 


The net losa of electrons by the inner sphere in the absence 
of a biss voltage is given by: 

Q = Qa» — Qaa (4) 
The foregoing equations show that in general the charac- 
teristio of the spherical vacuum chamber does not inter- 
s>ct the origin. In the special case of & uniform radiation 
fleld and an -angular function separable into the 
for NU. ooa D. ihe Gurt will be Pero ab-sero bike 
voltage. Hence the zero-voltage current intercept found 
by Burlin and Husain is & consequence of one or both of 
the following factors: (1) A non-uniform radiation field 
due to inverse square and exponential attenuation in the 
chamber walls. (2) A distribution function N(E,9) which 
cannot be separated into mdependent energy and angular 
functions of the type N(E) . cos 6. 

When the outer sphere is held at a positive potential 
with respect to the inner, equation (3) still holds. The 
analogous equation for Qa. can be obtained by the method 
used by Greening. Referring to Fig. 1, a diameter such es 
X’OY’ can always be drawn parallel to any direction of 
emission, and & parameter r thereby defined. By oon- 
siderations of energy and angular momentum conserva- 
tion, electrons from B will be captured by A when 
T&G4A1—V/E. Sincer = bain8, this condition determinee 
the upper limit of tho integration over 0. 


Thos: - 1 
x o andiVI-Y* 

Qus J 2nd" sin e Dates | f jen ON(H,0)d0dH (5) 
0 


0 
and: 


x o xt 
- Quan = Sanat amo Daloa T Y sin 9N(A,0)d0d E 


Q(V) = Qus — Qaa(V) (8) 


The integral equation (6) can only be solved for an energy 
distribution N(Z) which is independent of the angle of 
emission, that is, a function of the form: 

N(H,0) = N(E) x f(0) (7) 
where N(#) and f(0) are functions of only E and 0 respoc- 
tively. Furthermore, the form of f(0) must be known. 


+V VOLTS 
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In this special and rather unlikely instance an analysis 
of Q(V) will yield the function N(E). In experiments on 
secondary electron emission, the source of secondary 
electrons is usually situated at the centre of & collecting 
sphere, and all electrons are emitted radially and experi- 
ence the same retarding potential. The energy distribu- 
dan Eee ny tee Seen de he cust 


T N07 n. Such an energy distribution cannot be 


found by analysmg the obaraoteristio of the spherical 
vacuum chamber, and the advantages of such a chamber 
Ao pere piae arrangement nne Ulueory. 

The analysis given here is a oorollary of my invostiga- 
tions‘ into the behaviour of a parallel plate vacuum cham- 
ber. I thank Dr. J. R. Greening for his advice, and the 
Faculty of Medicine of the University of Edinburgh for 
supporting the investigations. 
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* Buritn, T. H., and Husain, B. R., Nature, 804, 563; 994, 1078 (1904). 
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Response of Time-dependent Materials to 
Oscillatory Motion 


A OONSIDERABLE amount of attention has been directed 
in the past to the rheological behaviour of suspensions of 
deformable particles when subjected to oscillatory 
motion, with the result that there is now a reasonable 
body of theory and experimental data relating to the 
gross behaviour. However, there appears to be little 
information available for suspensions of undeformable 
particles such as the clay—water system reported here, 
although they may exhibit very interesting behaviour. 

As an illustration we consider an equation of state of the 


form : 
Psy = dalies — ($128) (1) 
where the total stress is given by: 

Piz = Pi + guP (2) 
and P is an arbitrary isotropio stress, ei; is the strain rate 
tensor. 

In laminar shearing the time-dependent viscosity may 
take the form: 


ut) = us + fa Ue) M(t — nar (8) 


-@ 
ts is the initial viscosity, f(T) is a suitable function of 
the¥ quadratic strain rate invariant, for example: 


1 
f) <1 — exp ( — 3 cates) 
and M(t — i') is a mamory function defined by, 


e 
i 
0 

In equations (8) and (5) R(T) dII is the contribution 

to the viscosity deficit at the current strain rate 6;;(t) 

after an indefinitely long period at that strain rate by all 

the elementa of flow with relaxation times between IT and 

I+ di. 

It may be shown that if the memory of the material is 
short so that higher momenta of the relaxation spectrum 
(En) than the first are negligible where : 


(4) 


M( — P) = exp - (Egi ma) 
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Rn = E ROA (6) 


then equation (3) takes on the simpler form: 


we) = i. — BO) + R SÉ © (7) 
where: 
d D] 


0 
47 tU (8) 


ji 


It is noted that the relaxation spectrum need not be - 


either wholly positive or negative. 

Restricting attention now to oscillatory sheering motion 
in whioh the shear rate y = = y 008 wt and retaining only 
the first term in y in (4) then the shear streas « is given by: 


R 3 S 
cm [m E yo — Bain (ot + 9) | ioo ot (0) 


It is clear from (9) that the shear stress may contain 
odd harmonics of the shear rate frequency. The viscous 
shear stress may be zero either when the shear rate is 
zero or when the viscosity is zero, that is: 


w- EO) +B, S n -...=0 


An exactly similar argument applied to a time-dependent 
yield criterion shows that the sheer stres may contain 
even harmonics from this source and the yield stress is 
zero under an analogous criterion to equation (10). 


(10) 


Examples of the response of a clay-water system are 
given in Figs. 1 a and b. Horizontal 
shear stress relative to the strain rate may be due to 

, or ti of the viscosity or yield 
stress. It is interesting to note that at the low frequency 
the stress amplitude diminishes with time whereas at the 
high frequency the stress amplitudes increase with time, 

that the associated relaxation spectra may not 


ive account of these phenomena 


Queen’s College, 
Dundee. 
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Occurrences of Sinolte, SI;N;O, in Meteorites 


Tma recent discovery of the new mineral ainoite, 
Bi,N,0, in the Jajh deh Kot Lalu enstatite chondrite! 
prompted a systematic search for this compound in the 
other fourteen enstatite chondrites at present known to 
exist in the world’s meteorite collections (Abee, Adhi- 
Kot, Atlanta, Bethune, Blithfield, Daniel’s Kuil, Hvittis, 
Indarch, Khairpur, Kota-Kota, Pillistfer, St. Marks, Saint- 
Bauveur, Ufana). Of these fourteen enstatite chondrites, 
three were found to contain sinorte. These three are the 
Hvittis, Ufana and Pillistfer stones. The appearance of 





Fig 1. Several crystals of sinolte (centre, from the Pilliistfer 
enstatite chondrite, Grey main mass 1s enstatita, white ts metallo nickei- 
tron. Reflected light . 
Bira Nra 


See gh The apparent Nra 
at this wave-length 
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Table 1 eos OF SINOITE 0. TRON THES Hvirris, 
UFANA AND JJH DEH xu Dan Kor t Breemen CHOXDEITES 
eight per oen 
vn Jajh deb 
Hiement Hvitiis Pister Ufana Kot Lalu 
Billeon 56-7 568 67-1 56-6 
Nitrogen 31:7 314 319 31:5 
13-0 13:0 — 191 
101-4 101-2 — 1013 
the mineral in these meteorites is very similar to ite 


appearance in the Jajh deh Kot Lalu enstatite chondrite. 
In reflected light, the crystals are distinctly lighter than 
the surrounding enstetite and are up to about 200, in 
length (Fig. 1). Under electron bombardment in the 
electron microprobe, sinoite is easily recognized by its 
bright greenish luminescence. In each meteorite, ten 
different grains of the mineral were analysed qualitatively 
(Fig. 2) and quantitatively for silicon, nitrogen and oxygen 
by meane of electron microprobe techniques using methods 
previously described’. The quantitative analyses were 
carried out using sinoite from Jajh deh Kot Lalu as a 
reference standard. The results of these are 
summarized in Table 1. The chemical identity of the 
compound in the four meteorites is apparent. 

At our request, Dr. B. Mason kindly investigated thin 
sections of the Hvittis and Pillistfer meteorites available 
at the American Museum of Natural History, New York. 
Dr. Mason found the optical properties of the mineral in 
Hvittis and Pillistfer to be identical with those of ginoite 
previously described from Jajh deh Kot Lalu’. Dr. Mason 
also pointed out that Lacroix‘ described the optical 
properties of an unknown compound found in 1905 in 
the Hvittis and Pillistfer stones. Lacroix, however, was 
unable to identify the mineral. From Lacroix’s description 
of the optical properties, it appears that this compound 
and sinoite are identical. 

We thank Dr. B. Mason for his advice and for supplying 
most of the meteorite samples. We thank Dr. J. Larsen 
Badse and J. Erlichman for assistance in the mioroprobe 


work. 
Kraos Kar 
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Attenuation of Teleselsmic Body Waves 


At the Royal Society discussion on ‘Recent Advances 
in the Technique of Seismic Recording and Analysis” 
(January 28-29, 1905), de Noyer directed attention 
to the difficulty of observing short-period (about 1-sec 
period) shear waves at angular distances in the range 
25° < A < 100°. The following analysis suggesta a 
possible reason. 

Consider a solid possessing a complex rigidity modulus 
u but real bulk modulus k and denmty p. Such a material 
exhibits absorption of both compressional, P, waves and 
shear, S, waves, and we denote the corresponding specific 
attenuation factors! by Qr and Qs and the corresponding 
wave velocities by « and B, respectively. Then the P 
and S parameters are related by the Poisson’s ratio, c, of 
the material, by the following equations: 

aà (1—20) = 38* (1—0) (1) 
(Qs/Qre) = (4/8)(B/a)* = (23/3(1—2o)(1—9) X (2) 

In the Earth, both « and B are functions of the radius, 

and their ratio is not constant, that is, o is also a function 
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of radius. However, for propagation in the mantle, which 
for A < 100° is the case in point, o only varies between 
0-25 and 0-30, so that for order of magnitude caloulations 
16 can be taken as constant and equal to 0-28. . 

The subsequent analysis is now considerably simplified 
because, accepting this model, the P and S waves from 
a seismic source both travel identical paths to the receiver. 
Our object now is to consider their relative attenuation. 

For each element of path, ?s, within the Earth the 
amplitude of the P wave of angular co will be 
reduced by an amount exp (—w8s/2Qpa). To evaluate 
the effect over the whole path we need the detailed 
variation of both Qp and a with radius. However, 
in the absence of such data we can write the result of 
integrating the expression over the whole travel path as 
exp (—wT7'p/2Qp*), where Tp is the travel time and Qp* 
the effective mean Qr over the whole path. Sumilarly, 
for the S wave the attenuation can be written exp 
(—wT's/2Qs*). But, since we have assumed a constant 
Poisson's ratio, both the P and S waves follow exactly 
the same path, so that: 

BTs = aT» 
and therefore, from equation (2): 
(Ts[Qs *) = (Tr/Qp*) (3a*/48") 
For the specific case o = 0-28 we have: 
(Ts/Qs*) œ 4:4 (Tp]Qp*) 

At the Royal Society discussion, one of us (E. W. C.) 
resented resulta consistent with a value of Tp/Qp* m~ 1 
or signals recorded at teleseismic distances (from shallow 

events). Flinn and Archambeau have computed T'p/Qp* 
as a function of distance, using a Gutenberg—Birch 
velocity structure and a Qp structure derived, using 
equation (2), from the model F for Qs given by Anderson 
and Archambeau?. On the direct branch of P, beyond 
20°, Flinn and Archambeau’s resulte lie olose to Tp = 
0-8 Qp*, im satisfactory agreement with Carpenter’s 


resulte. 
Using such values, it can be shown that at periods of 
1-seo, 5 wave amplitudes are attenuated by a factor of 


104 more than P wave amplitudes. At 6-sec period, where 
S waves are, in fact, often observed, the corresponding 
factor 1s only 5. The model thus seems adequate to 
explain the observations. 

It seems clear from Anderson and Archambeau’s 
results* that the majority of the attenuation occurs in the 
low-velocity layer at depths of the order of 100 km. 

It would thus appear that examination of P and S 
wave spectra from suitably chosen seismic eventa can 
prove of great significance in determining the lateral 
variability of the low-velocity layer. 

E. W. CARPHNTER 
Atomic Weapons Research Establishment, 
Blacknest, Brimpton, 
Neer Reading, Berkshire. 
i E. A. Firma 
Teledyne, Inc., 
Alexandria, Virginia, U.S.A. 
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METALLURGY 


Evidence for a Ternary Phase in the 
Aluminium-Magnesium-Silver System 


Polmear and Sargant! and Polmear! have recently 
reported that amall silver additions will influence the age- 
hardening characteristics of aluaminium—magnesium alloys. 
They show, for example!, that the precipitate in & wrought 
Al-7 wt. per oent Mg alloy is finer and more uniformly 
i with resultant increase in hardening, on the 
addition of 0-5 wt. per cent silver, and they suggest 


NATURE 


August 14, 1965 vo.'207 


that there may be an interaction between the magnesium 
and silver atoms. ` 

Recently, this effect has been investigated in this 
laboratory where a 0:3 wt. per cent silver addition has 
been made to a commerocial-purity based Al-5 wt. per cent 
Mg alloy (99-5 per cent Al, 99-93 per cent Mg). Ageing 
curves were obtained at 150°, 175° and 200° O, and these 
closely followed those obtained by Polmeer! (at 150° and 
200° C) for an alloy of the same composition. At 200° C, 
the maximum hardness occurred between 1 and 10 days. 

Transmission electron microscopy revealed that not 
only the size and distribution of the precipitate were 
altered, as had been shown by Polmeer!, but also that the 
morphology of the precipitates was quite different. Fig. 1 
shows an Al-5 wt. per cent Mg alloy aged 7 days at 175°C, 
and Fig. 2 the equivalent material containing 0-3 wt. 
per cent Ag. The areas shown are grain boundary 
regions, the boundary in both cases being on the right of 
the micro h. The letter alloy was then aged for 32 
days at 200° Cor 8 days at 850° O to coarsen the precipitate 
particles. These gave diffraction patterna which could 
be indexed according to a body-centred cubic unit oell of 
approximately 14-4 This cell closely resembles those 
of the ternary phases, Al,CuMg, and Mg,,(Al,Zn),., which 
both have body-centred cubic unit cells of 14-28 and 14:16 
A respectively". It seems possible, therefore, that a 
similar phase may be present in the Al-Mg—Ag system 
based on an empirical formula Al,AgMg, (44:1 wt. per 
cent Al, 29-4 wt. per cent Ag, 26-5 wt. per cent Mg). A 
melt of this composition was prepared from super-purity 
materials and chill cast. The resulting alloy was very 
brittle and could be ground to powder. The X-ray 
powder diffraction pattern obtained oonfirmed the 
existence of a phase with a body-centred cubic unit cell 
of 14-50 + 0-05 A. Electron probe microanalysis of a 
polished section of the alloy showed it was almost single 
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phase with very little segregation. The composition of 
the main constituent was 48 wt. per cent Al, 29 wt. per 
cent Ag, 28 wt. per cent Mg. 

The foregoing results establish that there is & phase in 
the Al-Mg-Ag system similar to the Al,OuMg, and 
Mgu(Al,Zn)q ternary phases and it follows that this is 

which was present in the Al-Mg-Ag alloy aged 
fac be digs ah a0 OE This ageing treatment produces a 
slightly over-aged material but it seems probable that the 
precipitates which are present at peak hardness must be 
closely related to the same Al-Mg—Ag ternary phase. Thus 
it would seem that alumini eium alloyd oon- 
taining small additions of gilver should really be regarded 
as ternary precipitation-hardening alloys. 


M. J. WHEELER ^ 
G. BLANXHNBURGBS 
R. W. BrTADDON* 


Aluminium Laboratories, Ltd., 
Banbury, Oxfordshire. 
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Oxide Films on Mild Steel 


Ir is sometimes assumed that the oxide film formed on 
iron at room temperatures is uniform in thickness across a 
specimen, and that where several oxides exist together they 
are present as layers stacked neatly one above the other. In 
an electron microscope investigation of the oxidation of 
mild steel using oxide films stripped by the iodine/metha- 
p me e* the only oxide that consistently conforms 


is magnetite, Fe,0O,. Fig. 1 shows magnetite 
i tg dius paterson a aka atro from mild 
steel. The metal specimen was eleotropo in & 5 per 


cent perchloric acid/95 per cent acetic acid mixture, 
washed in methanol and given no additional air exposure 
before the surface layer was stripped. It is in ing to 
note that these stripped oxide filma remain quite stable if 
kept in a desiccator for & year and still give the same 
diffraction resulta after this length of time. Magnetite 
typically appears as an almost featureless layer, though 





Fig 1. 


Featurelem tron ande with diffraction pattern. 
Soale, 1a 
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with experience its presence may be recognized without 
examination of the very characteristic orientated arced 
diffraction patterns it produces. The (001) projection, as 
in Fig. 1, occurs most frequently although other orenta- 
tions have been observed on the surface layers produced 
on thin foil corrosion specimens and there is evidence that 
the orientation changes from grain to grain. The usual 
difficulty in distinguishing between Fe,0, and y Fe,0, was 
experienced in this work? since these oxides have the same 
crystal structure and lattico parameters. It is noticeable 
that the (200) reflexions are absent and that no mixed 
index reflexions —these facta point to Fe,Q,. 
There are, however, eight (811)? reflaxions that would not 
be expected and these consistently a with this type 
of pattern on foils as well as an oxide films. They 
suggest that the film is of the order of one unit cell in 
thickness, approximately 10 A, and that the reflexions 
could arise by streaking*. 

After short air exposures, oxide often ‘appears super- 
imposed on the surface of the featureless magnetite in a 
form looking like a string of spherical beads (Fig. 2) each 
approximately 500 A in diameter. This material frequently 
occurs in smal discrete areas rather than a continuous 
layer. It gives no sharp diffracting spots of ite own, only 
a diffuse pattern added to the magnetite aros. 

This oxide may be truly amorphous, or the lack of 
identifiable diffraction spots may be due to radial broaden- 


ing because each bead is composed of smaller spherical 
particles. After prolonged exposure of electropoli and 
etched mild steel to air at room tem tare without 


special precautions to exclude moisture (Fig. 3, three days’ 
exposure), oxide growth consisting of mg sper of 
small crystallites approximately 100 A in is the 
commonest form encountered. It is usually possible to 
identify the oxide type from the ring produced 
by these crystallites. Goethite, « FeO, H,O, as shown 
here, is the one most frequently encountered in corrosion 
specimens although its physical form can on occasions be 
very different from the small arystels shown. y Fe,0, 
also occurs as small orystallites of similar size to those 
shown in Fig. 3 and gives a ring diffraction pattern. Even 
after three days of air exposure, however, the oxide layer 
does not appear to be of uniform thickness nor is the i- 
men surface completely covered with crystallites. There 
are still areas similar to Fig. 2 ahowing discrete patches of 
the non-diffracting oxide, featureless magnetite or no 





apparent oxide at all. It is considered that the detailed 
structure of the oxide film 18 of rmportanoe in deciding 
where corrosion will start and how it will continue when 
the metal is exposed to air or water. 


ANrTA Forsuy 
National Chemical Laboratory, 
Teddmgton, Middlesex. 


* Vernon, W H. J., Wormwell, F., and Nurse, T. J., J. Chem. Soo., 621 (1989) 
" Luboraky, F. B., Kock, H. Y , and Morlock, O. R., J. App. Phys., M4, No 9, 
1905 ( ). 
3 ES ns alain D. E., and Mackey, A. L., Olay. M». Bull, 4, 
0. 
aS Ui D. E., Strucwre Analis by Elsciron Difrackion, 80 (Pergamon 


Failure of Stainless Steel by Intergranular 
Decoheslon during Creep 


IN an experiment where some stainless-steel tubes had 
been ruptured by internal gas-preesure, failure was ob- 
served to have occurred by the nucleation, growth and 
impingement of intergranular cavities. An attempt has 
been made to relate this failure-mechanism with the 
observed dispersion in life-to-rupture. The tubes were 
of double vacuum-melted 20Cr—25Ni-niobium-stabilized 
stainless steel. Their nominal dimensions were 0-40 in. 
bore diam. x 0-015 in. wall thickness: they were made 
by extrusion and cold-drawing followed by external 
grinding. About 120 cap-ended lengths of-the tubing 
were puer epee with 1,750 Ib./in.* argon 
(c e = 2c,) at 650° O in an atmosphere of carbon dioxide + 
10 per cent carbon monoxide and their lves-to-rupture 
measured. Optical metallography revealed that mter- 
granular deoohesion had been nucleated at many sites 
and had spread until rupture was complete. A process- 
rate model of decohesion was constructed and this led 
to the following equation: 

— Kimi 

Fuse ED [x ] 

where F is the fractional area of non-coherent grain- 
boundary at time i£, and m should be 1-33. 

Equation (1) is & special solution of the differential 
equation: 


(1) 


dF 


u c EOC -P (2) 
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Fig. 1. Experimental points and the theoretical Ine 


For n>1, equation (2) bas the alternative solution: 


_ 1 _ [Kin - Dm 1/(1—m) 
pIi-[|fe M eal (8) 

Taking F as equivalent to the fractional number of 
tubes which had failed up to & oertain time in the experi- 
ment, the data were oo with equations (1) and (8): 
in the case of/the latter values of K, n and m were estab- 
lished by plotting log (1 — F) against log t for large t 
and log F against log ¢ for small t. These testa revealed 
that the data correspond closely to the values of m and n 
deduced from the process-rate model. Fig. 1 illustrates 
this: here the data pointa are plotted together with the 
theoretical Ime for m = 1:33 and n = 1-0. 

From & practical point of view the existence of a 
physically based distribution function is a valuable asset 
since it permite reasoned estimates of low failure-rates 
from necessarily lrmited experimental data. Arbitrary 
use, without theoretical justification, of a function 
(such ss, for example, the log-normal distribution) which 
happens to fit the available date can produce serious 
errors of extrapolation. 

The prooees-rate model which led to equation (1) also 
predicta the effecta on F of variables such as stress, 
ambient pressure, temperature and grain-size. Preliminary 
comparisons of these predictions with experimental data 
have given encouraging results. 

J. H. Grrros 
U.K. Atomio Energy Authority, 
Materials Science Group, 
Reactor Fuel Laboratories, 
Springfelds, Salwick, 
nr. Preston, 
Lancashire. 
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Preparation of Thiazy! Fluorides 


Taa action of silver difluoride on hur tetra- 
nitride has been shown to yield the thiazyl fluorides SNF 
and SNF}, but little is known about the action of other 
fluormating agente on sulphur nitride. We have examined 
the action of several liquid and gaseous fluorides on 
sulphur nitride, and also the reaction of sulphur tetra- 
fluoride with ammonia. 
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In glass, selenium tetrafluoride reacts with sulphur 
nitride at — 10° to give thiazyl fluoride, NSF (15 per cent 
yield), thionyl fluoride, silicon tetraftuoride, and selenium. 
The reaction is incomplete even when the selenium tetra- 
fluoride is in large exoees, and some B,N, can always be 
recovered from the solid residue. Iodine pentafluoride 
behaves in a similar manner towards sulphur nitride; 
iodine is liberated, and & white solid of composition 
S,N, (NSF), is formed, which decomposes at 50° to give 
thiazyl fluonde. In contrast, sulphur tetrafluoride reacte 
only slowly under pressure with sulphur nitride, at 160° 
in a steel bomb, yielding & little thiazy] fluoride, and much 
larger proportions of nitrogen and sulphur. Antimony 
pentafluoride combines slowly with sulphur nitride at 25°, 
and more rapidly at 100°, to give & green solid of composi- 
tion B,N,(BbF,), a behaviour which recalls the similar 
reaction with sulphur’. At 145° this adduct melts with 
decomposition, to give thiazy] fluoride (10 per cent), 
together with sulphur dioxide and silicon tetrafluoride. 
Vanadium pentafluoride, which has been reported to have 
strong fluormating properties’, reecta with sulphur nitride, 
but volatale producta are not formed. 

Elementary fluorine has been reported to react with 
8,N, to give sulphur fluorides and nitrogen‘, but we find 
that under very mild conditions at — 75^, in an apparatus 
similar to that used by Brown and Robinson to synthesize 
sulphur tetrafluoride*, thiazyl fluoride and thiazyl tri- 
fluoride, NSF, are formed in good yield. 

Sulphur tetraffuoride reacts with ammonia. At — 90°, 
with ammonia in excess, the principal uct is tetra- 
sulphur tetranitride (70 per cent yield); if the temperature 
of the reaction is raised the yield of sulphur nitride 
decreases. At 25°, with the sulphur tetrafluoride in 
excess, in a flow system, thiazyl fluoride (20 per oent yield) 
is formed. 

Anhydrous hydrazine reacts with excess of disulphur 
decafluoride below 25°, but the only volatile product is 
nitrogen, and none of the possible compounds with 
nitrogen-nitrogen or sulphur-sulphur bonds is formed. 

This work was sponsored by the Am Force Materials 
Laboratory, Research and Technology Division, AFSC, 
under a grant from the European Office of Aerospace 
Research, U.8. Air Force. : 
B. Conan 
T. R. HooPH& 

D. Huei. 
R. D. Puacoox 

Department of Chemistry, 

University of Birmingham. 
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Separation of some Metals by Extraction- 
chromatography using New Neutral 
Phosphoro-organic Compounds 

Tum separation of metal cations by means of partition 
chromatography with reversed phases, known also as 
axtraction-chromatography’, has recently been extensively 
applied in the radiochemical field. Studies of cation 
separation, using phosphoro-organic compounds by this 
method, have been carried out by Biekierski e al.3, 
O'Leughlin and Banke’, and others, besides ourselves‘. 

Recently the new neutral phoephoro-organio compounds 
like Ipyrophosphate (TBPP)' and a mixture of 
TBPP with tetrabutylhypophosphate (TBHP)* have been 
employed in the static and dynamic extraction of metals. 

These compounds, synthesized by Michalski and Modro”, 
form oomplexes with metal salts similar to those of tri-n- 
butyl-phosphate (TBP). The partition coefficients of 
various metals using TBHP and TBPP as the complexing 
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agents depend, among other factors, on the concentration 
of mineral acids in the aqueous phase. This last depen- 
dence makes possible & separation of some cation mixtures. 

0-5 g of the 1:1 mixture of TBHP and TBPP was 
adsorbed as a stationary phase on silica gel ("Hyflo Super 
Cell’) doubly treated with dichlorodimethylsilane. The 
gel, of 0-08 mm grain diameter, filled a 120 mm column 
of glass tubing, 2-8 mm im diameter. The rate of drop 
formation (one drop of 0-08 ml in 60 + 5 sec) was controlled 
by preasure of the order of 0-1 kg/cm’. The measurements 
were performed by the radioactive tracer method. The 
concentrations of the solutions of salta labelled with 
radioisotopes used in the experiments are given in Table 1. 


Table 1. COXCENTRA*TOXS OF THE BALTS 
Concentration 
Balt of motahon Eado- 
(JL) Indicator 
MnCl, 25x10-* «Mn 
Fetl, 1x10¢ 1: "Fo 
Cool, 12x10~ "Oo 
RIC 2-1x10¢ "NI 
Cul 5x107 “Ou 
mC, 7x10" "£n 
Ca 2x103 uad 
O1 
8 41x10 Mb 
T 25x10" inmTo 
ORs, 7x10¢ 1eTb 
UO,(R! 12x10" =U 


In order to determine the sorption conditions for the 
ions studied, 0-03—0-06-ml. samples of the solutions of 
salts of the investigated metals in HCl or HNO, of varous 
concentrations were introduced in the column and then 
eluted with 9, 5, 1, 0-5, 0-1, and 0:01 N hydrochloric or 
nitrio acid. The drops of eluate were collected on poly- 
styrene foil and dried with an infra-red lamp. The 
activity of the initial solutions and the eluates was 
measured with a Geiger-Miller end-window counter 
*'AAH-55' type, measurements of the activity of radio- 
nickel were performed with a 2x flow counter, 'AET-00' 
type, and those of uramum with a scintillation counter, 
applying the method described previously”. 

It has been shown in preliminary experiments that the 
divalent ions of transition metals are not adsorbed from 
the concentrated hydrochloric acid solutions and can be 
eluted in the first free volume of the column, whereas iona 
of trivalent iron become adsorbed and can be washed out 
with diluted HCl. 

Fig. 1 shows & chromatogram of the separation of Mn 
(ID, Co (ID), Ni (II), Cu (II), Zn (II), and Cd (II) chloridea 
e ions, obtained on eluting the column first, 
-4 ml. of 9 N HCI and then with 0:9 ml. of 05 N 











O.p.m. x 10° 














20 30 40 50 60 70 
No, of drops 
Fig. 1. Separation of (Mn, Oo, N], Cu, £n, Cd)}—Fe, 
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In the case of Te (IV) and Sb (V) ions adsorption, it has 
been found that antimony is best adsorbed from 1 N 
hydrochloric acid, whereas tellurium ions are not adsorbed 
and can be eluted in the first free volume of the column. 
Fig. 2 gives the result of the separation of Te (IV) and Sb 
E e habe B d La EN E N ry 
with 1-6 ml. of 0-1 N HOI, the latter desorbing the anti- 
mony ions. 

Similarly, as in the oase of hydrochloric acid, some metal 
ions are adsorbed from nitric acid solutions. Studies on 
metal ion separation using nitric acid as an eluant were 
carried out on sorption and desorption of cadmium, 
terbium, and uranyl nitrates. It has been proved that 
terbium, representing lanthanides, and cadmium are not 
adsorbed from 5 N HNO, solutions, whereas UO, (1I) ions 
become adsorbed in these conditions. 











O.p.m. x 10 (U) 








No. of drops 
Tig. 3. Separation of (Tb, Od) —U 
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Fig. 3 gives a chromatogram showing the separation 
of Cd (1I) and Tb (III) ions from UO, (I1) ions, this being 
the result of elution with 1-6 ml. of 6 N HNO, and 2 ml. 
of 0-01 HNO,, the latter desorbing uranyl ions. 

We thank Prof. H. Niewodnioraüski for his interest in 
this work, Dr. M. Taube for the kind gift of some of the 
reagents, and Mr. T: Dabrowski for assistanoco. 

j J. MrxvLSxI 


Institute of Nuclear Physics, 

Cracow, Poland. 
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Polarographic Catalytic Properties of Cobalt- 
nitrohydroxylamine Complex 


containing many active groupe. It is accepted, in general, 
that the —SH group is the most iflo for the catalytic 
proven ina ooie contaria cat: tht hoe ee 
many other substances which do not contain sulphur in 
their molecular structure but which form catalytic 
waves: urio acid™?, certain amino-acids? as histidine or 
lysine, glyoerinaldehyde, dihydroxylaoetone* and also 
ethylenediamine*. 

We have found that ni 
catalytic waves in a cobal ini 
The formation of the Mueve siti d by 
diminution of the wave due to the cobalt-nitrohydroxyl- 
amine complex. The concentration of this complex can 
be determined by the difference between the free cobalt 
wave and the wave formed on addition of the nitro- 

me. The dependence of the catalytic wave 
of the colbalt-nitrohydroxylamine complex as a function 
of ni&ohydroxylamme concentration is represented in 
Fig. 2 and shows the characteristic form of a catalytic 
wave. There is a marked between the complex 
concentration and the catalytic wave-haight. Byplotting the 














Lt Dua e ad Sap n eot, of nittokydroryiamine; Am 

- À 85 at 0-8 200 mY, - 

Y tig ot. re cm, begionmg - ion = tho t 
inactive complex. 10-* M Oo +0 025 M WH,OH +005 M 

HHO gelato O O1 per osi; (3) the Re eolit e CD i ee M 
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2 4 6 8 10 18 14 
[Na4,N,0,] 10* 
& Plot of the and 
Fig. fer catalytic complex (Doha HM] wares asa 


motion are the. Mane as in e L (Upper carve, catalythe wave; 
curve, active ier wave 


oom 

ratio of currents ts/ico (foo is the limiting current of cobalt 
complex in abeenoe of, and % the same current of the com- 
plex in the presence of, nitrohydroxylamine) as a function 
of the ratio [Na,N,0,]/[Co"] it is found that the catalytic- 
mde &otive iie e contains ny one molecule of nitro- 
To a may be formulated as 

ROUND: \(NH,),]*. It bas been found that a catalytic 
sea in the absence of ammonium or any 
other indifferent electrolyte; in this case the catalytically 
active complex has the ormula [Co(N,0,) (H,0),]*. The 
molecular active group is then the chelate portion of the 


complex : 
o—N—0 
VA NOT 
& o —/ TN 


The same complex is formed with nickel, but this only 
exhibits & double diffusion wave &nd no catalytio wave i8 
observed. 

"From these experimental results we can deduce the 
mechaniam of the polarographic catalytic evolution of 
hydrogen and explain the role of the cobalt ion. 

In order that catalysis shall oocur it is necessary for 
the cobalt mono-chelate to have a more negative 
discharge potential than for the catalytic evolution of 
hydrogen. The decrease m the concentration of the 
active complex st the electrode surface is sooompanied by a 
decrease in the current in the form of characteristic 
maxims for & catalytic current. 

The value of the catalytic current is determined by two 
factors: (1) the concentration of the active complex; 
(2) the cobalt disaharge potential in this cam . Inthe 


case of the nitrohydroxylamine there is a high conoentre- 
tion of active complex, but the cobalt di occurs at 
positive potenti (Bua = — L6 V; Fig. 1). With 


cysteine there is only a small concentration of active 
complex (practically unimportant m comparison with the 
total amount of cobalt), but the discharge potential, 
determined by extrapolation of the curve in Brditka 
tempon solution with cysteine, is. very negative (Hy, ~ 
— 1:9 V). This explains the low value of nitrohydroxyl- 
amine catalytic wave in comparison with the cysteme 
wave. The fact that the discharge potential of the nickel- 
nitrohydroxylamine complex occurs at an even more 
positive potential (Bua ~ —1-1 V) on. ke AS 
of the catalytic wave (begins at — 1-35 V, 
phis da Ch ihe E raa SE o 

whioh exhibit catalytic waves in the Sb obe cobalt 
we have observed that it is easential for the molecule to 
contain at least two functional groups which are capable 
vy of chelate formation. One of these groups is capable of 
S being adsorbed at the mercury electrode ( for 
"'example), hence fixing the complex st the surface; the 
other accomplishes the function of a proton accepting- 
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donating group (—NH, or —COOH, for example). The 
proton of this group is neutralized through the mediation 
of the Also in the case of nitrohydroxylamme 
the chelation is produced between one adsorbing group 


wy 
oN 
zo 
In conclusion we can state that no single functional 
group can show catalytic properties; it is easential that 
at least two functional groups be present in the molecule 
before catalysis can, oocur. 


and one other protonated group =N—OH. 


A. CALUgARU 
Institute of Atomic Physics, 
Bucharest, Rumania. 
J. Kova 
Polarographio Institute ‘J. Heyrovský’, 
Prague, Ozeohoelovakia. 
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Radiation Dosimetry with Sodium Cacodylate 
and Tris 
DuarsG work on the irradiation of bakers’ yeast, 


Saccharomyces cerevisiae, it was found that irradiation of 
the buffers, sodium cacodylate (sodium dimethylarsinate), 


(CH,), As O O Na, and of iris (hydroxymethyl) amino 
methane (tris = 2-amino-2-hydroxymethyl-1l, 8-propane- 
diol), 
x CH,0H 
HO—CH, (0H 


yielded substances giving positive Fiske-SubbaRow! and 
ninhydrin! oolorimetrio testa, respectively. Further in- 
vestigations have been carried out to assces the value of 
these systems in radiation d 

Seven-ml. aliquots of sodium cacodylate (0- 05 M, pH 5-5) 
were irradiated in 17 x 100 mm polyethylene or polypro- 
pylene test-tubes’. This concentration and pH gave 
optimal colour development in the Fiske-SubbaRow! test- 
The test-tubes, in a wooden block &ooommodating 92 test- 
tubes in 4 rows, were passed through the 1-0 
cobalt-60 source so as to receive 10*—10* rads of y-irradiation 
with each passage the source‘. Radiation doses 
were monitored by ferrous sulphate—copper sulphate dosi- 
meters’. After irradiation, a 0-5 ml. sample of sodium 
cacodylate was diluted with 8-5 ml. of water, and 2-5 ml. 
of reagent A (2-5 per cent ammonium molybdate in 5 N 
sulphuric acid) and 0-5 ml. of reagent B (filtered solution 
of 0-75 g l-amimo-2-naphthol+-sulphonic acid--1:5 g 
Ne480, in 150 ml. water mixed with a filtered solution of 
45 g of Na,8,0, in 150 ml. water) were added. ta 
A and B are stable indefinitely when stored in the 
The mixture was incubated in a water bath at 60? C for 
10 min. Irradiated sodium cacodylate yielded, in this 
modification of the Fiake-SubbaRow! teet, a blue colour 
resembling the colour of the phosphomolybdate complex 
formed with phosphorus. The intensity of the blue colour, 
read in a Klett-Summerson photoelectric colorimeter with 
a 660 my filter (Fig. 1), was proportional to dose up to a 
doge of about 5x 10° rads. The colour was stable for at 
least 7 h. The method was reproducible within 4-8 per 
cent (Fig. 1 indicates standard deviations based on 8 
replicates). Repeated experiments at intervals over a 6- 
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Klett units (660 ma) 





10 20 30 40 50 
Dose (10* rada) 
Wig. 1. Bodtum dtmetrylarmnate (cacodylate) asa radiation dostmeter. 
Trradiated cacodylate, 0 05 M, pH 5-5, was (ref. 1) and intensity o£ 
the blue colour was read 660 ma). Mach potnit the mean 
of 8 Radiation at 2:5 x 10° rads per passage oobalt-60 
source. Standard c mean ts indicated; where o is not 
shown, it was no greater than the radius of the cirole representing the 





Dose (10° rada) 


Radiation Ha 10° rads 


nitrogen colour (ref. 2) was (Eleti 560 ma). Total Klett unita = 


months’ — gave Klett readings falling within one 
standard deviation (c) of the mean valuee shown in Fig. 1. 
The intensity of the blue colour depended only on total 
. radiation dose and was independent of the dose per passage 
through the oobalt-60 source. -irradiation* of sodium 
cacodylate gave resulta which were similar to those ob- 
tained with y-irradiation (same colour intensity for the 
same total dose). Colour intensity was independent of 
B-irradia&tion dose rate over a 4-fold range of dose rates. 
The reaction mechanism for the conversion of sodium 
cacodylate to a compound giving a blue colour in the 
Fiske-Subba Row is unknown. However, sodium arsenate 
gives a positive test (forming an arsenomolybdate com- 
plex) and the mechanism may involve oxidation (of the 
dimethylarsinate to arsenate) with acoompanying de- 
methylation, perhaps through the mediation of radiation- 
produced hydrogen peroxide. The postulated oxidation 
mechaniam was given some credibility by the failure to 
obtain a positive (blue colour) test when sodium cacody- 
late was irradiated in the presence of a reducing agent 
such as ascorbic acid (ascorbic acid, added after irradia- 
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tion, does not interfere with development of the blue 
colour). 

In experiments with iris (0.05 M, pH 7-0), 7-0 ml. 
samples were irradiated as already described here for 
sodium cacodylate. After irradiation, 0-2 ml. of sample, 
diluted so that the final Klett reading did not exceed 300, 
was mixed with 1-0 ml. of ninhydrin! reagent in a Klett 
tube, covered with a glass bead, and immersed in a boiling 
water bath for 20 min. After dilution with 5 ml. of 50 per 
cent n-propanol, the intensity of the purple colour determ- 
ined at 560 my, and corrected for sample dilution, waa 
proportional to the radiation dose (Fig. 2) up to at least 
2-0 m 

The cacodylate and the tris systems appear to offer 
promise as simple radiation dosimeters. The range (5 x 10% 
5x 10* rads), ease of preparation and of routine assay, 
low cost, and reproducibility of the cacodylate system 
make this a potentially useful system where megarad 
doses are common, as in food irradiation, or in cases where 
the increased ease of o tion is more important than the 
greater precision of other chemical dosimeters. 

We thank R. Jarrett, H. Morin, and J. Halliday of the 
Food Division, U.8. Army Natick Laboratories, for their 
operation of the radiation facility. 
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Whisker-like Crystals of Potassium Chloride 

Porous 1 has pores of molecular dimengions 
(20-40 A). recent work on the use of porous glass 
in electrochemistry’, long, flbre-like crystals of potassium 
chloride were found growing from a dried-out porous glass— 
potassium chloride salt bridge. Theso orystals, of 
about 2u in diameter with lengths up to several centi- 
metres, were weak but flexible. Among other compounds 
investigated sodium chloride, barium chloride, potassium 
nitrate, potassium chromate, copper sulphate and chrome 
alum showed the same phenomenon, but the resulting 
growth was slower than for potassium chloride, and the 
crystals were not 8o well defined. The rate of growth for 
potassium chloride crystals was about two centimetres 
per day. As there is interest in whisker crystals at present’, 
it was felt that this facile technique should be more 
widely known. 

A plug of porous glass about 3 mm in diameter was 
sealed into ‘Pyrex’ tubing with ‘Araldite’ cement and 





Fig. 1. Two weeks’ growth from saturated potamtum chloride solution : 
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Fig. 8. Potamsium chlonde whiskers growing from porous glass 


ground flat by hand with water and corundum. The 
progresa of the saturated potassium chloride solution 
Cos o Hand ee eee E ae 
sharply defined dark area which took about an hour to 
traverse the plug. The fibres could be observed, first as a 
white bloam on the plug, and later as a tight bunch of 
silk-like fibres resembling glass wool. These fibres bent 
into random configurations, due, it was felt, to imperfec- 
tions in the sealing of the plug, and local air currents 
during crystallization. The crystals were usually grown 
in a normal laboratory atmosphere, but if the tube was 
placed in a democator with phosphorus pentoxide at 
atmospheric pressure, the phenomenon was inhibited. 
Marking the fibres with dye confirmed the assumption, 
made from general observations, that the crystals grow 
from the surface of the porous plug. Preliminary X-ray 
measurements of the potassium chloride fibres show that 
they have the normal crystalline form of face-centred cubic 
and that crystal growth is mainly along one main axis. 
We thank Dr. I. D. Chapman, of Corning Glass, who 
kindly supplied the porous glass, and CIBA (A.R.L.), 
Ltd., Cambridge, who provided the cament (AY1II1/ 
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HY111). We also thank Mr. G. B. Ansell for carrying 
out the X-ray measurements. 
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BIOCHEMISTRY 


Induction of Tyrosinase in Higher Fungi 

TYROSINASE i8 a oommon enzyme in mycelia and fruit 
bodies of several fungi. In contrast to laccase it i8 & 
typical endoenzyme which is not excreted into the culture 
medium. In some fungi ita occurrence 18 inconstant and 
dependent on the stage of development of the mycelium. 
Whereas in Phellinus laevigatus, Inonotus cutioularts and 
I. obliquus tyrosinase can be found in young mycelia, in 
Phellinus rbis and Gioeoporus adustus ite activity im- 
creases with the ageing of the hyphae. In some fungi 
(Fomes marginatus, Lentinus lepideus, Piptoporus betulinus) 

is only present under special cultural conditions, 
but it can be induced by several chemicals, which are 
not substrates for this enzyme. 

Fomes marginatus (strain 16a Eberswalde) proved a 
suitable test-organiam because its mycelia grown on 
malt solution contain almost no tyrosinase activity. 
Addition of phenol, catechol, p-oxibenzoic acid and proto- 
catechuic acid in final concentrations of 5 x 107 M did not 
induce any enzyme formation or any significant change in 
the growth rate of this fungus. Catechol was decomposed 
by the mycelia without formation of tyrosinase. Tyrosine 
was also ineffective. 

A strong tyrosinase induction could be obtained by the 
addition of some metabolic mhibitors to the culture fluid 
(Table 1). Lower concentrations were often more effective 
than higher ones. In some cases the dry weight of the 
mycelia decreased due to a toxic effect on the fungus, but 
enzyme induction was not correlated with mycelium 
autolysis. Strong toxicity due to high concentrations, or & 
combination of different inducing toxins, inhibited the 
formation of the enzyme. Besides that, induction of the 
enzymes could be brought about not only by compounds 
which had a stimulating effect on the mycelium growth 
(with arsenate dry weight reached 132 per cent of the 
controls) but also by many that did not. 

To determine whether the increase in activity was due 
to a mere liberation of the enryme in the cell or to syn- 
thesis of a new protein, the effect of pentachlorophenol 
(POP)—e strong inductor—was combined with that of acti- 
nomycin D, a specific inhibitor of RNA metabolism (the 
antibiotic was kindly supplied by Prof. Horváth, Budapest). 


Table 1. TYXRORIMAKR ACTIYPTY (COLORIMETRIO UNETS) OF Fomes margin- 
METABOHO IXHIBFTORS. 


atus AFTER APPLICATION OF DIFFERENT 0 Oo TROLS 
WITHOUT AQTIYITY. (LUTHARDT) 
Cono, Days after application 
Ohernoala an 1 2 3 5 7 9 1 
Arsenate 3 x 10+ 25 90 80 65 32 
B ama PE D 8 ab 8 oo 
— x 
— 1*x104 100 100 90 60 $20 10 0 
Monolodoacetate — 8x10¢ 0 46 88 23 10 0 0 
— 1x 104 100 100 90 85 74 65 55 
Oxyte&racyolino — $8 x 104 0 10 18 10 10 O0 
— l1x10-* 10 16 35 32 $0 12? 
Pentachlorophenol 1 x 104 100 84 @ 538 40 10 
>» Thuyaphoine 1 x 107 77 50 50 M 40 85 
$ alt enetone es sold 2 x 107 ttt ttt ttt ++ — -— 
cyanide 5 x 10¢ — — — — — 
Yluoroaoedio acid 5x 10? — de + 
Malone aad 5 x 103 — — — — — — 
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Days 
Pig. L The effect of actinom D (7-6 x 10- M) on the tndnetion 
of grams by pentashiorophenoi (POP) (T 10 M) tn Fomes 


The results are shown in Fig. 1. With POP a strong tyroei- 
nase induction could be obtained, but this decreased on 
addition of actinomycin D to that level, which was 
reached by addition of the antibiotic alone. The controls 
contained no tyrosinase activity. The results show that 
actinomycin D inhibits tyrosinase induction by POP toa 
high degree. This process seems, therefore, to be a real 


enzyme induction bound to an active protein metabolism. . 


That actinomycin alone provoked a tyrosinase activity 
may be due to a liberation of a bound or inactive form of 
the enzyme, which was demonstrated by Horowitz and 
Ban-Chiun Shen! and by Easer*. The weight of mycelia 
decreased on addition of PCP during the first two days 
but recovered thereafter. Actinomycin brought about no 
additional inhibition of growth so that an excessively 
strong toxic effect can be excluded. 

As can be seen from Table 1, a wide spectrum of sub- 
stances is able to induce the formation of tyrosinase in 
F. marginatus. It is difficult to find & common basis for 
an explanation of this effect. Most of the inducers are 
able to inhibit the oxidative phosphorylation or respiratory 
processes (Krebs cycle) in i (2,4-dinitrophenol, POP, 
y-thujaplicine, arsenate (Lyr*)). Oxytetracycline seams 
to have a similar effect in higher doses, because it liberates 
organic bound phosphate in yeast (Lyr*) p-Ohloro- 
mercuribenzoic acid inhibits several dehydrogenases of the 
Krebs cycle. The weak effect of Na-axide, a known un- 
coupling reagent, is due to its low stability. Potassium 
cyanide, malonate and chloramphenicol were also inactive 
(probably for the same reason), whereas flucroacetate had 
a strong inducing effect. It would therefore seam that a 
disturbance of the oxidative metabolism, especially of the 
ATP-formation (provided it is not too severe), leads to an 

induction. At present it is difficult to say whether 
this depends on the liberation of an internal inducer (an 


increased content of tyrosine in the mycelium could not. 


be demonstrated), or whether the tyrosinase induction is 
bound to the abolition of a metabolic repression. By this 
we mean that the synthesis of the enzyme commences 
when a number of factors in the general metabolism have 
been satisfled, and these may vary from species to species. 
This would explain the appearance of the enryme in 
young or old mycelia and in fruit-bodies. A very similar 
Process seems to be the induction of laocase (Lyr*, Fah- 
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resus’). Tt is possible that the formation of these unspecific 
enzymes is not bound to the presence of a specific inducer, 
but is regulated by the gituation of the metabolism. 
Probably this mode of induction of tyrosinase is not 
restricted to fungi, but may also occur in higher plants 


where tyrosinase activity often increases in the region of E 


sublethal injuries as part of a defence mechanism. It ia 
worth mentioni that the enzyme is able to detoxify 
same of the inducing poisons, for example, POP, oxytetra- 


~ oycline, thujaplicines (Lyr*), Whether this mechanism 


operates in vwo and is of importance for the fungus is 
not yet quite clear. f-Thujaplicine, on the other hand, is 
one of the most effective inhibitors of tyrosinase activity 
(Luthardt!). 


H. LYR 
W. LUTHARDT 


Institut für Forstwissenschaften, 
Eberswalde, Eastern Germany. 

1 Lathardt, W., Ph.D. thesis, Univ. Halle/Saale (1964). 
* Horowitz, N. H., and San-Ohnm Shen, J. Biol. Chem., 19, 513 (1952). 
* Eser, K., Arch. Mikrobiol., 46, 317 (1963). 

* Lyr, H., Fiore, 180, 127 (1961). 

* Lyr, FL, £. Aligem. Mierobiol (in the press). 

* Lyr, H., Arak, Mikrobiol., 88, 310 (1058). 

? Fabracas, G., Physiol. Plantar., 7, 704 (1964). 

* Lyr, H., Flora, 158, 286 (19001). 

* Lyr, H., Phytopathol. Z., 47, T$ (1963). 


Selective Inhibition by Aldehydes of Strepto- 
kinase Activation of Plasminogen 


Usma synthetic substrate p-toeyl arginine methylester 
(TAME) and lysine methylester (LM), Ablondi and Hagan' 
P i incubated in 50 per oent 
phosphate solution. lost proactivator activity 
and gained spontaneous plasmin activity. Kline’ exam- 
ined peeu obulin (acid-extracted) plasminogen under 
the same conditions and found no decline in proactivator 
activity during the spontaneous activation process. We 
repeated these investigations with obulin (tricalcium 
phoephate-extracted) plasminogen and we examined the 
effecta of lysine and glyceraldehyde on the 
We incubated 10 mg/ml. of euglobulin (euglobulin 
plasminogen was obtained from tter Laboratories, 
Berkeley, Oalifornia) or pseudoglobulin plasminogen in 
50 per cent 1 with 0-01 M. phosphate buffer at 
pH 7-4, 87° O. The peeudogiobulin plasminogen gained 
spontaneous activity, without losing proactivator activity 
as assayed on TAME?, LMe! and casein? (Fig. 1). 
euglobulin plasminogen also gained spontaneous activity, 
but lost proactivator activity. Three other properties of 


04 


hate solution 
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euglobulin plasminogen changed: (a) the rate of migration 
on immunoelectrophoresis changed; migration was as an 
a,-globulin instead of an a,-globulin. (b) pear vasa by 
streptokinase was no longer possible. (c) inolysis 
- by activated plasminogen was no longer inhibited by 
excess amounts of streptokinase. We concluded that the 
physical chemical propertie of acid-extracted plasmino- 
gen were more stable in 50 per cent gtycerol than those of 
euglobulin plasminogen. 

This loes of proactivator activity (and other properties 
of euglobulin plasminogen) might have been explained by 
either a change in conformation of the enzyme or 4 reaction 
of plasminogen with an impurity in glycerol. Physical 
measurements of conformation revealed no change in 
. b drm rotation or viscosity. Therefore, we concluded 

t conformational were not causing the loss. 

Two different lote of glycerol’ were examined for com- 
dum with reactive aldehyde groups by both the 

ehling and Schiff testa’. The tests were positive. There- 
fore, glyceraldehyde, 0-001—0-01 M, was added to the 
plasminogen-glyoerol system, and the effects observed 
after 6-12 h in this system were identical with those ob- 
served after 7 days in glycerol alone (Fig. 2). Lysine inhib- 
ited the effects of glyceraldehyde (Fig. 3). We concluded 
that glyceraldehyde selectively Inactivated proactivator by 
reacting with ita amino- (for example, glucose 
amine NH, = pK 6-5, lysine NH, = pK 10-1) and that 
this phenomenon was inhibited by compounds such as 
lysine, the amino groupe of which had & pK. sufficiently 
low to compete with the protein for aldehyde groupe at 
pH 7:4. Because the loes of proactivator activity and 
changes in physical chemical properties were accelerated 
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in the glyoerol-glyceraldehyde system and because of the 
presence of aldehydes in glyoerol we concluded that this 
might be the mechanism by which euglobulin plasminogen 
lost ivator activity during ‘spontaneous’ activation 
in glycerol. It should be emphasised that glyceraldehyde 
produces a bovine type of plasmin from & human (SK- 
reacting) type. f f 
This work was sup by U.S. Publio Health Service 

granta H—5146 and HE-086285. We thank Drs. J. Botte, 
8. Watanabe, D. Kline, J. T. Yang and M. Sokolow for 
their advice. 

I. STAPRANB 

Ferromme B. TAYLOR, JUN. 

Cardiovascular Research Institute, 
University of California Ban Francisco Medical Center, 
Ban Francisco. 

"Aud P. B., and Hagan, J. J., Proc. Soc. Esp Biel. and Moed., 98, 105 
* Kline, D., J. Biol. Ohem., 838, No. 10, 2807 (1901). 
* Norman, P. B., J. Esp. Mod., 106, 423 (1957). 


* Kabat, A. A., and Mayer, M. W., Baperimental Chemistry, 725, 727 (Charles 
Thomas, Springfield, Tiftnole, 1961). 


* Baker and ‘ " (Reagent A.0.8. code 1 . Matheson, 
Ockenmen, and enr (speotroquality reagent va cere 
Ina 


‘Pisga, B.. aa eT Orpanio Anakyels ale Funchonal Groupi, BIE (Toha 


An Unstable Ribonucleic Acid in Normal 
Human Erythroblasts 


Ir is now well established that the primary information 
required for protein synthesis is sited on DNA. The 
mechanism whereby, in animal oells, this information 
is conveyed and elaborated, so that protein synthesis 
may occur, is still uncertain. 

The existence of a metabolically labile RNA in the 
nucleus of many animal cell types has been repeatedly 
observed by various techniques". Polyriboeomes have 
been shown to be directly responsible for protein syn- 
thesis, and in this connexion an RNA. fraction, similar 
to bacterial messenger RNA, because of its variable 
molecular size and high metabolic instability, has been 
isolated from the polyribosomes of rat livert. Recently, 
another RNA messenger fraction has been isolated from 
the cytoplasm of rat hepatocytes*. 

However, the results of some experimental observations 
are difficult to reconcile with the concept that the mfor- 
mation required for protein synthesis in animal cells is 
obtained through a mechanism akin to that of bacteria, 
that is, through a continuous flux of labile RNA molecules, 
which are synthesized on the DNA model. It has been 
shown, for example, that the RNA present in reticulocytes, 
which are known to synthesize haemoglobin, is stable’. 
Furthermore, while the main site of protein synthesis 
appears to be located in the cytoplasm, no definite proof 
has yet been brought forward, as Harris has recently 

inted out’, to show that transfer of RNA takes place 

m nucleus to cytoplasm. This author has been able to 
provide evidence that the greater part of the unstable 
RNA in the nuclei of some animal cells may be degraded 
without simultaneously affecting the rate of protem 

The introduction of actinomycin D has provided & new 
and extremely useful tool for the study of RNA meta- 
boliam. This substance, by inhibiting the synthesis of all 
types of DNA-dependent RNAS‘, is ideally suited for 
assessing the rate of RNA degradation, especially in 
experiments at the cellular level, which are greatly 
influenced by the intracellular pool of metabolites and 


, the re-utilization of turnover products. 


A first series of experimenta on the RNA metabolism of 
normal bone marrow cells, studied by means of actino- 
mycin D, has already been reported elsewhere’. The 
purpose of the present communication is to describe the 
findings of some further experimental work on the RNA 
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and protein metaboliam of normal human erythroblasta, 
using tritiated precursors for autoradiography, and actino- 
mycin D. Our studies were undertaken to obtain additional 
information on the following points of the RNA and 
protein metabolism of erythroblaste: (a) the relationship 
between the rates of RNA and protein synthesis in the 
various of maturation of the red cell series; (b) the 
rate of labelled RNA degradation; (o) the effect of RNA 
inhibition on the rate of protein synthesis. 

*H-uridine waa used as an RNA precursor and *H-leucine 
88 a protein precursor (Radiochemical Centre, Amersham). 
The uptake of leucine may be taken to indicate the syn- 
thesis of a polypeptide chain!*. Bo far as *H-uridine 
uptake in nuclear RNA is concerned, ita complete inhibi- 
tion in erythroblasta, previously treated with actinomycm 
D*, seams to suggest that true RNA synthesis is taking 
place and not just a simple binding of terminal groups 
belonging to soluble RNA. Experiments were carried out 
on the bone marrow of three individuals with no haemato- 
logical disorder. 

To study the relationship between rates of RNA and 
protem synthesis, bone marrow cells were incubated for 
lh at 37° O with *H-uridine and *H-leucine at a oonoen- 
tration of 1 po./ml. and afterwards smeared on gel 
slides. For the purpose of differentiating between DNA 
and RNA labelling, cells before contact with the Kodak 


‘AR 10’ fitms were treated for 2 h with a solution of’ 


DNase (‘Sigma’, 0-1 mg/ml.) in iris buffer: containing 
MgBO,. After an appropriate period of contact, the auto- 
radiographs were developed and fixed, and counterstained 
with May Grunweld-Giemsa stain. At least 40 cella for 
each different maturation stage were examined, and the 
standard error did not usually exceed 15 per cent. In 
Fig. 1 the rates of RNA and protein synthesis, indicated 
by the average grain counts, are shown in relation to the 
maturation stage of the red cell precursor. It is apparent 
from the diagram that thio tate of RNA eyntheais doceniam 
as maturation progresses, but at a faster rate than that of 
protein synthesis. 

The rate of RNA degradation was measured using the 
inhibition of the synthesis of all types of RNA induced 
by actinomyom D. The ion of bone marrow cells 
was incubated for 1 h with SH-uridino at a concentration 
of 1 uo./ml. and & proportion of the cella was immediately 
smeared. in order to inhibit as rapidly as 
possible labelled RNA precursor uptake, not only aotino- 
myvin D was added to the cultural medium as in previous 
experimenta’, but the cell suspension was centrifuged and 
the cells re-suspended in Gey’s medium containing actino- 
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mycin D at & concentration of 10 . and non-labelled 
uridine 103 M. Smears were after 80, 60, 120 and 
180 min, and autoradiographs were prepared after in- 
cubation with DNase. 

The results are summarized in Fig. 2, which clearly 
shows that in proerythroblasta and in early and inter- 
mediate erythroblasts, at least two metabolically different 
types of RNA are synthesized, one relatively unstable 
which becomes rapidly degraded within an hour, and 
another considerably more stable. The decrease in label- 
ling was in every way similar to that previously obeerved 
after the mere addition of actinamyoin D to the culture 
medium’. It should be emphasized that the labelling 
remained exclusively nuclear for the whole duration of the 

iment. 

o study the influence of RNA synthesis inhibition 

on the protein synthesis of erythroblasta, actinomycin D 
(10 pg/ml.) was added to a suspension of bone marrow 
cells. Afterwards, at intervals of 60, 120 and 180 min 
an aliquot of medium was aspirated and incubated for 
$0 min with "H-leucine (1 po./ml.) and smears were 
Cella obtained m an actinomycin-free 

i and incubated with *H.leucine after the same 
intervals of time acted as controls. From Fig. 3 it is 
obvious that the rate of protein synthesis in erythroblasta 
treated with actinomycin remains similar, during the time 
of the experiment, to that of erythroblaste untouched by 

The present results suggest that an RNA fraction, 
characterized by a high degree of metabolio activity, is 
synthesized in the more momature stages of the red cell 
series. This RNA fraction does not act as a template for 
the proteins which are synthesized simultaneously, since 
the inhibition of ite synthesis, and ita breakdown, do not 
cause a parallel decrease in the rate of protein synthesis. 

The existence of an RNA fraction with such charac- 
teristics in the more immature stages of the red oell 
series is of interest. In fact, in the final stages of this 
cellular line, that is in reticulocytes, haemoglobin syn- 
thesis takes place in the preeence of a stable RNA fraction’, 
while the synthesis of a DNA-dependent RNA must be 
excluded*:. Consequently it seems probable that the 
information which is required for protem synthesis must 
have been prepared in earlier stages. On account of the 

in these early cells of an unstable RNA and 
ece tle metabolic instability observed appears to be 
characteristic of messenger RNA‘, it seems not un- 
reasonable to suppose that the elaboration of information 
is linked with the synthesis of a labile RNA messenger 
fraction in erythroblasts also. 
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different mter rals after addition of actinomyotn D to the medium 
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Sallcyluric Acid as a Metabolite of L-Tryptophan 


Tum metabolites appearing in the urine after an oral 
load of x-tryptophan have been separated by 
paper, thin-layer and column chromatography. After 
ingestion of L-tryptophan (70 mg/kg body-wt.) the urine 
was collected at timed intervals over the next 24 h. 
Aliquota of the urine were examined by two-way paper 
chromatography (n-butanol-aoetie acid—water, 12:3:5, 
followed by 20 per cent KCl in water), and by thin-layer 
chromatography on silica gel using chloroform, methanol, 
acetic acid (76: 22:2 by volume). The metabolites were 
located with Ehrlich and Pauly reagenta! and by fluores- 
cence in ultra-violet light at two wave-lengths (253 and 
366 my). 

ing the course of this investigation, 9 out of 28 
normal individuals examined were found to excrete an 
unknown metabolite, which had an Ry of 0-75 on thin- 
layer chroma y and which occupied a position to 
the right of acetyl-3-hydroxykynurenine* on two-way 
paper chromatography. The unknown compound could 
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also be separated by chromatography of the urine on & 
column (50 em x 0-9 om) of DEAE ‘4-25 Sephadex’ 
(Cl- form) which had been equilibrated with 0-2 N hydro- 
chlorio acid ın 10 per cent isopropanol. The unknown 
substance was eluted after the of 40-45 ml. of 
the acid propanol mixture, and after acid hydrolysis was 
found to contain ine. „An authentic sample of sali- 
cyluric acid showed identical behaviour under all these 
conditions. 

Tt is well known that ingested aspirin is largely excretod 
as salicyluric acid but ap tly it has escaped notice 
so far that salicylurio acid is excreted by many people 
after a load of L-tryptophan, and when the possibility of 
acetylsalicylic acid ingestion during the period of the 
experiment bas been rigorously exoluded. 

We believe that the salicylic acid arises from L-trypto- 
phan by bacterial action in the colon, is then absorbed, 
and after conjugation with glycine is excreted as galicylurio 
acid. The colonic origin is by the facta that: 
(1) the peak of excretion is 10-14 h after oral ingestion of 
the L-tryptophan, which is considerably later than the 

excretions of tryptophan metabolites of endogenous 

origin; (2) salicyluric acid is not found in the urine of 
patients who are receiving neomycin ; (3) the introduction 
of r-&rytophan directly into the colon causes & much 
greater excretion of salicylurio acid, as compared with the 
oral dose. 

W. I. AUBTAD 
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Methods for Detection of Enzymatic Peda 
after Electrophoresis on Polyacrylamide Ge 
in Drosophila Species 

Our laboratory is investigating several proteins within 
the genus Drosophila. In conjunction with this work, we 
have developed techniques for detecting enzymatic 
activity following electrophoresis on polyacrylamide gel. 
Several other methods for demonstrating specific enzyme 
activity in Drosophila have been reported!-*; these were 
applied after starch-gel electrophoresis. 

The methods here described have given satisfactory 
resulta for malic dehydrogenase, «-glycerophosphate 
dehydrogenase and non-specific esterases when used to 
test a number of species. D. virilis Pasadena strain and 
D. melanogaster Oregon-R strain have served as controls. 

Po lamide gels are prepared, using & modifloation 
of the method of Hubby‘. Before catalysts are added the 
5 per cent monomer solution is heated to 45° C. The 
heeting allows polymerization to occur within 20 min in 
the presence of only 0-8 per cent ammonium persulphate 
(AP) and 0-18 per cent dimethylaminopropionitrile 
(DMAPN). The reduction in amount of AP eliminates 
the necessity for an equilibration period before electro- 

horeeis. The gels are cooled during electrophoresis by a 

t water cooler, which maintains the temperature 
of the gel at 9° C. 

Extracte are prepared of whole adult frozen flies, 1-2 
days in age. The flies are ground in five parta of 5 per cent 
sucrose in 0-1 M phosphate buffer, pH 6-5, and oentri- 

20 min in & Servall model ‘A’ centrifuge at 0,780g. 
A 20-ul. aliquot of the supernatant is placed in each 
trough of the cooled gel. 

Electrophoresis is usually carried out for 90 min at 
28 V/om. The current is about 75 mamp. At the ead 
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of this i the gels are removed and placed in the 
appropriate incubation medium. 

The methods for the detection of the dehydrogenases 
are similar to one another. For malio deh 


gi bate (a,8-mixture; Cal. 
Biochem.); 16 ug/ml. PMS; 0-15 mg/ml. NAD; 0-3 mg/ml. 
Nitro BT; in 01 M iris HOL buffer, pH 8-3. Gels aro 
inoubated 8—4 h at 25? O. 

For the esterase assay the gel is soaked in 0-5 M borio 
acid (pH 4-1) for 90 min at 4° C. This prooedure lowers 
the pH of the gel itself from 8-9 to approximately 7-0, at 
which pH the reaction proceeds readily. The low tem- 
perature keeps diffusion of the protein within the gel at 
& minimum. The gel is then rinsed rapidly in two changes 
of distilled water and placed in & tray containing 1 ml. 
2 per cent a-naphthyl acetate in acetone and 50 mg fast 
red TRN (p-chloro-c-toluidine diazonium selt) in 100 ml./ 
0-1 M phosphate buffer, pH 6-5. The gel is incubated with 
constant agitation 8-4 h at 25° C. 

All systems were tested without substrate to determine 
the ificity of the reaction. Bands which appeared 
only in the presence of the complete system were oon- 
sidered to represent sites of activity of the enzyme in 
question. The number of bands observed after staining 
depends on the particular spocies tested as well as the 
particular enzyme (see Fig. 1). 

In D. virilis Pasadena, MDH is represented by a single 
band, whereas there are two in D. Oregon-2. 
Both have one band of a-GDH; it has the game mobility 
in the two species. There is an additional band present 
nearer the origin when the gel has been stained for MDH 
or a-GDH. This band is not substrate specific, but seams 
to be present in any NAD-linked dehy system. 
There are ten sites of esterase activity in virilis, used six to 
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seven in melanogaster. A few bands have the same 
mobility in both species. 

The methods described here are being used to obtain 
information on evolutionary relationships in the genus 


Drosophila and to examine genetic variation in natural ==- 


populations. 

This work was supported by a ip from the 
U.8. Publio Health medical training grant 57'1-GM-160, 
National Institutes of Health genotios training grant 
2G90(005) and by National Science Foundation grant 
GB-6380. 
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A Simple Method for measuring Ribonucleic 
Acid Content of Preparations of 
Deoxyribonucleic Acid 
In recent years an increasing number of varied biological 
activities have been found associated with highly purified 
DNA. It is of some importance, in interpreting the effects 
of DNA on biological systems, to determine itatively 


' the RNA content of such DNA preparations. Unfor- 


tunately, at the present time there is no generally accepted. 
standard procedure to estimate small amounts of RNA in 
the presence of high concentrations of DNA. -The oroinol 
methods, aa is well known, gives falsely high RNA values 
because DNA itself reacts with the reagent to a limited 
extent. We have tested a variety of reported modifications 
of this orcinol procedure and have found them unsatis- 
factory. They have produced results indicating tho pre- 
sence of 5-10 per cent “RNA” in DNA preparations 
containing no demonstrable uracil after acid hydrolysis 
and paper chromatography (<8 per cant RNA). There- 
fore, a simple, rapid method, used successfully in this 
laboratory to estimate RNA content, appears to be worth 


RNA is soluble but DNA is insoluble in 1 N oold per- 
chloric acid. Ogur and Rosen? in 1950 suggested that this 
solubility difference could be used to extract differentially 
the nucleic acid from tissues. Following their methods, 
we incubated nucleic acid solutions for 18h at 4°Cin 1N 
perchloric acid, and found all the RNA in solution. How- 
ever, as much as 10 per cent of the DNA had also dissolved 
under these conditions of prolonged exposure of DNA to 
the acid. It was noted, in contrast to the earlier work 
with tissues, that the RNA in aqueous solution was im- 
mediately completely soluble in the cold perchloric acid 
and the DNA was insoluble. Therefore, prolonged inou- 
bation was unnecessary and the method was standardized 
as follows. 

DNA is dissolved in distilled water to a concentration 
of approximately 0-5 mg/ml. and kept chilled at 0° O in 
an ice bath. Ioe-oold concentrated perchloric acid is added 
to the DNA solution to a final concentration of 1 N. A 
white. turbid DNA precipitate forms and the suspension 
is immediately filtered three times repeatedly through the 
same filter paper. The tubes receiving the filtrates must 
be in the ice bath and the cycle of repeated filtrations 
should be complete within 20 min. To prevent any pre- 
cipitated DNA from redissolving, it is essential that the 
fittrations be performed rapidly and in the cold. The final 
filtrate is orystal clear. The absorbance of the filtrate ts 
determined m a Beckman DU hotometer (room 
temperature) at 260 my against a blank of 1 N perchloric 
acid 


Yeast RNA (Schwartz Bioresearch) was analysed by 
this method at concentrations of 2-20 ug/ml. A 
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straight line running through the origin with a slope of 
0.021 O.D./ug RNA represents our standard curve for 
quantitative determinations. Examimation of highly 
purified, freahly mammalian DNA solutions*® 
showed <1 per cent (0-.5—0-8 per cent) RNA content by 
this method. Known quantities of RNA have bean added 
to these DNA solutions and the mixtures analysed. The 
resulta were & simple summation of the expected RNA 
values plus the abeorbances of the DNA solutions alone. 

The small amount of perchloric acid-soluble material in 
the DNA solutions probably reflects the limited reaction 
of the DNA itself with the reagent rather than the true 
presence of RNA. This is suggested by our finding of a 
significant increase in the perchloric acid-soluble material 
when the DNA is exposed to the acid for longer periods 
at slightly higher temperatures. This reaction of DNA 
with the reagent is similar to the interference of DNA 
with other methods of measurmg RNA. An advantage 
of this method, performed rapidly in the cold, is that the 
interference of the DNA is quantitatively so small (<1 per 
cent) that an scourate measurement of RNA is possible. 
Therefore, the finding of more than 1 per cent RNA in & 
DNA solution, by the procedures described here, indicates 
ae eine of significant amounts of RNA. 

is work was carried out during the tenure of an 
established investigatorship of the American Heart Asso- 
ciation (J. P. 8.), and was supported by grant 4 M-02286 
from the National Institutes of Health. 
J. PHELIP BAvrTSKY 
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New York 67. 


!Mefbaum, W., £ PAperol. Chem, 888, 117 (1989). 

* Albaum, H. G , and Umbrelt, W. W., J. Biol. Chem , 187, 860 (1947). 
* Ogur, X, an aita Byochem , apio pner 
4 


do Bae gaman S: P., and 
3 Bavitaky, J. P., “Amer. J. Physiol, T 1359 (1980). 


D-Tyrosine Metabolism in Sorghum vulgare 
Seedlings 

Ir has previously been reported that sorghum 
incorporate carbon-14 from D1i-tyrosine-2-“C into the 
nitrile carbon of p - hydroxymandelonitrile - 8 - glucose!. 
Furthermore, it was demonstrated that “O from p-tyro- 
Bine-2-MO was not inoorporated into p-hydroxymandelo- 
nitrile-8-glucoee!. It was also shown that a radioactive 
material which mi differently from either the 
glucoside or tyrosine could be extracted from i 
allowed to metabolize either DI-tyrosine-2-O or p1-tyro- 

sine-8-*C. Similar experiments with I-tyroeine-«O did 
not yield appreciable radioactive material in this portion 
of the chromatogram. These preliminary experimenta 
suggested that D-tyrosine metaboliam in Sorghum vulgare 
seedlings may not be affected through either a deamina- 
tion or racemization as either procese would lead to 
precursors of p-hydroxymandelonitrile-B-glucose!:?, 

This rt records results of experimenta of the meta- 
boliam of D-tyrosine in sorghum seedlings. The data 
suggest that D-tyrosine is metabolized by some pathway 
other than oxidative deamination, transamination or 
decarboxylation. These processes would yield p-hydroxy- 
phenyl pyruvate and tyramine, respectively. 

Sorghum seeds were germinated as previously described!. 
Seedlings, 2-3 om high, were transferred to 15 ml. of 
solution in 50-ml. beakers containmg 10 pmoles of 
D-tyrosine and 2 po. of p-tyroeine labelled with !*O in 
either the carboxyl, «- or B-oarbon atoms. An additional 
beaker containing similar quantities of L-tyrosine and 
I-tyroeine-MC was used as a control. Each beaker con- 
` tained 15 seedlings. The solutions were aerated for 40 h 
at room temperature in the light. At the end of the 
aeration period the shoots were separated from seods and 
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D-Tyros iae - [cH 


D- Tyrosias-£-C'^ 





of metabolites of 


1. Chromatographic 
r- Eyroame obtained fran 50 por oent ERE af Ai wees 
seedlings. Figures show carboxyl or atabelled 
alcohol soluble ay pec unlike the i» 
hydroxymandelon! , Rp 0-8 (1)) from L- 


roots. The shoots were macerated and extracted with hot 
80 per oent ethanol. The alcoholic extracts were chromato- 
graphed in butanol, pyridine, water (6: 4:3) and the 
chromatograms scanned with a 4-pi scanner. 

Fig. 1 shows the separation of radioactive components. 
This figure shows that !*O from both p-tyrosine-1-O and 
D-tyroeine-2-4U was incorporated into material that 
migrated at Rr 0-15. No radioactivity from L-tyrosine- 
uC waa incorporated into this area of the chromatograms. 
Chromatography of extractes from seedlings that had 
metabolized D-tyromne-8-“C (not shown) gave a pattern 
similar to D-tyrosine-2-“C. It should be noted that 
chroma of these extracts containing a- or $- 
labelled D-tyrosine also contained a radioactive area at 
Ry 0-8 which was not found in extracta of seedlings con- 
taining carboxyl-labelled D-tyroaine. Similar expermonta 
with tyramine-8-1‘O did not yield !*O in the Ry 0-15 or 
0-80 areas of the chromatograms. This flgure and other 
results suggest that decarboxylation occurs in the meta- 
bolic process in which p-tyrosine is converted to the 
material migrating at Rr 0-30. In addition, the materials 
migrating at Er 0-15 appear to contain the propanoid 
carbons of tyrosine. These ta do not mdicate 
whether the phenyl propanoid skeleton of tyrosine has 
remained intact 

Table 1 shows the rate of migration of some phenolio 

unds when chromatographed in butanol, pyridine, 
water (6 : 4 : 3). It can be seen that only p-hydroxyphenyi 
serine and 3,4-dihydroxyphenyl alanine migrate more 
slowly than p-tyrosine. The unknown radioactivo com- 
pound migrating at Rr 0-3 is probably neither of these 
compounds because it has not retained the carboxyl 
carbon as shown by the lack of radioactivity derived from 


Table 1. PATR OF MEUM OMM Py ne em OOM EDS 
IN BUTANOL, PYIRID 


INA, 
Compound T dis 
serine 080 
t ] alanine 0-30 
r- 040 
m 0-42 
o Tyrosine 0-44 
3 ydroxymanielate 0-49 
-Aceiyl DI-ityrosine 0-50 
,N-Diaeetyl D1-Lyromne bos 
DI-iyromne amide 0-65 
»-Hydroaryamnnamio and O70 
3-Hydroxymandelie acid 0-75 
P 0-80 
yp Hydroxy dehyde 0-00 
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D1-tyrosine-1-1*0 in this area of the chromatogram. The 
material migrating at Ry 0-8 is not the decarboxylation 
produot of either p-tyrosine or p-hydroxyphenyl pyruvic 
acid which migrated at Ry 0-55 and 0-80, respectively, in 
this solvent. 

Experiments with cell-free systems were carried out on 
extracta of seedlings. The reparation was 
obtained by macerating the shoota of oie a AXI rod edlir 
in 0-1 M acetate buffer, pH. 5-5, followed by Rect tiated 
at 10,000g. One umole of r-tyroeine per ml. was added 
to the supernatant solution, the pH readjusted to 5:5 and 
the solution held at 60° C for 5 mm. The solution was 
rapidly cooled to 5° O, followed by centrifugation at 
5,000g for 10 min. The supernatant solution was bic fae bet 
overnight against 100 vol. distilled water foll by 
adjusting the dialysed solution to 0-6 saturation with 
Solid ammonium sulphate. The precipitate formed was 
collected by centrifuging at 10,000g for 10 mim and the 
residue taken up in 0-1 M acetate buffer, pH 6-5. Each 
assay contained the material isolated from 600 mg of 
plant material. 

Fig. 2 shows the results of incubating DL-tyrosine-2-4O 
with this enzyme preparation in the presence or absence 
of a boiled extract from the sorghum tissue. In the 
presence of boiled extracts and DL-tyrosine-2-“O (Fig. 2c) 
radioactivity was incorporated into material that migrated 
ot Ry (-1 in the solvent system previously described. 
Similar experiments with r-tyroeine-*O gave only one 
radioactive peak at Ry 0-4 which corresponds to the 
rate of migration of ae 


100 


e.p.m x10 


100 


06 
Ry EA 


10 


M DL-tyrosine-2-"40 m the presence 2o) or ofa 
oulgare. aliquot of was 
apes 
Mrd 4. 78), flowed by scanning for radio- 
Fig. ta shows Tha deo thins centro The was 
[seu DL-kyroaine-2-"*0. 2o shows that m the pre- 
ies ps uG and boiled Ime) 
Ing at 0-1 is fi When, DL- 14) was replaced by L- 
qe dotted hne) no radyoacttvi observed in this of 
2b shows the effect of omitimg 
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These experimenta suggest that sorghum seedlings 
metabolize D-tyrosine as well as L-tyrosine, however, by 
different pathways. In vivo experiments (not shown here) 
have shown that the conversion of D- ine to materials 

migrating at Ry 0-15 and 0-30 is bloaked if NaN,, 
NaHAsO, NaF or 2,4-dinitrophenol are added to the 
nutrient solution con D-tyrosine. However, 
methylene blue did not block the formation of these 
materials. 


These experiments give little information as to the . 


chemical composition of the materials derived from 
D-tyrosine other than to eliminate a number of possible 
phenolic compounds including p- pir cad Prai 
acid and tyramine. Ohemical 
examination of the material(s) ete at Br Di 15 
indicate that it is unstable in dilute acid and gives rise to 
a number of !*O-labellod materials when derived from 
D-tyrosine-2-140. The rate of migration in the slightly 
basic solvent suggesta the materials to be either more 
acidic or of higher molecular weight than tyrosine. 
hyziological importance of D-tyrosine metabolism 
Web ee a posa There appears to be 
little or no reversible inter-conversion of L-tyrosine to 
D-tyrosine, while D-tyrosine sppoan not to be mete- 
bolized through the usual pathways for D-amino-acids, 
that is, deamination or decarboxylation. 

We thank Mise Margie Rausch for sasistance in pre- 
paration of the figures and portions of the experimental 
work. p-Hydroxymandelic acid amide was supplied by 
Dr. M. D. Armstrong, Fels Research Institute, Yellow 

rings, Ohio, and p-hydroxyphenyl serine by Dr. W. A. 
Bolhoffer, Merck, Sharp and Dohme Research Labor- 
atories, Weat Point, Pennsylvania. This work was 
supported by research grant O-6448 from the U.B. 
National Science Foundation. 
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Loss of Methyl Tritium from [*H] Acetate In 
Rumen Fluid 


Tem availability of both [1C]- and [*H]-labelled ocom- 
pounds, together with the development and refinement of 
scintillation counting procedures, has encouraged the use 
of radioisotopes in the investigation of metabolic proceases. 
It has generally been assumed that with carbon-14 little 
or no isotope effect is produced and that the labelled 
substrate behaves in @ similar way to the non-labelled 
compound. With tritium, however, considerable isotope 
effect may occur because of the large differences in atomic 
weights of tritium and hydrogen}. 

Constant infusions of labelled substrates into animals 
have been widely used to measure entry rates of these 
compounds". We have applied these techniques to the 
measurement of production rates of volatile fatty acids in 
tbe rumen of the sheep, and in the course of the work we 
bave found that infusion of [*H] acetate gave considerably 
higher acetate production rates than mfusion of [!*C] 
acetate; this led us to investigate the possible lability of 
methyl tritium of [2-*H] acetate in rumen fluid. 

Merino ewes (4—5 years old), fitted with a permanent 
rumen fistula, were used in these experiments. The sheep 
were housed indoors in smgie pens and were fed hourly 
(15-5: doceo chat) betweai the houre of Banus and 7 p.m. 


f- 
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The animals consumed their ration in 10—20 mm and were 
trained to eat during infusion experiments. Small quan- 
tities of a highly radioactive mixture of [1-0] acetate and 
[2-*H] acetate were infused into the anterior end of the 
. rumen through the rumen fistula. Rumen samples were 
obtained at intervals of 80 min over a period of 240 mm 
and the acetate and butyrate isolated by column chromato- 
graphy on silicic acid using hexane-butanoP. Aliquots (10 
ml.) were collected off the column; 5 ml. was titrated and 
5 mL mired with 5 ml. xylene contaming 0-01 per cent 
1,4-b18-2-(5-phenyloxazolyl)-benzene (POPOP) and 0-4 
per cent 2,5-diphenylorarole (PPO). These samples were 
counted in a Nuclear Chicago scintillation counting 
system 725 using the channels ratio method for dual 
isotopes*. 

The ratio of [SH] to [1*0] in acetate isolated from the 
rumen fell with time, indicating the loes of tritium from 
the acetate molecules (Table 1). Radioactivity appeared 
in the isolated butyrate and the ratio of *H to !*C in this is 
also shown in Table 1. Infusions of [2-40] and [2-*H] 
acetate gave essentially similar resulta to infusions of 
[1-40] and [2-"H] acetate, demonstrating that the methyl 
group of acetate was not exchanged as a unit. Incubation 
of freshly obtamed rumen fluid with the acetate (mixed 
label) at 89-5° C and in an atmosphere of 100 per cent CO, 
resulted in a similar loes of the tritium from labelled 
acetate (Table 1). 


ACETATE FRON INCUBATION OF THE MIXED ISOTOPE WITH RUMEN 
FLUID í^ vitro ARE ALSO IK: (HXPERIMENT 4). 
Hrpertments 1 and 2 Hxperimeni 3 Experiment 4 
(mtn) pow emn acetate » ean 
"H: M0 'H : “0 H: 0 H : 10 

0 +08 — 3-82 401 
30 2-27 3-75 34 
00 3-26 1-76 270 3-40 
90 3-25 2-08 383 2:35 
120 %12 2-04 3-58 3-27 
150 287 191 8-41 — 
180 1-05 1:87 8-78 — 
210 2-73 1:81 — — 
240 2-70 1:84 — — 

A mixture of [2-*H.] acetate (a 2 mo. jmL) and [1-0] acetate 
( E ro. jml) was totrarommalty (1 ml. (experi- 
io gu ), oc Intravenously (0 $8 ml/min) ( 3). rado 
of [FH] to [4C] was determined in acetate and butyrate molated from rumen 
contents and m acetate teolated from blood. were at 
totervals throughout the in The ratio 
was ajo determined in acetate iso from obtained from rumen 


incubated sm vitro with a mixture af [2-"H] and [1-40] acetato at 80-5° 
under a gas phase of 100 par cent OO, (experiment 4). 


Acetate is lost from the rumen mainly through absorp- 
tion into portel blood*, but little is known of the reactions 
of acetate in rumen fluid. It is established that there is 
incorporation of acetate carbon into butyrate and vice 
versa’, but the extent of this and the recycling of acetate 
molecules is not well known. In work now being prepared 
for publication we have shown that of the butyrate pro- 
dude Rus sumen aupeest nately 15 ose carb coun earn 
acetate and of the acetate produced 10 per cent arose fram 
butyrate. The cycle, acetate to b and back to 


to increase the ratio of *H to O in acetate. The labelling 
in butyrate shows that an appreciable amount of tritium 
appears in isolated butyrate and the cleavage of this mole- 
cule to acetate would tend to reduce the ratio as indicated 
by the following equation, in which T is used to indicate 
tritium: 


COOH — OCT,“0H,CT,“OOOH — 
CT,“COOH + OT,H“COOH 


However, the recycling of acetate molecules through the 
above scheme must be small as indicated by the inter- 
conversion percentages. 

From the results obtained in this investigation it is 
apparent that although production rates or entry rates of 
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acetate in the rumen may be measured using intraruminel 
infusions of [1C] acetate, acetate labelled with tritium 
cannot be used because of the apparent lability of the 
tritium. That ["H] acetate could be used for the measure- 
ment of entry rates m the whole animal was shown by 
intravenous infusions of [140] and PH] acetate. There was 
no change in the ratio of "H/C in acetate isolated from 
blood over the period of infusion (Table 1). 

If the lability of hydrogen in this position is truly 
represented by that of the tritium then acetate may supply 
readily mobilized hydrogen atoms for hydrogenation re- 
actions. At present this seams highly unlikely, but the 
incorporation of tritium into unsaturated fatty acids in 
the rumen is under investigation.  Binoe the tritium 
molecule is not lost from [27H] acetate in solution in 
water, the exchange of isotope may be & consequence of 
the strongly reducing conditions of the rumen. On the 
other hand, the exchange may be catalysed by elements or 


sompaa in rumen fluid. 
is work was supported by the Rural Credits Develop- 
ment Fund. We thank Mr. D. J. Brett for his help. 
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PHYSIOLOGY 


Effect of Glucose administered in vivo or 

In vitro on the Respiratory Quotient of Rat 

Liver Tissue after Partial Hepatectomy 

Arrme partial hepatectomy, the respiratory quotient of 
liver tissue has been found to decrease to about 0-7, which 
suggests predominant utilization of lipids'. As early as in 
the first hours after surgery & decrease of glycogen and an 
increase of lipids can be observed’. In these circumstances, 
however, matked enhancement of lipids in liver tissue 
probably does not represent & manifestation of a degenera- 
tive process. The lipids increase mainly in the peripheral 
cella of the liver lobules, where the proceases connected 
with liver regeneration are most conspicuous’ and thus 
provide & substance which, after partial hepatectomy, is 
utilized by liver tissue as the main source of energy. Under 
normal conditions, the energy of the liver tissue m rats fed 
ad libitum with a mixed dist ia obtamed by combustion 
of glycids, which is shown by the respiratory quotient 
near 1 (ref. 5). We therefore wondered whether the liver 
tissue after partial hepatectomy, when its respiratory 
quotient has decreased, is able to utilize glucose for its 
energetic metabolism if glucose is offered in excess during 
the acute experiment. 

The experiments were carried out using Wistar male 
rats aged 4-5 months, weighing 240—310 g, which were 
fed throughout, including the course of the experiment, 
ad libitum with the standard laboratory diet: 700 g 
bruised wheat, 100 g dry-milk powder, 150 g casem, 
80 g crushed alfalfa hay, 15 g calcium chloride, 50 g fat 
(100 per cent), 7-5 g liver oil, 2-5 g sodium chloride and an 
amount of water sufficient to obtein a consistency. 
The respective measurements were e in normal, non- 
operated rats 48 h after partial hepatectomy or simple 
laparotomy. Rata which had not undergone surgical 
intervention were included in the first experimental group; 
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ta Riro TO THE RATS WHICH HAYE UNDERGONE PARTIAL 
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HNPATEOTOMY OR SIMPLE LAP 


Table 1. OXYGEN LYTAES, Cannon DIOXIDN RELEASE AND H-MPIRiTORY QUOTDENT OF THE LIVER TRAUN AYTER ADNINIFTRATTON OT GLUOON in ico OX 
AROTONY 





Carbon dioxide release | 




















intakes Respiratory quotaent 
ORE dey oo ns Go ala (mm'mg" dry t-wsue per 60 min) 
G GI a al 
TOUDS moose unose uoose 
without without without 
giucose tn vivo ta niro glucose in meo | ia vitro glucose M" viso ta miro 
Non-operated rats 3-21 -— 3 30 2-06 — 8 44 0-04 — 089 
+0 20 +0-37 +0-20 +042 +0 O88 +0 07 
48 h after partial hepatectomy 483 518 4:75 3:76 3-70 | o 75 0:76 0 70 
+0389 +0-28 £088 +061 +081 +0-38 40-060 +0-06 +0 04 
48 h after laparotomy 3-33 4-00 3 60 2 86 03 i= | 0-99 1-00 0-97 
40-5 +0 50 +0-%4 +036 +0 06 +0 41 +0 063 i011 +011 











the rats of the second group were given by gastric tube 
1-25 ml. of a 40 per cent solution of glucose per 100 g body- 
weight 30 min before killing and withdrawal of samples; 
in the third experimental group glucose was added in 
excess to the incubation medium in the Warburg flasks to 
& concentration of 270 mg per cent. About 70 per cent of 
the liver tissue was removed, following the partial hepa- 
tectomy procedure of Higgins and Anderson’. The for- 
mation of carbon dioxide and intake of oxygen by the 
liver slices were measured by means of the direct method of 
Warburg and Nogelein’*, using standard flasks with side 
arms and an absorption cup according to Pardee* and 
Krebs’. This i enabled us to maintain a constant 
preesure of gaseous carbon dioxide. The tissue was sus- 
pended in Krebs—Ringer’s saline solution with lower con- 
tent of sodium bicarbonate (0-35 per cent) following the 
method of Bellamy and Bartley. The results were 
evaluated statistically by means of Student's t-test. 

The results are summarized in Table 1. In rats which 
had undergone simple laparotomy the values of oxygen 
intake and carbon dioxide formation by the tissue slices 
were found, 48h after the surgical operation, to be approxt- 
mately the same in normal rate. i 
. Which had undergone partial hepatectomy a significantly 
higher oxygen intake (P < 0-01) and only a slightly higher 
release of carbon dioxide were observed at the same time 
interval after the operation. The respiratory quotient of 
the liver of these rats decreased to values near 0-7 
(P « 0-05) when compared with intact rata, or those with 
simple laparotomy. After administration of glucose in 
vivo and after ite addition in excess $n vitro, the oxygen 
intake and the carbon dioxide formation by the liver slices 
(and thus also the values of its respiratory quotient) did 
not change in any of the experimental ; 

Clerici and Ciocarone!* have re a lowering of the 
‘Crabtree effect’ in the partially ‘resected’ liver tiasue. In 
normal circumstances, this phenomenon consists of inhi- 
bition of the oxygen intake in the tissue slices after the 
administration of glucose into an incubation medium. 
Clerici and Ciooarone failed, however, to explain the cause 
of the changes in the metabolio reactivity in the liver 
tissue after partial hepatectomy. Our experimental results 
offer a simple explanation. After partial hepatectomy the 
liver tissue—the metabolism of which is adapted to the 
predominant utilization of ltpids—is not able to use 
glucose offered in exoeas $n vivo or in vitro during the acute 


experiment. The lowering of the co-called ‘Crabtree effect! ^ 


would thus be associated with & decrease of the utiliration 
of glucose. Derache ef al.!* have directed attention to the 
decrease of glycolysis in regenerating liver tissue. It is not 
clear whether the rebuilding of metabolism in the liver 
tissue merely represents a manifestation of an adaptation 
to the lack of glucose and to the simultaneous increase of 
lipids in the liver tissue. Many of the facts, however, 
suggest that fat metaboliam-is of great importance for 
regenerating liver tissue. In our own experimenta we had 
an opportunity to observe that retardation of fab.infll- 
tration in the liver tissue after partial hepatectomy pro- 


voked by protracted infusion of glucose was associated 
with a decrease of the rate of regeneration’. 
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Crabtree Effect and the Anaerobic Glycolysis 
of the Regenerating Rat Liver 
In the communication Šimek and BedláSek 
state that the Crabtree effect observed by us! in the 


regenerating rat liver should be due to a supposed inability æ- 


of the growing tissue, the metabolism of which is adapted 
to predominant utilization of lipids, to use glucose én vitro. 

We believe that such an explanation is not fully accep- 
table. In fact, the Crabtree effect has been demonstrated 
only four days after partial hepatectomy—namely, when 
the fatty infiltration of the liver is i i 
having reached a peak 1-2 days folowing surgery, as has 


A preferential utilization of lipids instead of carbo- 
hydrates, which is verisimilar i i after lobeo- 
tomy*, seems leas likely at later stages when the weight 
gain and the chemical composition of the liver are almost 
normal. However, taking for granted that four days after 
surgery the regenerating liver mainly relies, for ita res- 
piratory needs, on the endogenous lipids, it is nevertheless 
evident that it is still able to react to any addition of 
fis ee ee ee ee 
the Crabtree effect, as stated by Bi and Bedlá5ek in 
the communication). 

OE Sean do caue C ae 
determining factor in causing the Crabtree effect, since 
this is exerted by sugars which are substrates for hexo- 


kinase and also by 2-deoxygiucose, a carbohydrate phos- f~ 


phorylated by such enzyme but not further glyoolysed. 
is can even be blocked by iodoacetate or bromo- 
acetate without interference with the Crabtree affect’. 
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So far as we know, there is no proof that the regenera- 
ting rat liver is unable to phoephorylate glucose. 

From analogy with the regenerating liver, it is worth 
mentioning that the inhibition of respiration by addition 
of glucose has also been demonstrated in some neoplastic 
tissues which show an active endogenous oxidation of 
fatty acids. 

Simeo and Sedláček cite a paper by Derache e£ al.” as proof 
that carbohydrate metabolism, or, to be exact, anaerobic 
glycolysis, is decreased in the regenerating rat liver. Since 
ono of us has investigated the metaboliam of the regenera- 


compared with controls. Furthermore, Derache e£ al.’ do 
not specify 
conditions it is not possible to appraise adequately the 
value of glycolysis, the rate of which depends on the 
feeding state of the anmnals"? and, consequently, on the 
glycogen storage m the liver™. 

Finally, the paper by Derache € al.’ is difficult to 
apprehend clearly since the lactic acid was evaluated by a 
method” which is suited to measuring phosphates but not 
lactio acid; the results are also in & rather odd 
way, as pmoles of lactic acid phosphorus/mg proteins/h. 
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Increase of the Effect of Histamine by 
E. coll Endotoxin on the Smooth Muscle 


Oxm of the properties of the Brucella abortus and B. 
melitensis endotoxins is their ability to promote motility 
of the uterus muscle—this we demonstrated recently’ *. 
The Brucella endotoxins can induce a remarkable sensitiv- 
ity in the isolated uterus against oxytocin’ and hist- 
amine! which cannot be observed in the ileum’. 

The E. coli endotoxin exhibits a similar effect on the 
smooth muscle of uterus and ileum. This communication 
describes the sensitizing effect of the E. coli endotoxin on 
the smooth muscle in respect of histamine. 

The endotoxin of the E. cols strains 0 55 and 0 111 were 
prepared by Boivin's trichloroacetic acid method**. 

Tn order to demonstrate the stimulation of the effect of 
histamine by E. cols endotoxin we began with different 
histamine concentrations in a scale beginning with a final 
concentration of 0-5 x 10-* down vo & concentration 
causing & we&k contraction only. This amount of histe- 
mine was said to be 100 per cent. The contraction caused 
by this amount and & previous 5-min incubation of 
the endotoxin was compared with a histamine contraction 
of an equal amplitude of the histamine scale. In all 
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Table 1. THE ÍXCRRASE oF THs Byrecr or HISTAMINE 
TOXIN OX THE IGOLATAD GUINEA-PIG UTERUB 


% * % 
No. Increase No. Increase Ko Increase 

1 100 10 900 19 400 
2 - 11 100 20 900 
8 400 12 400 21 900 
4 900 13 900 2 400 
5 - 14 400 28 100 
6 400 16 100 ti 400 
7 100 18 900 25 15c 
8 150 17 900 

9 900 18 400 


experiments the amount of E. cols endotoxin was 50y. 
The moubation volume (Tyrode's solution) was 10 ml. 

The effect of histamine on the isolated guinea-pig uterus 
is stimulated to the extent of 100-900 per cent after 
addition of E. coli endotoxin. Only in 2 of 25 cases was a 
histamine-promoting effect of the endotoxin missed 
(Table 1). 

The Æ. coli endotoxin can be washed out from the 
guinea-pig uterus in the recipient with stationary contents. 
The histamine, having been stimulated by endotomn, has 
thereafter an effect scarcely above ite threshold, namely, 
the amplitude of the contraction becomes the same as 16 
was previously. This is to be seen m Fig. 1. It should be 
pointed out that in some cases even smaller amounts of 
histamine causing no contraction are followed by & strong 
contraction after addition of endotoxin. 

The BJ. coli endotoxin without any previously admunis- 
tered histamine has no effect on the guinea-pig uterus 
when applied in amounts of 50-1,000y in & recipient with 
stationary contents. However, after we observed that 
rat uteri respond to a single application of Brucellae 
endotoxins with a rise in amplitude and frequency and a 
lesser rise in tonus when using a perfused recipient, we 
undertook to investigate the effect of E. colt endotoxin 


in & eh recipient. 

Independently from our investigetions'’, Wiedermann 
et al.1? described a direct effect of E. coli endotomn on the 
contractility of the guinea-pig uterus in & perfused re- 
cipient which we, as already stated, could not observe in & 
recipient with stationary contents. Goodno et al. were 
unable to confirm this finding when they used rat uterus or 
strips of human uterus. However, Wiedermann?? pointed 
out the importanoe of the method applied and of the 
hormonal conditions of the animals. We have shown! that 
uteri of rata pretreated with oestradiol react more strongly 
than untreated controls when examined with Brucella 
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endotoxin in a perfused recipient. We have also emphas- 
ized that the hormonal condition is an important factor 
controlling the way the Brucella endotoxins! are acted on. 

In 1961, one of us! ropounded a new abortion theory 
in virtue of the effoot of Brucella endotoxins on tho isolated 
or pregnant uteri of animals (rat, guinea-pig, rabbit), and 
discussed the importance of different endotoxins, particu- 
larly of E. cols endotoxin, to the abortion and pointed to 
Thomas’s obeervations!:!*, Our experimenta explain the 
abortions induced by injections of E. coli endotoxins with 
pregnant mioe!*, 

The effect of E. ool endotoxin on the isolated uterus 
deecribed here confirms the suggestions that abortions in 
parallel with increased bacterial breakdown are caused by 
the uterus-motility promoting effect of the endotoxins. 
It explains Kase’s obeervations!*; he demonstrated an 
increase of abortion rates with an increasing number of 
E. oot bacteria in the urinary bladders of pregnant 
women. 

The effect of endotoxins on the blood vessels is well 
known!'.1*-*, In view of our resulta the question is raised 
of whether the increase of the histamine effect on the 
smooth uterine muscle by endotoxins is also responsible for 
the effect of endotoxins on the smooth blood-veeeel 
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Action of Angiotensin on Sympathetic Nerve 
Endings in Isolated BI Vessels 

THA recent experimental findings!4 of a diminished 
effect of administered-angiotensin on blood pressure after 
acute sympathectomy or pretreatment with reserpine have 
directed attention to a possible relationahip between the 
offects of angiotensin and the thetic nerve system. 
In dogs, MoCubbin and Page’ decribed an effect of angio- 
tensin on the sympathetic nervous system resulting in an 
enhanced response to agente and procedures which cause 
release of endogenous noradrenaline. Later, Lewis‘ ob- 
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served an angiotensin-induced release of catecholamines 
from the suprarenal medulla of cats. In connexion with 
this finding ho tentatively discussed an action of angio- 
tensin at the vascular wall by local liberation of catechol- 
amines from the sympathetic nerve endings. The two kinds 
of experiments (a and b) presented here were undertaken 
to obtain further information on the relationship between 

i in and the sympathetic vasomotor action. 

a) Quantitative determination of noradrenaline was 


to that of rat aortae used in type (b) of our experimenta. 
Each artery was out lengthwise to yield two identical 
strips. One strip of each pair was then rinsed for 2 h at 
37° C at a rate of 2 ml/min with Tyrode's solution, the 
other with the same solution containing angiotensin II 
(Hypertenain', 10-* g/ml.) at the same rate and tempera- 
ture. Afterwards the muscle strips were homogenized and 
the noradrenaline content determined by means of the 
fluorimetric method of Bertler, Carlsson and Rosengren". 

After exposure to angiotensin, the noradrenaline content 
of the stripe was found to be 0-4 + 0-1 y/g (+.9.2.) wet 
weight as compared with 0-7 + 0-2 y/g in the controls. 

(b) Aortae of anaesthetized adult albino rats were out 
spirally. A muscle strip, 1-5 mm wide and 12 mm long, 
was mounted in & narrow 0-3-ml. bath and rinsed oon- 
tinuously at a rate of 2 ml./min. with Tyrode’s solution of 
87° O. For the isometric recording of contractions a 
variable inductive transducer (Philips PT 1200) connected 
to an inkwriter (Varian G 11 A) was used. 

The maximum amplitude of angiotensin-induced oon- 
tractions (“Hypertensin’ 10-* g/ml.) declined exponentially 
to zaro with each subsequent application Rinsing for 10 
min with noradrenaline (‘Arterenol’ 10-* g/ml.) gave a 
nearly maximum contraction which was followed by a oom- 
plete relaxation after washing out the drug. Subsequent 
renewed application of angiotensin now produced a oon- 
traction of 85 + 14 per cent of the initial angiotensin 
effect. These obeervations suggest that the vasoconstrictor 
activity of angiotensin is caused by a release of noradrens- 
line from the stores which are known to exist at the sym- 
pathetic nerve endings in the vascular wall. Thus, angio- 
tensin can exert no effect if the stores are depleted by 
repeated exposure to angiotensin to such a degree that 
noradrenaline can no longer be released in an amount 
sufficient to induce a contraction. After partial replenish- 
ment by exogenous noradrenaline, angiotensin regains its 

ivity. We were able to show that addition of cocaine 
(10+ g/ml.) prevents this restoration normally observed 
after administration of noradrenaline while it does not 
influence the normal contraction caused by noradrenaline. 
This may conveniently be explamed by the known inhibi- 
tory action of cocaine on the noradrenaline uptake by the 
stores*:'?. However, cocaine does not seem to block only 
the uptake but seams also to inhibit to some extent the 
release of noradrenaline. Thus, the administration of 
cocainé during the initial phase of an experiment partially 
or completely suppressed the vasomotor reaction to angio- 
tenain. Such an inhibitory effect of cocaine on the libera- 
tion of catecholamines has already been suggested by 
Bejrablaya, Burn and Walker’. 

Our preparations from normal animals under prolonged 
exposure to angiotensin began to relax about 3 min after 
the maximum of the contraction had been reached. In 
Preparations from animals which were with 
reserpine (1 mg/kg ‘Serpasil’ intraperitoneally 48 and 24h 
before the experiment) relaxation started about 1:5 min 
after reaching the maximum. The shortening of the angio- 
tensin effect can be explained by the extensive depletion 
of the noradrenaline stores following reserpine pretreat- 
ment?. 

In some experiments the effecta of tyramine (10-* 
g/ml), the indirect action of which on vascular smooth 
muscle is well established’, were investigated. The 
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responses to angiotensin and tyramine were found to be 
necator similar although angiotensin proved to be 
more effective. 

It is concluded that the action of angiotensin on vascular 
smooth muscle is an indirect one mediated by liberation 
of noradrenaline from the sympathetic nerve endings in 
the vascular wall, but an additional direct-action cannot 
yet be excluded. This action of angiotensin may be of 
importance for & better understanding of various forms of 
hypertension. 

This work was supported by a grant from the Deuteche 
Forschungagemeinschatft. 
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PHARMACOLOGY 


Comparison of T-Wave Chan in the Dog 
following Intravenous Administration of 
Chlorpromazine and Fluphenazine 


As early as 1054, flattening of the T-wave following 
chlorpromazine administration to anaesthetized dogs was 
by Moyer et al.!. Marked T-wave changes were 

also noted by Melville’ in 1958 following the administre- 
tion of chlorpromazine to dogs under similar conditions. 
Other investigators have noted eleotrocardiographio al- 
terations in man after parenteral administration of 
effecta on the electrocardio- 


are not restricted to chlo 
and Murphree’ found that 67 per cent of 55 adult males 
given daily oral doses of 150-800 mg thioridazine showed 
electrocardiographio changes. In the same report, these 
authors indicated that T-wave changes were produced in 
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4 of 11 dogs following 6 mg/kg oral doses of thioridazine. 
Kelly e£ al.‘ reported that oral doses of 200 mg or more of 
thioridazine altered ventricular repolarization (T-wave 
change) in 28 adulta. Two petienta, given 1,500 and 3,600 
mg a day, died; their terminal electrocardiogram patterns 
were those of heart block, alternating with episodes of 
ventricular tachycardia. 

We have found that fluphenaxine has no greeter depres- 
gant effect on the T-wave than does chlorpromazine when 
administered intravenously to dogs at the same mg/kg 
dose. However, the compounds are not used therapeuti- 
cally at the same dosage. In a study of 400 acutely ill 
schizopbrenio patients’, a daily oral dose of 2 of 
ftaphenazine produced improvement similar to that affor- 
ded by a 200-mg daily oral dose of either chlorpromazine 
or thioridazine. The much lower clinical dose suggests a 
wider margin of safety for fluphenasme. 

Investigations in our laboratory have demonstrated 
similar acute toxicities for chlorpromazine and fluphena- 
xine in three animal species*. Both compounds showed 
corresponding cardiovascular effects in anaesthetized and 
unansesthetized dogs at similar intravenous doses. After- 
wards & direct i of the effects of the two com- 
pounds on the amplitude of the T-wave in dogs was 
completed. 

For this investigation lead II electrocardiograms were 
recorded via surface electrodes from 12 unansesthetized 
dogs of either sex. Chlorpromazine h; oride was then 
given intravenously in doses of 1, 8, and 10 mg/kg to each 
dog on different days and electrocardiograms were recor- 
ded hourly for 6 h. Eight of these dogs that showed a 
chlorpromaxine-induced depression of the T-wave were 
selected for further investigation. On any given day two 
dogs were tested with chlorpromazine hydrochloride and 
two with fluphenazine hydrochloride at a dose of 8-0 mg/ 
kg. A week later they were crossed-over as to drug and in 
subsequent weeke the experiment was repeated using 0-3 

doses. 

The height of the T-wave at each hourly interval after 
dosing was compared with the pre-dose height and was 
expressed as a percentage increase or decrease. A no-drug 
control was obtained for each dog by comparing an initial 
T-wave height with heights measured at six-hourly inter- 
vals thereafter, without the administration of any sub- 
stanoe. The six percentage values for changes in T-wave 
height obtained for each dog at each hour were averaged 
and are presented in Table 1. One dog was eliminated 
from the calculation of the mean change in T-wave height 
after each regi because of aberrant values. 

The date indicate that the mean percentage after 
the 0-3 mg/kg dose of fluphenazine was similar to that 
after no drug had been given. On the other hand, this 
game dose of chlorpromaxine and the 3 mg/kg doses of 
chlorpromazine and of fluphenarine caused definite 
reductions in the height of the T-wave. 

These results demonstrate that at the same mg/kg 
intravenous dose fluphenazine has no more effect on the 


Table 1. Muay PERCENTAGE CHANGE IN T-WAYA HNIGET FOLLOWING INTRAVENOUS ADMINISTRATION OF OHLORPROXAXINA HYDROCHLORIDE AND 
FLUFHENAZINE Does - 























HYDROCHLORIDE TO UNAKABETHNTIIXD 
Dog N Bex Weight N -30 malis Weight K 03 malkr 
0. 

2x50 F T4 +58 —48 —b6 72 T9 —10 — 5 

1303 F 93 = —70 —17 8:8 —11 —48 —18 

1256 x 6-7 +48 -32 -R 6-6 (+121)t (—76)t (+147 T 

12509 F 70 0 —$2 —18 7:1 —27 —44 — 

2030 E 70 (+29 (4-90)* (—90 69 —10 +14 — 9 

1947 K 88 — —84 —6 85 —12 +1 —68 

2002 K 82 —13 —58 —47 81 +20 —B7 +76 

2965 M 84 —13 —16 — 2 8-2 —7 0 +2 
| Group mean +12 ` —3^ = = —125 N —4 








Bach + or — figure x the mean of values obtained at each of stx hourly intervals after dosing: + —Inerease in T-wave beight; — —decresse in T-wave 


height. 


> Biminated from calealation of the group means because of aberrant response to chlorpromazine. 
+ Bltminated from calculation of the group means because of aberrant response to fluphenaxine and as no-drug control. 
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T-wave than does chlorpromazine. Using either the 
recommended starting daily doses of 30 mg for chlorpro- 
marine and l mg for fluphenazine, or the 100-fold dose 
ratio found in the one clinical investigation, fewer un- 
desirable cardiovascular and electrocardiographic side- 
effecta would be expected when fluphenaxine is used. 

G. L. HAs8HRT, JUN. 
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Inhibition of Adrenocortical Responsiveness 
to ACTH by Actinomycin D In vivo 


Ir has been reported recently!“ that acute or chronic 
administration of ACTH to rata resulta in a marked 
increase in adrenal protein synthesis. This is evidenced 
by a rise in the DNA and RNA concentrations in the 
gland and an increased capacity for incorporation of 14C- 
glyoine into protein in cell-free preparations of rat adrenals. 
Furthermore, Farese‘ has suggested on the basis of studies 
of this that these changes in adrenal protein synthesis 
are i y concerned with the mechanisms whereby 
ACTH induces adrenal hypertrophy and that even the 
steroidogenic effect of ACTH may be mediated by an 
effect of this hormone on adrenal protein synthesis. In 
order to elucidate this problem it was decided to investi- 
gate the effect of actinomycin D on the production of 
corticosteroids by the adrenal cortex. 

Approximately 40 male rata, hypophysectomized 24 h 
previously and weighing 80-100 g, were given a subcu- 
taneous injection of normal galine (0-5 ml./100 g body- 
weight) or a saline solution of actinomycin D m a dose of 
25 ug/0-5 ml. saline/100 g body weight. Control rate were 
killed 80 min later. At various time intervals the remain- 
ing animals were given an intravenous injection of ACTH 
(2 cm g body-weight), and killed 15 min later. Ther 

were removed and weighed, and adrenal oortioo- 
sterone concentrations were determined by a modification 
of the method of Guillemin e£ al.*. The resulta were ex- 
pressed as ug oortiooeterone/100 mg adrenal tissue. 

Fig. 1 shows the effect of actinomycin D on the 
changes in adrenal corticosterone concentration produced 
by the administration of ACTH. It can be seen that 24 h 
after actinomycin the adrenals of these animals did not 
respond to the injection of ACTH with an increase in the 
production of corticosterone (P < 0-05) while those of the 
saline-injected controls responded m a normal fashion. 

Actinomycin D appears to be one of the most specific 
and best characterized inhibitors of protein synthesis. It 
is aad to produce its effecta by blocking the DNA-directed 
RNA synthesis catalysed by RNA polymerase by binding 
at specific sites on the DNA primer*-*. The present data 
indicate that actinomycin can eliminate the increased syn- 
thesis of steroids in the adrenals of rats $n vivo in response 
to ACTH. Ferguson?:* has shown a similar inhibition of 
adrenal steroid synthesis in response to AOTH or ¥,5'- 
AMP $n vitro using the antibiotic puromycin. This sub- 
stance is believed to inhibit protein synthesis in mam- 
malian tissue at the point of transfer of amino-acids from 
soluble RNA to ribosomal nucleoprotein!!. 

Both the m vitro work with puromycin and the present 
tn vivo findings with actinomycin D are consistent with 
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the idea that protein synthesis is necessary for adrenal 
corticosteroid nsiveness to AOTH. It is interesting 
to note that, er similar conditions, actinomycin will 
also inhibit the decrease in adrenal ascorbic acid produced 
by AOTH”. 

There have recently been several reports on the apparent 
increase in protein synthesis that accompanies the effecte 
of estro 5 ^, parathyroid hormone", thy- 
roxin™, and other hormones. Talwar and 1? have 
proposed that a common feature in the i of 
action of & variety of ‘stimulatory hormones’ is the trig- 
gering of the synthesis of messenger RNA, specific for 
bringing about biological changes characteristic of their 
respective target organs. It would appear that the mech- 
anism of action of ACTH on the adrenal cortex adds 
further support to this thesia. 

We thank Miss ie Gary for her assistance. Generous 
gifts of actmomyam D were received from Lederle Labora- 
tories through Dr. George Boxer and of ACTH from 
Armour Laboratories. 
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HAEMATOLOGY 


Haemoglobin J and E In a Thai 
Kindred 

Soas its discovery in 1956 by Thorup et ai. in an 
American Negro woman, haemoglobin J has been identi- 
fled in other ethnic groups including Gujerati Indians", 
Indonesians‘, French-Canadian’ and Swedish-American’ 
Caucasians, ians’, Chinese in Singapore’, Hakkanese 
Chinese in Taiwan!*, and Hawaiian-Chinese-Caucasians"™. 
This communication concerns the occurrence of haemo- 
globin J in a Thai family; the family is of special 
interest because it has haemoglobin E in addition 
to J. 

The preaence of an electrophoretically fast-moving 
haemoglobin in addition to normal haemoglobin A was 
detected in one subject among 676 presumably healthy 
Thai soldiers stationed at Nakhornratchaima (Korat), 

i Results of the haptoglobin distribution’. 
and haemoglobin E distribution” in that group of subjects 
were reported previously. Subsequent studies mdicated 
that the electrophoretic mobilities of the haemoglobin 
under various pH conditions s to be identical 
to those of & fast haemoglobin found in members of a 
Hakkanese Chiese family in Taiwan!'. Furthermore, 
both the Thai and the Chinese pe ne ees 
E have mobilities identical with ofa pi 
o obin J provided by Dr. Oscar Thorup from hi 
original patient?. In addition, a sample of the Hakkancse 
Chinese haemoglobin was studied electrophoretically by 
Dr. H. Lehmann, who identified it as J. Pending com- 
pletion of structure studies on the Thai haemoglobin 
it can be identified as Jxoras. 

Subsequent investigati Sag on a sap aei i n 
other members of the Thai family by Smithies’s vertical 
gbaroh-gel electrophoresis 4 at pH 9-0, with the 
tris-EDTA-borate buffer system!’ aa used by Goldberg’, 
disclosed. the family to comprise & mixture of individuals 
possessing E, A + J,A + E and E + J type haemoglobin 
combinations. The distribution of the haemoglobin 
phenotypes in the kindred is shown in Fig. 1 and repre- 
sentative electrophoretio patterns of the haamoglobins 
are illustrated in Fig. 2. The E type haemoglobin com- 
ponente in the present subjects were identifled by oom- 
parison of their electrophoretic mobilities with those of 
numerous other haemoglobin E and A + E found 
in the earlier studies on the 676 Thai blood samples. 
In those investigations an authentic Thai blood sample 
with haemoglobins A + E, provided by Dr. Prawase 
Wasi, Siriraj Hospital, Bangkok, was used for comparison. 
Numerous studies have reported the presence of haemo- 
globin E in South-east Asis since its occurrence in Thais!" 
was initially recognized. Our work!* among the 676 
Thai subjects, for example, disclosed that 39, or 5:8 per 
cent, of the individuals were homozygous for the haemo- 
globin E gene and that 246, 30-4 per cent, had haemoglo- 
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bins A and E. The combined incidence in the Thai 
sample of 42:2 per cent for the E and A + E genotypes, 
which is higher than those reported previously, has been 
confirmed in recent studies among North-eastern Thais 
by Wasi and NaNakorn’*. 

Subject III-3 waa the original case with type A+ J 
haemoglobins found in our study of Thai subjecta; his 
2 brothers also had the same combination. Ther mother, 
II-8, poeeeseed only normal A- haemoglobin; their 
father, II-2, poseeeeed genes for both J and E haemo- 
globins, and the J haemoglobin genes in the sons were 
apparently inherited from him. Subject II-8, the brother 
of subject 1I-2, also had types J and E haemoglobins; 
his wife, subject IT-9, had normal haemoglobin A. Among 
the children of subjects IT-3 and II-0, one daughter, 
III-0, had A and J haemoglobims and 2 sons, 
II-7 and I1-8, types A and E. 

All 5 of the living siblmgs in the second generation 
of the kindred had E haemoglobms in combmation 
either with A or J haemoglobin. Their mother, I-2, was 
homozygous for the E haemoglobin gene as illustrated in 
Fig. 3. Their father is presumed to have had A and J 
haemoglobins. 

The present family provides the first re examples 
of haemoglobin J i Thais and also of an association 
within a kindred of haemoglobins E and J. Due to the 
high density of the gene for haemoglobin E in the Thai 
race as described here, it is obvious that any other abnor- 
mal haemoglobin occurring in Thais would occur rather 
frequently in the same kindred with haemoglobin E. 
Among those members of the family studied thus far, 
subjects 11-2, 11-3 and YI-4 are the only examples of the 
E + J haemoglobin combination in one individual. In 
future work this family will be examined clinically and 
haems ically. 

We Dr. H. Lehmann for his help in identifying 
one of our haemoglobin J samples, and Drs. Prawase 
Wasi and Oscar Thorup for their generous contributions 
of abnormal haemoglobin samples. We also thank the 
medical officers and technicians of the Royal Thai Army 
Medical Corps for their aid in procuring blood specimens 
from the Thai family. Likewise the rt of Capt. R. A. 
Phillips, Commanding Offloer of N. U-2, and Col. 
James L. Hansen, director of the U.B. Army Component 
of the SEATO Medical Research Laboratory, Bangkok, 
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Haemoglobin E In Vietnamese 


Srvam its simultaneous ee ee in an 
American family of mixed Goatemala, and 
Indian ancestry! and in Thais*, haemoglobin E has been 
found in a variety of ethnic groups & majority of which 
are located in the Middle East and Asia. It is particularly 
rn uU among the peoples of south-east Asia where it 

had been found in relatively high incidence in Burmese’, 
Thais" and Oambodians’, and in lower incidences in 
Vietnamese’, Malayans!*, Indonesiens", Chinese!*-14 
and Filipinos4. The results in this communication confirm 
the occurrence of haemoglobin E among Vietnamese. 

Subjects for this investigation were residenta of Saigon 
and environs. At the time of the work, during February 
and March 1964, they were patients in the Oho Quan 
Hospital, Saigon, where they had been admitted with 
diarrhoea during the cholera epidemic and were under 
treatment for dehydration. Red cells were obtained from 
residual heparinized blood samples oollected for other 
diagnostic purposes and were preserved with merthiolate 
and by refrigeration prior to their transfer by air to the 
Biochemistry Department Laboratory of this Unit for 
anal 

Oeo ndo eae qmd odis von adsl 
with galine, mixed with equal volumes of distilled water, 
and frozen until used for electrophoretio analysis. After 
thawing, the samples were centrifuged and the supernatant 
haemolysatee examined by Smithies’s vertical starch- 
gel electrophoresis ure!*. The gel buffer employed 
was the iris-EDTA- buffer, pH 9-0, at the concentra- 
tions recommended by Goldberg?’. 

Results of the study indicate that 17, or 3-53 E oen 
of the 482 subjects had A + E haemoglobins. 
abnormal haemoglobins were detected. Although no 
quantitative determinations were mado of the relative 
amounts of hgemoglobins A and E in the samples, haemo- 
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globin E was always the minor component. By inspection 
the E component was estimated to comprise from one-fifth 
to one-third of the total; in all cases it exceeded the levels 
to be expected for A, haemoglobin, which has the same 
electrophoretic mobility as E in the buffer employed. 

Three cases of obin E, 2-7 per cent, were 
reported by Albehary et al.* among their 113 Vistaa 
subjects. Based on the results of both in tions the 
incidence of the gene for haemoglobin E in the Vietnamese 
appears to be lower than those in Thais, Cambodians, 
Burmese and Malayans, similar to those of some of the 
Indonesians, and higher than those of Chinese and 
Filipinos. 

Although our resulta with respect to haemo lobin E in 
Vietnamese agree with those of Albahary et al.*, we were 
unable to confirm their finding quee ER ul 
ponent which they called haemoglobin 'Sud-Vietnam'. 
No alow component other than E or A, was found among 
our 482 subjects. 

We thank James W. Fresh, Charles Neave, Donald L. 
Pankratz and other members of the Cholera Treet- 
ment Team of this Research Unit, for collection and 
transport of the blood samples. This work was 
in part by a fund provided under U.8. Publio Law 480, 
Section 104(o). 
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Xg* Investigations of the Family of a Child with 
a Ring X Chromosome 

Tas Xg blood groupe reported under this title in the 
issue of November 21, 1964, presented some ebnormal 
features!. We recently had the opportunity to teet the 
family and found the father, the mother, the daughter 
with the ring X chromosome, the normal daughter and 
the normal son all to be straightforward Xg(a+). Two 
examples of &anti-Xg* were used. 
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IMMUNOLOGY 


Immobilization Antigen In Heterozygous 
Clones of Paramecium aurelia 


CLONES of Paramecitwm aurelia, heterozygous for two 
alleles at one of the loci specifying the immobilization 
antigens!, react to both parental ific antisera, but 
usually more to one parental type than to the 
other. It is of considerable interest to determine whether 
these heterozygous antigens consist of one molecular 
species combining in varying degree the specific regions 
of the parental protem es or whether there is 
simply & mixture of the parental antigens. On the basis 
of refined i testa, Finger and Heler! have 
suggested that a single hybrid molecular species is present 
and that the variation between clones (sometimes even 
derived from the same mating) is due to the formation of 
a hybrid combining in differont ways the characters and 
presumably primary structare of the proteins. 

Animals of stocks 60 and 90 of P. awrelia variety 1, 

ing the D serotypes, were mated to ce clones 
of phenotype 60D/80D. About 10° of these were grown. 
and the immobilization antigen extracted by methods 
which have been described elsewhere*. Theantigen was freed 
from most of the contaminating protem by passing through 
a column, of ‘SH ex’ with a pH gradient between 
pH 4:2 and pH 5-6 in 0-06 M sodium acetate. This trest- 
ment produces no separation of any of the immobilization 
antigens which have been examined. 60 mg of antigen 
was then fractionated on & column of hydroxyapatite.‘ 
at pH 6-8 at 2°-3°. Elution was with a series of sodium 
phosphate buffers 0-002 M, 0-010 M, 0:25 M and 0-050 M 
applied by a constant rate pump at 3-4 ml/h. Some 
100-150 ml. of each buffer was used. Fig. 1 shows the 
optical density at 280 my. The fractions were also exem- 
ined for their capacity to inhibit the immobilization 
reaction between both 60D animals and anti-60D serum 
and 90D animals and anti-90D serum (Table 1). 
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Table 1 
Inhibition of immmobilixation reaction 
Fraction 90D 
I - e 
I ++++ - 
Hrs +++ + 
b ++ ++ 
e + +++ 


Peak I is oompletely inactive and is thus the remaining 
impurity. Peak II is eluted in the position characteristic 
of pure 60D antigen and gives no resection for 90D. 
Pure 90D antigen would normally be eluted in the region 
IILD-IIIe. Fractions llla and llle were each refraction- 
ated under the same conditions and were again eluted in 
the same region and showed the same activity pattern. 
No elution in any other region of the chromatogram was 
observed. 

Thus the heterozygote antigen contains parental 60D 
material amounting to about 50 per cent of the total 

i However, the remainder reacts with both anti- 


resulta. 
The immobilization antigen is a protein of molecular 
ight 250,000 and contains two identical half-molecules 


sub-unite*. In the te the molecule might be 
constructed in two ways: (1) The half-molecules, made 
independently to give two species (00D), and (80D), 


might then combme randomly to give three possible 
species—60D, 90D and (60D);(90D);. In the present 
experiment where 60D comprises 50 per cent of the total, 
90D would be 10 per cent and the hybrid 40 per oent. 
(2) The half-molecules might be randomly assembled 
from the possible sub-unita, and then form dimers. In 
the m case of only two sub-unita, say (AB), the 

ies formed would be (A**B**), (A**B**),, (AVB!*), and 
(A'*B'5, and the amounts in this instance 50, 10, 20 and 
20 per cent. In both cases the total amount of 60D 
activity would be 70 per oent of the whole. Hither of 
these simple h; icularly the second, can 
explam the results but, of course, it may be that the 
situation is more complex. Implicit in the second scheme 
is the suggestion that the sub-units are specified by separ- 
ate genetio loci. Beale’ was unsble to demonstrate 
recombination between alleles at the D locus, bub the 
resolving power of his methods was rather low and close 
Imkage cannot be ruled out. 

These resulta differ basically from those of Finger and 
Heller’, who that only one species was formed 
in any clone and that the observed variation m the degree 
of parental type reaction was not a of quanti- 
tative variation but of the exclusive formation of different 
hybrids im different clones. The present results suggest 
rather that the quantitative variation is basic and that 
hybrids arise in a purely random way. This quantitative 
variation will be examimed more thoro . It can be 
considered as partial dominance at the molecular level or, 
in the broader sense, as an example of & very simple form 
of differentiation. 

This work was supported by & grant fram the Medical 
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PATHOLOGY 
Effect of Bloodletting on Chronic Mountain 
Si ess 


Iw 1928, Monge! described the occurrence in the 
Peruvian high-altitude areas of a disease characterized 
by an excessivo polycythaamia (greater than usual erythro- 
poietic response to the degree of existing hypoxia) and 
congestive symptoms, both relieved on descent to lower 
altttudes. This disease, which may develop after years of 
residence at high levels or in natives born and living in 

i has been called chronic mountain sickness or 
Monge’s disease. The present report describes the effecta 
of blood-letting on the oxygen saturation, CO, pressure 
and pH in the arterial blood of patienta with chronic 
mountain sickness living in Cerro de Pasco, Perú, at an 
altitude of 4,800 metres above sea-level. 

The studies were carried out in the Cerro de Pasco 
Laboratory (4,300 metres) of the Instituto de Investi- 
gaciones de Altura. Three cases of chronic mountain 
sickness were selected on the basis of congestive symp- 
toms, an arterial oxygen saturation (HbO, percentage) of 
leas than 81 per cent, which is the normal figure for a 
similar altitude reported by Hurtado and Aste*, and a 
haematocrit of more than 70 per cent. In addition, they 
all had an arterial pCO, above 82-5 mm Hg, which is the 
average figure for Cerro de Pasco found by Monge et al.". 
This last characteristic nds to & condition of 
hypoventilation recently described by Hurtado! as existing 
in these cases. The subjects were high-altitude natives. 
They slept in the laboratory the night before the experi- 
ment in order to assure basal conditions. Puncture of a 
brachial artery was done using a standard anaerobic tech- 
nique and the blood pH. wae read immediately in an 
Astrup ‘M4’ micro blood pH meter. The blood pCO, was 
determined using the micro-equilibration technique of 
Astrup’. The HbO, percentage was determined in tho 
Van Slyke apparatus. The determination of the O, cape- 
city was carried out by tonometer equilibration at pCO 
40 mm Hg and pO, 200 mm Hg. After the arterial 
puncture was finished an indwelling trocar was inserted in 
an arm vein and s variable amount of blood was with- 
drawn (see Table 1). The arterial blood measurements 
were repeated 24 h later. 

Table 1 contains the data on HbO, percentage, pCO,, 
pH and haematocrit of each subject before and after 
bleeding. It can be seen that the values after bleeding 
do not show important differences in cases 2 and 8. Case 
1 showed s drop in HbO, percentage from 66:2 to 60-8 
with no significant change in pH or pCO,. This case is 
interesting because the patient had, in addition to con- 
gestive symptoms, a m te degree of heart failure. He 
had a drop in haematocrit from 76 to 68 in spite of a 
moderate bleeding of 600 ml. The three patients did not 
show any improvement in their symptomatology after 
blood was removed. 

The excessive polycythaemis of chronic mountain giok- 
ness has been attributed to the increased arterial blood 
unsaturation secondary to hypoventilation (Hurtado)*. 
The purpose of the present work was to test the hypothesis 
of & primary excessive polycythaemia and secondary hypo- 
ventilation due to embarrassment of the cerebral circula- 
tion and activity of the respiratory centre. Our results 
show that 24 h after venisection the changes in pCO, ware 
not significant and in one case there was a drop in HbO, 


Table 1. AXETXRIAL BLOOD VALUES OF Cases OF CHRONIO MOUNTAIN 
SICKNESS BEFORE AND AFTER VENINECOTION 


Patient HbO, 2H 700 Haematoont Bleeding 
(30) mmHg  (%) (mL) 
1 b 662 7 439 39 76-0 600 
a 60 8 7-429 87 680 
2 b 79-8 7:508 41 760 750 
& 74:5 T419 42 740 
3 b 728 7-410 38 80 5 1,800 
a 74:7 7-428 36 72-5 


b, before bleeding; a, M h after bleeding. 
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percentage. These preliminary resulta contradict the hypo- 
thesis of primary exceesive polycythaemia and secondary 
hypoventilation. As bleeding is often followed by & sense 
of Teni in cases of ohronio mountain sickness, future 
studies are needed, testing different post-bleeding periods 
and studying their effect on other physiological parameters 
such as the elevated pulmonary i 
Rotta et al.!* and Pefialoza e£ al. in these cases. 
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Experimental Tumorigenesis in the Hamster 
Cheek Pouch 


THs cheek pouch of the Syrian hamster (Mesooricetus 
auraius) has been used in many investigations involving 
circulation’, hetero- and homo-transplentability of 
normal tissues and neoplasms’, histo i " and 
chemical carcinogenesis*:*1°, Salley!* showed that experi- 
mental squamous cell carcinomata could be produced 
in the hamster’s cheek pouch by painting with 9,10- 
dimethyl-1,2-benzanthracene. Delarue e£ al.’ reported 
that they obtained fibrosarcomata nine months after sub- 
cutaneous implaritation of paraffin pellets containing 
DMBA in the cheek pouch. We have reported" that a 
single subcutaneous injection of sche ona dedi at 
the nape of the neck induced flbrosarcomata in ham- 
ster. The primary purpose of this investigation was to 
determine whether the subcutaneous tissue of the ham- 
ster’s cheek pouch was as susceptible to the action of the 
chemical i 

One hundred and twenty famale hamsters, each weigh- 
ing 75-100 g, were divided among six experimental 
groups; the animals were lightly anaesthetized and the 
right cheek pouches were exteriorized. Hach pouch 
received a single subcutaneous injection of 3,4,9,10- 
dibenzpyrene which had been dissolved in trioctenoin at 
doses of 0-26 mg, 0-50 mg, 1:0 mg, 1:5 mg, 2-0 mg or 
2-5 mg/hamster in an injection volume of 0-2 ml. for five 
groups. At the maximum concentration it was adminis- 
tered at 0-4 ml. The number of usable hamsters was 


reduced to 81 due to host mortality in all injected groupe. : 


They wero examined weekly until death and the tumour 
was removed at autopsy for microscopic examination. A 
diet of Wayne laboratory chow was provided, with water 
ad libitum. 

The number, incidence and average latency period of 
all observed tumours and the survival of tumour-bearing 
hamsters are tabulated in Table 1. Administration of 
3,4,9,10-DBP at the doses used resulted in the induction 
of subcutaneous flbrosaroomate at the site of injection by 
the seventh week. The cumulative incidence was as 
follows: 0-25 mg/hamster, 85 per cent; 0-50 mg/hamster, 
87 per cent; 1-0 mg/hamster, 100 per cent; 1:5 mg/ham- 
ster, 100 per cent; 2-0 mg/hamster, 100 per cent; and 
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Table 2. Latency PERIODS IX 
TuJROTION OF 3,4,0,10- DIEENXPY RENE M NS IN opi ire 
ARMA OR pus Povo me 
x 
Agent Dose tioi se di í 
( ) period ) 
3,4,9,10-DBP 20 98 144 
10 102 17-7 
06 13-0 195 
0 25 140 245 


2-5 mg/hamster, 95 per cant. The average latency period 
and mean survival times were related to dosage, that is, 
decreasing doses of 3,4,9,10-DBP resulted ek dines 
prolongation of the average latency period mean 
survival time, although the tumour incidences were in 
olose proximity for the mix groupe. 

The average aad period of subcutaneous fibro- 
garoomate arising in suprascapular area and in the 
pared. The results ahown m Table 2 
demonstrated that at similar doses the average latency 
period was shorter when 3,4,9,10-DBP was injected in 
the area. 

Microscopically the 8,4,9,10-dibenzpyrene tumour (Figs. 
l and 2) was seen as a spindle oell sarcoma with areas of 


Dit 


xis i 


ze 





poto 5*5. Nr. 
Fig. 2. Buboutaneous fibrosarcoma in hamster oheek pouah (x e. 330) 
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pleomorphism. Multinucleated giant cells were seen in 
some areas and mitotic figures were present. 

This work was supported by contract S4—43-ph-3789 
from the Cancer Chemotherapy National Service Center, 
National Cancer Institute, National Institutes of Health. 
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Structure and Role of Cytoplasmic 
Ribonucleic Acid in Malignancy 

X-ray diffraction investigations! have indicated that 
RNA of normal biological material exists aa an oriented 
helical structure with the sugar-phosphate chains forming 
ita circumference and the hydrogen-bound bases forming 
its central core. Despite the irregularity in the oe 
of ita bases’, RNA derives a certain degree of ity 
from repetition of the 0,—O—P—O—(, internucleotide 
linkage and from the spatial configuration of the sugar- 
phosphate ‘backbones’. 

The of this communication is to propose a 
different structure for cytoplasmic RNA of malignant 
material, and to present a theory concerning ita biological 
role in the initiation and progreas of cancer. 

The basic feature of the proposed structure is an overall 
state of irregular molecular folding consequent to loss of 
the three-dimengional potentiality of the molecule at 
multiple sites determined by the sequenoe of the pyrimi- 
dine bases on the polynucleotide chains. 

This is pro on the ground of my earlier observa - 
tions*-!* on the difference in interaction of RNAs of normal 
and malignant material with the basic dye acridine orange 
v0. Evaluated by intravital fluorescence microscopy", 
cytoplasmic RNA of normal living organs, whether resting 
or physiologically active, exhibited no affinity to the dye 
cations. (The intravital fluorescence microscope used 
was designed by me and’ constructed by J. D. Möller 
Optical Works, Wedel-Hamburg, Germany.) On the other 
hand, they were bound by cytoplasmic RNA of malignant 
tumours in relative orientation compatible with cationio 
dimerization. This has been indicated by the spectral 
range of emission of the dimers (5470 À—5770 A), by their 
reversible pesi n with variations of temperature 
and solventa and their irreversible dispersion consequent 
to the action of ribonuclease # vivo}. 

Fixation of the cations to the sugar-phoephate chains 
was ruled out since the phosphate residues are in effective 
combination with the proteins, and since precipitation of 
the phosphate groups that may exist in & free state have 
not interfered with the dimerization’. 

This has fixation of the cations to the 
nucleotide plates through & competition with the 
ions for the possession of the weakly acidic of the 
bases, as has been demonstrated by the reversibility of the 
interaction in presence of hydrogen carriers and with 
increase in the hydrogen-ion concentration). 

Consequently, each dimer should be located at right 
angles to the axis of the a-helix and would comprise two 
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| N Y Base 
4 
with Van der Waals sphere 


A,B, angle of molecular folding 
Fig. 1. Diagremmaüe representation, for the proposed donenianon 
ef the nuobeotide plates of ENA at the site formation of acridine 
orange dimer 


cations with an interplanar distance of 5-5 A, which is 
the shortest distance for their approximation. 

To account for formation of each dimer bound to oyto- 

lasmic RNA of malignant material, I have conceived 
boris ientation of two successive nucleotide plates in favour 
of an increase in the internuoleotide distance demon- 
strated for RNA of normal material'+. This has seemed 
to indicate deviation of the axis of the a-helix at the 
binding site for each dimer (Fig. 1), with a repetition of 
the axial deviation that would be consistent with forma- 
tion of multiple short-chain dimers. 

I have found this indicative of an overall state of 
i molecular configuration such as may result from 
loss of the three-dimensional potentiality of the mole- 
cules at multiple sites. Recognizing that stabilization 
of the three-dimensional potentiality is basically a funo- 
tion of the primary covalent structure of the molecule, 
I have attributed the proposed disorientation to multifocal 
deformation of the C,—O—P—O—O, internuocleotide 
panei The dispersive effect of ribonuclease on the dye 
complexes indicates that the eozyme has broken the 
continuity of the-internuclectide linkage at points essen- 
tially related to the geometry of each dimer. Since ribo- 
nuclease is a highly specific phoephodiesterase which 
hydrolyses only secondary phosphate eaters of pyrimidine 
nucleotide-3’-phosphate™, it is reasonable to conclude 
that the deformation is concerned with the C,—O—P—O 
—O, linkage, which joins a pyrimidine nucleotide with 
the following nucleotide in sequence. Since the deforma- 
tion would most li be a change of one or other of the 
bond angles, and since parallelism of the resonance 
systems of the cations is essential for their dimerization, 
I would consider that the linkage affected is pyrimidine— 
pyrimidine rather than pyrimidine—purine. 

Induction and biological role. In spontaneous malig- 
nancy it is probable that the proposed structure would 
be a product of configurational isomerism of a normal 
RNA molecule, initiated by abnormal environmental 
fluctuations, which exaggerate the physiological minor 
rearrangements within the molecular structure yet 
permanently interfere with the reversibility to the basic 
configuration. A constitutional instability transmitted 
in the germ plasm at the molecular level could then 
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should be expected to operate. Whatever the nature of 
an agent or its mechanism of action, the ultimate biological 
effect should be interference with the three-dimensional 
potentiality of the RNA molecule in the manner specified. 

Demonstration of the proposed structure in carcinogen- 
treated material aa well as fully developed i mene 
has indicated ite replication on the molecular level with 
transmission of & cancerous trait. With the exten- 
give experimental basee for the acceptance of a nuclear 
i in the normal cell, this would 


molecules. 
ne a E dc sea of ial RNA d th th 
self- ing capacity of vi an ose on the 
possibility of a pe of biological molecules with 
induced breaks in the sugar-phosphate backbones’. — 

The structure bly underlies a functional dis- 
organization at the level of the cytoplasmic organelles 
which would account for the faulty protein synthesis, the 
abnormal mitotic activity, and the disarrangement of the 
en: -yielding reaotion which characterize mnaligneney i 

E pop bets: structure and its suggested role 
compatible with earlier theories on the cytoplasmic origin 
of malignancy** and also in agreement with recent 
experimental observations suggestive of & qualitative 
change of RNA in certain tumours’. 

I thank Prof. A. Ingelman Sundberg for his advice and 
help. I also thank Prof. M. Furuhjelm for permission 
to conduct the experiments in the Hormone Laboratory, 
Prof. H. Sobhi for his advice and Dr. R. Lundborg for 


his assistance in the selection of tho clinical! material. 
M. Sutmr 


Department of Obstetrics and Gynecology, 
Sabbatsbergs Hospital, 
Karolinska Institutet, Stockholm. 
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Complement-fixing Antibody to Colloid and 
Epithelium in Monkey Thyroiditis 


'HASHIMOTO'B8 disease exhibits features not demonstrable 
in the autoimmune thyroiditis of gumee-pigs!', rabbite, 
dogs’ and rate'. Diffuse lymphoid infiltration of the 
thyroid gland and humoral antibodies against epithelial 
antigens are not found in the experimental leaion*:'. 

To evaluate the histological and serological character- 
istios of experimental primate thyroiditis, rhesus monkeys 
were injected with saline extract of monkey thyroid gland 
according to the following schedule: four monkeys 
received intramuscularly 2 c.c. of an emulsion composed 
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of equal parta of salıne extract of thyroid gland (30 mg 
of protem/ml.) and complete Freund’s adjuvant at 7-10 
day intervals, and were killed 10 daya after the last 
injection. Two monkeys received three injections and 
two monkeys four injections. As controls, two monkeys 
were injected with ‘APL’ (brand of human chorionio 
gonadotropin supplied by Ayerst Laboratories) and 
Freund’s adjuvant, and two monkeys with “Pergonal’ 
(PR20165, brand of human menopausal gonadotropin sup- 
phed by Cutter Laboratories) and Freund's adjuvant. 
Control monkeys received four injections. 

Small focal infiltrations of mononuclear cells were 
observed in thyroid glands of monkeys reoerving three 
injections of thyroid emulsion. Occasionally thyroid acini 
were destroyed. In monkeys receiving four injections, 
extensive thyroid infiltrations of large mononuclear, 
lymphocytic and plasma oells were associated with 
destruction of thyroid parenchyma (Figs. la and b). 
Control monkeys exhibited rare foo. of mononuclear cell 
infiltration. 

Sera were assayed for antibody to thyroid antigens by 
the indirect fluorescent antibody technique. Acetone- 
fixed cryostat sections of normal monkey thyroid were 
treated with test sera followed by fluoresceinated rabbit 
antihuman y-globulin, shown to cross-react with monkey 
y-globulm by immunoelectrophoreew. Complament-fixa- 
tion reactions were carried out by applying fresh guinee- 
pig serum or fresh human serum to cryostat sections of 
thyroid previously treated with & test serum, followed 
by fluoresoemated rabbit anti-guinea-pig complement or 
fluoresceinated rabbit anti-B,C globulin, respectively. 
Both reactions gave similar results, although fluorescence 
observed with human complement was brighter. Incuba- 
tion at 6^ C eliminated complement fixation (Table 1). 

Sera of monkeys with severe thyroiditis contamed 
antibodies to colloid (Fig. 2a) and epithelial antigens 
(Fig. 25).  Antinuclear antibodies were not observed. 





Fig. 1 from rece! four injechons of thyroid 

graced ane mn a inse pande cee 

parenchyma (xo 75), b, manonnolear cells a pertially dis- 
rupted acinus (x o. 190) 
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Fig 2 In miro complement fixation by antibod from serum of a monkey 
with thyroiditis «^ Collotá faoreacmnoo (x o $10); br epithelial uate 
oenoe (x e. 


Table 1. IxXuUXOFLUORESOENT DEMONSTRATION OF HUMORAL ANTIBODY 
GENE 


TO MONXNY THYXOID ANTI 
No. Ko. Ank- Ant- 
of Material of body to bodies to fixation reactions 
injeo- Injected mon-  oolid epithel- Onllold  Hpithelum 
hone keys antigen Tm. anübody antbody 
8 Thyroldadjuvant 2 W Negative Negative Negative 
emuls!an pou 
4 Thyroldadjuvant 2 8 Pomüve Postive Poaltave 
4 N Negative Negative Negative 


4 Hormone adju- 
vant emulmon 


* Refers to fluorescent staining observed. 


Antibodies to epithelium exhibited complement-fixing 
properties aimilar to those against colloid antigens. 

In human thyroiditis oomplement-flxing antibody to 
epithelium has previously been demonstrated*-! and 
shown to exhibit oytotoxicity in tissue culture’. The 
presence of complement-fixing antibodies to colloid and 
epithelium in sera of monkeys with thyroiditis may 
indicate that both these antibodies have cytotoxic 
potential. Although serological similarities between 
primate and human thyroiditis are evident, the early 
histological lesions resembled those in guinea-pigs, rats, 
rabbits and dogs. An examination of more chronic lesions 
in primates may, however, reveal greater morphological 
similarities to the human disease. 

This work was supported by U.S. Public Health Service 
grants AM 07790 and AM 03846. 
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Evidence for Radio-Ruthenium in Milk 


Durma routine counting for the determination of 
caesium-187 levels, an unexpected gamma-ray peak at 
about 0-51 MeV was observed in a number of milk samples 
from many different locations throughout Uteh (Figs. 1 
and 2). Tt was detected in milk produced on all dairy 
farma which we sampled between March 1962 and March 
1963. 

To determine whether the activity was actually in the 
milk or due to external contamination, a sample con- 
taining significant activity at 0-51 MeV was transferred 
into two clean one-gallon plastic bottles and re-counted. 
It was found that the activity at 0-51 MeV was still 
associated with the milk. The original bottles in which 
the sample was first counted showed only a small trace of 
the photo- when filled with distilled water and re- 
counted. No evidence of riroonium-95 was observed in the 
milk. Beoause all our samples of vegetation and soil 
showed appreciable ziroonium-95 during this period, the 


absence of this nuclide that the unknown emitter 
was in tho milk and not a result of contamination with 
dirt during handling. 


A study was conducted to determine the half-life of the 
unknown nuclide using this same milk sample. Counting 
procedures were identical to those used in routine milk 


a c T 
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Thotsands of counte/ehan./400 min 
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Gamma-ray energy (MeV) 


Gamma-ray spectrum of the milk sample used in the half-life 
detecmmation 
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Fig 1. 
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analysis (Fig. 8), but the counting time was lengthened to 
400 min, and later to 600, 800 &nd 5,000 min for improved 
counting statistics in the 0-51-MeV band. The milk sample 
was counted 6 times during the period of March 1963— 
July 1964. 

Calculations of relative activity at 0-51 MeV for the 
sample were based on a ratio of the net counts in this band 
(0-48—0-54 MeV) to the caesium-187 counts in the 0-66- 
MeV band (0:62-0:70 MeV). This ratio was selected 
because it would correct for any change in counting 
geometry between determinations and because the sample 
contained enough caesium-137 to be counted accurately. 
In all computations each energy band was corrected for 
the appropriate contributions from caesium-137 and 
potassium -40. 

The ratios of the corrected net counting rate in the 
0-51-MeV band to that in the 0-66 MeV (caeaium-187) 
band were plotted on semi-log paper to show the radio- 
active decay of the nuclide with time. The slope of the 
resulting curve that two emitters were present 
in the 0-51-MeV (Fig. 4). These results are not 
incompatible with the assumption that this gamma aoti- 

ity was due to 865-day ruthenium-106 and 40-day 
ruthenium-103. A theoretical curve was constructed and 
plotted of combined ruthenium-103 + 106 counts ex- 
preased as a fraction of caesium-187 (Fig. 4). This was 
lished by correcting our last point back to the 
first determination using the physical half-period of 
ruthenium-106. The residual counts at the first point 
were assumed to be ruthenium-108 counts. Referring to 
commonly used lista of gamma-ray emitting nuclides, the 
number of possible nuclides fitting the criteria of y energy 
and ton abundance was narrowed to seven’, This 
was done ing that the data in the Table of Isotopes" 
aro correct (Table 1). 

Of the seven nuclides under suspicion, only three display 
half-lives comparable with the long-lived component of our 
date. Theoretical mixtures of the possible nuclides were 
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Table 1. NUGLIDES wrre HALy-Lives OVER 20 DAYS WITH PHOTONB BETWEEN 0 47 AXD 0-55 MEV 
— 

Nuelides Half-life Prinolpel photon energy tn MeY and abundanos (X, or relativo +) | Reason for exclusion | 
Ro 40 days 0-50 (90 0-61 (6 | 
TRO 53 days 0-48 VE 
"Vr 64 days 0-51 (1 r 
Su Bez | RES Doania 

D A 1* (f), 1-08 
“Go+ * Ga. 280 days 0-51 Trak ai í "m (o 
L teRa+ "Bh 855 days 051 0-02 At. 144 (2%) 
mod aa 949 10), 0 64 ( aaan 7 No 0-94 or 1 30 MeY photon 
iu Hf 43d He CE 2} 0 Pn d No 013 MeV photon "> 

*"In 50d 018 da 3 x (118) No 0 19 or 0:72 MeV pboton 
"wTo eod 0-61* No 0 76 MeV photon 
mY +I" Re 6 d 0-16 ie pas ie ie Mag 0 88 (0-354), 0-93 (04%) No 0-16 MeV photon 
"Co ld oxi No 0-80 MeV photon 
+00 H $ 081 5: tl TES M ^ 12» 1 76 (117), 2 58 (116) Ro peer 2 56 MeV photon 

? o ‘76 œ 
On 245 d 0361 i No 1-12 MeV photon 
Sm $404 No 0-06 MeV photon 
MAR 21y 047 fp, carm W (1100); 0-80 (t110) No 0-57, 0-60, ar 0 80 MeV photon 
"Na 20y oor y d. Xo 1-28 MeV photon 
1o mI “ae Ho 0.00, 0418 0-18, 04 0-72, 0 82 MeV photon 
1AL 7-4x103 y NU oig No 183 Mov photón 
Bi B-0x10*y 0-51 (190), Ys No 0-02 MeV photon 








* Indicates annihilation radiation from f+ emmnon. 


plotted with the curve bemg forced through our last 
point, and when possible through our first pomt. Then, 
depending on the decay of the mixture, it could be seen 
how compatible with the actual date line was the theore- 
tical lme. If correction for decay of rhodium-102 is made 
from our last determination to the date of the first determ- 
ination, it changes too rapidly to lie within our standard 
errors. This leaves only germanium-68 and ruthenium-106 
as suspecta. Plotting mixtures of germanium-68 plus the 
short-lived component as a function of caeaium-187 decay, 
it can readily be seen that they all lie well above the data 
line and the ruthenium-108 + 106 line. Of the germanium 
mixtures, that most compatible with our data would be 
germanium-68 + ruthenium-108. This is shown in Fig. 4. 
However, the -68 + ruthenium-108 mixture 
stall lies above the intermediate data pointe. The best fit 
to the data is a mixture of ruthenium-103 + ruthenium- 
106. It is logical to expect that if one isotope of ruthenium 
were present, the other would also be x 
Ruthenium-108 has a gamma ray at 0-408 MeV and & 
half-life of 40 days. Ruthenium-106 has a 365-day half- 
life, and ite 30-sec daughter, rhodium-106, emits gamma- 
rays of 0-518 and 0-02 MeV. The 0:62 MeV peak is difficult 
to detect in the presence of large amounts of caesium-187, 
since it would be masked by caesium-187 gamma-rays at 
0-66 MeV. If ruthenium-106 were present in this sample, 
some contribution would be made to the cassium-187 band 
from the 0-62 MeV gamma-ray of rhodium-106. The 
amount of this contribution can be estimated by celou- 
lating a ratio of net counts in the caesium-187 band to 
net counts in the 0-51 MeV bend for a ruthenium-106 
standerd. By multiplying this ratio by the net counta for 
ruthenium-106 in the 0-51 MeV band of the sample, this 
number of counta for the six determinations can be 
obtained. The total net counts in the caesium-187 band 
attributable to the 0:62 MeV peak of ruthenium-106 
renged from 5 per cent on the first count to 2 per cent on 
our last count. Appropriate corrections were made. An 
estimated value of 7 po. ruthenium-108/l. was calculated 
for the sample, for the day of collection, correcting from 
the last count using a 865-day half-life. The ruthenium- 
108 in the sample was also computed for the first count 
based on the calculated contribution from ruthenium-106. 
This value was then corrected back to the day of collection, 
using the 40-day half-life and gamma-ray abundances of 
ruthenium-108, and this was 34 po. ruthenium-103/l. For 
comparison, this milk contained 54 po. caesium-137/L 
Ruthenium is generally considered to be poorly absorbed. 
by living systems’. However, all our hay samples, ool- 
lected during 1962 and 1968, showed appreciable amounts 
of radio-ruthenium. Fodder heavily oontammated with 
relatively fresh fission products could provide & source of 





ruthenium-103 and ruthenium.108 for dairy cattle, but 
the absence of ruthenium in milk produced in the latter 
pert of 1903 suggests that perhaps a different chemical 
form of ruthenium resulting from local testa might be 
involved. 

Further studies are needed to verify that dietary 
ruthenium can appear in milk and to determine the 
iurare of uie haud tona obs keto This 
could be accomplished by feeding various chemical forms 
of radio-ruthenium to cows. Analyses of the milk, excreta, 
blood and argans would determine the uptake, meta- 
boliam, excretion and secretion of ruthenium by dairy 
cattle and ita significance to man. 

This work was supported by the Division of Radio- 
logical Heelth, U.S. Public Health Service (RH-80). 
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Intracellular Oxygen and Radiation Sensitivity 


Ir ia well known that the sensitivity of cells to ionizing 
radiation is commonly increased two- to three-fold by the 
presence of oxygen in their immediate A 
great variety of plant and animal cells show this effect, 
but it has apparently not been demonstrated in chloro- 
phyll-containing cells. This report describes such a demon- 
stration and also presents evidence that oxygen generated 
intracellularly in photosynthesis leads to the same sensiti- 
zation as oxygen from extra-cellular sources. 

Vegetative chains of the freshwater green alga Oedogo- 
nium cardiaoun (famale Ime), collected from soil-water 
cultarres, wee pire in a flattened water-filled glass 


vessel throug oe could be continuously bubbled 
Sp abont AU zu ftn. -diffusion of air was prevented 
by a narrow exit connected to a flow-meter. The X-ray 


beam. (800 kVp., half-value layer 20 mm Cu, dose rate rw 
240 rads/min) entered from one side and a light beam 
(‘Photoflood’, 150 watt, directed & glass and water 
heat-filter and giving about 270 ft.-candlea at the surface 


A 
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of the vessel) could be passed from the other. Alterna- 
tively, the veesel could be blacked out during X-irradiation. 

The condition of light or darkness, as well as equilibra- 
tion with gas, was started twenty minutes before and 
continued during irradiation. After exposure the oells 
were transferred to culture medium (inorganic salt solu- 
tion plus soil extract) in the dark for about 60 h and then 
given light from below. This treatment stimulated the 
transformation of the cells, without mitosis, into motile 
zoospores. The spores were collected on gridded slides 
placed on the bottoms of the vessels, as described by 
Horaley and Fucikovsky!, and about 240 healthy and well- 
attached spores in each sample were located and their 
positions noted. After seven to nine days’ growth in 
culture medium at evs 100 ft.-candles (warm daylight fluor- 
eacent tubes, 16 h illumination per day) the selected cells 
were scored for survival. The criterion of survival was the 
attainment of a chain of more than twelve cells during the 
growth period. This criterion was chosen in preference to 
eight or ten cells used in other work!" because it gave more 
consistent results. 

There has never been any indication that the X-ray or 
other treatments used had any effeot on the number or 
visible morphology of the zoospores which could be ool- 
lected after stimulation, and it is assumed that the samples 
Boored were unselected except that visibly abnormal or 
poorly attached spores were excluded. In some experi- 
menta a variable proportion of the selected cells failed to 
start Wing and died af an early tima: this behaviour 
was unrelated to treatment. Such non-viable cells 
were omitted from the samples. 

The effects of X-irradiation under four conditions were 
com and the results are shown in Fig. 1. Unirra- 
diated controls treated with any of the experimental gases, 
in. the light or in darkness, gave more than 90 per cent 
survival, and valuea have been normalized to the control 

laced at 100 oent. The four conditions of exposure to 

-rays were: (a) air in light or in darkness with or without 
CO, (curve A); (b) O,-free N, in darkness or in li (curve 
B); (c) O,-free N,--2 per cent CO, in the light, giving 
pointe lying near curve A; (d) O,-free N,--2 per cent CO, 
in darknees, giving pointe lying near curve B. 

The results show an increase in radiation sensitivity due 
to oxygen with an oxygen enhancement ratio of approxi- 
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mately 2-5. It can also be concluded that the increased 
sensitivity of cells irradiated in the presence of CO, and 
light is due to oxygen generated in photosynthesis. 
Neither light alone nor CO, alone affected sensitivity: 
both had to be supplied, and when this was done the 
sensitivity was increased to the same extent as by the 
presence of air dissolved in the medium. 

It may further be concluded that the oxygen generated 
within a cell exerts ite effect on radiosensitivity within 
that cell. Any oxygen which diffused into the surrounding 
water would be rapidly diluted and swept away by the 
stream of anoxic gas which was bubbling oontinuously 
through the irradiation veasel. This is consistent with the 
view that when cells show increased radiation sensitivity, 
due to oxygen supplied from outside, it is the oxygen 
which enters the cell which is important in determining 
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An Evaluation of Inbred Rabbit Populations 

by Skin Homotransplantation 

ALTHOUGH the classical tissue transplantation investi- 
gations by Medawar were performed on rabbita, the lack 
of isogenio strains such as exist in mice and in guinea-pigs 
has limited the usefulness of the rabbit in experimental 
transplantation. Since inbred populations of rabbita are 
rare, we wish to report prelimmary experiments carried 
out in such a colony. 

Among the most inbred rabbit lines in the United 
States are those lines developed over the past thirty years 
by Dr. Max B. Lurie at the Henry Phipps Institute of the 
University of Pennsylvania. His most inbred race, the 
‘0’ family, was started in 1938 from the Swift stock in 
Michigan and maintained by sibling and parent-offeprmg 
crossing necessitated by the 


teenth generations of this family were made available for 
ing their response to skin homografts. In addition, 
the ‘AD’ family, an inbred race developed in a closed 
colony and known to be intermediate m its resistance to 
tuberculosis, was tested in ita tenth generation. 

Skin transplantation was carried out to 
determine the approximate degree of genetic identity 
present in the colony and to determine the ability of the 
rabbits to respond to the antigenic stimulus of akin grafts 
from individuals of the same family and of & foreign 
strain. 

Under pentobarbital and ether ansesthesia, full thick- 
ness orthotopic akin grafts 12 mm in diameter were trans- 
planted to a 5 cm x 6 cm open area overlying the pan- 
niculus carnosus of the dorsolateral thorax of the recipient. 
A dressing of petrolatum gauze, dry gauze, and plaster of 
Paris protected the graft area. In general, two homo- 
grafts from a single donor and two autografta were trans- 
planted on to the prepared bed. The open-fit method was 
used because it made possible moré accurate estimation of 
prolonged graft survival times. Graft rejection was 
determined grossly by the onset of necrosis. This onset 
was characterized by changes in the appearance, texture, 
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and size of the graft and by the necrotio a of the 
outgrowth of epithelial cells from the graft, aa described by 
Medawar. 

Transplantation of skin grafts in the ‘O’ family was 
designed to emphasize any genetio disparity existing 
between the donor and the recipient: no grafts were 
exchanged between mblings except from 019—88 to ita 
non-litter-mate 019-87; & large graft dosage was used: 
two grafts from each donor, totalling 2-3 am; and, in 
most cases, simultaneous grafting of akin from two donors 
Inoreased the dosage of any shared histocompatibility 
antigens. 

The graft survival time was distinctly longer for grafta 
from donors of the ‘CO’ family than for sunleaneous grafte 
from the control foreign strain (‘Flemish Giant’) rabbits, 
88 shown in Table 1. Exoluding grafts to recipienta which 
died with intaot grafts, the average survival trme of grafts 
from ‘O’ family rabbits was 30 days, compared with 12 days 
for grafts from tho ‘Flemish’ rabbite. The longest 
survival times obtained were 56 days and 60 days. 


Table 1. GRAFT SURVIVAL Tos (IN Days) IW TAB 'Ü FAMILY 


Roctplents Donors graft survival time 

018-20 019-10 : 20 d ; 010-26 : 20 d.; OH996—1 (‘Flemish’) : 12 d. 
019-10 018-20 : 60 d.; 710-26 . 46 d , COH996-1. 12 d 

Clos — 019-880 4101912. 18 4 (emma 

s to 
C19-15 C19-27 ' I8 d (a te) * } 
Gea GIE: Iad prea Tn 
-21 : over diod, no cause apparent at 

C17-21 018-33 : over 16 d. Marine i ae oana ao d arii ii 


The ‘AD’ family was also tested with akin homografts. 
To each of five siblings were applied single grafts from the 
remainimg four siblings and & graft from a ‘Flemish Giant’ 
rabbit. The recipients were challenged with second-set 
grafts six weeks later. Rabbits 4D10—0 and AD10—7 and 
rabbits AD10-14 and AD10-15 were litter-mates; this 
had no observable effect on the graft survival time. 
However, in a separate experiment, a skin graft from 
rabbit 4D8-80 to a non-sibling 4 D9-10 survived 14 days, 
whereas a graft from AD9-16 to ita litter-mate AD9-14 
survived 42 days. The latter graft survival time was the 
longest observed in the ‘4D’ family and suggested & olosa 
genetio relationship between donor and recipient. 

Tho graft survival times for multiple simultaneous grafts 
in the ‘AD’ family siblings is shown in Table 2. The 
average time of sibling graft survival was 18 days for the 
first set and 8 days for the second set. The ‘Flemish’ skm 
grafts transplanted simultaneously with multiple ‘AD’ 
grafts survived an average of 12 days. 

Table 2, GRAFT BURYIYAL Toa (IN DAYS) IK THE ‘AD’ FAMILY SIBLINGA 


(trit set/second set) 
Donors: graft survival time 


n AD10-&4 AD10-86 AD10-7 AD10-14 AD10-15 Cani) 
ADIO4 E 15/6 15/6 18]6 ise 11 
AD10-4 16/8 = 18/8 15 16 11 
AD10-7 28/16 19/7 — 16/8 85/7 14 
AD10-14 15/7 15/7 — 15/7 12 
AD10-15 "*TF/?0 15/11 "*TE/11 18/11 — u 


tiu e for A E o oond sot wrat suriya] Hiha WR not setae 
These preliminary experiments suggest that the ‘O’ 
family and the less inbred ‘AD’ family are both capable of 
responding to the antigenic stimulus of a foreign skin graft 
in & normal manner. The extremely low resistance and 
poor immunological nse to tuberculosis found in mem- 
bers of the ‘O’ family did not appear to be reflected in their 
Tesponse to alin h . The graft rejeotion time for 
recipients of both the ‘C’ and the ‘AD’ families was 12 
days for a graft from a foreign (‘Flemish’) strain. This is 
slightly longer, but probably not signifleantly different 
from the average of 10-3 days (range 8-1] days) for grafts 
transplanted socording to this method from ‘New Zealand 
. White’ to ‘Flemish Giant’ and from ‘Flemish Giant’ to 
“New Zealand White’ rabbita. 
The graft survival tomes for skin grafts between indi- 
viduals of the ‘O’ family and, to a leaser extent, between 
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siblings of the ‘4D’ family suggest that progreas has been 
made in inbreeding toward homozygosity, aa determined 
by transplantation antigens. This is especially true of the 
‘C’ family where the graft survival time was prolonged up 
to five tunes the value of the control However, it 
is evident from these studies that the ‘O’ rabbits cannot bo 
considered isogenic. This is further substantiated by the 
fact that this family is still ting at at least one of 
the five known gene loci which determine the red cell 
antigens, though it appears to be no longer segregating at 
the a and b loci which determine y globulin ee 
The leas inbred ‘AD’ family is still segregating at a 
y-globulin allotype locus. Other experiments have indi- 
cated that neither homozygosity for the y-globulin 
allotypes nor for the red cell antigens alone is a sufficient 
condition for permanent skin homograft survival. 

Although the ‘O’ family shows progress toward genetic 
fixation, at the present time the most promising inbred 
strain of rabbite for hom: lantation studies appears 
to be the Bar Harbor line developed by Sawin, Oohen and 
Chai and reported by Chai‘. 

This investigation was aided in part by grants F—00014 
and 41—02048 from the National Institutes of Health, 
U.S. Public Health Service. 

We thank Mies Mary Peace for maintaining the Phipps 
Rabbit Colony. 
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Occurrence of Myogenic Hearts in Arthropods 
A DIKHOT demonstration of the myogenic or neurogenio 


origin of the heartbeat in a given animal requires morpho- -* 


logical identification of the structures involved and proof 
of their pacemaker function by surgical or electrophysio- 
logical means. In small animals this is difficult to achieve, 
and in such cases pharmacological evidence is often used. 
This indirect line of argument origmated with Prosser’, 
who showed that the hearta known at the time to be 
innervated myogenic were slowed by acetylcholine, that 
purely myogenic hearts were not affected and that 
neurogenic ones were accelerated. Similarly, Needham!’ 
suggested that neurogenic hearts are inhibited by ether 
while myogenic ones are resistant to it. Although both 
authors made it clear that such evidence ıs suggestive 
rather than conclusive, often in practice no other approach 
1s feesible, and acetylcholme in particular is made to 
carry the full weight of the argument. 

Scorpions are & case in point. Kanungo? reported that 
the heart of Palamnaeus was inhibited by acetylcholine 
(ACh) and insensitive to ether. This put scorpions among 
the small up of arthropods thought to have non- 
neurogenic hearta as adulta. Their relatively largo size 
permitted us to carry out a more detailed analysis of the 
pacemaker, 


Urodaous is a genus of Scarpionidae restricted to 


Australia. The mesosoma of our animals, and hence they”. " 


tubular heart extending through it, reached a length of 
about 25 mm. The tergum with the heart attached was 
removed, inverted and the preparation perfused with 
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saline and ACh in varying concentrations. The inhibiting 
effect of ACh is dependent on concentration and, at least 
at lower concentrations, reversible (Fig. 1). This is the 
reaction attributed to an imnervated myogenic heart. 
However, the ACh concentrations are even higher than in 
Kanungo’s experiments, showing values characteristic of 
neurogenic hearts. 

Ten intact animals were exposed to ether vapour and 
their heart rates determined. With one exception, their 
hearta were lees resistant than the somatic musculature; 
even when the heart had completely stopped the legs 
twitched in response to puffs of air or when the table was 
made to vibrate. On the other hand, heart failure was a 
decline of amplitude only; the heart rate actually rose in 
all cases within & minute and before the animal became 
agitated—a response for which no allowance is made in 
Needham’s scheme, but one which is in keeping with his 
interpretation of ether as an an ist of ACh. 

The innervation of the heart consists of the ‘epicardiac 
nerve’ of Police‘. It runs throughout the length of the 
heart along the dorsal surface and is in olose contact with 
it. Histological preparations revealed the presence of at 
least two types of cells: a large number of cells with small 
elliptical nuclei, and a smaller number (of the order of 
60-100) of large cells with large round nuclei staining less 
strongly with both haematoxylm and borax carmine. 
The large cells were at first of being neurones; 


but $n vivo staining with methylene blue showed that it is 
the small cells that innervate the myocardium. Nerve 
fibres supply each semi-circular striated muscle bundle as 
well as the thin superficial layer of smooth muscle. The 
dorsal or cardiac nerve is therefore a cardiac ganglion. 
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The ganglion is easily detached from the heart. If this 
is done over a limited region, contractions stop immediately 
in that region, while the adjacent parte continue to beat 
in phase. Complex volleys (Fig. 2) can be recorded with 
metal hook electrodes, each volley corresponding to 4 
systole. The complexity and variability of the discharge 
pattern are what one would expect from the large number 
of neurones mvolved. 
Thus the heart of Urodaous is clearly neurogenic, in 
contradiction to the pharmacological evidence. Previous 
claims for myogenic in arthropods, so far as they 
rely solely on acetylcholine and ether, will have to be 
reconsidered in the light of this finding. 
This work was supported in part by the National Heart 
Foundation of Australia. 
K. T. Zwioky 
Sua M. Hopason 
t of Zoology, 

University of Western Australia. 
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Seasonal Changes In the Blood and Thyroid 

of the Grass Snake, Natrix natrix 

OmmwxicAL and physical changes in the blood during 
both natural hibernation and experimental hypothermia 
have been followed in a number of mammalian species’. 
Similar investigations do not appear to have been extended 
in any detail to the reptiles, although fish and amphibians 
have received same attention. The make 18 lees 
active during the winter, and this condition is often 
referred to as torpor. In preliminary investigations 
carried out in this laboratory during 1961, the blood from 
five specimens, which had entered normal winter torpor 
in a vivarium, was analysed in February. The ambient 

ture was 7° O and some intermittent activity was 
observed. In July of the same year eleven specimens 
were available for analysis, the ambient temperature being 
18? C. The resulte, together with comparable data on 
the hedgehog’, are presented in Table 1. 

So far sa a truly hibernating mammal is concerned quite 
well-defined changes are to be observed. First, there is 
some degree of hasmoconcentration, as illustrated by the 
haematocrit and sodium concentration figures. Severe 
hypoglycaemia and leucopenia are, however, the most 
noticeable effects, together with a virtual doubling of the 
calcium : magnesium ratio, due principally to the rise in 
the magnesium concentration—ocalcium varying but little. 
The changes to be observed in the snake are similar in 
nature, but generally are of & smaller order of magnitude. 
Some hsemoconcentration occurs, the calcium : mag- 
negium ratio rises a little, again due chiefly to a rise in the 
magnesium value, but leucopenia is again severe. The 
glucose concentration in the blood of snakes is a highly 
variable quantity. Little seasonal difference is to be 


Table 1 
Snake ha: inler 
Summer Winter Sommer 
Average body weight (g) 525 710 — — 
Haematoent (%) 32-2 24 45 58 
+146 +28 
Red blood cells ( x 10*) 0-08 1 8-9 9a 
0-06 i011 
White biood cells ( x 10*) 4 1:56 6-0 146 
40-7 +013 
Gfucose (ing) 44-0 446 125 44 
+80 +00 
Sodium (mM/L) 156 166 155 168 
+3 £465 
Potassium (mM/ ) 51 42 0:6 70 
+0 36 ros 
Calotum (mM/L) . 3-0 2-8 24 25 
+0-16 +000 
Magnesium (mM/L) "E 13 25 


t 
Ca - Mg rado 1:06 1:076 
t 
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seen in the average values obtained, but the variation 
within the sample is enormous, bemg 20-60 mg per cent 
in winter and 20-111 mg per cent in summer. In 
an endeavour to find a possible explanation for this wide 
variation, the seasonal changes ın the histology of the 
thyroid gland were investi In mammals there is 6 
marked change in the thyroid during the course of hiberna- 
tion: the glandular epithelium of the follicles becomes 
flattened and there 11 an increase in stored oolloid. 
Thyroids of grass snakes, killed by decapitation, were 
Apes ia Bodin faded we eene Im arid SA and Get 
from wax blocks at 0p. The proportions of the principal 
components of the thyroid tissue were determined using 
the quantitative method of Uotila and Kannas', whereby 
the amount of a given tissue touching parallel lines drawn 
on projected sections is expressed sa & peroentege of the 
total tissue in the visual fleld. — 

Data are available for a 12-months period which in- 
aluded two winters. Fig. Tahoe tin bus pestis i 
in the amount of oolloid and in the height of the gland 
epithelium. Colloid storage is at & maximum in summer 
and autumn whereas in mammals it is maximal in winter. 
The height of epithelial cells varies markedly, being at & 
peak of 15-2u in the first winter, which waa mild, decreasing 
to a low level of 4:5: by the following October and then 
increemng somewhat during the succeeding cold winter 
to a height of 5-8y. 


= 16 


Peroentage colloid 


Fe. M A M J J A B O N D Jan 
Fig. 1. Bemeonal changes in thyroids of Natris 2 
In hibernating mammals the glandular epithelium is 

high in summer and late autumn and low in winter, the 

summer height bemg approximately double that of the 
winter height. It 1s interesting to observe that m the 
minnow the maintenance of animals at a low temperature 
does not result in an marease of cell height, nor does high 
temperature result in a decrease. The resulta obtained 
by i n and Matty* indicate that cell height in 
minnow increases with rise in temperature, the reletion- 
ship being & direct one instead of an inverse one as is found 


in mammals. While there is generally good agreement . 


that hibernation is accompanied by thyroid involution, 


emall mammals in hypothermia often exhibit s very 
active thyroid accompanied by minimal oxygen 
consumption. 


In oonolusion, two important factors aesociated with 
reptilian physiology must be pointed out. First, the 
enormous variation to be found between individuals, 
making comparative work extremely difficult, and, 
secondly, the evolutionary aspect. The typically mam- 
malan homoeostatic influence of the thyroid on metabolism 
is obviously yet to be developed, as witnessed by the 
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range of blood glucose values and the typically poikilo- 
thermic picture of the thyroid iteelf, although some 
control i» already apparent. Tho seasonal variation in 
the white cell count 18 clearly demonstrated, as also is the 
increasingly narcotizing effect of the enhanoed calcium : 
magnesium ratio. 
E. J. Burrow 
G. I. Twiee 
Department of Zoology, 
Royal Holloway College, 
University of London, 
Englefield Green, Surrey. 
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Delayed Implantation in an Equatorial Fruit 
Bat 


At Kampala, Uganda (latitude 0° 20’ N.), there is an 
enormous roost of the frut bat, Hidolon helvum Kerr. 
Numbers vary seasonally, with a maximum of about 
260,000 during October-November. 

A sample of about 50 bats was collected from this roost 


T 


once a month from Ootober 1962 until November 1904. 4 


Breeding is seasonal, births taking place only in February 
and March. The weight of the testes varies seasonally, 
reaching a peak in April-June, when they weigh 3-4 
times as much as at thait lowest weight. Histological 
examination shows that spermatozoa are most abundant 
when the testes are at their peak weights. Tho males 
thus exhibit a sexual cycle suggesting that mating oocurs 
in April-June. This is confirmed by the presence of 
spermatozoa in the genital tracta of all adult fernalea in 
April-June. Implanted embryos do not occur until 
October. Examination of the uteri of the adult females 
by cross-section and by dissection showed that during 
July-September unimplanted blastocysts were present. 
Hence there appears to be & delay of about three months 
between fertilization and implantation. 
There appears to be no record of delayed implantation in 
ial mammals. Delayed implantation, however, 
does ocour in mammals in te regions, for example, 
in the badger, Meles meles L.t. Storage of spermatozoa 
and delayed fertilization occur in some insectivorous bate 
in tamperate regions*. At 0° 20’ N. seasonal chan 
dsy-length is trivial. Rain bt Kampala occurs 
year round, with during October-November and 
April-May. The bats feed on a large variety of both 
cultivated and wild fruits which do not appear to vary in 
abundanoe seasonally. ‘The ecological signiflcance of 
delayed implantatior and seasonal breeding in Bidolon 


the 


~- helvum therefore remains obscure. 
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Growth of Excised Embryo Shoot Apices of 
Wheat In vitro 
ExBSBYo apices of the spring wheat ov. ‘Koga Hi’ were 
used in the investigation described here. The shoot 
apical meristem together with its three leaf primordia | 


was excised under aseptic conditions, but in some expari- yx. 


ments the ooleoptile was also removed with the apex. 
The excised apices were inoculated on to the surface of 
5 ml. of a semi-liquid basal medium containing the mineral 


in =~ 
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salts of Baldev}, 2 per cent sucrose and 0-8 per cent 
Difoo ‘Noble’ agar in 8 in. x 1 in. sods-glass tubes and 
grown in the dark at 25° + 1° C. 

The aim in this investigation was to ascertain 88 
2 pagis end le the simplest metebolio requirements 
or i growth and organogenesis of the shoot apex 
separated from the more mature tissues lower down the 
axis. The growth response of excised apices is dependent 
on the number of leaves associated with the apex. Apices 
inoculated on to the foregoing medium, supplemented 
with 1 mg/l. gibberellic acid, showed a decrease in meri- 
stematic activity which is directly related to the number 
of leaves associated with the apex (Table 1). The poeei- 
bility that the coleoptile may be supplying some special 
growth factor to the meristem cannot be ruled out; it is 
a well-known field observation that cereal seeds with 
damaged coleoptiles show decreased germinative energy. 


Table 1. IXORRASBM IX Luar NUMBER AND 
MEDIUM OONTAINING 


DRY WEHT OF MIPLANTS OX 
O ACID (1 MG/L.) AFTER Four Ws’ 
CULTURE 


Apex with Apex witbout Apex without 

oolsoptile ooleoptile coleoptile or leaf 1 
Dry wt. (aa) 9:3 18 031 
Inorease number 14 O7 0 


Provided the explant apex had three leavee, the 
inclusion of gibberellic acid in the medium produced a 
significant increase in apical activity, measured by the 
increase in leaf number, and this is accompanied by an 
increase in vigour of the explant. This supporte the 
hypothesis of Ball that in angiosperm shoot apices the 
actively growing leaf primordia are involved in the supply 
of metabolites essential for the continued growth of the 
meristem. 

The incorporation of indolyl-3-acetic acid in the concen- 
tration range of 1 x 10*-8 x 10 mg/l. had an increasing 
inhibitory effect on growth with increasing concentration. 
Below 0:05 mg/l. kinetin has no effect on growth but 
above this concentration it inhibits growth generally. 
When adenine was included in the medium, buds were 
frequently produced in a position on the opposite side 
of the shoot to the leaf axis but associsted with the node 
of the leaf, just below the node (Fig. 1). Occa- 
sionally buds were produced both in the leaf axil and 
diametrically o ite. On odd occasions buds have been 
produced in this anomalous position on explants grown on 
media containing gibberellic acid. 

— Like most monocotyledons, with the exception of 
Asparagus', the shoot apices of wheat are difficult to grow 
in vitro. However, the stimulation of apical activity by 
1 mg/l. gibberellic acid and the decrease in the variability 
- of the response when the acid is present suggest that this 
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Fu. 1. 


Buds ın anomalous tion on ts grown in medium 
containing adenme, 4 weeks’ cul Seale m cm 
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hormone plays an important part in tbe regulation of 
growth in the apical meristem. Bimpeon* has shown that 
& gibberellin-like substance occurs in the shoots of wheat 
seedlings, particularly in the besal parte. 
OQ. W. Sars 
ent of Botany, 
University of Manchester. 
1 Baldev, B., Ann. Bot., N.B 28,173 (1962). 
1 Loo, Bhih- Wel, Amer. J. Bot., 88, 13 (1045). 
* Btmpeon, G. M., Natxre, 188, 528 (1058). 


Bud Initiation in Excised Roots of Linaria 
vulgaris 

Vaarrativa reproduction in Linarta vulgaris is effected 
by the formation of root-buds at the junction of the parent 
and some of the lateral roots. Up to four buds may be 
formed in the superficial layers of the lateral root within 
the oortex of the parent root! (Fig. 1), though perent ud 
e 


45 of 55 roots 
light, initiated buds at lateral root bases as in the intact 
lant. 

P "Clones were obtained from those roots which had grown 
well in the first passage by sub-culture of lateral root 
apices. Not all roots gave satisfactory clones; apical 
growth or lateral root initiation sometimes ceased or 
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became poor. Bud formation did not normally occur after 
the third 8-weeks' passage in light or dark, though after 
this time it sometimes ocourred if a passage was prolonged 
beyond 4 weoks. Similar losses of the capacity to initiate 
buds have been reported in studies of other excised roota? + 
and kinetin has been found to re-ainduoe bud formation‘ 
or, in Coneolvulus arvensis, to enhance bud initiation’. 

Kinetin treatment, at 0-026—0-75 mg/l. in light or dark, 
of Linaria clones which had ceased bud initiation did not 
result in bud formation ın the normal 3-weeks’ passage. 
In longer experimental passages bud initiation occurred in 
kinetin and control treatments, but interpretation in 
terms of direct effeote on bud initiation presented some 
difüculty since kinetin at or above 0-25 mg/l. inhibited 
root growth. Two modes of appraisal were used, and the 
results are presented of one experiment in which a dark- 

clone was used in a 6-weeks’ experimental passage 
in light and dark, at 5 roote per treatment. 

The number of buds per lateral root-base was not 
significantly increased by kinetin treatment but was 
greater in the light (Table 1). A decrease at 0-25 mg/l. is 
probably related to the ganeral inhibition of root growth 
and lateral root initiation. The regreamons of the number 
of lateral roots with associated buds (B) on the total 
number of lateral roots (L) were calculated as B = 0-41L 
— 1-58 and B = 0-18L — 0-25 (Fig. 3) for light- and dark- 
grown roots respectively (using the values from individual 
roote and including all kinetin treatments). Both regres- 
sions were significant at the P = 0-01 probability-level. 
It was concluded that kinetin treatment had no effect on 
the rate of bud initiation relative to the rate of lateral 
root initiation, but that light relatively increased the rate 
of bud initiation. 

In other experiments it was found that indolyl-8-acetic 
acid (IAA), gibberellic acid, adenine and adenosine, and 
combinations involving kinetin, IAA and adenine had no 
strmulatory effects on bud initiation. Changes in carbo- 
hydrate level were also ineffective. 
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Table 1. EFFECT OY KINETIN OX THE NUMBER OF BUDS PER LATERAL ROOT 
EXOINED Roots Linaria vulgaris 


Base IN or 
Kinetin mg/L 0 0025 005 0-10 0 25 
Bude per lateral { bent 124 1-21 1-10 116 100 
root-bese dark 102 102 109 100 = 


Bud imitation at the base of lateral roots of Linaria 
vulgaris is a function of the lateral roots; so far it has not 
been positively affected by any external treatment except 
white light. Yet the number of buds per root-base ia 
variable, and many root-bases do not have buds. Also, in 
the excised roots, bud initiation 18 variable in the gense 
that ıt decreases with passage number. It seams likely that 
bud initiation ıs dependent on some unknown factor(s) 
present in roota at excision but not synthesized to any 
great extent in the roots. The factor(s) are not likely to be 
related to conditions determining the onset of secondary 
growth since some cambial activity is present in clones 
more than three years old. Since experimental treatment 
with the usual growth substances is ineffective on bud 
initiation it seams that there may be some unknown 
system which controls bud initiation; this systam may be 
susceptible to the influence of light. 

W. A. CHARLTON 
Department of Botany, 

University of Manchester. 
| Beijerinck, M. W., Verkendel, K. Akad. 1Vetensok., Amsterdam, 35, 1 (1887). 
* White, P. R., A Handbook of Piani T«seue Ouliure (Lancaster, Pa., 1049). 

* Norton, J. P., and Boll, W. G., Sanoe, 119, 220 (1954). 
* Danckwardt-Lilliestrom, O., Physiol. Pliant., 10, 704 (1057). 
* Torrey, J. G., Plant Pkysiol., 33, 258 (1958). 


Genetic Recombination in a Blue-green Alga, 
Cylindrospermum majus Kuetz. 

Tma blue-green alga, Oylindrospermum majus Kuetz., 
forms a characteristic filament with single terminal 
heterocyst and sub-terminal spore at both enda of the 
filament. The alga was isolated on Allen and Arnon’s 
nitrogen-free medium! in axenio cultures. At one stage of 
the growth cycle most of the filaments of the alga form 
characteristic spores, which are ellipsoidal with sculptured 
dark-brown exospore wall. 

Five clones of the alga grown from spores were isolated 
on the above medium. Out of these clones, one is non- 
sporulating (Fig. la) in successive repeated cultures for 
the past three years. It thus appears to be a mutant 
which has lost a genetic marker S involved in sporulation. 
The non-sporulatmg mutant clone is therefore designated 
as S-. Constant attempts to induce sporulation by a 
variety of methods including one of addition of culture 
filtrate from & sporulating clone and the parent strain has 
80 far been unsuccessful. The remaining four clones are 

orulating like the parent strain (Fig. 1,b). They are 

esignated as S+. 

These clones, along with the parent strain, were 
screened for drug-resistance on media supplemented with 
a gradually increasing concentration of penicillin and 
streptomycin. A streptomycin-resistant strain (0-2 ug/ml.) 





roepermum majus Kuetz.; a, non- 
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of the non-sporulating clone was isolated by repeated sub- 
cultures on the antibiotic-supplemented medium. In a 
icillin-resistant strain (100 ug/mL) of 


taining no 
samo medium, and then inoculated in the mixture of the 
two antibiotics, growth occurred in two out of 47 culture 
tubes, This points to & case of genetic recombination due 
to the chance inclusion and rare distribution of recombin- 
anta in the two culture tubes where growth had occurred 
in the presence of both the antibiotics. The double- 
resistant recombinant also formed spores at low frequency. 
It has been passed five times in antibiotic-free medium 
without loas of resistance and spare character. It is 
highly probable that the recombinant strain (designated as 
S+SmrPr) is formed the transfer of the genetio marker 
ing clone to the sporulating clone 


R. N. Swen 
REBHOOA BINHA 
Department of Botany, 
Banaras Hindu University, 
Varanasi-5, India. : 
1 Allen, M. B., and Arnon, D. I, Pieni Physiol 0, 366 (1088). 
1 Kumar, H. D., Nat«re, 196, 1111 (1901). 


Chloramphenicol Inhibition of the Growth 

of Green Algae 

Varqumzr. bas recently stated that D-threo-chloram- 
phenicol does not inhibit the growth of protozoa (with the 
exception of Tetrahymena pyriformis) and planta. 

Tamiya et al. have given an socount of the effect of 
chloramphenicol on the green alga Ohlorella ellipsoidea, 
and shown that at the relatively high concentration of 
$23 ug/ml. the rate of growth was decreased after a lag 
period. At ten times this concentration, growth was 
virtually inhibited, but at 82-3 pg/ml. no effect was 
observed. The reduction in the growth rate was socom- 
panied by & decrease in the size of the cells. Chlorella 
therefote appears to be a more resistant organiam to 
chloramphenicol than the bacteria, but still shows similar 
effects. 

Kumar has found that with the blue-green alga Ana- 
eystis nidulans, between 1-6 pg/ml. the growth rate is 
unaffected, but there is an increasing lag period with 
increase in concentration. At 8 and 10 pg/ml. no growth 
was observed after twelve days. 

Tt may aleo be observed that the report concerning 
Teirajumena* is pai dem ambiguous. It is stated that 
“growth was considerably delayed or completely arrested 
at 25-150 pg/ml.”. This may be taken to mean that there 
was a lag period before growth wes commenced, but it 
does not specifically state that the growth rate itself was 
affected. 

I have recently carried out some experiments on the 
effect of p-threo-chlorampheniool on the growth and meta- 
boligm of Scenedesmus quadrioauda, a green alga. Here, 
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increasing the chlorampheniool concentration over the 
range 0-1-200 ug/ml. results in a progressive reduction in 
the growth rate (Fig. 1). This is accompanied by an 
increase in the lag period before unrestricted growth 
commences. 

We have, therefore, two cases of the growth of green 
algae being affected by p-threo-chloramphenicol, though 
the levela which are effective differ considerably in the 
two organisms. Scenedesmus has more in common with 
the chlorampheniool-sensitive bacteria in this respect than 
with Chlorella. 

F. J. TAYLOR 
t of Botany, 

University College of Sierre Leone, 

Freetown, Sierra Leone. 
1 Vasques, D., Wature, 203, 257 (1004). 
3 Tamiya, H., Mormura, Y., and Yokota, W, Arch. Mikrobiol., 48, 4 (1903). 
* Kumar, E, Thess, London Untverzity (1963). 
1 Wager, J., Biochim. Brophys. Acta, 88, 150 (1960). 


MICROBIOLOGY 


Isoenzymes of Lactate-dehydrogenase in 
Micro-organisms 

Ir is generally accepted that lactate-dehydrogenase 
(LDH) exista in more than one molecular species. LDH 
isoenzymes have bean separated by (am other methods) 
using their eventual heat stability at 58° C (ref. 1). It 
has been shown that the LDH fraction prominent in 
heart muscle is more stable to heat than other fractions 
from, for example, liver tissue’. There is good correlation 
between this heat-stable isoenzyme and the fastest 
moving, anodal LDH I (nomenclature of Wieme') in 
electrophoresis. 

In the present investigation, we examined suspensions 
of Staphylooocows pyog., var. aureus (1 ml. containing 

roxnnately 10° bacterial cells, as measured by tur- 
bidity) by the method of King‘ for LDH activity. Aliquots 
of the suspension were simultaneously exposed to 58° + 
0-2° C for 60 min in a water-bath. Twenty-four samplea 
were examined, all determinations being made in dupli- 
cate. After heating, the LDH activity of the samples 
decreased by 83 per cent (sy + 15-9) with very good 
reproducibility. 

In a second experiment, we examined strains of Staphy- 
looocous pyog., Var. aureus, resistant to a variety of anti- 
biotios (penicilin, streptomycin, ohloromyoetin, tetra- 
eycline). After exposure to 58° O, practically no LDH 
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activity could be ahown. We conclude that Staphylococous 
strains contain at least two LDH isoenzymes, the greeter 
part being of æ heat-labile , Similar to human 
‘liver’ LDH (or tho isoenzyme derived from malignant 
cells), typical of metabolism with anaerobic glycolysis. 
Strains of Staphylococows, resistant to various antibiotios, 
contain legs or none of the heat-stable i . The 
possibility of prevalent activity in the LDH 8 zone 
(embryonic type*) cannot be ruled out by the method 
wee and requires further attention. 

t can be assumed that the iscanzym e pattern, generated 
in bacterial cells, is a result of differential gene formation. 


J. EALLHN 
Research Institute for Hygiene, 
Bratislava, Ul.dsl.arm. 40, 
Czechoslovakia. 
, Lainer, A. L., and Skillen, A. N., Proc. Assoc. Chin. Biochsm., 8, 100 (1063). 


PE P. G. W., Gregory, E. F., and Wróblewski, F., Biochem. £., 
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VIROLOGY 
` Antiviral Activity of p-Nitrobenzylphosphonic 
d 


P-NITROBENZYLPHOSPHONIO ACID (I), first prepared by 


on- >on, roa, 


Litthauer!in 1889, has attracted little attention from biolo- 
gists or biochemists. In a recent investigation! this 
compound was found to inhibit the activity of intestinal 
alkaline phosphatase. In continuation of our programme 
of work on phosphonic acids in various biological systems*+ 
we have investigated the effect of p-nitrobenzylphos- 
phonic acid (p-NBP) on the propagation of encephalo- 
myocarditis virus (EMC) $n vitro and in vivo and found it 
to antiviral activity. 

e source of EMO virus for our experiments was a 10 
per cent suspension of infected mouse brain in broth which 
was stored av —15° C. Mouse embryo tissue cultures used 
in this study were grown in a medium containing 10 per 
cent bovine serum, 0-5 per cant lactalbumin hydrolysate, 
Hanks's solution and standard amounts of penicillin and 
streptomyom. The infected cultures were maintained in 
Eagle’s medium supplemented with 2 per cent of horse 
serum. 

Tho titration of virus was performed according to the 
method of Tytell and Neuman’, in a modification adapted 
for polyoma and EMO viruses in mouse embryo tissue 
cultures’. The cultures, about 4 x 105 oells/2 ml. in wide 
round-bottomed serological tubes, were infected with 
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Yield of virus in P ¥.U./1 mL x 10* 
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Plaque reduction (per cent) 
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Ooneeniration of s-XBP (mM) 
Fig. L Relation of »-NMBP concen: to mhibition of MMO virus in 


tration 
paouso embryo cell cultures. All cultures (about 6 x 10° oelia/3 ml.) were 
Infected with 0-8 mL HMC virus (3 x 10° PFU. ) After 2h 
tton the maintenance 


medum (3 mL culture) and tndicated amoun 
of -NBP were added. The ylad virus, and without » MBP, 
was determined 20 h after mfection 


virus and shaken mechanically for 1-2 h at room tempera- 
ture. The cultures were then overlaid with Eagle’s 
medium con i 1 per cent methyloellulose (British 
Celanese, Ltd.) and 2 per cant horse serum. After incubation 
for 24 or 48 h at 37? O, 0-1 mL of a 0-1 per cent solution of 
neutral red was added to the overlay and the plaques were 
counted after further incubation for 8 h at 37° O. 

The inhibition of the production of virus by varying 
concentrations of p-NBP is shown in Fig. 1. 

At a concentration of l x 10-* M of p-NBP 90 per cent 
reduction of plaque number was obtained and further 
increase of concentration had no additional effect. As 
much as a 99 per cant reduction in the number of plaques 
was observed when the effect of p-NBP was evaluated 
after incubation for 48 h. It is conceivable that in this 
case several consecutive cycles of virus replication were 
inhibited. 

The cytopathogenic effect of mouse embryo cultures 
infected with EMO virus and treated with p-NBP was 
delayed and partially diminished. 

Some information on the mechanism of action of 
p-NBP oan be gained from the experiment presented in 
Fig. 2. 

It appears that p-NBP inhibits the production of virus 
only when added to the cultures not later than 8 h after 
infection with EMO virus. The yield of virus in cultures 
treated with p-NBP 4-5 h after infection was only slightly 
reduced. Preincubation of the cultures with p-NBP for 
24 h before infection did not affect the degree of inhibition. 

In view of the known fact that the formation of EMO 
virus particles requires 8-4 h’, it may be assumed that 
p-NBP is active throughout the whole of the latent period 
of infection. ` 

p-NBP did not inactivate the virus after 24 h contact 
at 4? C. Also the adsorption of virus to the cells was not 
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Table 1. Hrrmor or »-NBP OW THR VIRABMLA AND PENETRATION OFIRUB INTO BRAIS OF V MICE INFECTED Wer EMO VIRUS 
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Fig. 2. feci of time of addition of -NBP an the yid of MMO viros 
in mouse embryo cell cultures, T'esue cultures ) 
infected wiih 0-2 mL HMO viros (1 x REDE for 1 Hi ch 


affected by p-NBP. Even when EMO virus was added to 
the cells together with p-NBP and after 1 h the inhibitor 
was removed by repeated washing the production of 
virus was not inhibited. 

p-NBP in concentration ten times higher than those 
inhibiting virus multiplication did not cause any visible 
damage of tissue cultures observed for 1 week. Another 
indication of the low toxicity of p-NBP was obtained from 
an examination of ite effect on respiration and serobio 
glycolysis of chopped mouse embryo tissues. It was found 
Se E oe ae ee on ee 
production of lactic acid of tissues 
Ringer solution with 0-2 per cent of glucose for 3 h. How- 
ever, & Blight inhibition of oxygen and increase of 
glycolysis were observed after 4-5 h. p-NBP in a concen- 
tration of 10 M reduced by 40 cent the activity of 
alkaline phosphatase in mouse ryo homogenate. The 
respiration was measured manometrically*. Laotio acid 
weas determined by the method of Barker and Summer. 
son’ and the activity of alkaline phosphatase was estimated 
according to King**. 

In the ts carried out $n vico, albino Porton 
mice weighing 12-16 g were used. Groups of mice were 
injected in with 0-5 ml. virus and 0-5 ml. 
0-1 M solution of p-NBP (sodium salt, pH. 7-4). This dose 
of p-NBP was not toxic to mice. The control mice re- 
oeived 0:5 ml. virus and 0-5 ml. physiological salt solution. 

Antiviral effect of p-NBP was estimated by comparison 
of cumulative mortality (Table 2) and of the amounts of 
virus in blood and brain (Table 1) m groups of mice 
treated with p-NBP and untreated. 


Table 2. MyTROT OF »-NBP ON INFECTION or MICE wrerh HMO VIRUS 


Exp.  Inoeudlum*. Time after Mortality 
No. (2.7.0.1 mL)t tnfecton 
(daya) UL Control 
dead Inoculated 
1 3x10 4 0/5 1/5 
5 0/6 HH 
6 0/5 415 
7 0/4 4/5 
10 0/4 4/5 
1 1 x 10 4 1/15 0/10 
H Bri SA0 
8 u 9/10 
10 Hs 9/10 


TRADE 

mi! ET Weodimm galt 

t Plaque-formmg St 
It appears that a single injection of p-NBP has some 

protective action against death of mice caused by infection 

with a small dose of EMO virus given intraperitoneally. 

However, the protective effect was much smaller with 

larger doses of virus. Striking evidence of the effect of 

p-NBP on the course of infection was obtained when the 


1 together with virus only once tniraperitoneally 0-5 
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amounts of virus in blood and brain were measured. In the 
group of mice infected with a small dose of virus and treated 
with p-NBP the viraemis was reduced and the penetration 
of virus into the brain was blocked. 

It is our hope that p-nitrobenzylphoephanio acid and 
related compounds will prove to be new selective antiviral 
chemicals. ; 

We thank Dr. A. O. Allison and Prof. T. Baranowaki for 
their advice, and Mrs. M. Albin for assistance. 
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GENETICS 


Synthesis of Ribonucleic Acid by the 
X-Chromosomes of Drosophila melanogaster 
and the Problem of Dosage Compensation 


INVESTIGATIONS of the expression of various sex-linked 
genes in Drosophila have shown that for most of them 
their phenotypic manifestation is identical in male and 
female. Stern’, Muller? and later Muller e; al.* by use 
of mutations such as bobbed and apricot in various doses 
showed that the identity and equality of genic expression 
between the two sexos are not associated, a priors, with 
the development of sex, but rather involves & system of 
genes, plus and minus modifiers, which regardless of sex 
tends to repreas the action of extra doses of sex-linked 
genes. Muller proposed the name ‘dosage compensation’ 
for this effect and concluded that for each sex-linked gene 
there is a set of ‘compensator genes’*. 

Dosage compensation has been a subject of modern 
genetio research in Drosopl4la* and also in mammals’, 
but the cytochemical examination of the mechanism of 
dosage compensation has been initiated only recently by 
Rudkin e£ al’. 

It has long been known that the single X -chromosome 
in the male salivary gland is almost as wide as the auto- 
somes of the same nucleus, as are the two paired X’s in 
the female salivary gland. Dobzhansky clearly eetabliahed 
this fact in the examination of salivary glands of F, 
hybrids from the cross of Drosophila insularis x Drosophila 
tropicalis”. Feulgen as well as ultra-violet absorption 
spectrophotometry shows that the single X in the male, 
in spite of ite being as thick as the two X’s in the female, 
contains an amount of DNA equal to a ‘haploid’ X in the 
female’. 

It therefore seems pertinent to ask two questions at 
this stage: First, if what is true for individual genes on 
Muller's theory of dosage compensation is also true for 
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does the mechanism of compensation work? To be more 
specific, with what stage of information transfer do the 
compensator genes interfere? The second question is, what 
underlies the cytological behaviour of the X-chromosome 
in the male (1X24) salivary gland. Is it pert of the 
mechanism of dosage compensation at the molecular level? 

Experimente were designed to find out whether RNA 
synthesis by the X-chromosomes of male and female 
salivary glands operates at recognizably different levels, 
and if so, whether it is possible to evaluate the results in 
terms of a repressing effect in females or an enhancing 
effect in males. 

For this purpose, short-pulse labelling with tritiated 
uridine ‘was used. The dissected salivary glands from the 
third instar larvae of wild-type Drosophila 
(‘Oregon R’) were incubated in tritiated uridine (2 uo.) in 
10 pl. of Drosophila Ringer for 5 min. The usual procedure 
of staming, squashing and covering with stripping film 
(Kodak ‘AR 10’) waa followed. The slides were exposed 
for 14-17 days. After development, fixation and washing, 
the slides were again stained in buffered Giemsa after 
Schmid", dried and mounted with‘ Euperal’. Grains on 
oytoplasm-free chromosomes were counted with an oil 
immersion objective at a magnification of approximately 
1,280 times. Timed larvae were used in all experimenta 
so that only chromosomes with similar puffing patterns 
were compared. 

The following observations were made: (1) Grains were 
counted on single male- and pai female-X -chromo- 
somes (tip to 8B and whole X). The autosome 3L was 
used as standard. Grains on the segmenta 61 and tip-68B 
of 3L were counted and the ratios of the grains on part 
(tip-8.B) and whole X to those on the two segmenta of 8L 
were used for comparison of the valaes in the two sexes. 
(2) Grains were counted over unpaired X-chromosomes of 
female, and unpaired 8L autoeomee of male and female 
nuclei. These served as controls to check the effect of 
physical factors such as stretching, flattening and the 
geometric configuration of the chramosomes. Grain dis- 
tribution along various unpaired segments of X's as well 
as autosomes was recorded. (8) A comparison has also 
been made of the grain distribution on an unpaired single 
X and paired double X"s in the same nucleus. The 8N 
nuclei from the triploid stook y%s0 wa eo: —/FM, (act. Y); 
en/on|on formed the material for this purpose. The 
triploid stock was prepared by Dr. Justin and was 
made available to us from Dr. C. Stern’s 1 

Table 1 gives the means of the ratios of: (a) X(ti 
3B)/61; (b) X(tip-8B)/tip-68B; (o) X(whole)/61; (d) 

X (whole) /tip-68B for males and females in two categories. 
In oue, relatively high labelled chromosomes, based on 
the abeolute number of 70 or more grams on the X- 
fragment (tip-8B), have been considered; in the other, 
tbe ratios low labelled chromosomes (those with lees 
than 70 grains on the same ) bave been taken 
into account. It will be seen from the table that there is 
some difference between the ratios in high and those in 
the low labelled types but the differences 
in the values for (a), (b), (o) and (d) between males and 
females are not significant. 
number on i 
show that the sum of the corrected number of grains on 
unpeired chromosomes is considerably higher than that 
on the paired chromosomes. However, grain distribution 
on individual unpaired chromosomes or segments thereof 
is identical within statistical limitations (for example, for 
40-162 of X, one chromosome had 102 and the other had 
105 grains; for segments 41-57 of 2R one had 220 grains, 
and the other 215; and for 62-68B of 3L one had 60 and 
the other 61). The additional observation on the grain 
distribution on the single unpai and double paired 
chromosomes of the 3N nuclei shows that the single un- 
paired chromosome has a relatively higher n of 
grains than half the number of grains on paired double 


NATURE 
the whole sex chromosome, at what level of genio action ` 


August 14, 1965 v. 207 


chromosomes, the difference being of the order of 10-20 
ANE E ol iu uv MORE A this: case 1 (chromo- 
some unpaired single 102 grains, the paired 
double had 183 on the same segment; case 2 (chromosome 
2D): the unpaired single had 58 grains, the paired double 
had 88. It should be emphasized that even on correction 
of the ratios, in males, for this possible 10-20 per cant 
excess due to un the mean ratios for males pre- 
sented in Table 1 are still far in excess of those expocted 
for a single X in the 2X24 

Theeo results show that a the level of chromosomal 
RNA synthesis the X-ohromosome in males works 
with an efficiency close to that of the two X’s in females. 
This suggesta that dosage compensation operates at the 
level of information transfer from DNA to RNA. From 
our resulta, however, we cannot draw any definite oon- 
clusion as to whether dosage compensation is a pheno- 
menon involving repression or activation, that is, works 
in the female or in the male. i studies on the 
grain counts on similar lengths of X-chromosomes and 
autoeomes, in both sexes, show that, ignoring the very big 
puffs, the grain numbers on similar lengths of X-chromo- 
somes and &utoeomes are not significantly different (for 
example, X:8.L —250:259 in the female and X:3L 154: 
158 in the male). Assuming that the overall capacity of 
RNA synthesis per unit length is similar in the X and 
autosome, this result points to an effect in the 
male rather than a repressing effect in the female. An 
exact evaluation of these alternatives has to await further 
investigation. The present communication aleo does not 
take into account those genes which do not show any 
compensation as known from genetic investigations‘. 


Table 1. Amars OF TEB RATIOS or I( B) awd I (whole) TO 31461) amp 
VG SES? em Tom mo arn 


an enne zy, up iungere 


1-67 i 039 n 
(o ue Male xd (6-068 0-338 8 $- 18 1 1 os 
(0-001) (1 561) (0-006) 
2 n Ng (0-19) (162-01) (5:23) 
2 Female ia 102 83 EE 19 92% 2 185 15 
4) Male (low) 105 90 9 955 16 ‘75 8 
meno (0-014) (0-002) (0 601) (0 046) 
(5-83) (0-1 (161 T" (5 23 
>0- >0 


var. 
P biei >04 >0: 
, 3 versus 4) >0-7 >05 >0-7 
MR, meen ratio; N, total number of nuokel examined, Tfr, X(tp-&B). 


In answer to the question of cytoohemioal behaviour of 
the X's in the male and female, it is possible that a dif- 
ferent protein composition causes both the enlargement of 
the X and ite hi synthetio activity in the male sali 
gland. It has been shown by Rudkin e£ al.* that the single 
X in the male oontains ee eee i ud (with 
end-absorption at 281 my) than either of the two X's in 
Drostphila This aspect of dosage compensation in 

further biochemical study. 

. C. Pelling for his advice and assistance. 
AnpHanpu B. Muxunun;nn* 
W. BRERMANN 
Max-Planck-Institut für Biologie, 
Tübingen, 
West Germany. 

* Present address: Department of Zoology, Unrversity of Caloutta, 35, Bally- 

gungo Circular Road, Caloutta 19, India. 
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in 

mechantoal ar ejeoizios] pra pet pg gee yg ay ii 
Dra at the eta Med —The Association or, oor Uni- 
ties 08), Boe Pall Mall, London, 8 W.1 


doe m OF Peaemercny ‘The Director, 
, Livingstone, 


, P O. Box Zambia (August 
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The Asistant ES ), The 
bem, 15, quoting P Ue rpeq m 1) 
"Bt 
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Wi (September 
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TEE DEFAETICETT O 
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DELE DE HERE GP ONDAY 
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A MEE Univermty of Durham, Old Shire 
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Office), House, Pall Mall, London, 8. W 1 (Australia and 
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evidence of research ability, and preferably previous 


NATURE 
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m 
Walsh Collage of Advanced ; Park, Cardif 
ENSEAROH a degree or their 
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ROAD, RAIL AND WATER TRANSPORT 


HE debate in the House of Lords on urban planning 

and development, opened by Lord Llewelyn-Davies 
on May 19, was notable for the authority of the speeches, 
particularly those of Lord Llewelyn-Davies and Lord 
Holford; Lord Mitchison replied on behalf of the Govern- 
ment. Lord Llewelyn-Davies spoke as chairman of a 
committee advising the Minister of Housing and Local 
Government on research in urban planning and also as & 
member of a similar committee advising the Minister for 
Land and Natural Resources. Among other things, he 
referred to the work which Lord Holford, as technical 
adviser in the Ministry, had done to build up theoretical 
structures on which the whole practice of British planning 
now reeta. 

He began by pointing out that the subject was urgent 
principally because of the great increase in population, the 
almost equally large increase in the use of the motor-car, 
and the fact that such a high proportion of houses and other 
buildings were now due for renewal. It was essential that 
we should attempt to guess at what life should be like in 
the future and deeign for it. Even better, we should 
attempt to imagine or to envisage a pattern of urban 
development and city construction sufficiently flexible 
to absorb and to ride with the changes in the pattern of 
human life and living which would occur within the life of 
the buildings which we propose to erect. 

Lord Llewelyn-Davies urged that decisions as to plan- 
ning were not matters for technologista, planners or 
architects: they were matters for the elected representa- 
tives of the people who should, however, take the 
decisions on the information and advice which could be 
supplied, although they were ultimately political issues. 
The concepts of planning were concerned with the limita- 
tion of the size of cities by establiahing green belts and 
deliberately restricting development; with providing for 
increased population, so far as possible in self-contained, 
fairly small new towns some distance away from existing 
centres; and with the control of development within the 
cities in accordance with & plan for the use of land. He 
urged that an important oriterion of effective planning 
ahould be that wise choices were made possible for the life 
of the institutions, such as universities and hospitals, 
which served the great cities. He did not believe that we 
needed to suffer the desolation of important and valuable 
areas of countryside to meet the demand of increasing 
population; there was enough spece, but organization 
was needed to ensure that the buildings were put in the 
right and not the wrong place. He believed that a solution 
of the problem of urban planning and development was 
only poeaible by a massive direction of our universities 
towards research into the social, economio and architec- 
tural problems of urban affairs. He referred especially to 
"Lord Silkin’s advocacy of the establishment of an architeco- 
tural research council for the built environmenta—this 
has since been supported by the Royal Institute of British 
Architects and other bodies, and by Lord Holford. 

' Lord Llewelyn-Davies spoke, of course, some weeks 
before the report of the Heyworth Committee was pub- 
lished (Nature, 207, 559; 1965) and before the Government 
had announced its acceptance of the recommendation to 
establish a Social Science Research Council, with which 
the proposal for a research council for the ‘built en- 
vironment is closely related. Lord Holford himself, tn 
a maiden speech, began by expressing regret that we 


separated development and preservation and did not 
consider preservation of historic and other buildings or 
urban open spaces as an integral part of development and 
not an opposing thing. He pointed out, morcover, that 
we seemed no longer to anticipate change and move to 
meet it, but merely to struggle to keep up with changes 
that had already overtaken us. We could only prepare for 
change by setting the stage for industrial building of 
various kinds; however, such planning could make all the 
difference to the quality of the environment and to its 
sensible distribution, and he added that the quality of our 
urban environment depended very largely on our attitude 
towards preservation. A preservation policy was im- 
portant because the more imaginative and more modern 
architecta in Britain, and especially landscape architects, 
were just as keen on keeping the creative work of the past 
under economic conditions as were those concerned solely 
with preservation, Problems of new accommodation 
could not be solved merely by rebabilitation and pre- 
servation of old buildings; however, we could minimize 
our loss by using these buildings in imaginative ways. 

Preservation was also needed on the regional scale, and 
the need was for three things: first, for some financial 
help for local authorities, particularly in regions which 
were severely damaged during the Second World War, 
and where the rates were inadequate to carry all the 
social burdens; secondly, for an intelligent sub-regional 
plan; thirdly, for trained advice (which was very scarce}— 
advice which was independent and objective, indepandent 
not only of the developers but also of the local authority 
who might be a little too zealous in making clearance 
areas throughout the controlled district. He supported 
Lord Llewelyn-Davies in urging that the Ministry should 
have disinterested technical assessors to give some 
stature and substance to the decisions which it had to 
make in such large numbers. He urged that we should 
begin to think on all theee problems: the giving of advice 
on development plans; the making of schemes within 
development plans; the combination of preservation and 
development on a basis which, of necessity, went beyond 
the boundaries of individual local authorities. 

_Lord Esher, who followed, strongly supported Lord 
Llewelyn-Davies on the overridmg need for research and, 
like Lord Holford, referred to the report from the Royal 
Institute of British Architecte. This report had pointed 
out that 58 of the chief officers in charge of planning in 
109 county boroughs had no planning qualifications, while 
449 out of 531 in the second-tier authorities were without 
such qualifications. Of staff working on planning in local 
authorities fewer than half had any planning qualifica- 
tions and only 4 per cent were architects. So far as this 
arose from a shortage of qualified people, the profeasional 
institutions were doing all that they could to remedy the 
situation, but this took time.. There also seemed to be a 
shortege of demand, and planning consultants were not 
being fully used; our available resources were not either 
fully or effectively deployed. He suggested that the 
Minister should remove delegated planning powers from 
authorities who did not possess qualified planning staff. 

The Earl of Gosford, who followed, referred particularly 
to the transport aspect, quoting Lord Hastings’s emphasis 
that the Buchanan Report provided a framework within 
which & programme of urban redevelopment could pro- 
ceed. We could not expect to do everything at once and 
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our resources were already fully oommitted for the next 
few years, but the Earl of Gosford thought that the 
recent statements of the present Minister of Transport 
suggested that leas and leas was to be expended on the 
problem of roada, both outaide the cities and, particularly, 
on roads inside the cities. He thought the urban pro- 
gramme was the key to urban renewal, in the context both 
of quality and progress. If our towns were not renewed 
in & context of planning which accepted the motor-car, 
there was & real danger that their prosperity would 
diminish. Lord Arwyn also strongly supported the 
suggestion for massive research at universities, and per- 
ticularly for effective liaison between the universities, the 
professions and the building mdustry. Lord Hastings, 
however, was doubtful whether we should, as Lord 
Llewelyn-Davies had suggested, try to base our cities on 
Institutions than on houses and people in houses. He 
thought we must try to work out as soon as possible a 
technique for redeveloping town centres, and that we 
must recognize that human considerations and economic 
planning were equally important. Lord Mitchison, 
replying for the Government, said that with scientific 
developments and other changes, town and oountry 
planning should be as flexible as one could possibly make 
it. It was not, however, merely a matter of science or 
population, but also of the kind of life people might wish 
to live in twenty or thirty years time, when their values 
also might have changed greatly. He agreed with what 
the Minister of Transport had said on April 14, that the 
only satisfactory basis on which local authorities could 
develop their plans with the neceasary degree of financial 
realism would be on the assumption that the future soale 
of investment in urban road construction was unlikely to 
be very different from that programmed and already 
announced for the period up to 1970. While agreeing 
with earlier speakers as to the importance of land plan- 
ning, he thought that we oould only obtain the kind of 
planning we desired with the help of an authority speci- 
floally set up to see that land was put to the right use 
when development took place. As regards organization, 
he gaidIthat the Minister would look at the machinery of 
planning through & planning advisory group and that the 
report of this group would shortly be issued. A Direc- 
torate of Urban Planning had been set up under the 
Minister’s technical adviser on urban planning. This body 
would consist partly of administrative and partly of 
professional people and was intended to lead a new drive 
into town planning and design, and to advise on what 
could be done on such questions as using the very limited 
amount of skilled manpower now available. He welcomed 
the report from the Royal Institute of British Architects 
on manpower, and said that the Government had already 
asked the University Granta Committee to consider the 
best ways and means of stimulating a greater output of 
trained planners both in the short term and in the long 
term. Local government finance, and central finanoe, were 
also being thoroughly investigated, including questions of 
mco eae OF ae OES ee eee 
central finance. 

The development not oniy of roads but also of water- 
ways and of the major railway trunk routes should be 
considered with a hard-headed approach; and if we could, 
within five years, build up a national fleet of 450 pairs of 
narrow boats carrying a million tons a year we would 
remove 100,000 lorry loads from the roads. Quite apert 
from the amenity aspect, this possibility seems to be 
worth serious examination. The study of canal transport 
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now being prepared for the Inland Waterways Association 
should be carefully studied by Ministers, as well as by 
British Waterways. Lord Hinton, who is investigating the 
co-ordination of national transport, has before him now & 
three-stage programme for a modern waterway system 
for Britain, which was submitted by the Association 
early ın August. Even at the present moment the £170 
million could well be a most profitable investment. 

The recent Beeching Report issued in February (British 
Railways Board. Pp. 100. 16s.) provides a critical exam- 
ination of the trunk railway routes with the idea of select- 
ing routes for future intensive use, but not selecting lines 
for closure. The report was made to enable the selection of 
trunk routes to be subjected to constructive criticism, to 
permit good planning of the next phase of development 
expenditure, and to enable any future proposals for 
closure of trunk lines or decrease in the utilization of lines 
to be seen in a broader context, while permitting the 
proper development of commercial policies, and givmg 
customers a clearer view of the future. It thus com- 
plementa the report on The Reshaping of British Railways, 
published in March 1968 (Nature, 198, 1288; 1968), and 
develops further the constructive proposals of that report 
which have largely been ignored in public discussions. 
Essentially these discussions have been centred on the 
proposed abandonment of the parte of Britein's railway 
system deemed ‘unsound’. Like the earlier report, it is 
concerned with the economic aspect, stressing that the 
level of annual expenditure on through-route main- 
tenance, renewal and improvement is likely to continue 
at the present level of about £85 million per annum for 
many years if the whole through-route system is main- 
teined. Substantially lower expenditure on suitably 
selected routes is estimated as likely to provide all the 
capacity required to meet foreseeable future demand. It 
is thus open to the criticism that it is concerned almost 
solely with the economic facts, and also that the position 
of the railways with respect to other forms of travel is not 
considered. Like the debate in the House of Lords already 
noted, the Report refers to reporte already issued, such as 
The South-Has Study, 1961-1981, dealing with the growth 
and distribution of population and industry in the South- 
East region, iasued in 1964, and it refers also to the Hall 
Report on The Transport Needs of Great Britain in the 
Nest Twonty Years published in 1963. Conmdering the 
changes in the economy which are likely to affect transport 
over the next twenty years, the Report expects an increase 
in population from 54-2 millions to 62-5 millions: ite 
proposals are based on the assumption of rates of growth 
of 3 and of 4 per cent. Two important assumptions are 
made on the distribution of population and industry. 
The rate of growth of the former is assumed to be oom- 
paratively even throughout Britain with no major re- 
distribution and, although some change is foreseen in the 
commodity pattern of production, it is assumed that the 
geographical spread of general industrial activity would 
remain the same and that growth would also be uniform. 
These assumptions may not pass unchallenged. However, 
the further assumptions as to the pattern of transport 
demand between the main centres in 1984 are likely to be 
accepted generally; for example, that the total internal 
consumption of coal will remain fairly steady over the next 
24 years (if anything, it is more likely to decline than 


increase), and that steel production will grow at a lower | 


rate than the average for all industries, rising to some 
40 million tons by 1984. It is estimated that some 19 
million tons per annum of the existing freight traffic 
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could be transferred from roads to liner-train services a8 
they build up, but for passenger traffic the assumptions 
and forecasts are much more questionable. It is taken for 
granted that public services on trunk lines will decline, 
and consideration of passenger traffic is limited to inter- 
city passenger movements. Nevertheless, the assumption 
that, in the main, passenger traffic will increasingly go by 
road in private cars ignores entirely the desirability of 
doing everything possible to take even private car traffic 
off the roads, at least in certain areas, and ignores other 
considerations entirely, such as were powerfully argued by 
Mr. C. D. Foster in Ths Transport Problem, in 1968, and 
more recently by Mr. R. Calvert in The Future of Britasn's 
Railways *. 

The conclusions of the second Beeching Report are that 
the cost of providing the railway track and signalling per 
unit of traffic passing over it should be reduced to a level 
which enables services to be provided on a competitive 
basis. If such changes were made, the railways would be 
able to increase their freight carrying and the overall 
demand for rail transport on the trunk routes would 
appreciably increase over the next twenty years. The 
present network of through-routes is under-utilized, but if 
advantage is taken of technological progress in signalling 
and movement the disparity between capacity and use 
will increase. The through-movement could be channelled 
through a reduced network of lines amounting to some 
8,000 route miles instead of the 7,500 miles provided 
to-day, and this would reduce route costs to about half 
their present level. If the railways concentrate on cheap 
bulk movement their prospects as trunk carriers can be 
revived. The real choice, Dr. Beeching argues, is between 
an excessive and increasingly uneconomic system with a 
corresponding tendency to fall into disrepute and decay, 
or the selective development and intensive utilization of a 
more limited trunk-route system. 

It is claimed that the study provides a basis for positive 
planning and that it should be possible to concentrate 
railway investment on the selected trunk routes in the 
confidence that here the essential dense flows of traffic 
wil be maintained. Even if that claim is conceded, the 
second Report is too pessimistic and even defeatist. It 
ignores, except for goods traffo, the overriding need to 
take off the roads, even from the point of view of safety, 
as much traffic as is reasonably possible. It fails to reoog- 
nize that much passenger traffic is on the roads simply 
because of the failure of the railways to offer attractive 
transport for passengers in the mid-twentieth century. 
The Report does not consider rail and road and even 
waterway traffic as complementary; it fails completely, 
except perhaps for the liner trains, to consider the railways 
in terms of what they could be. An obsession with long- 
distance and bulk traffic leads in both Reports to the 
possibilities of the Diesel rail bus and new operating 
methods for local and intermediate trafflo being dis- 


For all these reasons, Dr. Beeching’s reporta should be 
read in the light of such a book as that by Mr. Calvert. 
Mr. Oelvert's imaginative, but constructive, look at the 
inherent possibilities of modernization provides the 
essential corrective and relates railways to the wider and 
more general problem of planning development in which 
roads and waterways as well as railways have their place. 
He looks, also, at the implications of the Channel Tunnel 
and at the rationalization of operating methods as well as 
at modernization. Much of his book is technical, but the 


*The Future of Dritein’s f By Calvert. Pp. 175+16 
plates (London: George Allen and Unwin, Ltd , 1065.) 355. net. 
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broad issues are plain enough and no reader is left in doubt 
as to the very real asset which the railways still represent. 
Wisely and imaginatively used, they could make a vital 
contribution not merely to easing congestion and danger 
and waste on the roads, but also to safeguarding the 
erosion of the countryside and to restoring a standard of 
living in which man can regain some of the control over 
his environment that he has at present lost. There is 
evidence in the House of Lords debate that the possibilities 
and the opportunities are already being recognized. 


AN INTRODUCTION TO NUCLEAR 
STRUCTURE PHYSICS 


Nuclear Physics 
An Introduction. By W. E. Burcham. Pp. xiv+789. 
(London: Longmans, Green and Co. Ltd., 1963.) 70s. 


F. BURCHAM’S Nuclear Physics: an Introduction ia 

a good book, carefully and thoughtfully written, that 
does, admirably, the job it sets out to do. It is a teaching 
book, & text-book; it does not pretend to take the reader 
to the growing pointe of nuclear pbysica or to infect him 
with the excitement of research. I wish it had, both 
because I think that every teaching book should be open- 
ended and give major glimpses of the next stage of the 
and what it is all about, and also because J know 

that Prof. Burcham could have done this very well; but 
he has done a considerable service: he has provided us 
with the first really good undergraduate text in nuclear 
physics available in This is a strong statement, 
but it is true. Until this book came along there was no 
eon undergraduate text that could be recommended 

ith confidence as being not positively misleading. I 
believe that Prof. Burcham’s text is still a little un- 
balanced: in my view it contains too much about detectors, 
accelerators and classical radioactivity and not enough 
about nuclear models, symmetry properties and reactions. 
But this is a personal point of view, and the present book 
is very much better in ita balance than any of its pre- 
decessors. There is one very important matter, however, 
that must be mentioned here, though not as a criticism. 
It is that Prof. Burcham’s text is about nuclear structure 
physics. The great excitementa of the sub-atomic world 
are now sub-nuclear rather than nuclear, in the field of 
what we used to call elementary particles but which we 
now recognize as entities much more essentially complex 
than the nucleus itself. This world of high-energy physica 
is not treated in Prof. Burcham’s text, but it must be an 
important part of any ing course in nuclear physics 
that, on the nuclear structure side, attains the level of this 
book. Nuclear physics has its two aides, nuclear structure 
and high energy, and a properly-constructed course must 
contain both. High-energy physics is at an earlier stage 
of ita development than nuclear structure physics and does 
not yet lend itself to the consolidated type of treatment of 
Prof. Burcham’s text, but many basic features are never- 
theless well established and must be taught at the under- 
graduate level because of the enormous intellectual impor- 
tance of the subject. This, then, is a warning rather than 
a criticiam. 

Prof. Burcham’s treatment of his subject is at the 
undergraduate level but probably contains more detail 
than will be accommodated in most ‘finals’ syllabuses. It 
is not a suitable graduate text because it does not look 
outwards to the unsolved problems and is too elementary 
in its approach, but it could still be useful as a bridge 
between the undergraduate course and research; many of 
ita references are to research and graduate-type works. 
The book's use of references is excellent and enables & 
picture to be built of how the subject developed; 
it is part of Prof. Buroham's approach which rather 
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successfully combines the historical and the logical 
methods. 

A considerable portion of the book is devoted to matters 
that are not properly nuclear physics: 48 pages to the 
spectroscopy of atoms and molecules, 69 pages to pro- 
perties of ionizing radiations, 58 pages to instrumenta, 48 
pages to the measurement of radiation, and 59 pages to 
accelerators. All this is important if you want to know 
how it comes about that we know what we do about the 
nucleus, but of no interest if we simply want to understand 
the nucleus. As Prof. Buroham i his is an 
"experimentally-oriented" book. My own view is that it 
is more important to teach undergraduates what we know 
about the nucleus itself than about the devices, apperatus 
and techniques by which that knowledge is obtained, but 
again this is a matter of opinion. At least Prof. Burcham 

ingui clearly between the wood and the trees and 
does not attempt to give the impression that the passage 
of electrons through thiok abeorbers has something to do 
with the physice of the nucleus. 

Although Prof. Burcham’s ko nee is experimental it 
is far from purely deecriptive. is quite free in his use 
of formulae and analysis and, although he works out 
nothing in detail, he gives the bare bones of the stepe by 
which the theoretical resulta are achieved. He also 
attaches, wherever he can, a physical interpretation to 
the formal quantum mechanical result—for example, in 
explaining that the ortho-helium levels lie lower than the 
corresponding pera-helium levels because the spatially 
anti-symmetme ortho-helium states inhibit the close ap- 
proach of the two electrons that corresponds to large 
Coulomb energies whereas the spetislly-symmetric para- 
helium states allow such olose approach. 

There are lacunae—for example, Prof. Burcham misses 
a good opportunity of showing how simple and general 
some aspecta of nuclear behaviour are by omitting all 
mention of the photo-nuclear giant resonance, perhaps the 
only piece of nuclear dynamics obviously common to all 
nuclei and which is simply a child on & swing. But in 
bringing together the various aspects of nuclear behaviour, 
putting into them as much physical content as possible 
and ing them asimilable at the undergraduate level 
(forgetting his occasional oracular remark such as “This is 
a result of quantum fleld theory”), Prof. Burobam has done 
an excellent and commendable job; we thank him for it. 

D. H. WILKINBON 


IN DEFENCE OF METAPHYSICS 


Is Metaphysics Possible? 
By Pratima Bowes. Pp. 237. (London: Victor Gollancz, 
Ltd., 1965.) 42s. net. 


The Foundations of Metaphysics In Sclence 
By Errol E. Harris. (Muirhead Library of Philosophy. 
Pp. 512. (London: George Allen and Unwin Ltd., 1965. 
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HESE two books are very different in character as 
"| HE as m scope: at the same time, however, they 
which make them 
y. Both contain 
are almost inescapable 


display certain aspects of knowledge 
more valuable together than se 


‘daring’ entropy to incroaso as & matter of course. Epistem- 
ologically, haps 
synoptic inking, ; 
question marks. Nevertheless. in general, the second law 
of thermodynamic is still in command. 
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, Mrs. Pratima Bowee's Is Metaphysics Posnble? is dis- 
tinguished by a becoming humility, acoompanied by a 
conviction from the start that the answer to her own 
question is ‘yes’. Prof. Acton, in a most readable intro- 
duction, puts his finger on a major point by remarking that 
logical poartiviam has flourished by the negative policy of 
denying meaning. to transcendental metaphysics because 
capion verification is lacking. Mrs. Bowes goes further, 
and pins down this antipathy to a dislike of mystery. Such 
matters—so the argument runs—are not genuine, and 
their discussion is pointless. One may well agree that all 
this is a little too easy: for example, the wildly improbable 
states (as judged statistically) that come not only into 
existence, but also into continued existence, in the biologi- 
cal sciences, are thoroughly mysterious. There is, as yet, no 
down-to-earth reason for such occurrences. One day there 
may be, but meanwhile some discipline akin to meta- 
physics (which never presumes to unearth anything) may 
BO keep active minds intent on broad issues—without 
neglecting details when relevant—as actually to hasten 
discovery 


Metaphysios emerges as individual rather than collective, 
an art rather than a science; in this it resembles aesthetios, 
and tends to stand on the touch-line in preferance to 
becoming involved in the and tumble of ordinary 
life. In a word, all this is not far removed from Polanyi's 
£ knowledge", and the paæion which is the pre- 
requisite of all true advance. There must be conviction 
that there is a blem to be solved, coupled with the will 
to solve it. cidentally, the joy attending suooeas is 
almost wholly aesthetic, in a realization of the beautiful.) 
And this cannot be done from inside. Mrs. Bowes might 
have mentioned Godel’s theorem as her perfect example: 
‘aide’ arithmetic we are plagued with inoompleteness, 
whereas ‘outside’ we can at least do our sums. Which is 
as much as to say that, as such, metaphysics is unlikely to 
make progress, and the common i ion as ‘beyond 
physics’ is seriously misleading. 

Mrs. Bowes refers, however, to the work of David 
Bohm, who concludes that Nature is qualitatively infinite. 
He propounds the existence of various levels in phynics 
(both classical and quantum), and suggests & further very 
deep level at which determinate factors are effective, 
resulting in the accepted laws of probability and the 
quantum higher up. Whether this is so or not remains to 
be seen, but one thing is certain—and in tune with all 
metaphysical thought—and that is that no event in 
Nature is isolated, so that if in fact something unknown 
is going on down below, then known phenomena, and the 
laws which we believe they obey, are influenced accor- 
dingly. 

The contrast comes out strongly between metaphysics 
and common sense. The point is well taken in that it is 
unwise to identify science with common sense, for much 
goes to show that the most fantastic prognostications of 
theoretical physics have turned out to be correct at the 
expense of ordinary explanation. Nevertheless, applied 
science functions, but this is largely because it is like 
doing & large-scale exercise or example, based on theore- 
tical knowledge, from which success follows consequen- 
tially from a grasp of essentials. 

The Foundations of Metaphysics in Science is written 
from a different standpoint. Prof. E. E. Harris is not 
primarily concerned with the existence of metaphysics as 
with the way in which he finds it embedded in much of 
science itself. In fact, what empirical content the subject 
possesses resembles the natural philosophy of Scotland, 
which ‘indeed covers much obeervation and experiment. 
It is clear that a comprehensive view, synoptic in charac- 
ter, is neceasary—as Plato maintained—if whatever total 
knowledge is accessible to us is not to be partly lost 
through specialist fragmentation. Besides, it is salutary 
to examine scientists’ own credentials, which they are 
unlikely to do for themselves beyond the immediate 
needs of their own investigations. This is the general 
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teak, divided into four main 1) “The Physical 
World"; (2) “The Realm of Life"; (8) “Mentality”; (4) 
“Qutline of a Metephysio". Theee headings are enough to 


show the scope which the book is intended to embrace. 
It is very readable, even though there is a fair proportion of 
paste and scissors, with a slight tendency to write round the 
references. In dealing with the question of intelligence, & 
warning is given of the affect of drawing & sharp Tine 
between logic and psychology, which is so a 
feature of recent discussion. This is the result of a determ- 
ination to avoid psychologism, the avorsion of the 
phenomenologista and the Husserl 
of organization are eliminated, and with them 

thought. Broadly, the Gestalt concept bears up well: it has 
seen many modifications since the days of Wertheimer and 


already been made, appears as the connecting link not only 
between metaphysics and science but also between our 
conception of the living and the non-living, which is 

y that of ita dominance in open and closed systems 


y. 

The wonder is that the living organism is so constructed 
as to bo a means whereby entropy oen not only be held 
constant but also in some cases even decreased. This is 
what the communications engineer strives to do by making 
use of negative entropy, K log 1/D, wherein D is a measure 

the mathematical formalism, we 


set up the forms and princip 
aa the author says, it is only at the heights of uman effort 
that, due to such vast complexity, aberrations oan occur 
at all. It is still true that man tends to kill the object he 
loves. 

The theais which these two books are written to defend 
—essentially a study of contrasts—is best summed up 
metaphorically in the words which "My Lady Philosophy” 
used to console Boetius in his prison cell at Pavia in A.D. 
524. She said to him, "I will show thee the way which 
shall carry thee home”, which is good and useful science. 
But ghe added, ‘I will give thy mind wings to be raised 
aloft”, which is metaphysics. F. I. G. RAWL 


TEACHING RELATIVITY 


Introduction to General Relativity 

By R. Adler, M. Barin and M. Schiffer. (International 
Series in Pure and Applied Physics.) Pp.xv+451. (New 
York, Toronto, on and Sydney: MoGraw-Hill Book 
Company, 1905.) 100s.; 12-50 dollars. 


GUI S relativity has become a popular and widely 
understood subject in the past 20 years. As a result 
there have been a large number of books on the subject, 
some of them presenting collections of original work, and 
others presenting a view of the whole subject from one 
particular pomt of view. The present book differs from 
all recent books ( perhaps that of Synge) in being & 
genuine text-book. t i8 based on s course of lectures, 
given at Stanford University, by Schiffer. The aim of the 
authors was both to direct the attention of mathematicians 
to a fruitful fleld of research and simultaneously to provide 
the physicists with a simple introduction into the power- 
ful mathematical methods used in general relativity. 
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Great oare is taken to explain the motivation for 
everything that is being done, and the whole theory is set 
out with clarity. ‘After an introduction dealing with 
non-Euclidean geometry the tensor calculus is set up. 
The notation is the classical one with suffixes, no attempt 
being made to bring in the exterior differential calculus. 
The relationship of tensor calculus to physios is introduced 
by moans of Maxwell’s equations in a flat space and also 
through a discussion of gravitational red ghifta in terms of 


Having now formulated the theory, discussion on the 
spherically symmetric static solution and the linearixed 
i After the derivation of the 


esting chapter follows, on tbe mathematical structure of 
the field oquations in relation to the initial value problem. 


equations are exhibited with great clarity. The authors 
elect to omit the general (Fourès) proof of the existence 
and uniqueness, but they do give the i 
of Lichnerowics (that a static empty universe which is 
flat at infinity is flat everywhere). Jt will give an ides 
of the completenees of the treatment to mention that this 
chapter concludes with & proof of the maximum prinoiple 
for the generalized Laplace equation (that is, Earnshaw’s 
theorem in curved space). 

There are also chapters on conservation laws, cosmology 
and electromagnetiam (including Weyl's theory and the 
already-unifled theory of Rainich and Wheeler). The 
book is beautifully printed and has an excellent index. 

C. W. KiwIBTHR 


THE SUN 


A Star Called the Sun 
By Dr. George Gamow. Pp. xiii + 208. 
Macmillan and Co., Ltd., 1965.) 35s. net. 
as Ben ud Death of 
subject of his earlier work ‘The Birth and Death of 
the Sun”, and has incorporated an &ooount of the advances 
in solar research which have occurred in tho interim. 
The book begins with a survey of man’s attempta 
through the ages to answer such questions as how far the 
Sun is from the Earth, how large it is and how hot. Then 
follow chapters on the solar and what it tells us 
about the composition of the Sun, the turbulent solar 
surface, ita atmosphere and its corona, and ite hot interior. 
We are reminded of Dante on his journey to the inferior 
regions: “I would have cast me into molten glass to cool 
me, when I enter’d, so intense raged the conflagrant 
mass”. After analysing the sources of stellar energy at 
different stages of the life of & star, the author compares 
the Sun with other stars and explores the nature of such 
old ones as red giants, white dwarfs and supernovae, the 
stars that “die glamorously". The last section of the 
book, on the origin of stellar families, shows that at least 
one billion stars in the Milky Way may possess planetary 
s like that of our Sun (an American billion is a 
thousand million). Dr. Gamow is an expert m this 
branch of astrophysics and, as is expected, the sections 
that deal with the evolution and decay of stars are 
accurate, written with conviction, and fascinating. 
Some of his statements concerning fundamental physics 
are not always so happy. For example, the ‘decay period’ 
[sic] of radium is given ae 1,840 years, and two pages 
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further on the ‘half-life’ appears as 1,590 years. Dr. 
Gamow seems to have forgotten that the original product 
of the mines of Joachimsthal (given as Joachischal) was 
ailver—and henoe the name of his country’s best-known 
money unit—and not uranium. The style is popular and 
sornetimes racy. Occasionally it will offend the English 
reader who has some feeling for his Mother tongue, but 
on the whole, in spite of his “oodles and oodlee'", the 
&uthor has avoided the ambiguities and half-statements 
which are & feature of so many attempts to vulgarize 
science. 

The book is well produced, with good p pen ande 
and end-plates. 


VIRUSES INFECTING PLANTS 


Plant Virology 

Edited by Dr. M. K. Corbett and Dr. H. D. Bisler. Pp. 
xvii +827. (Gainesville: University of Florida Press, 1964.) 
12.50 dollars. 


HIS valuable summary of modern information re- 

garding viruses infecting planta and the diseases 
caused thereby was compiled from a series of lectures by 
en delivered during the 1963 Southern Regional 

uate Summer Session m Plant Virology at the Uni- 
versity of Maryland. After a historical troduction by one 
of the editors the various symptoms by which virus in- 
fection of plante is expreased are summarized by F. O. 
Holmes and the means by which virusee can be trangmitted 
from plant to plant are deearibed by R. W. Fulton, with 
comments on inhibiting factors and on the mechaniam of 
infection of an individual plant cell. The technique of 
identification of a plant virus is discussed by A. F. Ross, 
followed naturally by a chapter on virus strains, mutationa, 
soquired immunity on the part of the host and interference 
by one virus with multiplication m the host by an un- 
related virus (W. C. Proe). Next B. D. Harrison sum- 
marizes recent information regarding the transmission of 
plant viruses in soil. Two groups of nematode-transmitted 
viruses are , one with polyhedral particles, the 
other with tubular particles. Both the viruses and the 
nematodes have wide host ranges, ensuring survival on 
weed hosts while virus-immune crops are being grown an 
the contaminated soil. Transmission of lettuce big-vein 
virus and tobacco necrosis virus appears to be assisted by 
xoospores of the chytrid genus Olpidium. Susceptible 
plants may become infected when grown i soil to which 
tobaceo mosaic virus has been added, but it is still not 
known whether any vector is involved in this instanoe. 

Two chapters follow which deal with the mechanism of 
virus transmission by insect vectors. R. H. E. Bradley 
concentrates on the precise method of stylet transmission 
on the part of aphids, apperently beset by so 
many difficulties and inhibiting factors that it seems 
astonishing that any &phis ever succeeds in 
any virus. K. Maramorosch summarizes the less-extensive 
work on so-called ‘circulative’ and ‘propagative’ viruses, 
which are not carried immediately on tho stylete but are 
accumulated in the insect’s tissues, either multiplying 
there or not, and afterwards re-introduced into a host 
plant by the insect. The group includes & few aphis-borne 
viruses, notably that of potato leaf-roll, and also viruses 
tranamitted hy treehoppers, leafhoppers, whiteflies, mealy 
bugs, thrips and mites. Some of these viruses appear to be 
in some degree pathogenic to their vectors, others may 
possibly be in some way beneficial to an insect which 
ingesta them. 

The following seven chapters are perhaps those of most 
general interest since they deal with the nature of viruses 
themselves. Methods for assaying plant viruses are des- 
cribed by D. A. Roberta, with emphasis on the local lesion 
technique, virus purification techniques by R. L. Steere 
and serology by E. M. Ball The principles of electron 
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microscopy and their application to virus research are 
summarized by C. E. Hall, followed by a detailed account 
by D. L. D. Caspar of modern inferences regarding the 
structure and function of regular virus particles. These 
consist essentially of a ribonucleic acid chain (or deoxy- 
Tibonucleic acid in some animal viruses) enclosed in & 
regularly constructed coat of protein unite, called rather 
unhappily the ‘capsid’, the shape and structure of which 
are characteristic of the virus. The shape of virus capsids 
is comprehensible if it is accepted that the most probable 
minimum energy designs for surface crystals composed of 
a large number of units are tubes with helical or cylindrical 
symmetry and closed shells with icosahedral symmetry. 
Each of these types of pattern is now known to be adopted 
by and characteristic of different plant viruses and, even 
though the morphologies of helical and ioogahedral virus 
particles het ed very different, it seams that the principles 
applied i construction are the same. Unfortunately 
the morphology of & virus particle is not necessarily an 
indication of its relationship with other viruses. Since 
there are only 280 types of crystal lattices it is not sur- 
prising that chemically unrelated compounds can form 
crystals with identical symmetry and the structure of 
biologically unrelated viruses, for example, poliovirus and 
turnip yellow mosaic virus, may be based on very similar 
designs. The helical structure of the tobacco mosaic virus 
rod is described in great detail, with interesting indications 
of small differences in the arrangement of protein unita in 
different strains of the virus. Next C. A. Knight elucidates 
the structural biochemistry of plant viruses, both as 
regards the construction of viral proteins and the fine 
structure of the ribonucleic acid chain. Finally, W. N. T. 
Takabashi discusses the biochemistry of virus infection 
and such information as exista ing the synthesis of 
viral proteins and virus particles within the host oell. 

Three final chapters summarize methods for control of 
plant virus diseases (L. Broadbent), frankly facmg the fact 
that quarantine may delay but cannot prevent the spread 
of viruses around the world to & maximal distribution 
determined by the geographical distribution of their hosts 
and vectors. F. C. Bawden speculates on the origins and 
nature of viruses and the application to virus studies of 
the principles of molecular taxonomy is discussed by 
F. Lanni. 

An appendix contains two papers on non-plant viruses: 
virus diseases of arthropods by K. M. Smith and an mtro- 
duction to the tumour viruses by R. A. Manaker. 

Each chapter is followed by a comprehensive bibliog- 
raphy. R. W. G. Danas 


GOLD 


Gold 
Recovery, Properties, and Applications. Edited by 
Edmund M. Wise. Pp. x+367. inceton, New Jersey, 
Toronto, New York and London: D. Van Nostrand 
Company, Ino., 1964.) 93s. 
HE metal gold has had a special place in civilized 
communities even from the most ancient times. It 
has been known to man for 6,000 years, and rivals copper 
as the first metal ever to be used. Early applications 
became possible because the gold occurred naturally in 
the metallic state in the beds of streams and alluvial 
sands in an easily recognizable form. Large pieces could 
be hand-sorted from neighbouring rocks, and fine particles 
meee by washing gold-bearmg sand over fabrica or 
was popular for the latter p 
oat it seems probable that the ‘Legend of the Golden 
Fleece’ arose in this way. The gold was used in the earliest 
times exclusively for ornament, and was sufficiently ductile 
to be hammered into the required shapes without the need 
for sophisticated metallurgical treatment. Ita attractive 
oe, relative rarity, and chemical inertness led 


appearan: 
naturally to it being a prized possession, and to ita use as 
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a medium of exchange for goods, and as a coinage. The 
function of gold as a monetary standard has continued up 
to the present time, and it has become the yardstick by 
which national currencies are measured. 

The monetary uses of gold, and their influence on human 
behaviour (for example, as a brief glance at almost any 
television Western will show), have tended to obscure the 
ri apace e E tho REID Broadly speaking, 

applications stem from the ability of gold to reeist 
many oorroding environments, and from ease with 
which it may be worked. Such properties lead directly to 
ita use in electrical contacta, electron tubes, conductors, 
resistors, and thermocouples, where great precision and 
reliability are vital. A large part of the world production 
of gold, in fact, now goes into non-monetary uses. Dr. 
E. M. Wise, the editor of Gold, has studied and worked 
on the properties of the metal for many years, and he and 
hia contributors have set out here to collect together for 
the attention of engineers, chemiste, metallurgists, phy- 
sicista, dentiste, and those in the medical profession, the 
P ies and applications which are of relevant interest. 

book contains twenty-eight chapters and moludes 
descriptions of the sources of gold, the extraction, mecha- 
nical, physical, chemical, and metallurgical behaviour, the 
applications in electrical engineering, dentistry, jewellery 
and medicine, and special uses such as an additional 
element to in the form of very thin films, and as a 
solder. Me of chemical analysis, an important sub- 
ject in view of the necessity of keeping account of the 
metal, are also included. The book is provided with ample 
lista of references, and I am not aware of such a compre- 
hensive treatment in any other volume. It is expensive, 
but as it is a reference work rather than a book for the 
general reader this is probably not a disadvantage. It will 
certainly find ite way to the library shelves of all organiza- 
tions dealing with the metal, since it is useful to remember: 

“Foul cankering rust the hidden treasure freta, 

But gold that's put to use more gold begets”. 

J. A. CATTHRALL 


THE BIOCHEMIST'S 'VADE-MECUM' 


Methods In Enzymol 
Vol. 6. Edited by Sidney P. Colowick and Nathan O. 
Kaplan. Pp. xxiii+1054. (New York: Academic Press, 
Inc.; London: Academio Press, Ino. (London), Ltd., 1963.) 
200s. 
HIS volume completes the supplement to the original 
treatise ‘Methods in Enzymology” (Nature, 177, 810 
(1856); 178, 509 (1956) and 181, 1431 (1958)) and, like the 
earlier volumes, has been edited by 8. P. Colowiok and 
N. O. Kaplan. The editors have brought together an 
impreasive list of 147 authors who have between them 
contributed 127 articles. These contributions are grouped 
under three major headings; the first two deal 
with the preperation and assay of enzymes and substrates, 
and the third with special techniques used in enzymology. 
The enzymes included in this volume are those concerned 
with nuoleio acid, phosphate, coenzyme and vitamin meta- 
boliam and the respiratory enxymes. Other enzymes have 
been dealt with in the previous volume. The preparation 
and assay of substrates were not included in the first 
volume of the supplement and so there is complete 


coverage of the recent progress in this field. The final- 


section is entitled “Special Techniques" and, besides de- 
scriptions of more general methods of protein analysis, 
includes articles on the esoteric techniques involved in 
neutron-activation chromatography of phosphorus com- 
pounds and im the application of nuclear magnetic reso- 
nance and electron spin resonance to enzymology. 

With such a large number of authors contributing to 
this volume there is some variation in the style and 
standard of the individual articles, although in general 
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the latter is high. There is usually an introductory para- 
graph to each contribution describing the enzyme or 
substrate and giving the principles involved in the assay. 
The experimental procedures are given in detail with 
adequate reference to the original literature so that, if 
problems arise in following methods given in the book, 
the individual worker can readily turn to the original 
paper. The grouping of methods under the general titles 
‘ ' and ‘substrates’, although in general it is satis- 
factory, does lead to minor conveniences. For example, 
polynucleotide phosphorylase, RNA polymerase and oell- 
occur in the first 25 pages, yet we have to turn to page 713 
for the synthesis of synthetic polyribonuoleotidee. Simi- 
larly, the isolation of DNA is on page 726, the enzymatic 
preparation of polydeoxyribonucleotides on page 718 and 
the DNA polymerase on pege 34. 
Throughout this volume the editors have allowed the 
use of trivial names for the enzymes, and it is unfortunate 
that, two years after the publication of the report of the 
Commission on Enzymes, a book of this importance oan 
be written in which the systematic names and numerical 
code numbers for the enxymes are not used. Apart from 
the editors in the previous volumes and together with 
them provides an excellent laboratory manual for all 
biochemista who require detailed working instructions for 
the preparation and assay of enzymes. D. Kuanipes 


A SURVEY OF MANAGEMENT 
ATTITUDES 


Thrusters and Sleepers 
A Study of Attitudes in Industrial t. (A PEP 
Report.) . 295. (London: Political and Eoonomic Plan- 
ning; and rgo Allen and Unwin, Ltd., 1905.) 355. 
Mn and written about the influence 
of management on productivity, little systematic 
investigation has been carried out to determine how far 
managers in fact achieve a high and sustained growth rate 
for their firms. There should be general approval, there- 
fore, for this report of a survey carried out by P.E.P. into 
management attitudes and practices and their effects on 
& company’s prosperity. Firms selected for study included 
those whose management attitudes and practices were 
likely to be conducive to growth and these were oom pared 
with firms whose managers were thought not to pospers 
such attitudes. 

The choice of firms was decisive. Expert opinion was 
consulted about those firms which were expected to be 
prospering in ten years time and, in contrast, the survey 
included firms of similar size and operating conditions but 
whose prospects & to be unpromising. Altogether, 
ing types of 
and 


influenced and wholly British companies. The industries 
finally selected were wool textiles, machine tools, ship 
building, electronics, domestic appliances and earth-mov- 
ing equipment. Hach company was visited for two days, 
executives were interviewed, much published material 
about the companies was read, and accounts were analysed. 

The teams investigated a number of factors 
which are in some way associated with improved pro- 
ductivity. Among them are the systematic development 
of junior and middle managers and the introduction of 
modern management techniques. The latter includes 
mechanization, work study, operational research and 
accounting techniques like budgetary and cost control. 
Frequently these are introduced into companies by 
management consultants and, consequently, the use made 


796 


of consultants was taken as a further means of determining 
Management attitudes. The attention paid to research 
and devel t, marketing and exporting was also 
examined. all, & total of 59 factors was built up. 
Firms whose managers reacted positively to them were 
described as ‘thrusters’ and those reacting negatively as 
‘sleepers’; there were many intermediate 

In iteelf, such a survey would have been inconclusive. 
‘Sleepers’ could fairly claim that, in practice, the aggres- 
sive and busybody ‘thrusters’ might achieve no greater 
commercial succeas than the firms whose pace was based 
on that of traditional slow growth. Despite all the diffi- 
culties of measurement, therefore, the in igating teams 
analysed the companies’ financial results to determine the 


compound average increase in capital empl and the 
average return of earnings (pre-tax profits to capital 
employed over the previous 5 and 10 years. Comparisons 


showed that, in nearly all cases, ‘thrust’ in management is 
&ooompenied by commercial success and that ‘sleepy’ 
management leads to little company financial growth or 
reward. 


Despite all its inherent difficulties and limitations, this 
is another example of the kind of survey which P.E.P. does 
superlatively well. Prof. J. R. Parkinson, Anthony 
Gater, David Insull, Harold Lind, Peter Seglow and all 
who have oontributed to it deearve well of thoee who are 
concerned with the productivity of British industry. The 
survey has been well devised, and conducted and the 
findings should be used on all possible occasions as a 
means of prodding ‘sleepers’ into wakefulness. 

The limitations of the book, however, become clearly 
apparent in the second half where the authors try to show 
how the findings could be applied to promote productivity. 
They describe Government measures which should be used 
to promote management education as well as incentives to 
encourage the acceptance of management techniques and 
the release of actual and potential managers to attend 
management courses, They recommend the setting up of 
"Industrial Boards” which could stimulate the develop- 
ment of modern techniques in recalcitrant firms in the same 
Museu ee ney Mg 
assistance in the fleld of industrial training". In point o 
fact, no Industrial Training Board has yet made any 
impact on industry and the few inaugurated have not 
appointed. their main officials. This, and other remarks, 
suggest that the survey has been carried out by men whose 
real knowledge of industry is slender and much of what 
they have accepted would have emerged differently fram 
men possessing more detailed awareness of what really 
happens in industry. A great deal, for example, of what 
they call management development is open to question; 
their ‘work study’ is most often little more than the fixing 
of wage rates. The real opposition to ing comes 
less fram production managers and more from the sales 
managers who have no time for it. These are the kind of 
issues which make the book ring less than true and, unfor- 
tunately, detract from the value of what could have been 
one of the most penetrating analyses of British manage- 
ment conducted so far. T. H. HAWXINS 


INTRODUCTIONS TO GEOLOGY 


Geol 
By W. C. Putnam. . Xii + 480 (illustrated). (New York 
and London: Oxford University Preas, 1964.) 655. 


An Illustrated Elementary Classification of Minerals, 
Rocks and Fossils 

By H. C. Curwen. . xi4-188. (Oxford, London and 

New York: Pergamon 1965.) 422. 


HORTLY before his death in March 1963, Prof. 
W. O. Putnam had all but completed the text of a 
courage in geol for elementary studente, which his col- 
leagues in the University of Calornia, Los Angeles, have 
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now seen through the press. The work is a fitting memorial 
to a distinguished scholar. sr Baader chia aarti 
book for university classes it is unfortunately somewhat 
restrioted in ite coverage; for example, there is a full 
chapter on petroleum geology but no mention at all of ore 
deposita. Viewed as a text for collateral study, it merita 
high commendation. The style of the author is eminently 
readable if sometimes a little discursive, and it is with an 
infectious enthusiaam that he guides the reader through 
the study of earthquakes, volcanoes, deserts, glaciers, and 
80 On, sometimes with digreesions into literary and his- 
torical by-ways which text-book writers rarely tread. The 
book is graced by more than 200 illustrations, most of 
them half-page or full-page photographs of superlative 
quahty which have not appeared elsewhere. The pub- 
lishers are to be congratulated on the production, at a 
Teasonable price, of a work which will do much to stimu- 
late the interest of young people in earth science and 
which oen be advocated unreservedly as a very suitable 
addition to every senior school Hbrary. 

The Pergamon Press claims, for An IQustrated 
Hloementary Classification of Minerals, Rocks and Fossils, 
that “the book will prove invaluable for use in univer- 
sities, technical colleges, and schools of mines". It oon- 
sista in large part of a collection of poorly reproduced 
and badly captioned geological photographs, principally 
culled (though this is not stated) from the albums of 
the Geological Survey of Great Britain and supplemented 
by tabular presentations of the properties of some 
rocks and minerals, cribbed from elementary text-books 
with the introduction of many mistakes, misappre- 
hensions, and mis ings. Few pages are free fram 
errors, some of which (for example, the claim that phos- 
phate rock is metamorphosed guano) are repeated several 
times; and the standard of technical editing is poor. 

C. F. DAVIDSON 


DATING EARLY MAN 


Frameworks for Dating Fossil Man 
By Dr. Kenneth P. Oakley. Pp. x--855. 
Weidenfeld and Nicolson, 1964.) 46s. net. 


FOSSIL human. skull has been discovered: how ia 

it possible to tell ite geological age? The various 
methods that can be used, their possibilities, limitations, 
difficulties, and results, are discussed in Dr. Oakley’s 
most up-to-date book on this fascinatmg topic: Frame- 
works for Dating Fossil Man. 

The classical method is by relative dating, where we 
can rely on geology, stratigraphy, palaeontology, paly- 
nology, geamorphology and archaeology. But an entirely 
new chapter has been opened by absolute dating—called 
by Oakley 'chronometrio dating’—where radioactivity can 
be used, as in the carbon-14 and the potassium argon 
ioihoda: While the first cud oniy bs asd to dete les 
younger than &bout 50,000 years, the latter od 
covers & much wider range and can be used for the 
whole of the stratigraphioal column. Haere, at last, 
we have a yardstick for measuring geological time 
absolutely. 

The book is subdivided into two equal parte, one on 
stratigraphical dating and one on archaeological dating. 
The is introduced in the first part to the problems 
of the chronology of Quaternary deposits in general, and 
separate chapters deal with the glacial chronology, the 
interglacial correlation and palynology, the correlation 
by fauna, the palaeotemperatures recorded in deep-sea 
cores, the changing 8ee-levels and the formation of river 
terraces. After this come more general chapters, in which 
Dr. Oakley treata certain important geographical regions: 
the terraces of the Somme in France, the glacial stages 
in Latium, Italy, the Pleistocene subdivision in Holland, 
and the post-glacial Baltic stages. Africa is discussed in 


(London: 
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detail: pluvials and interpluvials, ancient lake-levels, 
fossils, soils, palaeoclmatology and climatic changes. In 
the second part mesolithic and palseolithic cultures are 
considered, first in Europe and the Near East, then 

Palaeontologists will be pleased to find that for faun- 
istioal reasons the Gums glaciation as well as the whole of 
the Red Orag of Hast Anglia are now inoluded in the 
Lower Pleistooene—the Villafranchian. Two ourves 
demonstrating the palaeotemperatures (Figs. 5 and 12) 
have been taken from Emiliana, whose dates, as Dr. 
Oakley remarks, are not generally &ooepted. I myself 
believe that the estimated age for the Gtms glaciation of 
260,000-300,000 years is too small (the date given by 
Erioson and Wollin in The Deep ond the Past (1964) is 
1,400,000). Leakey’s Chellean akull from Olduvai, accord- 


ing to an improved dating by Curtis and Evernden, is- 


now considered to be the same age as the Pithecanthropus 
erectus skulls from Java (500,000 years). 

An important part of the book is the eppendix. In the 
“Fossil Hominid Dating Tables” all known fossil hominids 
are listed &ooording to group, country, site, date of dis- 
covery, name, stratagraphioal and cultural and, if known, 
also the absolute date. Heidelberg Man is alsasified among 
the Pithecanthropinge; however, I am of the opinion 
that the name Pi should be aa 
Dubois gave a definition of the genus when bing the 
first specimen in 1894. The list of the Australopithecinee 
to me seams open to discussion. Megonthropus from Java 
certamly does not belong here; I also think it premature 
to place ‘Homo habilis Olduvai here (this one name 
covers at least two different forms). It is regrettable that 
Dr. Leakey has already announced in the Press his new 
discoveries—even trying to give a new definition of the 
genus Homo—before making available a scientific desorip- 
tion: it is, aa yet, impossible to confirm or dispute his 
conclusions. From the list is missing the large upper 
molar from Olduvai, Bed II, attributed by Leakey (1058) 
to ‘Homo sp.’, but which definitively has australo- 

i ine affinities; it came from the same level aa did 

handaxes and demonstrates the coexistence of 
Homininee and Australopitheoines. 

The foregomg should serve to demonstrate the broad 
base of Dr. Oakley's study, which indeed covers all 
modern sspecta of dating our Pleistocene ancestors: 
tertiary deposits and possible human ancestors have been 
excluded. This readable book contains many tablea and 
well-selected illustrations as well && maps and charts 
which make it easy for the reader to find his way through 
a great variety of subjects. But what makes the book 
especially valuable are the many illuminating notes and 
the extensive lista of modem references. The book 
presenta an excellent review of the present state of affairs 
not only for the specialist but also for the interested 
layman. G. H. R. vos KOENIGSWALD 


LOOKING INTO THE FUTURE 


The Conquest of the Materlal World 

By John Nef. Pp. xii+408. (Chicago and London: 
The University of Chicago Press, 1964.) 8-95 dollars; 
678. 


DEZ J. NEF haa devoted many years to the study of 
social history of industrialization from the earliest 
times, and he has thrown much freeh light on the factors 
that have been involved by his great learning and penetrat- 
ing analysis. He is the founder and chairman of the 
Committee on Social Thought in the University of Chicago, 
and is the driving force behind the recently formed 
Centre for Human Understanding at Washington. The 
subject of ite last international meeting was ‘“The Building 
of Bridges of U: ing” between nations at different 
stages of development. Dr. Nef seems to have been 
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surprised that the questions uppermost in the minds of 
the emergent nations in Africa, Asia and Latin America 
were concerned with the industrialization of their coun- 
tries—how fast should it proceed and how far should 
they retain ther old traditions even if this involved 
slower achievement of the material wealth that they are 
all seeking. 

In Ths Conquest of the Material World, Dr. Nef has col- 
lected a number of key esasys relevant to these problems, 
several of them having been re-written. In them, he 
traces the development of our industrialized civilization 
in Western Europe, which Nature has endowed with such 
varied and abundant mineral resources. ‘‘The conquest 
of this und wealth by the Westera peoples has 
been i ble from the unprecedented power obtained 
by men in recent centuries over the physical world." 
The early chapters deal with mining and metallurgy in 
medieval society, with industrial Europe at the time of 
the Reformation, with the growth of large-scale industry 
in Britam between 1540 and 1640, and the contrast 
between industrial growth in Britain and in France. 
Dr. Nef then cames to the heart of the matter in hia 
studies of historical interrelationships, in which he 
relates novel developments in industry to other kinds of 
endeavour, religious, monetary, sBcientiflo and govern- 
mental. His aim is to bring these divers strands of history 
into & new unity that has hitherto been missed. This 
ends with an acoount of the inftuence of the political and 
industrial development in Britain and France on the 
drafting of the American Constatution. It omits, however, 
any detailed consideration of the quickening of the 
rate of change of the whole world economy due to the 
impetus given by the two great World Wars to the effort 
devoted to scientific research and development and to 
the desire for national ind ence. 

In his epilogue, Dr. Nef looks into the future and 
states very clearly his own faith. He rejects the cyclic 
point of view of historians like Gobineau and er, 
who regard history as the inevitable result of predictable 


forces. 

He ranges himself with de Tocqueveille against Gobineau 
in his belief “that the conquest of the material world has 
come out of human efforts never made before and out of 
& new hope in human nature which the future will either 
destroy or sustain”. ‘What is my position?’ he asks; 
“essentially this: the rise, particularly during the 17th 
and 18th Centuries in Europe, of & society transcending 
national and even European boundaries, putting the 
tender virtues in the foreground as ideals to be sought 
after, a society bent for a time on settling 
limited warfare the issues that divide parta of it, a 
seeds Gs to all the societies of the world, cannot be 
&OOOUn: for without the attempts made to realize in 
the world something of the love emanating from Ohrist. ... 
Men and women everywhere are now confronted with 
dangers and bleased with opportunities greater than any 
that existed in the times of Gobineau. The way in which 
they meet these dangers and opportunities depends not 
only on the scientific and technological knowledge they 
possess but upon the beliefs they hold.... It seems 
probable that the future of the human race resta with 
conduct based on higher ethical and sesthetic standards 
than have ever ed in either private or public 
relations. If this is Bo, how can we reject de Tooqueville's 
testimony cancerning Christianity ?. .. However dangerous 
dogmatism based on religious faith may be, it is leas 
dangerous than dogmatism based on the extension of 
science to matters upon which science cannot legitimately 
pronounce.... Having conquered the material world, 
men and women have now the mission of making it a 
more decent place for human beings to live in. In order 
to do this, they will have to conquer themselves.” 

This is a challenging book by an idealist, that comes 
at an opportune moment for this troubled and divided 
world. HanRorp HARTLEY 
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Nuclear Power Systems 
An Introductory Text. By C. D. Gregg King. Pp. xiv+ 
480. (New York: The Macmillan Company; London: 
Collier-Macmillan Limited, 1964.) 100s. 
T real purpose is served by adding yet another to 

the already considerable number of introductory texts 
in nuclear engineering is difficult to see. There is little 
new to say and no really different way of saying it, but 
still the books come. 

Nuclear Power Systerns adds nothing at all to the exist- 
ing texta. It covers the, by now, conventional ground of 
nuclear and reactor physics, reactor control, shielding, 
materials, reactor types, thermodynamics, steam turbines, 
fluid mechanica, heat transfer and nuclear power plant 
dealgn. It is even more conventional than most, in that 
much of the material in the latter half of the book is stan- 
dard revision of the topics and is scarcely related to 
nuclear reactors at all. 

There is a certain. lack of exactness ın some of the sec- 
tiona, which must inevitably lead to wrong impressions 
being given to someone using the book as an introduction 
to the subject. For example, in the first mention of the 
multiplication factor, the critical condition is given that 
it shall be equal to unity, without any qualifloation that 
this either relates to its effective value or to an infinite 
system. There is a statement that “all neutrons in the 
moderator entering the fuel lump having the resonance 
energies are absorbed in the outer portions of the fuel 
lump". Then, as another example, what is now almost & 
standard schoolboy howler is This is the 
mistaken belief that the reason that Ke-135 builds up on 
shut-down of & reactor is because the 1-185 half-life is leas 
than the Xe-185 half-life. Despite the fact that the book 
is well produced it cannot really be recommended, bearing 
in mind the number of excellent texts there are already 
covering very similar ground. J. F. Hin 


Die Rohstoffe des Pflanzenreichs 
Von Julius von Wiesner. Fünfte Auflage herausgegeben 
von Constantin von Regel. Lieferung 3: Organic Acids. 
By G. C. Whiting. Pp. 194. (Weinheim: Verlag von J. 
Cramer, 1964.) n.p. 

‘HIS paper-backed volume reviews the properties, 

distribution and, in some cases, the industrial impor- 
tance of the organic acids occurring in planta. Aliphatic 
and alicyclic acids are accorded the most space (some 54 
and 20 pages, respectively) while aromatio, heterocyclic 
and amino-acids take up the remainder (6, 8 and 10 pages, 
respectively). The literature list moludes 1,157 references, 
but few publications subsequent to 1961 are given. Plant 
names and the organic acids are separately and fairly fully 
indexed. 

The book should be of conmderable value as an informa- 
tion source, but the coverage is rather uneven and is 
clearly not comprehensive; unfortunately, no indication 
is given of the intended scope of this mo h. The 


approach is classical in ite factual emphasis there is 
little mention of the overall biochemical significance of 
the acids and their distribution. GQ. EGLINTON 


The Problem of the Minimum of a Quadratic Functional 
By B. G. Mikhlin. Translated by A. Feinstein. (Holden- 
Day Series in Mathematical Physics.) Pp. ir--165. 
(San Francisco, London and Amsterdam: Holden-Dey 
Inc., 1965.) 8-95 dollars. 
ee eee e e TE aie 
equation with given boundary conditions by minimisz- 
ing a suitable integral has a history which goes back at 
least as far as Riemann’s method for solving Dirichlet's 
problem for Laplace’s tion; Euler's variational 
condition leads back from integral to the differential 
equation. More generally, there is a connexion between 
the linear differential equation and the minimal condition 
for a quadratic functional; and quadratio fanctionala at 
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once suggest the use of Hilbert space and the cognate 
theory of operators. Moreover, it is reasonable to hope 
that thia concept may help in dealing with a delicate 
existence problem: Does the minimizing function 
derivatives of an order sufficiently high to ensure that the 
terms in the differential equation have a meaning and that 
the equation is satisfied ? 

A number of Prof. Mikhlin’s books have already been 
translated into English, and this is a welcome addition. 
In the firet chapter he seta the variational scene; the 
second chapter contains some preliminary work, chiefly 
about operators. The meat of the book is in Chapters 
8 and 4, where the method is first applied to equations of 
elliptic type and then shown in action in solving the basio 
partial differential equations of elastio equilibrium under 
prescribed conditions on the boundary displacements or 
stresses. 

The reader needs to know something about the theory 
of operators in Hilbert space, and in addition might well 
be helped by making & parallel study of Sobolev’s mono- 
graph on the applications of functional is in mathe- 
matical physics, recently translated for the American 
power of functional analysis makes it one of the most 
efficient tools of the present-day mathematician, in both 
pure and applied mathematios. T. A. A. Broapsawr 


Annual Review of Microbiol 

Vol. 18. Edited by Charles E. Cli in association with 
Sidney Raffel and Mortimer P. Starr. Pp. vii+304. 
eae Calif.: Annual Reviews, Inc., 1964.) 8.50 


HIS volume continues the annual series of reviews 

which by now is so well known among research 
workers and university teachers as to require no introduc- 
tion. The reviews, as is usually the case with volumes in 
this series, are written in an extremely condensed manner, 
which means that, although most of the relevant literature 
is adequately discussed, the reviews make rather daunting 


The precedent of the earlier issues is continued by cover- 
ing & wide range of microbiological topics of interest to 
workers in both the pure and applied aspects of the 
subject. In all, fourteen topics are reviewed, three mainly 
of virological interest, two genetic, flve biochemical, one 
unmunological and two taxonomic. 

It ie virtually i ible for one person to give & critical 
review of a collection of articles of this kind, quite apart 
from the question of whether it is desirable to review & 
review. Enquiry among lalista in the various topics 
covered by the volüme suggests that each one is valuable 
and covers the ground well. The articles on the “Genetic 
Aspects of Metabolic Control” by W. K. Maas and X. 
McFall and on “‘Biochemical Mechanisms of Drug Resis- 
tance” by H. S. Moyed are of particular interest to me. 
The review on metabolio control is valusble in that it 
attempts to define the terms ‘feed-back inhibition’, 
‘repression’ and ‘induction’, and then to present the 
experiments whioh throw light on the biochemical nature 
of these proceases. In this fleld, the work of the group at 
the Institut Pasteur on the synthesis of Q-galaotoaidase in 
E. coli has, in the past, often been discussed in reviews of 
this kind at the expense of work on other inducible and 
rade ee fcc an REB This review goes 
a long way to correct this imbalance. - 

In the review on the “Biochemical Mechanisms of Drug 
Resistance”, the author gives a full account of the 
methods whereby micro-organisms may become resistant 
to growth inhibitors. The review fails to consider, how- 
ever, the frequency with which these various types of 
resistant strain arise. This is unfortunate, since nforma- 
tion is highly important when considering the properties 
of successful antibacterial agents. 

M. H. RIOHMOND 
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REMOVAL OF RADIONUCLIDES FROM THE BODY 


By Ca. HYLTON SMITH and T. H. BATES 


Health and Safety Department, Atomic Energy Authority, Chapelcroes Works, 
Annan, Dumfriesshire T 


evidence that incorporated radioactivity 
induces pathological change in humans includes, 
for le, the oese-h:stories of the radium dial painters 
of the ‘thirties, together with knowledge accumulated 
fram the clinical use of isotopes. Indirect evidence has 
accumulated from investigations on animals, though much 
of this work is unrealistic in terms of human exposure. 
Few cases of human contamination in the nuclear industry 
have been recorded. However, as Catach so rightly 
remarks, "even if the number of internal contaminations 
or poisonings by radioactive contamination oould be 
minimized by means of effective protective measures and 
precautions, ib would not exempt the scientist and physi- 
cian from the necessity to test and develop appropriate 
therapeutic measures?”’, 

In contrast to external radiation where exposure occurs 
only for the iod within the radiation fleld, internally 
depoeited ionuclides provide a radiation dose oon- 
tinuously until they physically deoey or unless they are 
removed from the body by a metabolio process. The 
relative danger depende on the effective -life, the type 
of decay and the concentration of the radionuclide in a 
radiation-sensitive tissue. It is beyond the scope of this 
review to discuss detailed metabolism of the radionuclides, 
but it is important to strees that the oritical organ can 
differ according to several physical and biological factors 
as well as the mode of entry into the body. Entry can be 
by inhalation, ingestion or wound contamination and, in 
practical terms, when radionuclides such as 
strontium-90 and plutonium-239 there are certain critical 
organs to take into account—lung, h nodes, bone and 
liver. Thus, inhaled plutonium dioxide is firmly fixed in 
lung and thoracic lymph nodes, injected or inhaled mono- 
meric plutonium nitrate aerosol accumulates in bone 
while polymeric plutonium concentrates in liver. Stron- 
tium rapidly enters the skeleton whatever the mode of 
entry, being moorporated into bone crystals. 

When an insoluble particle is inhaled, its site of deposi- 
tion in the lung depends on its size. Particles less than lu 
in diameter will enter the alveoli. Here, they may be. 
ingested by phagocytes which are able to migrate into 
the lymphatic circulation or they may become embedded 
in fibrous tissue. Larger particles tend to deposit in the 
bronchioles. The 'non-reepiratory' bronchioles are lined 
with ciliated columnar epithelium and particles in this 
region are removed from the lung by ciliary action. The 
hazard then becomes one of ingestion if the particle is 
swallowed. 

Bone metabolism is vaguely understood. Bone tisdue 
Se un ael ee 
collagen. Three types of cell are identifiable, each associ 
ated with a specific function. Osteoblasta are located on 
the growing surface of bone and synthesize collagen; 

are osteoblasts that have become surrounded 
by their own caloifled, secretory products; osteoclasts are 
giant cells associated with resorption of bone. The funds- 
mental unit in bone is the osteon, and the degree of calci- 
fication of these unita alters with The mechanism 
controling bone growth is checure, but it appear to be 
influenced by several humoral stimuli. One of three 
different metabolic states oan exist at any time within 
bone. On active surfaces, the matrix is laid down as a 
border of uncalcified osteoid covered by active osteoblasts. 


If the surface is quiescent, non-active osteoblasts lie 
against a calcified matrix. Finally, if the surface is 
resorbing 1t is covered with osteoclasts. The alkaline 
earth radionuclides, which follow the movement of stable 
calcium ion closely, concentrate on active surfaces, 
whereas plutonium-289 tends to concentrate on resting 
surfaces, possibly in combination with mucoproteins. 

When a soluble radionuclide enters the body, 
and metabolic processes lead to ite deposition in various - 
sites including the oritical organ. A knowledge of how 
this occurs is of fundamental importance in studies aimed 
at the therapeutic removal of the radionuclide. Buch 
investigations have been carried out at Chapeloroes using 
strontium-85 and plutonium-289 as an example of a 
transuranic element. 

Mature female Sprague-Dawley rats were killed at 
intervals up to 48 h following the intraperitoneal injection 
of carrier- strontium-85 as chloride or *'"Pu" as 
nitrate. Blood and tissues were analysed for activity 
in order to follow the kinetios of the distribution of the 
radionuclides and clearance rates from body ee 
ments. Some of these results are summarized in Figs. 1 
and 2. The activities of strontium-85 and pluton- 
ium-239 in blood reached maxima at 0-25 h and 1 h 
respectively. After approximately 2 h the linearity of 
the clearance curves plotted on a log-log scale indicates 
compliance with a power law. Very rapid transfer of 
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Fig. 1. Tue fractionation of "Br in the rat 
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Fig. 2. Thao» fractlonaton of "*Pu in the rat 


both isotopes is indicated but the longer duration of 
plutonium-289 in blood is of significance from the point 
of view of its therapeutic removal. Strontium is present 
p in the plasma fraction of blood, both as 
ion and protein bound; but the latter complex is 
easily dissociated since plasma samples subjected to 
dialysis were completely decontaminated. Henoe the 
nuclide is readily available for clearance. Plutonium, on 
the other hand, is more strongly bound to protein in 
plasma since only 15 per cent was ultrafilterable. It 
appears to exist as a -globulin or B-lipoprotein complex. 
The clearance rates of the two isotopes from liver also 
illustrate & distinct differance. Whereas the clearance 
rate of strontium paralleled that from blood, the liver 
burden of plutonium increased over the period examined. 
Using the monomeric form, the liver contained 4-7 per 
cent at 48 h, although up to 70 per cent can be oon- 
oentrated if the por form is injected. The uptake 
figures into bone for both radionuclides show a rapid 
transfer from extracellular fluid, so that effective therapy 
should ideally be initiated during this period. 


Use of Chelating Agents to mobilize Radlonuclides 

The principles of chelation chemistry have been applied 
to the problem of removing radionuclides from critical 

in recent Success depends on the formation 
of a blood-soluble metal chelate which is capable of crossing 
cellular membranes and of excretion in the unionized 
form by the kidneys. 

The following remarks are intended only as an elemen- 
tary explanation of chelation chemistry for those not 
acquainted with the principles. In a solvated metal ion 
M(H,0)s', the formation of co-ordination compounds 
is dependent on the oo-ordination number (x), that is, the 
number of molecules of water bound to the ion. If this 
number is greater than unity and the metal ion forms one 
or more heterocyclic rings, the complex is called a metal 
chelate. Ita formation depends not only on the oo- 
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ordination number but also on the number of donor atoms 
of the ligand (L). Because of ite basic nature, being an 
electron donor, the ligand is aseociated with protons over 
a wide range of pH and thus the formation of a chelate 
isinfluenoed by competition between metal ion and protons 
for the ligand. 

Catach! has derived a formula for expressing the bio- 
logical effectiveness of chelating agente. In the simplest 
circumstances, he postulates that the alkali metals and 
the trace elements in a biological fluid do not form chelates 
which can effectively compete with calcium ion. Thus, 
in measuring the ability of a chelating t to combine 
with a radioactive metal, M, calcium ion is the only 
significant competitor. Catsch, in a first approximation, 
assumes a simple LM: 1L chelate anda 1Ge: LL chelate 
to exist at pH 7-4, but the effectiveness of the ligand for 
the metal ion M is dependent on whether M is carrier-free 
or isotopically diluted. How this effectivences varies with 
concentration of metal and ligand is shown in Fig. 3. 
The ordinates show the ratio of chelated to non-chelated 
metal ion (ML)/(M), the abscissae show concentration 
(in moles/l.) of either M or L. If the metal ion concentra- 
tion is low, the effectiveness of chelate formation increases 
linearly with ligand concentration (curve a). Conversely, 
this effectiveness decreases if the ligand concentration is 
constant (say, l0-* molee/l) and the metal ion conocen- 
tration increases (curve b). 

Marked deviations from this theoretical concept are 
found in tbe living organism. The therapeutic effective- 
nees of a chelating agent demands a fairly constant and 
high extra- and intra-cellular one tration of the ligand. 
Unfortunately such levels are commonly associated with 
toxio effects. The maintenance of a high concentration is 
influenced by the rate of metabolism of the chelate, the 
rate of excretion and the stability of the chelate under 
extreme conditions of pH (for example, in the renal 
tubules). The ideal chelate ahould be metabolically inert 
and this is so for the polyaminopolycarboxylio acids. 
However, they are not stable at extremes of hydrogen ion 
concentration and may dissociate in both renal tubules 
and bone cells. No ligand has yet been synthesized which 
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will react specifically under biological conditions with a 
particular metal ion. In a complex biological environment 
such as plasma, many metal chelates can be formed at 
differing velocities of formation and stabilities. Thus the 
presence of competitive physiological chelators must 
influence the effectiveness of the artificial chelating agent, 
DEUM if the radionuclide to be removed is carrier- 


All the chelating agents claimed to be useful in metal 
mobilization contain oxygen, sulphur or nitrogen as 
electron donor atoms; & group at Aldermaston has 
studied the chemical characteristics of many of these 
chelators. The polyaminopolycarboxylio acids, in partiou- 
lar, ethylenediamine tetrascetio acid (EDTA) and di- 
ethylenetriamine penteacetio acid (DTPA), are considered 
on chemical grounds to be applicable to biological media. 
These compounds are water-soluble, metabolically inert, 
but are relatively toxio when used at the highest permis- 
sible dose consistent with maximal removal of the radio- 
nuclide. Apart fram toxicity, one serious limitation of the 
known chelating agenta ia that their effectivences is 
profoundly reduced if treatment is delayed. Even the 
use of a pharmacologicalty active substance in combination 
with a chelating agent (for example, parathyroid hormone 
plus EDTA to remove plutonium-239 (ref. 2), diamox 
plus DTPA to remove cerium-144 (ref. 8)) does not modify 
this efficiency. DTPA may be cited as an exception 
to this in certain circumstances. Although disappointing 
results have been obtained using aerosol-DTPA to reduce 
long burdens of plutonium-239, this radionuclide can be 
mobilized from bone after delayed intravenous or intra- 
peritoneal DTPA. Results from a typical experiment in 
our laboratory are shown in Fig. 4 where increased excre- 
tion was produced after a delay of forty-three days. 
DTPA accumulates in intracellular fluids so that success 
in delayed treatment may depend on this fast. Esterified 
DTPA, which can trate cellular membranes more 
MES ia D TEAS Dosslbis rapes Cees Ue of 

P . ; 

Recently, a chelating agent, desferrioxamine methane 
sulphonate (FAB), has been claimed to be more effective 
than DTPA in removing plutonium-239 from bone’. This 
is at present being confirmed. 


Attempts to Modify the Excretion of Radioactive 
Strontium after Modification of Certain 
Phystological Parameters 

From the investigations, by many workers, on the 
removal of radionuclides deposited in the body, there has 
emerged the fact that the synthetic chelating agents so far 
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Fig. 5. Oompartmental mode! for strontium metabolism in human adults 


available are limited in application. In some cases, 
notably that of strontium deposited in bone, there are 
theoretical limitations to the efficiency of chelating agente 
because of the similar chemical properties of calcium and 
strontium. It is believed that the alteration of certain 
physiological mechanisms offers the most pras 
approach and a summary of our work is inoluded. 
experiments were designed to modify calcium deposition. 
and resorption proceases in the rat. 

The rapidity with which radioactive strontium is- 
transferred to bone is vividly shown in Fig. 1, 40 per cent 
being associated with skeletal tissue 30 min after injection. 

Nordin et al.’ envisage a two-compartment model in 
the metabolism of calcium. The first compartment is 
referred to as the exchangeable 1 and includes the 
extracellular fluid calcium, the ble intracellular 
calcium and a small fraction of skeletal calcium ; it reaches 

rium within 24 h. The second compartment com- 
prises the akeletally fixed ‘non-exchangeable pool’. Stable 
calcium leaves the le t by three 
routes—excretion, new bone formation and slow physical 
diffusion or exchange. Excretion is irreversible and is 
assumed to at constant rate under normal physio- 
logical conditions. Bone formation and the physical pro- 
cesses, on the contrary, are potentas reversible and are 
variable parameters capable of determining tho net 
transfer of calcium from the first compartment to the 
second. As a reeult of new bone formation and physical 
exchange, the bulk of the isotope is incorporated into bone 
mineral and, once this has occurred, the removal of 
calcium and, of course, associated radioactive isotopes 
is very slow. In the mature human, new bone formation is 
believed to oocur at the rate of 0-01—0-02 per oent per day 
with the laying down of orystals in oeteons at about ly 
per day. Continual accretion and resorption are occurring, 
at the rate of this process declined with increasing age. 
The metabolic turnover of bone in & young adult is 
estimated at 10 per cent per annum. The metaboliam of 
stable strontium, for comparison to calcium, is shown in 
Fig. 5. This is a compartmental model aa designed by 
Dolphin and Eve’. 

Succeas in removing bone-seeking radionuclides from 
the body is obviously dependent on initiation of therapy 
as soon as possible in order to prevent tbe transfer of 
loosely bound radionuclide to the firmly incorporated 
form. Thus the time-factor has an important bearing 
on the possible use of simple prophylactic measures 
before human to short-term high ional 


procedure. 1 

Trueta* postulates that the formation of new bone 
begins with the maturation of the cartilage cell and the 
alteration of the matrix surrounding it to oontend with 
the development of a vascular system which supplies the 
materials required for calcification. It is from the blood 
vessel walls that osteoblasts are laid down and lamellar 
bone formed. The factor inducing vascularization may 
be chemotactic in nature. Sobel!* has shown that bone 
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collagen. fibrils in vitro possess the of nucleating 
hydroxyapatite crystals. Inhibition of this mechanism, 
which is responsible for calcification, would therefore 
poe new bone formation. Fleisch and Neuman! 
! ve identified an inhibitor of this process in plasma which 
is inactivated by bone alkaline phosphatase. They 
suggest that normal calcification in bone is dependent 
on. the local destruction of the inhibitor which they have 
tentatively characterized as a or poly-phosphate. 

. Fluoride and fluoracetate Fare a been shown to 
inhibit oaloifloation im viro, the former by bloaking 
enolase activity at a concentration as low as 10- M, the 
latter compound inhibiting enzymes in the tricarboxylio 
acid oyole, causing the accumulation of citrate in 
tisgues t.13, 

All these inhibitors were examined by us. Fluoride, 
fluorinated derivatives of metabolic precursors, pyro- 
and poly-phosphates were administered to rata either 
before, simultaneously with or after the intraperitoneal 
injection of strontium-85. The rate of excretion of the 
radionuclide was then determined by a whole-body 
counting technique. Fluoracetate, the phosphates and 
fluoride at a concentration in drinking-water below 75 
p.p.m. did not accelerate the rate of excretion of strontium- 
85 compared with a control group of animals, but pre- 
medication for fourteen days with fluorided water at a 
concentration of 150 p.p.m. signi y increased the 
excretion rate (Fig. 6). At this concentration no patho- 
logical changes were observed. 

The process of bone ion and remodelling is domin- 
ated by the osteoclast. cell is controlled by parathy- 
roid hormone which acta primarily by Maintaining a 
steady state of supersaturation in relation to calcium and 
phosphate between bone and plaama, poesibly by the 
localized production of citrate ion in areas of resorption, 
Oestrogens and succinate ion may also create citrate 
ecoumulation'1*, In this , evidence 18 forthooming 
which shows that citrate can dissolve hydroxyapatite 
crystals effeotively!'. Vitamin A may also be involved, 
directly or indirectly, in bone tion, either by 
modifying the votion of parathyroid hormone or by 
increasing oellular permeability to allow migration of 
larger molecules. 

Citrate ia located in significant amounts on the surface 
of bone crystals, thus creating the conditions necessary 
for the localized metabolio acidosis necessary for solution 
of bone crystal. Citrate ion has unique biochemical 
properties. It has three carboxyl groups all of which 
are ionized at the pH of body fluids. It forms unionized 
but soluble complexes with the alkaline-carth metals. 
Therefore it behaves aa a physiological chelating agent 
for mobilizing calcium and strontium ions. 
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Injection of trisodium citrate into animals given 
strontium-85 showed that provided it was injected intra- 
peritoneally and within 30 min of the radionuclide, then a 
significantly increased excretion rate of the nuclide was 
possible (Fig. 7). We believe this effect to be due to 
chelation with that strontium contained in the - 
able pool. Citrate is rapidly metabolized in liver and 
kidney and thus remains effective for a limited period 
after injection. Introduction of citrate prior to the 
radionuclide is valueleas if the time-interval between 
injections allows for metaboliam of the citrate. High 
intracellular concentrations of citrate can be maintamed 
by prolonged intraperitoneal or intramuscular injection, 
but neither of these techniques proved to be superior to & 
single intraperitoneal injection. 

The administration of citrate, parathyroid hormone, 
vitamin A, the induction of a generalised metabolic 
acidosis with ammonium chloride or a carbon dioxide 
respiratory acidosis had no effect whatsoever on the 
excretion of that strontium-85 firmly incorporated into 
bone. The resulta obtained with parathyroid hormone 
are surprising and further investigations with this hormone 
are in progress. 

Attempts to stimulate increased excretion of extracellu- 
lar fluid before the injected strontium-85 became firmly 
incorporated were made using a mercurial diuretic and 
hyaluronidase. The former substance acts by blocking 
renal tubular reabsorption and hyaluronidase increasea 
cellular permeability, thus increasing 
extracellular compartment to produce a diuresis. Neither 
of these compounds altered the rate of excretion of 
sirontium-85, alane or combined with the various stimula- 
tors or inhibitors of calcification. 

In the i of & scientific meeting in 1962 held 
in Vienna, Loutit!! emphasized the role of physiological 
mechanisms in removing radioactive strontium: “even 
when strontium is injected intravenously into the normal 
adult, only about 10 or 15 per cent is retained after a 
year, so that all these small factors (referring to renal and 
Intestinal excretion) of the normal physiological function 
provide 70, 80 to 90 per cent removal of strontium. If 
each of the factors could be increased slightly, the gain 
by summation would be considerable’’. 

This fact is illustrated in Table 1, which shows the 
excretion of radioactive strontium from rat. An attempt 
has been made to modify one of the excretion routes by 
selective blocking of renal tubular resorption which would 
reduce the body burden even further, provided that re- 
equilibration occurs rapidity between extracellular fluid 
and exchangeable caloium, and assuming that some radio- 
active strontium is present in the exohangeable pool. 
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Salicylate ion appears to induce this mechaniam of tubular 
block as a delayed phenomenon. If salicylate is admini- 
stered immediately after injection of radioactive strontium, 
the eventual excretion of this radionuclide is reduced 

with controls. However, if given after 24 h, 
it induces enhanced excretion. Factors other than renal 
may therefore be involved, but alteration of kidney func- 
tion is suggested as the pee, event. The influence of 
salicylate is shown in Table 2. Although isotopic dilution 
of radioactive strontium has been found to be ineffective 
if delayed", some synergistic effect can be observed if 
it is injected with citrate or salicylate. A summary of 
the various treatments used is given in Table 8. 


Table 1. DINTPRIBUTION OF "Br IN AIRETA oF RAT (MEANS OF 20) 


Period Per oent Injected dose 
(days) Urine 
0-1 188+68 120tf19 
1-1 4540-5 80+20 
2-3 2440-5 26+0-7 
3-4 10401 11401 
4-7 15404 1510-8 
70 111405 11407 
9-11 07108 04x01 
11-14 0-6r01 07101 
14-16 07401 O4+01 
16-18 O6+01 O6 +01 
18-21 O4+01 O5+01 
Table 2. Eats OF "BR ACTIVITY IN HICKETA XELATIYN TO CONTROLS 
Period Na selicylato 35 Nin 
a 
(200 mg/kg) dally and salicylate 
Urine Fasoes Urine Faeces 
0-1 0-89 0-69 234 0 49 
1-2 3-26 1:08 417 0-78 
13 $75 1-08 4-80 O31 
34 3-51 0-88 4-00 O74 
4-7 2-20 1-13 2-20 0771 
7-8 2-01 0-06 1:86 110 
8-9 1:57 1-10 2-50 1-00 
9-10 1-66 009 1-68 
10-15 1:37 1-20 1-00 118 
15-17 0-74 0 68 110 0-37 
17-18 1:88 0-96 0-86 0-71 
1-60 080 ae 021 
21-22 1-12 061 1-00 0-91 
Table 8. CLASSIFICATION OF TREATMENTS TRIED TO LIMIT UPTAKE AMD 
LEDUS THE BURDEN OF RADIOAOCTIYE SrRowrIuM 
Inhibition Beteotive 


Btimulation Inerease af 
of membrane renal 
calelficaiaon Gooalatfica don permeability resorption 


a ene NELA aodosis  Hyaluronkiase won 
OR Parathyroid a bicarbonate 
Sipotyphosphate Vitamin A salicylate 

Bodtum - à 
polio nae Oestrone Isotope dilution 
finoride Sodium altrate Stable strontium 
r2 Bodtum suedtnate Btable caletum 
ftuoroaocetate Bodrum triear- 


In conclusion, the most fruitful approach at present is 
that of combined therapy—early citrate treatment 
in the presence of carrier strontium, followed by late 
treatment with sodium salicylate. Efforts are now being 
directed to finding the optamum conditions of treatment 
and our most successful experiment is shown in Fig. 8. A 
significant reduction in body burden is possible after 
twenty-one days. 


Attempts to modify the Removal of Plutonium-239 
by Modification of Certain Physiological Parameters 


Several centres are studying the problem of plutonium- 
230 removal from the body. Progress in this field is 
reviewed in the Hanford Symposia of 1962 and 1964 
(refs. 22 and 28). BSuooees in mobilizing plutontum-238 
depends on the critical organ in which 1t is deposited, and 
the development of a series of chelating agents has resulted 
-in the evolution of a form of therapy for its removal 
from skeleton and soft tissues. However, the limitations 
of chelating agents have been mentioned previously in 
this review. No published record of attempts to alter 
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Fig 8. Hffeck of combined treatments on retention of "Br in the rat. 
A, Controls; B, eltrate-suceainate then selicylats; O, as B but with carer 


the factors which control the metabolism of plutonium-239 
is known and work in pro at Chapeloross is directed 
towards the application of such a concept as & form of 
therapy. A more serious problem of plutonium-289 oon- 
tamination is that of the concentration of inhaled, msoluble 
""PuO, in the lungs and lymph nodes (Fig. 9). Little 
success can be claimed for the chelating agents™. Labelle 
and Brieger™ were able to increase the clearance rate of 
radioactive particles from lung by inducing phagocytio 
activity, but Bair and Hennacy** using carbon aerosols 
were unable to confirm this finding. 

Pulmonary vasoconstrictors, expectoranta and muco- 
lytio agente have been used without success, but the 
bronchodilator protocatechayl aloohol and the surface- 
acting polymer ‘Pluronics #68’ may have a marginal 
effect“, Some recent work by Heppleston’’, with whom 
we are collaborating, suggests that phagocytic action 
may be induced within fibrous areas of the lung by means 
of physiologically occurring molecules. This work is 
in the initial stage of development. 


1a - Less than lw removed 
ded in epithelial cells of from alveoll by pbago- 
T^ Trapped in thora- 
removed dlia of non- lymph node 
ff 
uad Critical 
(pone, Swallowed and absorbed 
) from gastrointestinal tract 
Fig. 9. Fate of inhaled plutonium dioxide 
Conclusion 


This review is intended to place the problem of radio- 
nuclide contamination into perspective. Any treatment 
initiated by a clinician must be planned with the welfare 
of the patient at heart, so that risk and trauma are 
reduced to a minimum. The synthetically produced 
rosin fols in therapy ; but it is suggested 
that treatment not assume the same i rtanoe 
as it has in the mobilization of the stable metals from the 


body. 

Successful elimination of any radionuclide should be 
possible, but it is essential to understand the physiological 
processes involved in radionuclide transfer and deposition. 
Only then can therapy be applied which is based on the 
delicate control of metabolio function so that selective 
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inhibition or aecentuation of a particular pathway is 
achieved. 
E = vA Radloisstino Majer MORQURKON In MANN, 3 Cinna ort 
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OPERATION OF A ‘LAW’ OF PARSIMONY IN SHAPING ANIMAL 
LIFE-CY CLES 


By Dr. A. H. WEATHERLEY 
Zoology Department, School of General Studies, Australian National University, Canberra 


“TDivvle a search," seid the Irishman. 
“Sure God can search for me if he wants me. My own belief 


in ab him, 
and somethin out of us thats dhrivin ab him : thats certain ; 


God 

“In ysics my creed is short simple. I think that 
the world may be an illusion, but if it exists, it consists 
of eventa, short, small and haphazard. Order, unity and 


T is possible to class animal life-cyales either as relatively 

‘compact’ or ‘diffuse’, giving theee terms their normal 

respective meanings: ‘closely packed together or con- 
densed’ and ‘spread out, or not concentrated’. 

As examples of the more ‘compact’ life-cycles we can 
.turn to those animals the life-habita of which are generally 
considered to be prime examples of natural selection’s 
tendency to favour parente which are thrifty and prudent 
regarding the welfare of their offspring. Here the mammals 
are obvious models. Bringing forth their young alive 
and often well-equipped for free life almost from birth, 
mammalian parente appear to safeguard their young 
against the rigours of the environment. Some care in 
rearing the young is also common to them, so by one 
means or another mammals are generally assured of a 
good start in life. Moreover, the young usually y 
much the same territory as the adulte, often living side- 
by-side with them from birth. But if the mammals are 
such obvious examples of life-cycle ‘compactness’, 60, too, 
are the many protozoans which reproduce by fission to 
give rise to two nearly identical individuals occupying 
essentially the same space that their ‘parents’ occupied. 
What could be more ‘compact’ than the? This also 
illustrates the non-phyletic nature of ‘compactness’ and 
‘diffuseness’. 

I must make it clear that by ‘diffuse’ life-oyclea I do 
not want to restrict my meaning only to animals with 
stages in their life-cycles which are spatially wide apart, 
but also wish to include those the life-cycles of which 
demand a more or leas complex régime of conditions for the 
successive stages if they are to go to completion, and 
which may also involve considerable ontogenetic variation 


between the stages. Thus, while birds that have breeding 
and rearing grounds far seperated from the regions where 
the non-breeding adults pass their lives are obvious 
examples of the spatial separation of different parta of 
life-cycles, insecta, molluscs, coelenterates and parasites 
can provide examples of the kind of ‘diffuse’ life-cycle in 
which varying conditions and much ontogenetic difference 
between various stages are seen. Some cicadas may have 
doubly ‘diffuse’ life-cycles in that the adults are markedly 
separated both in ontogeny and time from the egg stage, 
and indeed, many animals provide examples of these 
several aspects of 'diffuseneee' within their own single life 


Clearly, only the more extreme forms of relatively 
‘compact’ or ‘diffuse’ life-cycle may be located readily 
within this All others will fit somewhere into the 
spectrum of possibilities between the two extreme con- 
ditions. 

In contemplating animals with ‘diffuse’ life-cycles 
many people appear to feel either that there must be 
something (albeit often very subtly expressed) in their 
peculiar life-cycle characteristics of peculiarly high sur- 
vival value to the i Alternatively, they may 
think of such forms as biological curiosities—surviving 
forms the aberrancies of which reflect a strangely tortuous 
evolutionary bistory. Such views may be quite valid so 
far as they go, but what I wish to propose here is that 
animals with ‘diffuse’ life-cyoles are evidences of the 
working of a ‘law’ of parammony in evolution. 

In philosophy the law of parsimony states that no more 
causes or forces should be assumed than are needod to 
account for the facts of a situation or set of evente— 
which is scarcely a new concept. Aristotle enunciated it for 
biology and it lies at the basis of ‘Occam’s razor’ and, 
therefore, of the scientific method itself. The law’s 
operation in evolution depends on two principles basio to 
biological thought: the tendency of animal species con- 
tinually to produce variation, and the action of natural 
selection. 

Now the actual details of the multitude of life-oyolee in 
existence, whether species are free-living or parasitic, 
whether growth oocurs continuously or in a series of steps 
that involve moults or metamorphoses, are of secondary 


fi 


importance in the present context. Nor does it really 57” 


matter whether reproduction is sexual, parthenogenetio, 
or the result of simple fission. What does matter is that, 
for a species to maintain itself in the face of both internal 
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and external factors which cause mortality, it must pro- 
duce enough new recruits to replace the dead, and to do 
this enough older members of the ies must remain 
alive to produce eggs or young. course, in certain 
species or at certain times the adults may all be dead long 
before the young they produce will themselves be able to 
reproduce. 

Let us now consider the life-cycle of the Atlantic eel, 
typical of the more ‘diffuse’ type. The young eels migrate, 
or are passively transported by ooean currente, to the 
land massea around the Atlantic, when they may move up 
rivers and become mature. During this trip, profound 
physiological changes accompany the changing external 
conditions that the migrating or individuals 
must encounter. Adult eels, which cannot reproduce in 
fresh water, have to return to one main region in the 
Atlantio to breed, again Pete! a trip of remarkable 
length and duration (though it is only fair to point out thab 
Tucker! recently proposed that only the North American 
adults of the Atlantio eel actually complete this journey). 
How can we make any sense of a life-cycle involving a 
journey of this sort ? 

Buppose we assume the ancestral eel stock to have been 
wholly marine. According to Bertin? this would probably 
be & reasonable assumption, as he proposed that eels 
(marine in origin) have become thro the 
world’s oceans, the adults gradually having acquired 
tolerance to changes in climate and salinity enabling them 
to invade many fresh waters, while the eggs and very 
young free-living stages are still confined to what are 
essentially their ancestral salinity and climatic types, 
which are themselves now found only in certain sections 
of the oceans. Indeed, Bertin actually wrote that: 
‘Because their need of warmth at the time of spawning 
brings them back every year into the warm waters, it has 
been necessary for their larvae to adapt themselves to 
longer and longer journeys.” This statement is probably 
correct, but it fails to satisfy analytically. Why has it 
been neceasary for the larvae to adapt themselves to 
pro ively greater journeys? After all, many fish of 
fairly recent marine origin have successfully mvaded 
fresh waters with all the stages of their life-cycle. 

I think this illustrates what every biologist knows full 
well: that the forces of natural selection act on animals at 
every stage of their life-cycle but that these foroes are 
aften quite different at the different stages, and of course 
the different stages resent different kinds of raw 
material on which na selection can act. For example, 
&n aquatic insect could succumb to the influence of some 
environmental factor during ita nymphal aquatic existance 
or while it is a winged serial adult or as an egg. Yet the 
environmental forces that can impi on these three 
stages may differ profoundly from one another. Here I 

that almost any degree of complexity, oddness— 
in short 'diffusenees'—may be present in a life-cycle which 
does not interfere with its completion at an ecologically 
satisfactory level. This is the parsimony principle at 
work. 

Here, then, I am really suggesting that & way of thinking 
about life-cycles that seams prevalent to me should be 
inverted. For example, in considering the intricacies of a 
parasite’s life-cyole or the spatially spread out life-cycles 
of many birds, many seem to believe them to be princi- 
pally delicate and subtle adaptations to habitat or environ- 
ment; perhaps, too, as indicative of trends towards certain 
kinds of biological perfection. But I would say merely 
that they should be regarded as causal outcomes of 
evolutionary development, given the particular characters 
of the evolving stook from which they came at the moment 
of its exposure to effectively selective forces. This does 
not mean that such intricacies are not cause for wonder 
or that they are not true adaptations in the usual sense. 
But I would like to escape from the notion (teleological in 
overtones) that Nature is always driving at something, 
which [ think colours so much thought on these subjecta 
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even in an age when science is supposed to have emanoi- 
pated itself teleology. 

The essential task in species survival—completion of 
the life-cycle—can be done simply and ‘compsctly’ or 
oomplexly and ‘diffusely’. From the animal’s point of 
view, that it is done at all is what matters. The details 
may be eseentially irrelevant, in themselves (however 
interesting to us, in themselves), to this central and, 
perhaps, only purpose of survival in evolution. 

Perhapa we can also ly this general method of 

will “tifa uestal fncconsidering 

certain other features of animal life. In a recent discussion 
with colleagues at which some sspects of the life-cyole of & 
parasite were raised the question was posed of the utility 
to the parasite of a complexly multi-layered cyst. It was 
certainly valid to enquire, as was done, as to the various 
funotions implied by the presence of this complex layer. 
But I wondered why the enquiry seemed limited by the 
assumption thet several aspects of the parasite’s integrity 
within the cyst were bemg safeguarded by the layer. I 
t that there was no a priori reason for thinking thas 

& multi-layered structure must function in more than one 
capacity. It may do; but this is a matter which only 
further investigation can decide. The parasite m question, 
when in the cyst, is very small, with a very low total 
number of cells. It seams to me that it might easily be 
more energetically efficient for it to secrete what impresses 
us as & complex covering, using more than one group of ita 
small number of oells to do the job, than to opt for a simple 
covering which, if it were to be of the requisite thickness 
or strength, would be beyond the capacity of any one of 
ita groups of secretory cells. The analogy between this 
problem and the question of life-cyoles is just this: 
apperently complex life-cyales, which we may suspect 
exprees in some subtle fashion peculiar advantages in the 
lives of their poescesora, may merely be doing a basically 
ioe Job in a roundabout manner. But domg it: that is 


kp it appeared likely that & main function of the 
oyst wall is to safeguard loes of water. It wax, however, 
objected that evidence suggested that the cyst material 
was not an effective water-proofing agent. and that an 
additional layer of wax or fat would i n needed for that. 
But again, this argument could be invalid. So long as the 
cyst wall is sufficiently effective in preventing loss of 
water for the encysted animal to survive in the ectual 
conditions of ita encystment and carry on to the next 
in ite li then the cyst wall has done its 
whether it be made of lipidal material, chitin, plastic foam 
or feather dusters ! 

Now what the eventual outcome of the investigation I 
have referred to here will be is irrelevant for my purposea. 
It will, in the end, be decided in tho objective empirical 
manner of all biological mvestigations. But it is important 
that we formulate a correct approach to such investiga- 
tions, and I have tried to show that there are two ways of 
lookmg at this problem. The first of these rather makes 
assumptions as to detailed and intricate functioning, 
arguing from our conception of the complex, the second 
allows for & simpler explanation, at least as a possibility. 
An investigator armed with both approachs would. I 
believe, be readier to design a programme of analytical 
research, that could consider several possibilities, and 
would be lees likely to reach a possible impasse in his 
research because of looking for functions that may not in 
fact be implied, except in his own mind. 

To return to life-cycles, it may be, of course, that @ 
mammal, with elaborate saasociations of juvenile and 
maternal parts of the life-cycle, will manifest some 
general advantage over another animal which occupies 
much the same territory but the life-cycle of which is 
much more ‘diffuse’. But there is surely no fixed rule 
about tbi. Many splendidly successful bird species breed 
in one hemisphere, but spend at least half of their lives in 
the other. The forces in evolution produamg such life- 
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cycles have been the subject of endleas debate, and may 
have to do with changing climates, movementa of land 
maases and the like. But the interesting thing here is that 
whenever we postulate that this kind of stretching out of & 
life-cycle is to be explained in some such terma—within an 
evolutionary frame—we can cite other examples where 
animal groups have simply become separated from perent 
stocks, or represent surviving forms of a stock many of 
whose earlier representatives have become extinct, and 
yet do not have diffuse life-cyoles. 

Perhaps then we can put the matter like this: natural 
selection will be free to act i on the various 
parta of the life-cycle of an animal; in some animals this 
will mean that entirely different selective forces will act 
on different parts of the life-cycle; yet so long as the 
selective forces are not go severe aa to break any part of 
the life-cycle the species will be able to maintain itself. 
The particular (or. acia d feature of a life-cycle 
that we examine be the evolutionary result of a 

icular group of biological responses of a particular 
ife-history phage to oertain particular effects of the 
environment. 

L. O. Cole’ has attempted to show that life-histories of 
organisms always have meaning and significance in terms 
of the survival of the species. He dealt particularly with 
intrmsio rates of Increase, with iteroparity and semel- 
parity, to show the found effects that these i 
can have in the maintenance and growth of populations, 
and he sketched the evolutionary strengths and weak- 
nesses which might be inferred about a species through 
their consideration. Nothmg I have written in any degree 
disparages what Oole put forward, and I regard as great 
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the significance of his essay to ecology and evolution. But 
Cole was dealing with parameters of populations which 
govern numbers, and through n evolutionary 
success. In another sense Cole clearly showed that these 
parameters are also adaptations of the species to its 
environment and way of life, ecological adaptations 
rather than the morphological and physiological ones we 
ue even to-day, more used to, but adaptations neverthe- 
ene. 

In the last analysis the continuance of both populations 
and species turns on the effectiveness with which life- 
cycles are completed, despite changing conditions. The 
extinction of both populations and species is a matter of 
broken life-oyoles rather than death of individuals; that is 
what makes habitat destruction so sore & point with 
modern conservationista, and also what frequently places 
ae & burden on them im delimiting and defining 

itat. 

Tho ability of a life-cycle to maintain the existence of a 
population or species or an evolving stock of animals will 
depend on the genetics of the animal, the particular 
features of the life-cyale (including adaptations of greater 
or leaser perfection) at the moment of selection, and these 
determine what fraction of the population survives and, 
therefore, the character of the future population or those 
derived from it. But, as there are many ways to skin a cat, 
there are many ways to complete a life-cycle, and no 
animal group has a mortgage on the way to do this 
successfully. 

1 Tucker, D. W., Nature, 188, 405 (1959). 
* Bertin, L., Fels (Chea ver-Hnme, London, 1955). 
* Cole, L. O., Quart. Res. Diol., 89, 103 (1054). 
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Dr. Ricardo Zariquiey Alvarez 


Ds. RricARDO ZARIQUIHY ALVAREZ, who died at his 
home in Barcelona on January 27, 1965, was not only & 
well-known paediatrician but also an authority on 
certain Spanish Coleoptera, notably the Bathyaciinae, 
and on the decapod Crustacea of the Iberian Peninsula. 

Ricardo Zariquiey Alvarez was born in Baroelona on 
January 8, 1897, and was educated at the Jesuits school. 
After graduating with distinction in medicine at the 
University of Barcelona in 1918, he studied in Paris and 
Lausanne in order to specialize in paediatrics. Like his 
father, Dr. Ricardo Zariquiey Oenarro, whose medical 

ioe he eventually took over, he was keenly interested 
in natural history. Together with his father, he made 
extensive oollectiong of Ooleoptera, especially caverni- 
oolous ones, and im a series of papers published during 
1917-27, he deecribed many new or interesting species 
from a wide area of northern Spam. Other arthropod 
specialists have paid tribute to the two Zariquieys by 
naming three genera or sub-genera and twenty-eight 

ies or sub-species after them. Their collection of 

ptera has been bequeathed to the Instituto Eepafiol 
de Entomologia, Madrid. 

About 1934 his father became interested in tho decapod 
crustaceans of which he amassed. an extensive collection 
and on which he published nme papers before he died in 
1948. Dr. Zariquiey Alvarez then devoted his leisure time 
almost exclusively to the Decapoda, although in 1044 
he published a paper on the distribution of the dipteran 
genus, Phlebotomus, in Spain. When the civil war ended 
he built a holiday bungalow near Cadaqués on the Coste 
Brava, and during the next twenty years he made s 
thorough investigation of the decapod fauna of that coast 
from Port de la Selva to the Bay of Rosas. Visite to 
the fish markets of Rosas and Barcelona yielded some 
decapod species new to science or new to the Spanish 
fauna. Local fishermen brought him any unusual finds, 


and various marine and fishery stations in Spain sent him 
material for identification. 

Dr. Zariquiey was always rather diffident about his 
hobby, regarding himself as an amateur oercinologist, 
ae : : 
and 
few specialists to his home in Cadaqués and it was there 
that the small “Groupe d'Études oercinologiquee'" was 
formed in 1955. The mam object of the group, which 
met again in Barcelona in 1955 and in Naples in 1959, 
was the compilation of & critical aheok-list of the Mediter- 
ranean decapod Crustacea. ^ Zariquiey 8 suggestion, 
based on an unsurpassed, knowledge of the living animals, 
that same of the so-called variable species of the museum 
taxonomist were in reality mixtures of two or more 
species, met with initial scepticiam. But later on specialista 
had to acknowledge the correctness of this view. His 
results were published in @ series of twenty-five papers 
during 1945-64; his book on the decapod Crustacea of 
the Mediterranean coast of Spain (1946) will scon be 
superseded by an up-to-date revision of the Decapoda of 
the Iberian Peninsula to be published posthumously. 
The whole of the Zariquiey collection of decapods has 
been bequeathed to the comparatively new Instituto de 
ce diene Pesqueras, Barcelons. 

In ition to his idenoy of the Institución Catalana 
de Storia Natural, iquiey was closely associated with 
numerous scientific societies in in; he was a life- 
member of the Entomological Society of France and a 
member of the board of advisory editors of Orwstaceana 
from ite inception. A rather shy and retiring man, he 
was ingly kind and took a genuine interest in the 
work and personal affairs of the simple fisher folk from 
whom he obtained specimens. One had only to see him 
with his grandchildren to realize how good children’s 
doctor he was. Those of us who were privileged to visit 
him in his happy and most hospitable home will always 
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cherish the memory of those days at Cadaqués; his 
enthusisam for crustaceans was most stimulating. Our 
deepest sympathy goes to his widow, Sefiora Mercedes 
Colom de Zariquiey, to whom he was devoted, and to his 
son, his four daughters and their familiss. 

ISABELLA GORDON 


Mr. I. Izsak 


On April 21, 1965, Imre Izsak, chief of satellite research 
and ysis of the Smithsonian Astrophysical Observatory 
and lecturer at Harvard University, Cambridge, Massa- 
chusetts, died of a heart attack at the age of thirty-six. 
He was in Paris attending a COSPAR symposium on 
trajectories of artificial celestial bodies as determined 
from observations. 

In the brief years of his scientific career, he had estab- 
lished himself as a pre-eminent authority on geodesy and 
had made significant contributions to the study of celestial 
mechanics. His death is both a deep personal tra gedy 
and an irreparable loas to the scientific community. 

Born in the small town of Zalaegerszeg, some two 
hundred miles from Budapest, Iraak attended the Univer- 
sity of Budapest, where he worked in astronomy under 
the late Karoly (who also later joined the 
Smithsonian Astrophysical Obeervatory) and specialized 
in the investigation of variable stars and galactic clusters. 
Fleeing Hungary during the 1956 revolution, he began 
work on solar physics at the Zurich Observatory in 
November of that year. Two years later he emigrated to 
the United States and, after a brief period at the Obeerv- 
atory of the University of Cincinnati, jomed the staff of 
the Smithsonian Astrophysical Observatory. On February 
24, 1964, he became a citizen of the United States of 
America. He lived in Cambridge with his wife Emily 
and an infant son, Andrew. 

Izaak pioneered in the development of both theoretical 
and ical aspecta of the application of satellite data 
to geodesy. Ho directed the writing of a complex tesseral 
harmonics programme, which served as a powerful tool 
in his investigation of geodesy. From it he made determ- 
inations of the gravitational potential of the Earth. These 
results are the best representation so far of the Earth's 

Ixsak also applied himself to the problem of refining the 
determinations of the positions of the O g twelve 
Baker-Nunn camera stations for tracking satellites. Ina 
dynamic approach, he used the Observatory’s differential 
orbit improvement paige to obtain residuals in 
satellite position, then analysed these residuals in his 
own teaseral harmonics programme to determine changes 
in station co-ordinates and the teaseral harmonics of the 
geopotential, These latter quantities are strongly cor- 
related, and one cannot solve for one without solving for 
the other. Shortly before his death, Issak directed the 
production of a new uter programme to combine the 
date from Dr. George Veis’s geometrio approach with 
that of his own dynamic approach. This has the effect of 
reducing the correlation of station positions and the 
teeseral harmonics. These investigations have shown that 
the geometric and dynamic methods agree well and have 
produced the most accurate global measurements of 
pointe on the Earth: the locations of the stations are all 
now known to within & few tens of metree, and those with 
the best determinations to within 10-20 metres. At the 


beginning of the programme, the corresponding precision 


was &bout 100 metres. 

As a by-product of these undertakings, Izsak developed 
techniques for making numerical and analytical caloula- 
tions using electronic computers. These programmes, 
which involve problems in celestial mechanics and have 
significant implications for interplanetary navigation, 
carry out algebraic operations that would take a life-time 
to do by hand. 
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The geodetic work in which Izsak played such a funda- 
mental will culminate in the publication of the 
Smithsonian Standard Earth, a concept he and others 
initiated. That model, which is expected to be the most 
accurate representation of these features yet available, 
will incorporate the results of his investigations of the 
geopotential and of the station co-ordinates. 

Tesak wrote a number of soientiflo papers, including 
analyses of satellite orbite, a determination of the 
ellipticity of the Earth's equator, & second-order solution 
of Vinti’s dynamical problem, and various notes on 
the mechanization of the tedious algebra of celestial 
mechanios. 

Irsak was a warm, charming, witty, gentle person. He 
gained not only the deep respect but also the spontaneous 
affection of his colleagues. His association with them was 
one of mutual inspiration. 


Dr. R. F. Farquharson, M.B.E. 


Dz. R. E. FARBqUEHARSON died suddenly on June 1 at the 
age of sixty-eight while attending a meeting of the 
Medical Research Council in Ottawa. 

With his death, Canada has lost the pre-eminent figure 
of its medical profession. To his work as teacher, research 
worker, consultant and stateaman he brought a fine mind 
and a great heart. That he cared for people was obvious 
and everyone felt that his wise judgment was always 
available to them, aa indeed it was. He gave the impres- 
sion that he was prepared to be generous with his unusual 
telente, and this was ooupled with an equally unusual 
ability to put them to work. 

Early in his career it was apparent that he was a man 
who oould accept responsibility, and over the years it was 
given to him to a degree that will not be seen again. For 
almost twenty years his advice was called for in oon- 
nexion with almost every new medical enterprise. Both 
professional and ley organizations sought his counsel at 
their inception and some were fortunate enough to be 
able to continue to count him as one of their officers. 
Equally deftly he helped other and older groups who were 
in trouble and who, as they searched for new courses, 
needed his wisdom and the backing of hia moral suthority. 
It was the good fortune of the Royal College of Physicians 
and Surgeons of Canada to have him as ita president in 
the crucial post-war years 1945-47, when the entire 
structure of the College was altered so that it could 
accept its responsibilities to the country for medicine at 
the specialist and consultant level. He presided at the 
transformation in 1960 of the Division of Medical 
Research, National Research Council, into the virtually 
autonomous Medical Research Council. During the Second 
World War he was consultant in medicine to the Director 
of Medical Services of the Royal Canadian Air Foroe. 
Immedistely after the War he worked in association with 
the Director-General of Treatment Services, Department 
of Veterans’ Affairs, and had much to do with the high 
standard of patient care which was evolved in association 
with the medical schools. From 1949 until 1952 he was & 
member of the Defence Research Board. During the 
discharge of these and innumerable other duties he was 
held in high esteem as a teacher. He was a brilliant 
consulting physician who remained to the end quietly 
and privately surprised that others did not have the 
skill at the bedside which was his. 

It was natural that many honours should come his 
way. These he carried as lightly and with as little sense 
of self-importance as he carried the many secrets which 
were shared with him. In 1946 he was made & member 
of the Order of the British Empire, and in 1949 came the 
first of eight honorary He was elected a Fellow 
of the Royal Society of Canada in 1960. The clinical 
investigation unit in his own hospital has carried his name 
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for some years. A new science building in York University 
(Canada) will shortly bear it. 

Dr. Farquharson is survived by his wife and two 
daughters. G. M. Brown 


Prof. H. B. Gilliland 


Pror. H. B. Gutmann died on June 23 in Pieter- 
maritzburg, at the age of fifty-four. From 1935 until 
1954 he was a member of the staff in the Department of 
Botany, University of the Witwatersrand. During the 
Second World War he served in North Africa, working 
his way from private to major. From 1955 until 
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1965 he was professor of botany at the University of 
Singapore. 

During 1964 Prof. Gilliland served as acting vioe- 
chancellor of the University of Singapore. He was created 
professor emeritus in June 1965. Early in 1965 he took 
up the post of senior lecturer in botany in the Univer- 
sity of Natal, Pietermaritzburg. 

Prof. Gililand was well known for his investigations in 
taxonomy and ecology, having published important oon- 
tributions to these subjects both in Africa and in Singa- 
pore. He leaves a widow, a son and a da ter. ifia 
passing 18 greatly regretted by a wide circle of colleagues 
&nd old students. J. F. V. Panrrs 


NEWS and VIEWS 


Chairman of the Soclal Sclence Research Coundl 


IN a written reply to a question in the House of Com- 
mons on 5, Mr. Anthony Crosland, the Secretary 
of State for Education and Science, announced that the 
Government had accepted in principle the recommenda- 
tion of the Heyworth Committee to establiah a Social 
Science Research Council. Mr. Crosland said that an 
Order in Council was being prepared, ifying the 
objects of the new body and declaring it to be a 
Oouncil for the purposes of the Science and Technology 
Act 1905; the draft would be laid before Parliament, in 
accordance with Section 1 (4) of the Act, after the new 
Council had been established by Royal Charter. Mr. 
Crosland also stated that Dr. M. Young had been 
appointed chairman of the new Research Council. [Bee 
also Nature, 207, 559, 576; 1965.] 


Dr. M. Young 


Dn. M. Youna has been & Fellow of Churchilll College, 
Oambridge, since 1961, and director of the Institute of 
Community Studies since 1958. He was born in 1915 and 
was educated at Dartington Hall School and at the 
University of London. Later he was called to the Bar at 
Gray’s Inn. Dr. Young was director of Political and 
Economic Planning from 1941 until 1046, and secretary 
of the Research Department of the Labour Party from 1945 
until 1951. In 1956 Dr. Young became chairman of the 
Consumers’ Association, and in 1959 he assumed the 
chairmanship of the Advisory Centre for Education. He 
has been a member of the Central Advisory Council for 
Education since 1963. Dr. Young is the author of 
Family and Kinship tn East London (with Peter Willmott) 
(1957), The Ris of the Mertiooracy (1959), and Family and 
Class in a London Suburb (with Peter Willmott) (1960). 


Natural Environment Research Cound! 


Mz. D. J. MAOLHAN has been seconded from the Road 
Research Laboratory to the Natural Environment 
Research Council as a deputy chief scientific officer. As 
the senior officer (scientific) under the secretary of the 
council, Mr. Maclean will be responsible mainly for 
` matters of scientiflc policy and for scientific programmes 
and for the Oouncil’s research grante and training awards. 
Until his secondment, Mr. Maclean was deputy director 
of the Materials and Oonstruction Division of the Road 
Research Laboratory, Ministry of Transport, at Harmonds- 
worth. He is best known for his work on soil mechanics 
and was largely responsible for the very successful book 
on goil mechanics for road engineers which was published 
by the Road Research Laboratory in 1951. 


Applled Physical Sciences In the University of Reading: 
Prof. P. B. Fellgett 


Dez. P. B. Furrasmrr, head of the Astronomical Instru- 
mentation Division of the Royal Observatory, Edinburgh, 


haa been appointed to a profeesorahip in applied physical 
sciences in the Univermty of Reading. Dr. Fe "s 
first experience of research was towards the end of the 
Second World War, when he was & member of a group 
dealing with infra-red problems, under the leadership of 
Dr. (now Sir Gordon) G. B. B. M. Sutherland, in the 
Department of Oolloid Science, Cambridge. Experience 
gained there stood him in good stead when in 1947 he 
became a research student at the Cambridge Obeerva- 
tories, where he obtained a Ph.D. for work on infra-red 
magnitudes of stars and the theory of ultimate sensitivity 
of radiation detectors. His thesis included a proposal for, 
and theoretical discussion of, an interference ter 
of original demgn. He spent 1951-52 at the Lick Obeerva- 
tory and then returned to Cambridge, to follow up the 
ideas developed in his thesis by constructing a multi- 
channel interference spectrometer for use on stellar 
spectra in the near infra-red. In addition, with Linfoot, 
he applied information theory to the evaluation of optical 
i . In 1955 he joined the Cambridge Observatories 
as a senior observer. About this time he became 
convinced of the importance of uaing modern machine 
methods for the measurement of astronomical photographs 
taken with Schmidt telescopes, where traditional methode 
are much too slow to extract all the recorded information. 
He investigated the problems associated with designing a 
suitable machine, processing ite output, and storing in & 
readily acceasible form the large titiea of numerical 
data that would be produoed. 1959 he became & 
principal scientific officer at the Royal Observatory, 
Edinburgh, and there has taken a leadmg part in the 
development of such a machine (Galaxy), now under 
construction by Ferranti. He has also built up a strong 
electronica group at Edinburgh, has been responsible for 
elaborate control equipment for the new twin 16-in. 
telescopes, and has converted most cf the Royal Observe- 
tory’s measuring equipment, so as to give digital outputs 
suitable for immediate processing by an electronic oom- 
puter. Dr. Fellgett has always been an enthusiastic 
advocate of the use of the most advanced optical and 
electronic techniques in observational astronomy, and an 
outspoken oritio of those reluctant to depart from trad. 
itional methods and conventional instrumental design. 


Engineering Production at the Bradford Institute of 
Technology : Prof. R. C. Brewer 


Ms. R. C. Bazwzsa, senior lecturer in the Production 
Engineering and Management Studies Section of the 
t of Mechanical Engmeering, Imperial College 

of Science and Technology, hae been appointed to the 
newly established chair of engineering production at the 


Bradford Institute of Technology (proposed University of _ 


Bradford). Mr. Brewer waa, for some nine years, lecturer, 
and later senior lecturer, at the Royal College of Advanced 
Technology, Salford. His research there was mainly 
concerned with the fundamentals of the machining 
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process and the development of refractory oxides aa tool 
materials. He is a British member of the Intemational 
Institution for Production Research (C.I.R.P.) and is & 
United Kmgdom member of the OI.R.P./O.E.C.D., 
Co-operative Research Programme in Machining, for 
which he is chairman of the Statistics Sub-Group and 
Mood ds ni eee f in] In addition 
to research and Reports of the Machine Tool 
Laboratory, aporta College, Mr. Brewer has published 
the followmg books: The Numerical Control of Machine 
T'ools (1958), and Manufacturing tes of Materials 
(1903). At Imperial College Mr. Brewer has been re- 
sponsible for teaching and research of manufacturing 
processes. The chair m engineering production at Brad- 
ford has been established with the aim of applying 
mechanical engineering to production, as distinct from 
industrial or t aspects of production which are 
studied at the Institute’s Management Centre. Mr. 
Brewer’s responsibilities will include developmg teaching 
and research in this field. 
Polymer Chemlstry in McGill University, Montreal: 
Prof. L. E. St. Plerre 


Da. Laon E. St. Prerna, manager of the Polymer and 
Interface Studies Section, General Electric Research 
Laboratory, Schenectady, New York, has been appointed 
the first professor of polymer chemistry in MoGill 
University, Montreal, which 18 situated in the Otto Maas 
Chemistry Building, a new laboratory on the campus at 
the corner of Sherbrooke and University Streets. The 
new laboratory will pursue fundamental research an the 
chemistry of polymers and expand opportunities for 
graduate students to train themselves in this specialized 
fleld. Industries based on lymers, notably in textiles, 
plastics and elastomers, thus have an increased pool 
of already i talent from which to recruit staff, 
in addition to the benefit of additional knowledge of the 
chemical and mechanisms of polymerization. 
Dr. St. Pierre is a native of Edmonton and was educated 
at the University of Alberta, where he graduated magna 
cum louds, and the University of Notre Dame, Notre 
Dame, Indiana, where he earned his Ph.D. degree in 1954. 
Since that time he has conducted research on various 
aspects of polymer chemistry at the General Electric 
Research Laboratory, and he has published numerous 
scientific articles in profeasional journals. 

The new laboratory occupies almost all of the fourth 
floor of the two blocks forming the east wing of the Otto 
Maas Chemistry Building, and in addition to normal 
service and ipment, it will have its own constant- 
temperature and mstrument rooms. Although organized 
as & separate, discrete unit, it will be situated close to 
those specialized laboratories of particular use in polymer 
chemistry: radi , mass spectrometers, ultra- 
centrifuge and electrophoresis laboratories. Nuclear 
magnetic resonance, ultra-violet and infra-red equipment 
are also situated nearby. The new chemistry building, 
although not yet formally opened, was occupied by the 
end of June, and all parts, including the polymer labor- 
atory, are expected to be working when classes commence 
in September. Twenty industries and associations, with 
an interest in polymer chemistry, have contributed to the 
capital costs and some operating expenses of the new 
Laboratory. In addition to its new research facilities, tho 
Department of Chemistry, under Dr. C. B. Purves, chair- 
man, has existing research laboratories of inorganic, physi- 
neon and organio chemistry, radiochemistry and pulp and 

, the last-mentioned being also an integral 
Dart Of the Pulp and Paper Research Institite of Canada, 


Ores Chemistry In the University of Reading:  - 
Prof. D. Bryce-Smith 

Da. D. Bayos-Surra has been appointed to the newly 
established chair of organio chemistry in the University 
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of Reading. He was at Bancroft's School, Essex and 
afterwards studied at the South-west Essex Technical 
College, the Sir John Case Technical Institute and the 
West Ham Municipal College. In 1045 he became 4 
research assistant with Powell Duffryn Research, Ltd.. 
and from 1946 until 1948 was a research chemist for 
Dufayoolour, Ltd. For the following three years he carried 
out research for a Ph.D. at Bedford College, University 
of London. From 1951 until 1955 be held an Imperial 
Chemical Industries ‘postdoctoral research fellowship at 
King’s College, London, and in the latter year was &ppoin- 
ted assistant lecturer at the same College. He took up his 
post as lecturer in the University of Reading in 1956, 
being promoted reader in 1963. He was awarded a D.Bo. 
of the University of London in 1960. Dr. Bryce-Smith’s 
mam. research interesta are in the development of new 
synthetic methods in organic chemistry and in the study 
of reaction mechanisms; his principal flelds of work have 
been the photochemistry of organic compounds and 
organometallo compounds. Other topics of his work fallmg 
outside these two main flelds include catalytic reactions 
of acetylenes on noble metals, the chemistry of tropylium 
salts, syntheses of carboxylic acid anhydrides and p- 
quinones, and the reactions of silver benzoate-halogen 
complexes with aromatic compounds. 


Physica! and Inorganic Chemistry In the Chelsea College 
of Science and Technology: Prof. H. J. V. Tyrrell 


Dez. H. J. V. TYRE has been appointed to the chair of 
physical and inorganic chemistry at the Chelsea College 
of Science and Technology. Dr. Tyrrell was educated at 
Newport (Monmouthshire) School, and at Jesus 
College, Oxford, which he entered in 1988 as a Welsh 
Foundation Scholar in chemistry. After graduating in 
1942 with honours in chemistry, he held several industrial 
appointments before going to the University of Sheffield 
as assistant lecturer in chemistry in 1947. His appoint- 
ment coincided with the beginning of the post-war 
expansion of the Department, and he has had long 
experience of the problems associated with such develop- 
menta. During his period in industry, Dr. Tyrrell had 
been concerned mainly with the electrochemical pro- 
duction of metal powders, and with corrosion problems, 
and it was experience in the latter field which led him to 

in an investigatign of electrolytic thermocouples at 
Sheffield. This led, in turn, to a general interest in non- 
isothermal and in the thermodynamics of 
irreversible processes, reflected in his monograph on 
“Diffusion and Heat Flow in Liquids", published in 1961. 
He has also been interested in the thermodynamics of 
complex equilibria in solution and in pio topios. 
In 1963 he was awarded the degree of D.Sc. by the 
University of Oxford, and has recently become reader in 
physical chemistry in the University of Sheffield. For 
many years he has been closely associated with the work 
of the Chemical Society, first as local representative for 
Sheffield and then as a member of the Publications Com- 
mittee. Dr. Tyrrell’s experience in industry and in the 
academic field will be valuable in his new appointment to 
a College which is strongly orientated towards technology 
and which will undergo many changes during the next 
few years. 


The Overseas Development Institute 


THs annual rt for the year April 1964~-March 1965 
of the Overseas pment Institute records the firm 
establishment of the Institute as a centre dealing with 
most aspects of aid and development (Pp. 24. London: 
The Overseas Development Institute, Ltd., 1965). A 
large two-day conference on the economic and social 
development work of the United Nations was sponsored 
by the Institute. It is recorded that tho library has ool- 
lected about 2,500 books and pamphlets and receives more 
than 100 periodicals regularly. - The basis of all the work of 
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the Institute remains ita study , and the year 
was the last full year in which financial help will be received 
from the Nuffield Foundation for studies of development 
problems. Five studies have been published dealing with 
British aid, one with German aid, another with Japanese 
aid, and a third on the Jeanneney Report dealing with 
French aid, as well as others dealmg with India at ‘mid- 
passage’, aid to Africa, aid to the West Indies and with 
agsistance rendered ‘Not by Governments Alone". 
Other studies during the year have included a special 
examination of private investment and one of British aid 

iculture. Projected investagations include one of 
recipients, another of donors, an annual survey of Britain’s 
aid problem and others dealing with trade and with the 
private sectors. Financed by a special grant from the 
Nuffield Foundation, the first three of the Institute’s 
Nuffeld Fellows went to U| Kenya and Tanganyika 
in the summer of 19638, three more Fellows were sent 
out in 1964. A further and increased grant from the 
Nuffield Foundation has made it possible to appoint six 
Fellows this year for 1965-67 and six next year for 1966— 
68. The Governments which will employ the Fellows are 
asking for twenty new Fellows this , and applications 
have been received from about candidates in the 
United Kingdom. 


Analysis and Planning of Management i 


Ix an article reprinted from Personnel Management, 
June 1965, Mr. M. Hull argues that the analysis and 
planning of manpower have been neglected both at the 
level of the firm and over the economy as a whole. After 
describing the technical potential of the computer in this 
fleld, he points out that standardized codings of labour 
are required for educational and occupational purposes. 
He suggests that a statistical manpower grid, derived 
from the records of firms with mechanized payrolls, 
ideally ooding on similar linee, could provide valuable 
information on the utilization of manpower, including 
correlations between industrial usefulness and academic 
qualifications. Such a system, he considers, is both 

and economically possible and would enable 
the supply of labour abt all levels to be related better to 
needs. 


Abbé Lazzaro Spallanzani ~ 


Ir is just 200 years since the Abbé Lazzaro Spallanzani 
(1729-99) anticipated Pasteur’s work and that of John 
Tyndall when he banished the idea of spontaneous 
regeneration of livmg matter, @ contribution soon for- 
gotten since it was beyond the comprehension of the 
scientists of his day. such as Diderot had 
directed attention to this question, disoussmg in his 
Interpretation of Nature whether living matter oould 
combine with living matter, whether “the energy of a 
living molecule could vary by iteelf or according to the 
dead or living matter with which it united". The two 
priesta Needham and i took up the theme— 
after Needham had studied ‘very small organiams”’ with 
Buffon. Needham visualized & productive or vegetative 
force charged with the formation of organic matter. 

examined Needham’s method of enclosing 
putrescible matter in vessels warmed to produce animal- 
culae (as he thought), and the controversy between the 
two opened. realized that Needham had not 
used a sufficiently high temperature to destroy bacteria 
or "seeds" of living matter ae he called tham. By avoid- 
ing porous oork or stoppers on vessels, and sealed 
r lor EUG i ole weds: Balle. 
xani found on opening them that “not the slightest trace 
of animalculae remained, though I had examined with & 

the infusions from 19 different vessels”. 
Despite accurate observations and the controlled 
conditions which he used to verify his results, Spellanzani 
sran little appreciated, and the full signifloanoo of his work 
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had to await the work of Pasteur and of Nicolas Appert. 
Even the vigorous attack on Needham by Voltaire, who 
was ever ready to crosa & nib to deride “the Irish Jesuit" 
as he called him, did not help recognition of Spallanzani’s 
work. Voltaire jested at & rece of so-called eels which 
had their origin in gravy from boiled mutton; at philo- 
sophers who claimed there is no germ, that all is regener- 
ated by & vital foroe of nature. He derided “clever 
scientists taken in by a Jeeuit'", although Needham had 
been ‘‘so triumphantly refuted by M. Spallanzani”. 


Museum of Comparative Zoology, Harvard University 


THe annual report of the Museum of Comparative 
Zoology at Harvard University directa attention to the 
considerable expansion which has taken place during 
1968—64 both in teaching and research activities (Pp. 40. 
Cambridge, Mass.: Museum of Comparative Zoology, 
Harvard University, 1965). As in previous years, many 
members of staff were invited to give lectures at congresses, 
conferences and seminars. Field research included expedi- 
tions to Hast Africa, Anatolia, Turkey, and an Indian 
Ocean investigation aboard the R/V Anton Brum. 
Research centred around evolutionary biology and such 
problems as: How did the enormous diversity of life on 
this world evolve ?; What are the mechanisms, the causal 
determinants and the environmental conditions? Reoog- 
nizing that it is as true to-day as it was 200 ago 
that sound taxonomy is the i ble basis of all 
research in xoology and botany, at least part of the time 
of the staff is devoted to basic taxonomic researches. 
In this connexion Prof. F. M. ter has nearly 
completed his insect volume for the iss on Inverte- 
brate Paleontology, and Dr. B. W. Evans has completed 
his revision of the genus Rhabdepyris, probably the most 
generalized group of the large sub-family Bpyrinae. 


The University Museum, Oxford 


Ox May 1, 1964, the Delegacy for the University 
Museum, established in 1858, ceased to exist, ita place 
being taken by the Delegacy for the Science Area. Fuller 
responsibility for the Museum proper is now vested in the 
Committee for the Scientific Collections. In view of serious 
üvenwowdo end tha nied to provide ior tha proper 
display and expansion of the collections, the 
in the Holford Report that new accommodation for che 
Pitt-Rivers Museum should be provided, in association 
with the Institute of Social eter Lcd and the 
Research Laboratory for Archaeol was welcomed. 
For the immediate future, a artificially-lit 
exhibition gallery, of approximately 600 square feet, has 
been built immediately inside the Pitt-Rivers Museum 

~court at the foot of the main entrance stairs from the 

University Museum (Seventy-sixth Report of the Dele- 
gates of the University Museum and First Report of the 
Delegates of the Science Area. (For the year ending July 
31, 1964.) Supplement No. 4 to the University Gasetie, 
March 1965. Pp. 133. Oxford: The University. 10s.). 


Catalogue of Bronze Implements 

Tma oerd catalogue of British bronze implements, 
started by the British Association in 1918, has since 
1955 been on loan to the Department of European 
Archaeology at Oxford, where it has been up to 
date under the supervision of Prof. O. F. O. Hawkes. 
Early in October this year-it will be returned to the 
British Museum and installed in the new Students’ Room 
of the Sub-department of Prehistory and Roman Britain. 


Diamonds In Metalworking 

Tus use of diamond tooling in 
materials has been known for many years. 
of sintered. carbide in this connexion was faced 
during the 1920'& and only diamond was found hard 
enough to solve it satisfactorily. From this inoeption 


very hard 


problem ^ 


ti 


" 
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came the idea of research into design of suitable diamond 
tools, embodying stones of different grades and sizes, to 
machine many other hard materials from ceramios to 
concrete. But to-day diamond has many industrial uses 
where reliance solely on the hardness of the workpiece is 
the chief criterion of ite efficiency in metalworking. For 
example, it is frequently used in machining soft materials 
such as oo or brasa, where & particularly high degree 
Gf ieee fab iterated: it is specified on long auto- 
mated production runs to overcome time lost in replacing 
worn tools, thus saving cost of idle plant; in deep grinding, 
the use of suitable diamond tools can achieve & very good 
finish after large quantities of stock in a single pass have 
been removed. Diamonds now used in metalworking fall 
roughly into five groups, in descending order of stone or 
particle size, according to a recent publication Diamonds 
tn Metalworking (Pp. 20. London: Industrial Diamond 
Information Bureau, June 1965). These groups comprise: 
(1) large stones, which are almost of gem quality except 
for imperfect colouring, used for wire-drawing dies; 
(2) slightly smaller stones, again near gem quality, 
incorporated into single-point tools for turning or dressing ; 
(3) very small stones applied in clusters to dressing tools, 
this design to meet ts of lees skilled and 
experienced operators; (4) the well-known diamond grit, 
graded: by sieves into a wide range of particle sizes, 
available in both natural and synthetio form, and oon- 
ventionally bonded to surfaces of wheels or 
profiling rollers; (5) diamond powder of fineness outaide 
normal sieve range, which is mixed with light oils to form 
the basis of extremely efficient polishing paste. This well- 
illustrated brochure conveys y the information 
it seeks to impart on the wider use of industrial diamond. 
In fact, wherever speed must be coupled with precision 
engineering, the impression is that diamond tooling will 
probably provide the most frequent answer to the 
problem. 


Summer School in Crystallography In Pyongyang 

A SUMMER school in crystallography was- held in 
Pyongyang, North Korea, during July 5-16. The arrange- 
ments were made under the auspices of the Association of 
Democratic Scientists of Korea. Some twenty persons 
took the course, most of whom were students of physics 
in their fourth year at tho Kim Il Sung University of 
Pyongyang. The text of the lectures had been submitted 
in advance by Dr. W. A. Wooster, and the lectures were 
delivered in Korean by Assistant-Prof. Jung Kuen. A 
suitable room for the course was provided in the centre 
of the city m the Library of the Academy of Sciences. 
The course consisted of twenty lectures in X-ray orystel- 
lography, each lecture being followed by a 2-h period of 
practical exercises by the students. The emphasis in the 
course was on these practical exercises in the interpreta- 
tion of all kinda of single-crystal data, and the lectures 
were written mainly as an introduction to the exercises. 
The students were remarkably diligent and seemed 
interested in their work. Their us studies had not 
included much single-crystal work. Very few mambers of 
the course knew English, but with the help of interpreters 
this was largely overcome. Dr. Nora Wooster 
assisted with the practical demonstrations. 


Geology of the Wealden District 

Tua eighteen handbooks in the British Regional Geology 
series, designed to provide a simple but authoritative 
account of the geology of various parts of England, Wales 
and Scotland, have proved to be among the most popular 
publications of the Geological Survey and Museum since 
they were first published in 1935, and they have all 
Pee OL ee eee Thirty years, 

wever, is a long time for a work to remain in the same 
format, and the fourth edition of the handbook to the 
Wealden district has had a face lift (Department of 
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Scientific and Industrial Research. Geological Survey 
and Museum. British Regional Geology—The Wealden 
Disria. Fourth edition (based o oe gat editions by 
the late F. H. Edmunds). By R. Pp. xii+ 
101+18 plates. pee H.M.8.O., 1965. 68. net). 
Tho guide covers the geology of Kent, Sussex and parta 
of Surrey and Hampshire. It successfully relates the 
geology of the region in & readable manner which can be 
understood by studente, naturalista, and the enquiring 
layman; and with the aid of excellent photographs of the 


countryside and of typical fossils it should do much to 


evoke an intelligent tourist’s interest in the local scenery. 
Unfortunately it does not contain an electron-microscope 
photograph of the marvellously minute oocooliths which 
make up the Chalk oliffs portrayed on the front cover, 
representations of which ly English organisms 
have found their way into foreign text-books but not yet 
into British ones. At 6s. the handbook is most reasonably 
priced, and it is to be hoped that it will shortly be 
followed by similar attractively produced volumes cover- 
ing the rest of Britam. 


E-route International Highway Network 


PLANNED as long ago as 1950 at a meeting of various 
Ministers of in Geneva, & network of twenty-six 
main international routes, each with the designation ‘E’ 
for Europe, plus a number, was ma out, including 
branch and link roads connecting all mmportant cities to 
the system. Already 4,600 miles of this system have been 
completed, and by 1970 it is anticipated that about 10,000 
miles will have been achieved, involving the six Common 
Market countries together with Austria, Britain and 
Switzerland, and others to follow. This enormous project 
involves not only many spectacular bridges already open 

e 


. or under construction, but also the two longest automo 


tunnels in the world, the Great St. Bernard Tunnel at 
the Rwise-Italian border on route E2 between Lausanne 
and Turin (completed in 1964) and the 7:2-mile Mont 
Blanc tunnel linking France and Italy, recently opened. 
A article by Jack entitled simply “E” 
and published in Zhe Lamp by the Standard Oil Company, 
New Jersey (New York, N.Y. 10020; 47, No. 1; April 
1965), gives some interesting details of this project and 
includes an excellent map depicting many of the proposed 
E routes. Part of the scheme involves the Channel 
Tunnel (if and when constructed) with the E5 linking 
London, Budapest, Istanbul and Ankara, and 
E2 the direct route fram London to Milan and Bologna 
and beyond, while El, presumably involving 8 oros- 
Ohannel ferry-service via Southampton, is routed through 
Paris to Florence, Rome, Naples and Palermo. Other 
prominent routes are #4, Imking ultimately Lisbon, 
Madrid, Barcelona, Basle, Frankfurt, Hanover, 
Copenhagen, Stockholm and Helsinki; E8 from Amster- 
dam via Berlin, Warsaw to Moscow; #12, from Paris 
via Frankfurt, Prague and Warsaw to Leningrad; and 
H3 from Lisbon to San Sebastian, Paris, Brussels, Hanover, 
Hamburg and so to Stockholm. It is concluded that the 
forces drawing Europeans togethbr are stronger than 
those ing them, and one unifying force is certainly 
this 'Z" road system, not only as it may ultimately be 
realized, but also as the links in the chainwork are slowly 
but progressively forged. 


System-bullt Houses 


Ix recent years the development of new techniques and 
machines has made available better and more economical 
supplies of such everyday commodities as food, clothes, 
furniture and many other necessities of modern life; in 
comparison, the building industry in Britain has in many 
respects remained conservative. It stil tends 
to cling to traditional materials and methods, and speed 
of construction is seldom achieved on the samo scalo as, 
for example, in Scandinavian countries and the United 
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States, where what is known as ‘system building’ has 
been successfully adopted for many years past. It is 
abundantly clear, however, that with the present and 
seemingly endless shortage of houses to meet an creasing 
population and higher standards of living, the next few 
years will witness revolutionary changes in the building 
industry brought about by the adoption of factory-made 
unita, at least for certain types of housing. In & recent 
issue of Otba T'echmical Notes, entitled "Cibe Glues in 

-Built Houses” (Pp. 8. Duxford, Cambridge: 


Ciba (A.R.L.), Ltd, April 1985) & brief illustrated: 


account of the ‘system’ in. operation is presented. Among 
the advantages claimed for this form of prefabrication, 
apart from the speed of construction, are: & smaller 
labour force is needed on site; building stee, being 
notoriously unpleasant, especially in bed weather, are 
not conducive to good work, whereas inside a factory 
components are carefully fashioned regardless of weather, 
and supervision of working proceases can be more strictly 
exercised; such unite can more readily incorporate modern 
materials to give the building good weathering and thermal 
qualities; compared with traditional walls made of bricks 
and mortar, many unite are light in weight, economies 
thereby being made in cost of foundations; plumbing, 
heating and ventilation can be standardized using well- 
conceived and tested designs; finally, overall costa are 
reduced because production can be planned in detail, no 
time is lost owing to bad weather, and seasonal employ- 
ment of building workers is largely avoided. The Housing 
Development and Construction Co., Ltd., Stratford upon 
Avon, has developed such & system, suitable for a wide 
range of buildings: houses, schools, hospitals, old people’s 
houses, eto., of which brief details are given, including use 
of Ciba wood glues, ‘Aerodux’ and ‘Aerolite’, which are 
fundamental to the strength and durability of certain 
unite. It is, however, stated that ''. . . factory -made houses 
are generally suited to estates, and it is often uneconomic to 
erect single houses on sites far removed from the factory.” 


Rural England 


Tsu Sheffield and Peak District Branch of the Council 
for the Preservation of Rural England maintains constant 
In the annual 


for the Preservation of Rural Englan 
Peak District Branch, 1965). The report also describes 
the recent gift to the National Trust, by two local donors, 
of some 8 acres under and including a part of Baslow 
Edge at Curbar Gap which provides magnifloent views 
over the Derwent Valley. Also included is a reference to 
the work of the Council for the Conservation of Sheffield 
Antiquities in restoring the Abbeydale Works. This is 
the last remaining place where steel-making and forging 
rocesses of the 1750's can be studied in their original 
orms. Their scenic setting is attractive. An appeal has 
already brought in more than £30,000, and the completed 
project should add much interest to a city which has lost 
many historic features. 


World Health Organization Publications 

AxONG the Technical Report Series issued recently by 
the World Health Organization, No. 300 is of special 
interest in that ib discusses The Effects of Labour on the 
Fostus and Newborn (Pp. 32. Geneva: World Health 
Organization; London: H.M.8.0., 1965. 2 Sw. Francs; 
8s. 6d.). Pre-natal mortality has, in many countries, 
remained almost stationary for the past ten years at the 
level of about 80 per 1,000 births—a considerable reduction 
since the beginning of the present century. Experience, 
however, suggests that it could be reduced still further. 
Apart from the children who die, many survive with such 
permanent handicaps es spasticity or mental deficiency 
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(attributable to the effecta of labour). This report examines 
the complex factors involved in childbirth, the ways in 
which the process of labour may be upset to the detriment 
of the i t, defects in intra-uterine and postpartum 
environment which affect the child’s capacity to survive 
and ita future health. Perinatal infection is examined in 
relation to labour and caution is expressed about the use 
of drugs and other forms of therapy before and dunng 
labour. Recommendations for research are made and the 
report pleads for the provision of quahfled and adequately 
trained personnel to care for the mother and child. 

Among other publications recently published are a 
useful 1947-1064 Catalogue of World Health Organisation 
Publications (Pp. 114), and the third report of the World 
Health ination Committee on Bilharziasis 
(Technical Series, No. 299. Pp. 56. 8 Sw. Francs; 
bs.) The latter describes, among other features, the 
planning in detail of & bilharziasis control : 
Avother valuable publication entitled Snai Control in the 
Proveniion of Bilharriasis, 30s., discusses the chemical 
composition and relative merits of the newer molluscicides 
now in use or on trial together with methods of applymg 
them and the risks of some of them to the operators and 
to agriculture. Types of cercarial larvae that may be 
encountered are described, Bo that they oan be differen- 
tiated from the cercariae which affect man. Studies of 
man-made and natural snail habitats are recorded together 
with the methods and used for collecting mails. 
This publication should interest all biologists and should 
be useful to veterinarians, who have to control diseases 
of farm stock, such as fascioliasis. 


Vascular Plants of South Georgla 


Tua only previous major work on the botany of 
South Georgia, & comparatively small and remote but 
nevertheless interesting island of the South Atlantic, was 
written more than a half-century ago by Carl Bkotteberg 
(1912). It is therefore i ly gratifymg to note 
how much work has been done by 8. W. Greene (Vasoular 
Flora of South Georgia. Pp. 58+24 mape and 6 plates. 
London: British Antarctic Survey, 1064. 32s. Od.) not 
only in brmging the systematio botany of the vascular 
plante of the ialand up to date, but also in dealing with 
topics of historical, geological and ecological importance. 
In this publication the author has set out to provide 
students of the aree, as well as intending scientific visitors, 
with & ooncise and compact account of ita botany. 
He gives most useful, if rather bnef, accounts of the 
topography and geology, and also the various ecological 
communities relevant to the vascular plante. A very 
extensive and interesting section is devoted to the history 
of botanical exploration of the island fram its earliest 
visit by Cook in 1775 up to the time immediately prior to 
this publication. In this latter section, not only is each 
individual visit to the island recorded, but also the 
extent of the collections made and their present location— 
information most valuable to students of the flore of 
Antarctica. In addition to these individual entries, 
tables are provided showing the location in the major 
world herbaria of all the plante known from the island. 
The systematic section of the work is very concise with 
clear and positive descriptions of the plante, although 
it is a great pity that, of the 24 taxa regarded by the 
author as native to the island, only seven have been 
illustrated in any form. There can be no doubt that Dr. 
Greene's volume will be as one of the moet 
valuable on the fiore of the island, and it is hoped that at 
some future date he will supplement this with & similar 
systematic treatment of the lower planta, particularly the . 
Bryophyta, in which South Georgia is very rich. 


A New Spedes of Catfish from the Zambesi 


Ix 1955 a strange olariid was taken from the Zambesi 
River, about 15 miles above the Victoria Falls, by Mr. 
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T. E. Davidson, then warden of the Wankie National 
Park. The specimen was put aside while attempts were 
made to discover others, but although several collections 
have since been made in the Zambesi and ite tributaries, 
none has been found. With the aid of photograohs, this 
unique specimen has been discussed in considerable detail 
by R. A. Jubb, Freshwater Fish Section, Albany Museum, 
Grahamstown, with Dr. P. H. Greenwood, whose papers 
have contributed much to knowledge of the Olariidae and 
the vomparative anatomy of their suprabranchial 
(&nn. Mag. Nat. Hix., T, No. 79; 1904). As a result of 
this discussion, it has been oonoluded that this Zambesi 
clariid is a new species for which provision should be 
made in the genus COlarialbes, Boulenger, 1900. The 
genotype Clariallbes melas has the dorsal and anal fins 
united with the caudal, & feature which is also evident in 
the type Ol. peiricola, Greenwood, 1956. This feature, 
however, is not consistent, ag Greenwood now has speci- 
mens of Ol. petricola which have a distinct gap between 
the caudal, and the dorsal and anal fins. 


Lady Tata Memortal Fund Awards 


Tas Trustees of the Lady Tata Memorial Fund for 
research in leukaemia and allied disorders have made the 
following awards for the academic year 1965-66: Fellow- 
ehsps, Dr. V. Buonassisi (Rome); Dr. M. Matsuyama 
(Aichi Osnoer Center, Nagoya, Japan); Scholarships, 
Dr. G. Corneo (Laboratory of Molecular Biopathology, 
Milan); Dr. D. Quaglino i of Medical Pathology, 
Modena); Dr. G. Tridente (Division of Experimental 
Cancer, Bari); Bopenses Grants, Dr. A. Agostoni (Medical 
Clinic, Milan); Dr. J. de Maeyer (Department of Virology, 
Louvain); Dr. F. Squartini (Institute of Pathological 


Anatomy and Biology, Perugia). 


University and College News : Birmingham 


Tas following appointmente have been made: Senior 
Lectureships, H. F. Downton (mathematical statistios). 
Lectureships, Dr. N. T. Bailey (miming and minerals 
engineering); J. M. Joffe ology); A. Trainor 
(materials science); Dr. A. E. Williams (microbiology); 
Dr. P. M. H. Raok (physiology). Research Fellowships, 
Dr. J. Baugh and Dr. D. G. Ryan (physios); T. Pratt 
(electronic and electrical engineering). 


Newcastle upon Tyne 

Tma following lecturers have been appointed: J. D. 
Simmett (experimental pathology m the Department of 
Pathology); Dr. D. T. Edmonds (hydraulics and hydro- 


logy in the Department of Civil Engineering). 
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Salford 


Dz. J. d. Haatnoora has been appointed reader in 
biochemistry at the Salford Royal College of Advanced 
Technology. 


Swansea 


Tu following lecturers have been appointed: T. H. 
Walton (pure mathematics); Dr. J. W. Barnes (geology). 


Announcements 


Lorn Murray or Newhaven, chancellor of the Univer- 
sity of Southampton, has been appointed to the Board 
of Trustees of the Welloome Trust. 


A symposium on ‘Elastohydrodynamio Lubrication”, 
arranged. by the Institution of Mechanical Engineers, 
will be held in Leeda during September 20-22. Further 
information can be obtained from H. Umpleby, Institu- 
tion of Mechanical Engineers, 1 Birdcage Walk, London, 
8.W.1. 


: Tue thirteenth symposium on ‘Vertebrate Palaeon- 
tology and Camparative Anatomy” will be held at Royal 
Holloway College, Englefleld Green, durmg September 
20-22. Further information oan be obtained from P. M. 
Butler, Department of Zoology, Royal Holloway College, 
Englefield Green, Surrey. 

AN international conference on ‘Elementary Particles”’, 
organized by the Rutherford High Energy Laboratory, 
will be held in Oxford durmg September 19-25. Further 
information can be obtamed from Mr. R. C. Mi ian 
Scientific Conference Secretariat, Rutherford High 
Laboratory, Chilton, Didcot, Berkshire. 


Tua third international symposium on “Natural 
Mammalian Hibernation' will be held in the University 
of Toronto during September 18-10. This wil mark the 

of the Ramsay Wright Zoological Leboratoriee. 
Y t ones ce ad OD A. R. Dawe, 
Office of Naval Research Branch Office, 219 South Dear- 
born Street, Chicago, IlEnois. 

AX international conferance on '"Thermionio Eleotrical 
Power Generation’, organirod by the Institution of 
Electrioal Engineers under the auspices of the European 
Nuclear Energy Agency of the Organization for Eoonomic 
Co-operation &nd Development, wil be held at the 
Institution of Electrical Engmeers during September 20-24. 
Further information can be obtained f& from the Secretary, 
Institution of Electrical Engineers, Savoy Place, London, 
W.O.2. 


IN SEPTEMBER 


All times are m Universal Tine 


Moor 
New Moon 25d 03h 
Full Moon 114 00h 
PLANETS 
Times of Rising (E) and Setting (S) during the month 

Namo R/S Beginning Middle 
Mereury R 3h 85m 4 50m 
Venus S 19h 55m 19h 15m 
m Po ER Sm 
Batura 3 4n 3m 


Btar RID 
81 Art R 
- Tau R 
227 B. Tau n 
57 Gem 


OOXJUNOTIONB WITH THE MOOK 


Hind Mag. Dy (10* miles) Zodiaca! position 
Unfavourable — 116 — 
18h 40m —8-5 106 — 
19h 10m -18 168 Libre 
er oom = S e 476 Taurus—-Gemini 
807 Aquarius 


(D, darana: R, reappearance) 


OTHER PHENOXENA: 7d 15h, Venus 2° N. of Spica. 17d 21h, Mars 3° B. of Neptune. 23d 06h, Autumnal Bquinoxr 
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PROF. J. L. W. THUDICHUM (1829—1901) 


OHN LEWIS WILLIAM THUDICHUM is regarded 

to-day as the father of neurochemistry. During 1865— 
82 he carried out a series of brilliant pioneer investiga- 
tions on the analysis and characterization of brain tissue. 
This began the prooess of defining the nervous system in 
chemical terms—e scientific endeavour which has con- 
tinued and is still gainmg momentum to-day. Although 
Thudichum carried out virtually all his acientifio work in 
London he was born in Büdingen, a small ‘medieval’ town 
in the old Grand Duchy of Hesse. It was here that after 
a recent colloquium in Mosbach, Baden, representatives 
of the Gesellschaft für Physiologische Chemie gathered 
to unveil a plaque on his birth-place (Fig. 1). 


;joNaquoi 1529 
iau ele amn 24 Censo 
In diesen Pate? wire 


pupwiG JOI ANN Wi Lrivt.^ 


toau WNS 


Fig. 1 


Thudichum’s family, disti in scholarly attain- 
ments, originated in the town of Marbach, the birthplace 
of the poet Schiller, and in this atmosphere he derived & 
great love for the classics. This latter expressed itself 
not only in his naming of the substances which he dis- 
covered but also in his non-soientiflo writing. Thudichum 
studied medicine at Heidelberg and later at Giessen 
where he was encouraged by hia teacher, the great chemust 
Justus von Liebig, to develop a deep interest in the ahem- 
istry of natural substances. 

Soon after graduation, Thudichum came to London 
where he married and settled for the rest of his life. Until 
his death he actavely pursued the clinical practice of 
medicine, being a skilled otologist and rhinologist. Ho 
devised many surgical instruments and published a 
treatise on nasal polyps (which ran to several editions) 
and one on gall stones. 


SCIENCE IN 


Metric System 


N a written answer in the House of Commons on 

May 24, Mr. D. Jay, the Premdent of the Board of 
Trade, stated that the Government was impressed with 
the case which had been put to it by the representa- 
tives of industry for the wider use in British industry of 
the metric system of weights and measures. Countries 
using that system now took more than half Britain’s 


T HUPICHUM. : 





However, his intereet in the application of chemistry to 
medicine steadily grew, he lectured in pathological chem- 
istry at the old Grosvenor Place School of Medicine and 
then in 1865 he was appointed as lecturer in pathological 

in St. Thomas’s Hospital, London. He also 
devoted himself to his chemical researches; uroohrome, 
the principal colourmg matter of the urine, was isolated 
in 1864, and he also made many important contributions 
to our knowledge of the carotenoids or ‘luteins’ as he 
called them. 

These investigations, however, were probably not of 
such sustained importance as his work on the chemistry 
of the brain. Theee were carried out in his private labora- 
tory and were supported by the Privy 
Council, the medical officer of which, Sir 
John Simon, quickly appreciated the value 
and brilliance of Thudichum’s work. Sir 
John believed that eventually all diseases 
of the brain would be explained in chemical 
terminology and to do this it was first neces- 
sary to understand the chemistry of the 
normal braun. This in those days was 
remarkably far-sighted and is a line of 
reasoning not unfamiliar to many present- 
day neurochemista filling out applications 
for grants to support their work. 

Thudichum continued his work on the 
brain during 1865-82, carrying out system- 
atic analyses which resulted in the isolation 
of many new and important compounds, for 
example, sphingomyelin, cephalin, phrene- 
Bin, kerasin, sphingoeine and cerebronic 
acid. Although in theee days of chromato- 
graphy we have become quite familiar with 
the rapid and easy separation of lipids, in 
the context of the times this was indeed a 
remarkable achievement. His work was 
published in a series of reports to the 
Privy Council and in 1884 his classic work on the Chemical 
Constitution of the Brain appeared in English, followed 
by a revised edition in German. 

On his retirement from active chemical work, Thudi- 
chum wrote two most unusual works: the Spirit of Cookery 
appeared in 1805 and a Treatise on Wines in 1896. This 
illustrates the great diversity and originality charao- 
teristic of the man. His ever active mind and spirit 
appeared tireless to his contemporaries; he invented, 
wrote poetry, painted, sang with a fine voice and, like 
so many scientists, had '& deep love of music. This oom- 
bined brilliance often proved too much for lemer mortals 
and evoked unjust ariticiams of his work. Nevertheless, 
his contribution has stood the test of time and his pion- 
eering work still continues to act as & lead and inspiration 
to present-day neurochemists. H. DgBUOR 

R. M. C. Dawson 


PARLIAMENT 


exporta and the total proportion of world trade conducted 
in terms of the metric unit would probably increase. 
Against that background the Government considered it 
desirable that British industries on a broadening front 
should adopt metric unite, sector by sector, until that 
system became in time the primary system of weights 
and measures for Britain as a whole. The Government 
had therefore asked the British Standards Institution— 
and the Institution had agreed—to pay special attention 


^ 
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to the provision of metric standards, wherever possible 
internationally recognized, and to preas on with this as 
speedily as possible. The Government would take this 
new commitment into account ın determining the amount 
of future grants-in-aid to the Institution. It was also 
cansidering how best to encourage the educational work 
to familiarize future school generations and studente in 
technological establishments with working in terms of 
metric unita. The Government would also encourage & 
change to the metric system as and when this became 
practical for particular industries, by seeking to arrange 
that tenders for procurement by the Government and 
other Publio Authorities should be in terms of metrio 
specifications. The Government hoped that within ten 
yoars the greater part of Britain’s industries would have 
effected the change and to this end it proposed to estab- 
lish a amall standing joint committee of representatives 
of Government departments and industry to facilitate the 
removal of obstacles and keep under constant review the 
progrees which was being achieved. 

In the House of Commons, on June 15, the Minister 
of Technology stated that his Department would give 
every possible assistance to the British Standards In- 
stitution through ite research stations and advisory staff 
in preparing the new series of British Metric Standards 
forsahadowed by the President of the Board of Trade. 
The Ministry of Technology, through ite research stations 
and the grant-aided research associations, was represented 
on more than a thousand committees of the British 
Standards Institution. The measures under discussion 
included production of a oo ive manual of inter- 
netional metric units used in industry. In collaboration 
with the Central Office of Information, assistance had 
been given to the Publishers’ Association to revise 
engineering text-booka for the domestic and export 
markets. 


Machine Tool Industry 


In e statement in the House of Commons on June 14, 
Mr. F. Cousins, the Minister of Technology, said that his 
Department was engaged in a full study of the machine 
tool industry. He welcomed the undertakings given by 
manufacturers’ representatives to prees for action on 
increased capacity, on building up research and develop- 
ment and qualified staff, on increased specialization and 
elimination of wasteful duplication, and on development 
of British machines to replace some types that are im- 
ported. Similar importent undertakings had been given 
about the improvement of deliveries, and the manufac- 
tarers had also agreed to initiate a review of the factoring 
of improved machine tools by British manufacturers. Mr. 
Cousins said that the Government would also play ite 
part and, to assist the industry to develop and produce 
more of the most advanced and efficient types of machine 
tool, research and development contracts would be con- 
siderably increased. The National Research Development 
Corporation was already ining a number of projects 
and the new Act would enable it to make a greater con- 
tribution on terms which should find wider acceptance in 
industry. The Government was prepared to order pre- 
production models for new types, and the 
National Engineering Laboratory at Kast Kilbride would 
be built up to give further support in the research fleld : 
ite expanded activities should yield ideas for development 
projects. The Laboratory would mount & major effort, 
supported by appropriate machine tool control engineering 
and user firms, on applying numerical controls to manu- 
facturing process and using computers to assist design. 
His Department was negotiating for a suitable British- 
made powerful computer for this purpose. 

Mr. Cousins emphasized that the machine tool industry 
was too fragmented and must be concentrated into 
stronger units which could better meet the needs 
of industry. The Machine Tool Trades Association 
had agreed that the industry itself must take the 
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lead in concentration and rationalization. One of his 
industrial advisers would direct particular attention to 
methods of promoting concentration and placing develop- 
ment contracts and pre-production orders to this end. 
His t had also studied the serious difficultice 
oreated by the cyolioal pattern of ordering machine tools, 
and & working party waa studying the question of Govern- 
ment participation in financing building to stop ite flat 
periods. The Government had also ted the recom- 
mendation of the Machine Tool Economico Development 
Committee that machine tool holdings of Government 
establishments should be considered with the view of 
replacing older types with more modern machines when 
economically advantageous. It also accepted the recom- 
mendation that Government contracts should encourage 
advanced methods by stipulating the use of particular 
manufacturing techniques. Mr. Cousins referred to the 
important part that universities had to play in advancing 
machine tool technology: the Government had directed 
the attention of the University Granta Comutittee to the 
recommendation of the Economic Development Commit- 
tee in this connexion. Mr. Cousins stated that he was 
setting up at hia headquarters an expert machine tool 
unit the functions of which would include acting as & 
focal point for co-ordinating research and development in 
Government establishments with that in research associa- 
tions, the National Research Development Council, 
universities and industry. This new unit would be devel- 
oped to provide a technical advisory service to Govern- 
ment and public users of machine tools and, if desired, for 


private purchasers. 


Greenland Fishing of Atlantic Salmon 


In reply to a question from Lord Balfour of Inchrye in 
the House of Lords on July 5, regarding the Greenland 
fishing of Atlantic salmon, Lord Hughes, the Joint 
Parliamentary Under-Secretary of State for Scotland, 
said that the increase in exports of Atlantic salmon from 
Greenland from 2 metrio tons in 1957 to 1,400 metric 
tons in 1964, mentioned by Lord Balfour, was quite 
correct. To that figure, however, had to be added the 
amount retained for consumption in Greenland itself, 
probably some hundreds of tons, but the total left out 
grilse, which were not reflected in the Greenland 
As there was only one salmon river in West Greenland, 
it seamed that salmon caught off the coast must have 
bred elsewhere: and salmon tagged mostly as smolts in 
Britain and in other countries on either side of the 
Atlantic had been caught in this fishery. 

Lord Hughes stated that of 64 salmon caught in 
Greenland up to May this year, just more than half had 
been tagged in the United Kingdom, but the information 
was still very scarce in some respects and insufficient for a 
final and reliable judgment. Partial information was to 
some extent ing. Al the salmon caught in Green- 
land that had been in Scottish waters came from 
half a dozen batches of smolts, totalling 38,000, and had 
been tagged between 1961 and 1903. Up to May 1965, 45 
had been recaptured, but nearly all on their return to 
Scottish waters and only 18 off Greenland. It was not 
known, however, whether salmon were easily 
recognized as such in the Greenland fishery and almost 
90 per cent of the tagged Scottish smolts came from one 
river. 

Lord Hughes referred to the difficulty and the import- 
ance of persuading Greenland fishermen that control was 
in their own interests and not just in the interests of 
people in other countries: international action was not 
within the oontrol of Britein or even of Britein and 
Denmark. So far as the Danea were concerned, it had 
been confirmed that they were prepared to be helpful. 
For the joint tagging programme in Greenland waters, 
planned in oo-operation with Danish scientista, and 
designed to show where the salmon in those waters went 
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if they were not caught there, Britain was receiving oon- 
siderable help from the Danish authorities, who were 
contributing substantially to the cost of the equipment 

i and providing many of the facilities needed. 
They had also been co-operative in supplying the informa- 
tion about the Greenland fishery. For the same reason, 
at the recent meeting in Canada of the International 
Commission for the North-weet Atlantic Fisheries, Britain 
joined with other nations in urging that all countries 
concerned should up their investigation on salmon 
fisheries. After full discussion the Commission had drawn 
up & schedule of further information required for a proper 
asseasment of the effect of the Greenland fishery on stocks 
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of the Atlantic salmon and commended it to all countries 
concerned. There had not yet been time to find out the 
full extent to which the Danish authorities could oo- 
operate, and if remedial measures proved to be necessary 
they could only be taken by mternational action. There 
was a similar commission for the North-east Atlantic 
which relied for scientific advice on the International 
Council for the Exploration of the Sea, which was con- 
cerned, among other things, with salmon stocks native 
to European countries. Lord Hughes emphasized that 
Britain would keep in touch with developments, but he 
did not think that Britain could do more on the inter- 
national side than she was doing at present. 


THE INSTITUTION OF GAS ENGINEERS 


HE 102nd annual general meeting of the Institution 
of Gas Engineers was held at Solihull, near Birming- 
bam, Warwickshire, durmg May 24-28, when several 
communications on diverse subjects of interest to members 
were read and discussed. 
Among the papers presented * was one by Dr. N. J. 
Bander and Dr. W. E. Humphrey (Exploration 
ment, American International Oil Company, New ork) 
entitled ‘Why Look for Oil and Gas in the North Bee ?’’) 
(now issued as Publication No. 677), one of the most 
informative, both geologically and technically, deeorip- 
tions of the off-shore drilling areas in this basin yet to 
appear; the reasons for the venture are clearly stated, 


enables ee reader to grasp without 

ee of North Sea geology and to assess for himself the 
M Rd cm ibilities of oil and gas recovery hare. 

(president, Canadian Gas Association) oon- 

ER a pn (678) on ‘Natural Gas in Canada”, which 

the phenomenal growth rate of the industry 


The Inst piene ue No. 677: Why Look for OU 

and Ges inthe North Seat By Dr. N. J. Bander and Dr. Humphrey 
17. No. 678: Natural Gas in Ceneda. By James W. . Pp. U. 

0. O70: The A of Work Shady and Associated te Plant 

Meiniemance. H.R. Hart. Pp. 16. No. 680. Some Features of 
the Recent Developments in the Bax Midlands Gas Board. By O. M. Mills. 
.Pp. 31. Wo 002: Kosping up Be Erenus. By Fred Ball, R. O. Hmmony and 
P.H. 7. Mo. 688 Gas from Hydrocarbons, 


optimism. A paper (679) on “The A Ap lication of Work 
Study and Associated Tochniques to t Maintenanoe'' 
was presented by H. R. Hart (Scottish Gas Board), and 
confirms that, on the basis of resulta so far achieved, work 
study within the fleld of Pinot maintenance and having due 
regard to forward developments has more than proved 
ita worth. 

O. E. Mills discussed ‘‘Some Special Features of the 
Recent Developments in the Hast Midlanda Gas Board” 
(680), which emphasized the enormous importance to the 
gas industry of the grid-main system in Great Britam, 
with special reference to the Killinghokme Grid extension. 
A communication (682) by F. Bell, R. O. Emmony and 
P. E. Gallaher (West Midlands Gas Board), entitled 
"Keeping up the Pressure”, concerns much that is admini- 
strative in the industry, especially since the advent of gas 
grids, the implication being “ . preasure on staff, oon- 


tractors, and suppliers of material and equipment’’. 
P. J. Sa (No Thames Ges Board) discussed (683) 
“The uction of Ges from Hydrocarbons, 


using 
the O.N.I.A. Continuous Autocaloric Process”. ‘Part 
and Parcel’’ R Widen G iic V. Olason 


and J. K. Mitchell (West Midlands which dealt 
with ap ee sae ane service. 

Windy. à pe n 'Progress in Management Teoh- 
niques" (685), by R J. Maher (Australian Gas Light 


Company, Sydney), describes his company’s “ ... effort 

to develop the conditions under which esch sub-system 

and its objectives are compatible with and adaptive to the 

total Company objectives”. The tremendous potentiali- 

ties of the eleotronio computer for efficiently handling 

ee HMM adu E 
ustry are particularly stressed 


INDUCTION OF ADRENAL DAMAGE AND CANCER WITH METABOLITES 
OF 7,12-DIMETHYLBENZ(a)ANTHRACENE 


By Pror. E. BOYLAND and Dr P. SIMS 
Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer Hospital, Fulham Road, London, S. W.3 
AND 


Pror. C. HUGGINS 
Ben May Laboratory for Cancer Research, University of Chicago 


A GAROINOGENIC hydrocarbon, 7,12-dimethylbenz- 
(a)anthracene (DMBA), differs from other members 
of this group of carcinogens in a number of ways that 
include: 

(1) Being non- -planar in the crystalline state, whereas 
most carcmogenic hydrocarbons are planar’. But the 
deviation from planarity of DMBA is not sufficiently 
great to prevent formation of donor-acceptor complexes 
with nitroaromatics. 


(2) The ability to produce cancer in mice and rats in 
shorter periods of time than do other aromatic hydro- 
carbons. 

(3) The ability to combine with DNA $n vivo to a 
greater extent than do other hydrocarbons’. 

(4) The property of “invariably, selectively and totally 

two zones of adrenal cortex of the adult rat 
and the induction of adrenal apoplexy’*. Rats can be 
protected against this effect and from the lethal action of 
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large doses of DMBA by previous treatment "with certain 
aromatic hydrocarbons and amines‘. The protective 
compounds are those which cause increases in the 
antivities of the microsomal enzymes that metabolize 
foreign compounds including many carcinogens. 

(5) Whereas phenanthrene, benz(a)anthracene, dibenz- 
(a,h)anthraoene and other unsubstituted aromatic hydro- 
carbons are metabolized by oxidation of the double bonds 
to extents varying with the activity of these bonds in the 
molecules, DMBA is metabolized mainly by oxidation of 
the methyl groups to the hydroxymethyl derivatives, 
7-hydro yi-12-methylbenz(a)anthracens (7 -OHM- 
12-MBA) and 12-hydroxymethyl-7-methylbenz(a)antbra- 
cene (12-OHM-7-MBA)*. The amounts of the hydroxy- 
methyl derivatives accumulating in rat-liver microsomes 
are reduood if the animals from which the microsomes are 
prepared are first treated with substances that induce 
inoreamea in microsomal and that reduce the 
adrenal damage in rate caused by DMBA. 

Because DMBA appeared to bo unique in ite action on 
the adrenal glands and ın its metabolism and because these 
characteristics were changed by compounds that induce 
microsomal enzymes, it probable that one or 
other of the metabolites of DMBA might be responsible 
for the specific effect on the adrenal. 

Groups of female rats of the Sprague-Dewley strain at 
about 50 days of age were given single doses of DMBA, 
7-OHM-12-MBA or 12-OHM-7-MBA, dissolved in sesame 
ail, by gastric instillation. The rate were killed three days 
later and the adrenals weighed and examined. The results 
(Table 1) show that DMBA, and one of ita metabolites, 
7-OHM-12-MBA, cause adrenal damage as indicated by 
histological change (apoplexy), increase in weight of the 
gland and increaso in the haemoglobin content of the 
gland. 7-OHM-12-MBA was more active than the hydro- 
carbon, as 5 mg of 7-OHM-12-MBA caused about the 
same amount of damage as 30 mg of DMBA. The isomerio 
12-OHM-7-MBA was inactive even in 60-mg doses. The 
potency of DMBA to induce i is thus 
enhanced by hydroxylation at position 7, whereas it is 
eliminated by introduction of OH group on the methyl 
group at position 12. 

7-Hydroxymethylbenz(a)anthraene (7-OHMBA) did 
not destroy adrenals, indicating that the methyl group in 
the 12-position is essential for this biological activity. 
DMBA increases the activity of the enzyme menadione 
reduotase in the livers of rate‘; 7-OHM-12-MBA (Table 2) 
also increases this enzyme, but not so effectively as DMBA. 

The carcinogenic activities of the metabolites of DMBA 
have been tested by gastrio instillation into female 


Table 1. HFYBOT ON ADRENAL OF DIMETMYI- AND HYDXOIYXETRYL- 
DERIVATIVES OF DENX(G)ANTHRACANE 


Adrenal 
Benz(a)nthraoene No.of Dose Weighi 
derivative rats (mg) (mg) Apoplexy globin* (ag) 

Kone: controls 1 — 22 43 0/10 +15 
7,12-Dimethyi 10 30 42+8 20/20 499 101 
7-Hydroxymethyt 1 60 21 0/2 45 
T- LEN be mada 3 2 “+1 0/6 88 
Same 3 5 793110 eo 655 

6 30 z£1r$ 0/14 76 


Ho Menadione 
Bensz(a)&nthracene derivative (mg) rats (untta/g) (9) 
Control: no compound — 2011 100 
7-Hydroxymethyl 30 10 22-7 113 
7-Hydroxymethy}-12-methy! 10 3 284 141 
7-Hydroxymethyl-12-methyl $0 171 
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Tabie 3. INDUCTION or Caxomg BY FEEDING DMBA AXD DERIVATIVES 


TO 
Appearanoe of 

-Benz(s)anthraecene Dose No.of  O&noer mammary cancer (days) 

dertvative (mg) rata yield Range Mean 
bi er a 10 10 7/10 40-119 87 
Da 20 b 0 = = 
7,12-Dimethyl 10 19 18/19 28-16 43 

Female Dawley rats were fed a single meal of the aromato 

dissolved in of sesa me oil at age 50 days. 


Table 4. INDUCTION OF SAROOMA IN Hats 
No. of rats with Time of 


Bens(s)anthracene derivatives Wo. of sarcoma 8 months detection 
rats after Injection in days 
7,12-Dimethyl 8 8/8 97-137 
; "T" age 
12- yt-7-methyl 8 rg — 
Compounds (2-5 in 0-5 mL) sesame oll were Into the thigh 
musa of 46-day-old Dawley rats which were o for 8 months. 


Table 5. INDUCTION oF TUMOURS IN 067 Mion 
No. of Time of appear- 
of tumours 


bate nem ot No. of Bex mice with anos 

mke tumours in days 
VERO DEM ?0 Male 16 119 
Ur baer d 10 Female 14 187 
No dn 10 Malo 9 119 
12- Female 4 119 


Mice were injected with 1 mg of the compound in 0 5 mL arachis oll weekly 
for 10 weeks, 


Sprague-Dawley rate and by subcutaneous injection into 
rata and mice. DMBA and some other carcinogens induce 
mammary cancer in a few weeks in female Sprague- 
Dawley rate‘. 7-OHM-12-MBA had about the same (but 
not greater) activity in inducing these tumours as DMBA, 
but the mean induction time was twice as long (Table 3). 
The other metabolite, 12-OHM-7-MBA, did not induce 
these tumours, although it was given in doses. 
This indicates that the oxidation of DMBA to 12-OHM- 
7-MBA is a detoxicating process. The mammary tumour- 
inducing activity of DMBA might be exerted after con- 
version into 7-OHM-12-MBA, but this is not oertain. 

The resulta of single injection experiments in rats 
(Table 4) in elicitmg sarcoma show that DMBA is more 
active than are the metabolites. Testa in mice (Table 5), 
in which ten weekly injections were given, show that 
both the metabolites were carcinogenic under these con- 
ditions. DMBA injected as single 1-mg doses into mice 
caused a number of deaths, showing that the hydrocarbon 
is more toxio than the related hydroxymethyl compounds. 
It is of interest that 12-OHM-7-MBA appears to be an 
active carcinogen in mioe, but did not elicit tumours in 
rata. 

Both DMBA and 7-OHM-12-MBA are strong electron 
donora and gave red colours with a chloroform solution 
of 1,3,5-trinitrobenzene, whereas 12-OHM-7-MBA is a 
weak donor. It is not clear at the moment whether or 
not these properties are related to the biological activities 
of the compounds. 

This investigation was supported by 
Chester Beatty Research Institute (Institute of Cancer 
Research : Royal Cancer Hospital) from the Medical 
Research Council and the British Empire Cancer Cam- 
paign for Research, and by the Publio Health Service 

t CA—-08188-08 from the National Cancer Institute, 

.8. Public Health Service, and by grante to the Ben 
May Laboratory for Cancer Research from the American 
Cancer Society and the Jane Coffin Childs Memorial Fund 
for Medioal Research. 
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PHYTOHAEMAGGLUTININ-INDUCED CYTOTOXIC ACTION OF 
UNSENSITIZED IMMUNOLOGICALLY COMPETENT CELLS 
ON ALLOGENEIC AND XENOGENEIC TISSUE 
CULTURE CELLS 


By Dr. GÖRAN HOLM* and Pror, PETER PERLMANN* 


Wenner-Gren Institute for Experimental Biology, University of Stockholm, and Department of Medicine, 
Seraphimer Hospital, Stockholm 


T. & previous article we reported that lymphoid oells 
from spleen, lymph nodes, thoracio duct lymph or 
blood of non-mmune humans or rate were cytotoxic for 
tissue culture cells of human or rat origin, when incubated 
together with such cells in the presence of phytohaemag- 
glutmin (PHA)!. The medium from PHA-treated lympho- 
oytes was not cytotoxic and separation of lymphocytes 
from tissue culture cella by means of a ‘ re’ mem- 
brane also prevented such an effect. Similar results have 
recently been reported by others!'*, 

The target oell killmg observed in these experimenta 
may have bean the expreasion of an immune response of 
the lymphocytes, induced by their close contact with the 
target cells and possibly potentiated by PHA. However, 
it was also feasible that cell damage was brought about in 
an entirely non-specific way. In all experimenta per- 
formed at that time, lymphoid cells and target cells 
differed in regard to their histooompatability antigens. It 
was anticipated that no effecta would appear in syngeneic 
lymphocyte/target cells combinations, if the target cell 
killing indeed had an immunological basist. Furthermore, 
if this was the case, it could be assumed that the cytotoxic 
activity of the lymphocytes should be related to their 
immunological competence. The experiments described 
in this article aimed st an elucidation of these important 
pointa. 

Primary oultures and first sub-cultures were set up 
from kidneys of new-born rats or from embryonio rat or 
mouse flbroblaete. The rat cells were from rats of the 
highly inbred R-strain, reared by brother-sister mating 
for more than 40 generations and with no transplantation 
incompatibilities between different individuals. The mouse 
fibroblasts originated from inbred A/Sn mice (H-2«/H-9«). 
The culture conditions, isotope labelling (2 po. !4O- 
thymidine (spec. act. ~ 30 mo./mmole) in 15 ml. of culture 
medium) and farther handling of the material have been 
described?. In some experimenta, kidney oells from out- 
bred, new-born Sprague—Dawley rata were also used. These 
cells had been grown in suspension culture for 6 months. 
For isotope labelling, 3 x 10' cells were grown for 2-3 days 
in 40 ml. of medium oontaining 2 po. C-thymidine. 
After three washings, the oells could then be used for 
incubation with lymphocytes without further processing. 

Lymphoid ocells from rat (female) or mouse spleen, 
lymph nodes or thymus (R-strain or Sprague-Dawley 
rate, 4/Sn, OBA (H-24/H-24) or outbred mice) were pre- 
pared by suspendmg the tissue in balanced salt solution, 
cutting it into amall pieces and finally di ing the cells 
by repeated pipetting. Clumps and debris were removed by 
sedimentation. Lymphocytes from human or rat peri 
pheral blood were isolated by the gelatinemethod of Coulson 
and Chalmers‘. 10 isotope-labelled and washed target 
cells were incubated in roller tubes under sterile conditions 
with an excess of lymphoid cells as previously described'. 
The procedure is outlined in Fig. 1. Samples contaming 
more than 10 per cent deed cells at the beginning of 
incubation were discarded. Parker’s Medium 199 contain- 


* Present address: Wenner-Grens Institut, Norrtullsgatan 16, Btookholm 
Ve, Sworlen. 


ing 5 per cent foetal calf serum was used throughout. 
18C-thymidine (final concentration 10 ug/ml.) was added 
in order to prevent isotope re-utilzation. The lymphoid 
cells were added 2 h later immediately followed by PHA. 
The final concentration of PHA (Difco, phytohaemag- 
glutinin M) was 0-3 mg/tube. The final volume of the 
incubation mixtures was 1-5 ml. The further handlng of 
the samples followed the description given earlier’. As 
found earlier, the bulk of DNA-bound radioactivity from 
dead or cells was first released after 
treatment of sediment (Fig. 1) and this release could then 
be used as & measure of cell damage. A critical evalua- 
tion of this method will be found elsewhere’. 


Target cells 
(AC -thymidine) 


ener 


Determination of radioactivity In DNA 


(cam In DNA of sup ID«100 
Cal 9 cpm. in DNA of sup II + sed II 


.1. Procedure for the action of lym 
Fig Se ee 0: phocytes on 


Table 1 shows the typical results of series of experimenta 
in which R-strain flbroblaste were incubated with spleen 
cells from syngeneic R-strain rats or from mice of an out- 
bred laboratory colony. Fig. 2 shows & summary of this 
and two simular seta of experiments, in which the target 
cells were either from inbred rats or inbred mice. The 
dashed line representa isotope release, and the shaded 
area its 95 per cent confidence limits, in those controls 
which contained lymphocytes but not PHA. The resulta 
of these and similar experiments may be summarized as 
follows: (1) Damage of the target cells in the presence of 
syngeneto lymphoid cells was the same, regardless of 
whether or not PHA was added to the tubes. It was 





sometimes, but not always, moderately elevated over that 
found in the absence of lymphocytes, probably due to 
oell crowding or other non-specific causes. (2) Allogensis 
lymphocytes had the same effect as syngeneic lymphocytes 
when PHA was absent. However, in the preeenoe of PHA, 
the target cell damage was significantly elevated. (3) 
AXenogeneto lymphocytes always gave a pronounced target 
oell damage in the presence of PHA. A slight, but aig- 
nificant, effect as oom with the controls sometimes 
also appeared without PHA. Finally, it should be stressed 
that the PHA-induced lymphocyte/target cell aggregation 
waa always tho same when observed im the microscope, 
regardless of the genetio relationships between the cell 
types. 


Table 1 
Target cells: Rat, R-sirain fibroblasts r Ap mpbeeytermcget rats’ 

* 100:1. Tanai: h a 

O.p.m. in DNA 96 Isotope 

Lymphoid cells PHA (Sup. IO + Bed. II) release 
Mice spleen. -—- 1,229 + 02 189 t44 
Mice spleen. + 1,121 + 4 25 i24 
Eat spleen (R-strain) - 1,178 + 220 10-7421 
Rat spleen (R-strain) + 1,217 + 40 142129 
= -= 1,283 + 77 6941-1 

= + 1,289 + 38 97r09 


The numbers represent mean values and S.D., each based on three different 


These results strongly suggested that the oell-killi 


effect of the lymphocytes had indeed an immunologi 


besis. Similar results have recently been reported by 
E. Moler, using normal | h node cells and tumour 
cells from mice in different H-2 combinations. This author 
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also made the very interesting observation that lymph 
node cells of semi-isologous F, hybrid origin killed tumour 
cells of parental strain origin. Since the F, lymphoid 


. cells were considered to be ‘genetically incompetent’ of 


reacting immunologically against parental strain H-2 
antigens, the cell-killing phenotnenon was interpreted as 
reflecting & mutual contact inhibition of oells differing in 
surface structure. : r 

In order to examine the mechanism of this reaction, we 
have performed several different types of experrmente. In 
a first series, isotope-labelled rat tissue culture cells were 
mixed with excessive numbers of unlabelled tissue culture 
cells of syngeneic, allogeneic or xenogeneic origin. These 
mixtures were then incubated for 48 h in the presence or 
absence of PHA. When present, PHA was seen to cause 
the formation of mixed tes. In some cases, isotope 
release was high (35-40 per cent), regardless of the cell 
combination used, but increase of isotope release due to 
PHA was never seen. Similarly, no cell damage was 
obtained when a very large excess of mouse red blood 
cells and PHA were added to labelled rat tissue cells. 

In a second series of experiments, it was attempted to 
establish close lymphocyte/target cell contacta without 
using PHA. Rosenau has previously shown that addition 
of polylysine and allogeneic lymphocytes to mouse fibro- 
blasta in monolayers resulted m firm aggregations but no 
cell damage’. Similar experiments performed by us also 
yielded negative results (Table 2), in spite of strong 
lymphocyte/target oell aggregations. The relatively pro- 
nounced cell damage in the lymphocyte-free polylysine 
controls indicated that this substance was toxic by itself 
at the concentrations used. Rosenau and Moon have also 
shown that incorporation of hydrocortisone in the medium 
abolished the cytotoxic effects of immune lymphocytes 
without preventing their aggregation to the target oella’. 
The same was seen in our experiments with normal foreign 
lymphocytes and PHA. Similarly, addition to the target 
cells of lymphocytes, killed either by heating (56°C, 
30 min) or by freering and thawing (4 times), also abolished 
their cytotoxic effects. A typical experiment is shown in 
Table 8. 


Table 2 
Target cells: rat (cell Ime). L * human (periph. blood). 
Tuna ru sell salle? :1. Ineubetion. 48h 
Hyp. 1 Exp. 2 
0. in Opm in 
Incubation NA % Isotope NA 96 Isotope 
(Bap. ITE release (Bup. 1+ Jelase 
H) NE 
Lymphocytes — 403 + 20 1754384 1,2104108 11-7421 
Lymphocytes + PHA 453 + 85 270+34 1116480 293178 
Lymphocytes+potytysine 3901188 102+1-6 1,025125 148110 
— - PHA 499 + 26 &7+0-4 1058t40 19917 
= +polylysins 459434 23-0101 1,1124180 2201+10 
gene = 4158+12 17-7480 1,005+11 215426 
1:1 Tysine/ml. 2° 5 lysine/mL The numbers 
aptent munch Ae d D. mah ball on d separate experiments. 
Table 3 
: rat Hne). : homan blood 
Target col mphooyie aspet oad 1 amaian: Ep PD 
O p.m. in DNA % Isotope 
Lymphocytes PHA (Bup. O +BeL I1) release 
+ - 1,001 + 100 87+17 
+ + 886+ 84 25:04 5-7 
+ (killed) =. 887 + 164 62113 
+ (killed) + 061 +153 40410 
- - 1,135 + 108 8-8+1:0 
- + 1,005+ 89 T9110 


The figures represent mean values and S.D., each based on three separate 


When taken together, these resulta (but did 
not prove) that living lymphoid cells had to be added to 
the incubation mixtures if cytotoxic effecta were to occur. 
In order to investigate the possible relationship of this 
cell-killing activity of lymphoid cells to their mmuno- 
logical campetence, the action of peripheral lymphocytes 
was compared with that of lymphocytes from the thymus. 
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Such oells were isolated fram young mice (randomly 
bred), and material from the same individual animals was 
used in each experiment. When added to tissue culture 
cells in monolayers in the presence of PHA, thymus 
lymphosytes were seen aggregated around the former to 
the same extent as peripheral lymphocytes (Fig. 3). 
However, as seen from the typical resulta of Fig. 4, 
thymocytes govo to Or oniy weak oytotoxio fecta in 
cases where peripheral | were active. . This 
difference waa not due to a lesser viability of the thymo- 
cytes. When samples of these oells were kept separately 
for 48 h under otherwise similar conditions, the survival 
rates of both peripheral lymphoid cells and thymocytes 


experimenta to that seen by others in different 
immunological situations (for references and diecussion 

soe ref. 9). It may be concluded that the cell 
activity of lymphocytes as measured here is related to their 
‘immunological competence’. Therefore, we believe that 
the oell damage reflects a response of competent 
lymphocytes, started by ther close contact with antigen 
which they recognize as ‘foreign’, and perhaps potentiated 
by PHA’. The action of lymphoid oells of P, hybrid 
origin on parental strain tumour ocells can probably also 
be explained on this basis. The notion of a ‘genetic 
incompatibility’, such that the F, lymphoid cells do not 
react against parental cells’, is based on the fact that no 
such reactions occur in normal transplantation or graft- 
versus-host situations. It may be recalled that slight 
structural changes of a variety of antigens may sometimes 
give rise to a loss of natural tolerance and ensuing auto- 
immune responses!!. In analogy, and as example only, 
small differences in cell surface structure of parental and 
F, cells due to different arrangement or concentration of 
histocompatibility antigens may be sufficient to release a 
of competent lymphocytes when the cells are 

y aggregated in this highly artificial manner. 

The statement that the present reactions reflect an 
immune response of competent id cells requires 
ion. While there is little doubt that the response 
is initiated by an immunologically specific recognition 
step, no evidence exists as yet for a corresponding 
specificity of the target cell destructing reactions. In 
other words, the response does not necessarily have to 


involve antibody formation. Although available evidence 
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speaks against the release of phaermaoologi active 
agents from the stimulated lymphocytes to the incubation 
medium, & local action of such agents in the contact areas 
between the cells cannot be excluded!. A third altemative 
would be that the lymphocytes are meteboli- 
cally stimulated by foreign antigen and therefore damage 
the target cells by depriving them of nutrients or oxygen. 
However, this explanation seems diffücult to reconcile 
with the negative resulta seen in syngeneic lymphooyte/ 


target cell tions m which PHA should have affected 
the metabolism of the lymphocytes in a similar way to 
antigen. 

In our the lymphocyte response was most 


probably induced by their contact with foreign histo- 
competibility antigens. Obviously, as seen in syngeneic 
systems, the presence of organ-speciflo substances on the 
target cells was not sufficient to release & signifloant 


lymphocyte/target cell contacts- were most ane es estab- 
lished by antibody or antibody-like substances on the 
lymphocytes. However, in all cases described so far, 
lymphocytes and target cells were derived from genetically 
different individuals. Therefore, the target oell-damaging 
activities of the lymphocytes may also have been released 
by their close contact with foreign histooompatibility anti- 
gens. Experimente with lymphocytes from autoimmune 
animals, added to target cella of syngeneic origin, should 
throw light on this point. Such experiments are in progress. 

Many other questions remain. In particular, one would 
hke to know the relationship of the phenomenon described 
here to the lymphocyte transfer reaction, or to the in 
vitro stimulation of lymphocytes, oocurrmg on exposure 
to foreign oells!* or antigen’*. The type of the lymphoid 
cells which participate in the reaction is unknown at 
present and one wonders whether the reactors are 
immunologically committed or uncommitted ocells. The 
true function of PHA in the present system will also have 
to be invi further. Nevertheless, experiments of 
the kind described im this article would seem to offer 
some means for investigating the mechanism by which 
lymphoid cells recognize ‘foreignnesa’, and the relation- 
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ship of the recognition step to the response evoked by it 
in the t lymphocytes. — 

This was by & grant from the Swedish 
Medical Research ; 
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INHIBITION BY -METHOTREXATE OF TRIIODOTHYRONINE STIMULATION 
OF OXYGEN CONSUMPTION IN MAN 


By Dr RICHARD S. RIVLIN and Pror. ALBERT H. OWENS, Jun. 
Department of Medicine, Johns Hopkins University, Schoo! of Medicine, Baltimore, Maryland 
f AND 
Dr. LOUIS SOKOLOFF 
Laboratory of Clinical Science, Natlonal Institute for Mental Health, Bethesda, Maryland 


HYROXINE has been shown to stimulate the rate 
of moorporation of amino-acids into protein'*. It 
has recently been suggested that the well-recognized 
effecta of thyroid hormones on oxygen consumption may 
be related to their effects on protein biosynthesis. 
Thyroxine administration to rate results m increased rates 
of amino-acid incorporation into protein only in organs 
(liver, kidney and heart) in which the hormone also 
imulates oxygen consumption, but has no effect on 
amino-acid moorporation into protein in organs (brain, 
testis and sploen) in which oxygen consumption is un- 
affected’. Drugs such aa puromycin and actinomycin D, 
whioh result in an inhibition of protem biosynthesis, also 
blook the effoota of thyroid hormones on oxygen consump- 
tion**. These i a vide further evidence of & 
relationship between the effecta of thyroid hormones on 
protein biosynthesis and on oxygen consumption. 

The present investigation was undertaken to determine 
whether methotrexate (ametbopterin) treatment of human 
subjects counteracts the effects of thyroid hormones in a 
manner similar to that shown for puromyom in exper 
mental animals. Investigations were o&rri«l out on two 
male patiente, aged sixty-two and fifty-four years, with 
advanced metastatic carcinoma of the lung. Tuo patiente 
were hospitalized in & metabolic ward, and received 
constant caloric and protein intake during the investiga- 
tion, Each patient was euthyroid at the beginning of the 
investigation, as demonstrated by clinical examination 
and by normal values of serum protein-bound iodine 
concentration, serum cholesterol concentration, and basal 
metebolic rate. The measurements of basal metabolic 
rate were made by standard methods, with standard 
corrections applied for changes in body temperature and 
weight during the course of the investigation. 

After baseline evaluation of thyroid function of the 
first patient had been completed (protein-bound iodine = 
6-4 ug/100 ml. serum; serum cholesterol concentration = 
176 mg/100 ml. serum; besal metabolic rate = +6 per 
cent), triiodothyronine was given orally in doses of 75 ug 
four times a day for & period of nine days. During this 
interval there appeared a loes of weight of 6-5 kg, & 
decrease in serum cholesterol coricentration from 175 to 
115 mg per cent, and increased i 
and tachycardia. Basal metabolic rate (Fig. 1) increased 


from baseline levels of +6 and +10 to a’ 


of +65 per cent after treatment with triiodothy- 


ronine. From the tenth to the sixteen day, methotrexate 
was administered intravenously at a dosage of 0:2 mg/kg 
body-weight a day. Daily determinations of haemoglobin 
concentration, haematocrit, white oell count and differen- 
tial count were performed to evaluate drug toxicity. 
Triiodothyronme treatment was continued until the 
eighteenth day. Basal metabolic rate declined from a 
level of +65 before methotrexate treatment to levels of 
+19 and +26 per cent following the completion of seven 
days of methotrexate therapy, despite the continuance of 
triiodothyronine. 

To evaluate further the effecta of methotrexate in the 
petient under investigation, the antibody to two 
different antigens was measured. Four h after the first 
does of methotrexate had been given on day 10, the 
patient received 0-4 ml. of V+ antigen (E. cols) by sub- 
cutaneous injection. Serial samples of serum were ob- 
tained before injection of antigen on day 10, and on days 
14, 17, 20 and 24. During the two-week period following 
injection of antigen, no antibody titre oould be detectod, 
in contrast to mean titres (log, 1/serum dilution) found in 
patients previously studied’. On day 24, the patient 
received 1:0 ml. of whole, killed tularaemia vaccine by 
subcutaneous injection. Serum samples obtamed during 
the ensuing two weeks had normal antibody titres. 

+70 


+60 
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_ In the second patient, baseline evaluation of thyroid 
function revealed that the serum protem-bound iodine 
concentration was 6-9 pg/100 ml. serum, cholesterol con- 
centration was 220 mg/100 ml. serum and basal metabolic 
rate was +9 cent. Constant caloric and protein intake 
were maintained in & manner similar to the first study. 
The measurements of basal metabolic rate are shown in 
Fig. 2. Methotrexate in the same dosage (0-2 mg/kg) 
was given by daily intravenous injection for & period of 
five days. Basal metabolic rate measurements before 
methotrexate did not differ si from values 
observed in the week after treatment. After an additional 
period of ten days had ela which enabled the patient 
to recover from mild toxicity, triiodothyronine 
treatment was begun. At the end of nine days of treat- 
ment (day 24), loo of weight of 4.6 kg was noted, in 
association with tachycardia, nervousness, sweating, 
irritability and depreesion of the serum cholesterol 
concentration from 220 to 185 mg/100 ml. serum. Basal 
metabolic rate-levels had increased from oontro| values 
of +5 and +8 to a level of +55 cent. Methotrexate 
was again administered for five days while triiodothyro- 
nine was continued. Follo the completion of metho- 
trexate administration, rales ARR metabolic rate had 
declined to + 38 per cant, and two days after discontinuing 
triiodothyronine treatment, the basal metabolic rate 
had declined still further to a level of +13 per cent. 

The work recorded here indicates that in the two 
petiente investigated, the effect of triiodothyronine on 
elevating the basal metabolic rate was antagonized by 
treatment with methotrexate. In addition, during the 
period of methotrexate treatment, and for seven days 
following oeeeation of treatment, there was complete 
prevention of antibody synthesis after injection of V+ 
antigen. This effect may represent impairment of protem 
synthesis, although other factors are also involved in 
response to an antigenic stimulus. That prevention of 
antibody synthesis was only eae was shown 
by our subsequent finding of a normal an y response 
to tularaemia vaccine in the same patient. 

By blockmg the io reduction of folic and 
dihydrofolic acids’-"*, methotrexate interferes with one- 
carbon transfer in many important biochemical reactions. 
Of particular importance is this effect on the synthesis 
of pyrimidines and purines. Following diminished forma- 
tion of nucleotides, reduced synthesis of proteins would be 
e to occur. 

the work recorded here, methotrexate treatment 
partially antagonized the stimulatory effecta of triiodo- 
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thyronine on oxygen consumption. No effect on oxygen 
consumption was demonstreble in the absence of excess 
thyroid hormone. Since the actions of methotrexate on 
metabolism are numerous, it is not possible to attribute 
these results with certamty to æ particular effect of the 
drug. However, the similarity of the present resulta to 
those previously obtamed with agents which more 
specifically inhibit protein synthesis (actinomycin, puro- 
mycin) suggest that the pertinent effect of methotrexate 
may also have been on protein synthesis. 

This work was supported in part by U.8. Public Health 
Service grants FR-35 and OC.4-00978. We thank Dr. 
Samuel P. Asper, jun., Dr. Robert G. Langdon and Dr. 
George W. Santos for their advioe, and Mrs. Ruth Mordecai 
for measuring the basal metabolic rates. 
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i NEW MODEL FOR THE TROPOCOLLAGEN MACROMOLECULE 
i AND ITS MODE OF AGGREGATION 


By Dr. R. A. GRANT, Dr. R. W. HORNE and Dr. R. W. COX 
Agricultural Research Council, Institute of Animal Physiology, Babraham, Cambridge 


HE molecular architecture of oo has been 
intensively studied by & variety of physical and 
chemical techniques. According to current views collagen 
fibres are of fibrils which are themselves built 
up from a basic structural unit termed the tropocollagen 
macromolecule. Each tropocollagen unit is believed to 
have a three-stranded coiled-coil structure in which the 
most probable arrangement of the polypeptide chains 
would appear to be the collagen II model proposed by 
Rich and Orick!. The tropocollagen unit has been de- 
scribed as a rigid rod-like structure for which Boedtker 
and Doty*, using physico-chemical methoda, o ded 
found a dituotes GF 190 Ay &n-sverago length of 


and an average molecular weight of 345,000. Reoently, 
Rice, Casassa, Kerwin and Maser’ have suggested a length 
of 2800 A and & molecular weight not greater than 
310,000. 

One of the earliest observations made on biological 
material with the electron microscope was that native 
collagen fibres exhibited a conspicuous transverse banding 
with a repeat distance of approximately 640 A (Schmitt, 
Hall and Jakus*; Wolpers'). There have since been many 
reports on the structure of collagen using shadowing, 
thin sections and positive staining. These have been 
reviewed in detail by and Von Hippel‘, 
Gross’, Fitton Jackson? and Veis’. Much research has been 


» 
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devoted to olarifying the relationship of the basio tropo- 
collagen unit to the native collagen fibre. 

. An important aspect of the problem is to explain how 
the observed periodicity of 640 A of native collagen 
results from the combination of tropocollagen unita of 
length 2800 A. 

It is well known that native-type collagen fibres may be 
reconstituted from acetic acid solutions of collagen 
by adjustment of pH and 10m0 strength. It 1s also pos- 
sible to reconstitute collagen m & number of forms differing 
characteristically from the native fibre. A particularly 
mteresting form is the segment long spacing (SLS) orystal- 
lites (Gross, Highberger and Schmitt!*) produced by the 
addition of adenosine triphosphate (ATP) to an acetic 
acid solution of collagen. The SLS crystallites appear to 
consist of tropocollagen unite aggregated side by side 
with the ends of the molecules in register. A large number 
of bands, arranged at right angles to the long axes of the 
tropocollagen unita, may be seen with the electron mioro- 
scope using either positive- or negative-staming tech- 
miques. The fact that these bands are distributed asym- 
metrically is strong evidence that the structure of the 
tropocollagen macromolecule is polarized. 

Another type of collagen fibril, produced by dialysing 
an acetic acid solution of collagen (tropooollagen) con- 
teining acid glycoprotein or chondroitin sulphate (High 
berger, Gross and Schmitt"; Schmitt, Gross and High- 
berger") has been termed the fibrous long spacing (FLS) 
form. The repeat distance of this form has been found to 
vary with the method of preparation and the different 
varieties produced have been further designated FLS— 
I, II, eto., depending on the spacing observed. In the case 
of the FLS form of co 8 maximum repeat distance 
of about 2500 A has been found. It haa been ested 
(Schmitt and Hodge") that in the FLS form of fibre 
the tropocollagen unita are aggregated end to end. The 
direction of polarization of the macromolecules was 
considered to be alternated in view of the symmetrical 
pattern obtained in the electron microscope after positive 
staining with phosphotungstio acid. 

Application of the negative staming technique (Brenner 
and Horne) to high-resolution studiea of collagen 
with the electron microscope showed that it was posaible 
to visualize, directly, tropocollagen macromolecules 
occurring in native collagen fibrils (Tromans e£ ail.}5; 
Olsen'*1"). In their negatively stained preparations of 
collagen fibrils the most stmking feature seen was the 
arrangement of alender, somewhat crooked filaments 
dme. roughly parallel to each other along the long axis 
of the fibril. These filaments, 15-20 A across, were inter- 
preted as being the tropocollagen macromolecules. 

In a detailed study of negatively stained collagen speci 
mens, Tromans'* suggested that the light and dark bands 
resulted from differences in the density of the protem and 
in the penstration of the negative stain between the macro- 
molecules. It was not found Pn to demonstrate the 
precise postions of the ends of the macromolecules within 
the fibrils, nor was there any evidence in favour of a 
: staggered’ arrangement as suggested by the 
model of Hodge and Schmitt!*. The recent descriptions 
of native and F'LS-type collagen by Olsen!*’ and Kuhn 
and Zimmer” have indicated that the macromolecules are 
aggregated by end overlap. This view 13 not m agreement 
with the model proposed by Schmitt and Hodge", in 
which it is suggested that end-to-end aggregation takes 
place by a coiling around each other of polypeptide 
chams projecting from each end of the tropocollagen 
macromolecule (Hodge and Petruskat!). 

This report 18 based on an electron microscope investiga- 
tion on native, BLS and FLS forms of collagen, and on 
these same forms modifled by treatment with various 
cross-lmking agents. Our experiments have also included 
observations on the mode of aggregation of tropooollagen. 
to the above forms. The effect of collagenase on native 


fibres was also investigated, ın experiments which will be 
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reported in greater detail elsewhere. Acetic acid solutions 
of rat-tail tendon and gumea-pig skin collagen were used. 
as sources of tropocollagen. From these investigations, 
a model has been develo which explains, in a relatively 
simple manner, the production of the majority of collagen 
forms. Their characteristic spacings can be considered 
to be determined by & basically random process of aggre- 
gation of tropocollagen units. - 

It was considered important to elucidate the mechanism 
whereby the light and dark bands, seen in negatively 
stained preparations of collagen, are produced. Treatment 
with a cross-lmking agent, such as glutaraldehyde, resulted 
in an increase m the size of the light bands (4 bands), 
Fig. 1, b ando; a well-defined light band also appeared in 
the dark or B bands. It was obvious from marked changes 
in the chemical and physical properties of the treated 
fibres (for example, no longer being soluble when suto- 
claved with water) that a number of strong crose-links 
had been introduced. Smece the introduction of inter- 
molecular cross-links by mild chemical means resulted 
in an moroase in the size of the hght or electron-trans- 
parent bands we may infer that the light bands, sean in 
native unaltered collagen, also result from regions of 
bonding between adjacent macromolecules. In native 
collagen this intermolecular bonding probably consiste 
of polar and hydrogen bonds arising from polar amino- 
acid side-chains arranged in & structurally complementary 
manner. It thus appears that the tropocollagen units, 
forming the fibril, are not laterally bonded uniformly 
throughout their length. Such & concept is in conformity 
with the finding that the primary structure of collagen 
consists of inhomogeneous amino-acid sequences (Grass- 
man e£ al.®). 
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In order to deduoe.a simple rational explanation of 
the relationahrp of the | of the tropoco ms0ro- 
molecule (c. 2800 A) to the normal repeat distance (D) 
of 640 A, use may be made of the observation that the 
length of an SLS crystallite spans 5 4 bands of & native 
fibril when electron micrographs at the same i 
tion are (Bee Fig. 1, a and b). On average, the 
length of ax. A band (light) is about 0-4 D; henoe the length 
of the tropocollagen unit equals the total distance spanned 
by 5 A bends plus the intervening B bands (—4-4 D). 
Careful examination of the electron micrographs gives no 
evidence of end-to-end junctions, all the macromolecules 
appearing to be aggregated together by lateral association 
with a good deal of cross-over in both A and B bands. 
The precise positions of the ends of tropocollagen macro- 
molecules within the fibrils were difficult to determine. 
However, on careful inspection of the electron micrographs 
instances were noted of tropooo fllamenta appeering 
io end beue cage of an-A Pand pasing through the 

We suggest, on the bams of this evidence, that the 
tropocollagen macromolecule consista of alternating 
bonding and non-bonding regions, the bonding regions 
containing polar amino-acids which are arranged in & 
structurally specific manner. When two such bonding 
regions approach one another closely in proper align- 
ment 8&8 strong lateral attraction results from the 
formation of many intermolecular polar and hydrogen 
bonds. All the 5 bonding regions may not be exactly 
equivalent and there is some evidence that the terminal 
bonding zones differ from the intermediate ones. Examina- 
tion of the SLS form, by positive or negative staining, 
indicates that the tropoooll macromolecule is polar- 
ized, and this is supported the fact that in native 
fibres the band structure is trical. Tromans 
et al.4 have suggested that the light bands be regarded 
as regions of crystallographic disorder. In view of the 
evidence from the cross-linking expermments we feel that 
this interpretation may be abandoned in favour of the 
more definitive explanation that the light bands correspond 
to regions of bonding between adjacent macromolecules. 

The proposed model for tropoco (Fig. 2, 1) 

egonsists of a somewhat flexible fllament of length te 
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2800 A, divided into 9 zones consisting of 5 bonding zones 
of length about 0-4 D (265 A) separated by 4 non-bonding 
zones of length about 0-6 D (875 A). It should be appre- 
ciated that the measurementa quoted in this report 
represent approximate values drawn from our own 
oe and other resulta cited in the literature. 

t need not necessarily be assumed that the non-bonding 
regions are completely devoid of polar amino-acids. 
Indeed it appears from the cross-linking experimenta that 
there is some lysine in these parts of the macromolecule. 
Nevertheless, 15 seems that in the native fibre only & few 
intermolecular bonds are formed between the non-bonding 
rones. 

When tropocollagen unite, conforming to the above 
model, are aggregated together go that there is an initial 
random choice as to which bonding region on one molecule 
cross-links in a structurally complementary manner with a 
bondmg region on & different molecule, a fibre with 640 A 
periodicity results (Fig. 2). A model of a collagen fibril 
constructed in this way shows a close resemblance to the 
structure of native collagen revealed by negative staining. 
Moreover, aggregation of tropocollagen macromolecules 
in an apparently random manner to form collagen fibrils 
has been observed by us in the electron microscope. 
There is no need to postulate a two-stage process in which 
tropocollagen macromolecules are first polymerized by 
end-to-end linkage through the interaction of terminal 
peptide chains to form protoflbrils, which are then dis- 
placed relatively to one another by 0-25 of the molecular 
length (Schmitt and Hodge!*; Hodge and Petruska"). 
Nor 1s it necessary to suggest an initial polymerization of 
tropocollagen unite by overlapping which is lmited to 
the ends of the molecules, to be followed by ‘quarter 

ing’ of.the protofibrils (Olsen). 

It also follows from the model for native collagen 
that all the tropocollagen unite in one fibril will face in 
the same direction. The direction of polarization of a fibril, 
as determined from the band pattern, will depend on the 
direction of polarization of the first tropocollagen macro- 
molecule. If, therefore, the tropocollagen macromolecules 
are not initially all pointing in the same direction, the 
resulting collagen fibrils will also be polarized in different 
directions. This is of interest in view of the recent finding 
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Fig. 3. a, FLB showing repeat period of about 2500 A. b, TLS 
EI Ie qe utaraldehyde. The re-establishment 
" stained 


of Braun-Faloo and Rupeo™ that in human dermis the 
collagen fibrils have an ‘antiparallel arrangement’. 
More direct evidence that the tropocollagen maoro- 
molecule consists of nine segments comes from experiments 
on the FLS form. In Fig 3a ia shown an electron micro- 
graph of FLS Type 1, made by dialysing an acetic acid 
solution of collagen containing serum glyooprotein; 
the repeat distance is about 2500 A while the distance 
measured between the outer edges of the light bands 
corresponds to the length of an SLS aryastallite (c. 2800 A) 
or tropocollagen unit. This indicates that the FLS-1 
structure is formed by overlap of the terminal bonding 
zones of tropocollagen as suggested by Olsen. However, 
tho reason for the formation of this of flbre may be 
that adsorption of negatively glycoprotein on to 
the tropooollagen units nts the establishment of 
intermolecular bonds by intermediate bonding zoneg, 
thus producing the wide spacing (Fig. 4; 1, 2). Moreover, 
when such an FLS-1 preparation was treated with 
glutaraldehyde the 640 A repeat period was re-established 
(Fig. 3b). Presumably the glutaraldehyde was able to 
bndge botween amino-groups in the blocked bonding 
zones to re-establish the native period. These experiments 
appear to provide clear evidence of the existence of 5 
similar zones in the tropoco molecule separated by 
regions having different properties. The three intermediate 
bonding zones in tropooollagon can thus be suppreesed 


Fig. 4. 1 and 2, The establishment of a repeat period of 2500 A by macromolecules 
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with glycoprotein but revealed by subsequent treatment 
with glutaraldehyde (Fig. 4; 2,8 . 

In the case of the SLS orystallite, negative staining 
has revealed a marked r of the band structure. 
On the other hand, although Olsen!’ has attempted to 
deduce, by photographic methods, & relationship between 
SLS and the native fibril, a number of points remain 
obscure. The band pattern observed in the SLS form 
may in part be due to the presence of negatively charged 
ATP molecules interacting with positively charged groups 
in tropocollagen, outside as well as within the bonding 
regions. If this interpretation is correct, the SLS pattern 
could be regarded, in part at least, as an artefact with a 
band structure (by negative staining) not directly related 
to the native fibre. Furthermore, in the coase of positively 
Stained SLS form, the staining with phosphotungstio 
acid or uranyl acetate undoubtedly reveals the pane 
of basic and acidic groupe in the macromolecule. Positive 
staining, however, does not seem to indicate whether or 
not these groups are involved in the formation of bonds 
between adjacent macromolecules. 

The fundamental difference between the model proposed 
here and other interpretations lies in the division of the 
tropocollagen filament into five more or leas equal bonding 
zones separated by four regions apparently capable of 
forming few intermolecular lmks. It should be emphasized 
that the bonding zones mentioned in this report have no 
connexion with the subunits of Petruska and Hodge". 
Lacs ux hi ee da ema 
period of only 210—220 A (Grosa’). By assuming that, under 
the conditions of pH and ionic strength necessary to preci- 
pitate this form, only & portion of each bonding zone is 
able to interact with another, it is poesible to derive this 
repeat period from the new model (Fig. 5). It may be 
noted that the short period of 210—220 A is lees than the 
length of & bonding rone (4 bend) and also one-tbird of 
the native period as would be expected if this model is 
correct. 

This investigation has been restricted to the longi- 
tudinal and transverse structure of collagen fibres in a 
two-dimensional sense. Work is at present in progreas to 
include three-dimensional (cross-sectional) aspects of the 
Pon aa adiit ional model is being developed. 

otwithstanding that this is only a two-dimensional model, 
since tion- takes place in an essentially random 
fashion the criteria of Smith" appear to be satisfied. 
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The establishment of the ohecrved short (210-220 A period is inetrated in the 
ditions where each macromolecule ts capable of 
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FORMULATION AND USE OF EQUATIONS OF STATE FOR - 
ELASTICO-VISCOUS LIQUIDS 


By Dr. K. WALTERS 
Department of Applied Mathematics, University College of Wales, Aberystwyth 


HEOLOGY, which deals with the meohanios of 
continua, is à science which has come into prominence 
during the past fifteen years. Various disciplines, ranging 
from biology to chemical engineering, have been in- 
volved in ite development. In the present communication 
I aball be concerned with the impaot of applied mathe- 
matics on the science and I shall endeavour to trace 
the development of theoretical rheology. I shall direct 
particular attention to the study of incompressible elastico- 
viscous liquids, these being materials that are predomin- 
antly fluid but have some of the. properties usually 
associated with solids. We have set ourselves no easy 
task, as a cursory glance of the literature will indicate, 
and newcomers to the field are faced with unnecessary 
hardships. These hardships are due to a number of factors, 
including the following: 

(a) There is a confusing and ambiguous notation and 
terminology with an over-indulgence in definitions. This 
is perhaps best illustrated by considering a specific 
example. In a paper published in 1950, Oldroyd! defined 
certain kinematic tensors as ‘rate-of-strain tensors’. 
Essentially the same tensors were re-derived by Rivlin 
and Ericksen? in 1955, and they have since become 
known as ‘Rivlin—Ericksen tensors’. Nol’ later intro- 
duced different ‘rate-of-strain tensors’ and Coleman and 
Noll‘ argued that Rivlin and Ericksen were the first to 
realize the importance of the ‘Oldroyd rate-of-strain 
tensors’. 

(b) There is a reluctance on the part of workers in the 
fleld to relate their work to what has gone before. The 


result of this 18 that one gets the impression that theoretical 
rheology has bad more than one and one is 
left 1n doubt as to the merit of papers published before 
the various ‘revivals’. 

(c) There is often an unnecessary emphasis on mathe- 
matical rigour, &nd. important physical principles are 
sometimes hidden by an abstract notation and analysis. 
In the present article it is ho to show that although 
the development of the study of elastico-viscous liquids has 
been unsystematic and unnecessarily complicated, it 14 
nevertheless possible to trace it. 

The first major contribution that demands our atten- 
tion is an article by Oldroyd! in 1950. In this paper, 
Oldroyd leid down oertain principles that rheological 
equations of state have to satisfy. The two major prin- 
ciples may be stated as follows: 

(1) The equations must be consistent with the require- 
ment that the behaviour of a material element depends 
only on ite previous rheological history and not in any way 
on the state of neighbouring elements. 

(i) The equations must be consistent with the require- 
ment that the behaviour of a material element does not 
depend on the translatory or rotatory motion of the 
material as a whole in space. Although this prinorple 
was not given a name by Oldroyd, it has since become 
known by at least two names—‘material objectivity’ and 
‘material indifference’: The importance of this principle 
haa been rightly emphasized by a number of later workers, 
who prefer to regard it as bemg concerned with indifference 
to an observer (identified with a moving co-ordinate 
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frame) rather than indifference to the absolute motion 
of the material in space (aa in the formulation of Oldroyd), 
but the two approaches are precisely equivalent. 

Oldroyd was able to satisfy the two principles mentioned 
here by introducing a oonveoted co-ordinate system E! 
drawn in the material and deforming continuously with 
it. This co-ordinate has the property that a 
material element which is at E/ at time ¢ will be at the 
same position (referred to the convected co-ordinate 
system) at all other tomes. There is an unlimited number 
of co-ordinate systems of the type envisaged here, but 
the equations Es = EE) relating two seta of convected 
co-ordinates EJ and Ẹ do not involve the time explicitly. 
This means that convected components of tensors associ- 
ated with the same point of the material can be manipu- 
; lated ın the same way as the fixed components of tensors 
at a fixed point in space. Since principle (1) involves the 
consideration of a given material element over a period 
of time, the oonvected co-ordmate system is an ideal 
frame of reference to work with. 

The convected co-ordinate system has tho further 
advantage that it is unaffected by any superposed rigid- 
body motion (the co-ordinate surfaces being embedded 
in the material). This means that provided one works 
in & oonvected co-ordinate system and uses variables 
and operations which do not introduce any di dence on. 
absolute motion in space, the resulting equations of state 
automatically gatisfy the principle of material indifference 
(and principle (i), from that which was said earlier). 

A suitable kinematic variable follows naturally from a 
description of the material properties in terms of a oon- 
vected co-ordinate system. Since all quantities which 
refer to absolute motion in space are irrelevant, one is 
interested in the relative distance and the relative motion 
of the parts of an arbitrary element at EJ. The element 
of length ds between &/ and 5! + dE» is given by: 


[do(é’)]* = vn(&4^) di d$, oo c à «t (1) 


so that the metric tensor yz; of the E? co-ordinate system is 
an obvious choice (but not the only one) as the kinematio 
variable. (t is taken to be the present time and // an 
earlier time.) If D/Dt denotes a time derivative keeping 


oonveoted co-ordinates constant, such tities as 
pba ae Dy) Dt, - - - - D*yn(Gt’)/Di'* are 
be regarded as important kinematic quantities, 


aae ke a ana cf is Gee An 
of the arbitrary element at EJ. 

Oldroyd. took the covariant stress tensor myn(6,t’) as 
the dynamic variable, and proceeded to develop his general 
theory on the basis of the variables defined here. The one 
disadvantage in working in terms of convected oo-ordin- 
ates is that the equations of state should preferably be 
referred to axes fixed in space, since in any flow problem 
these equations have to be solved simultaneously with 
the familiar equations of motion and continuity. How- 
ever, Oldroyd derived well-defined rules for transforming 
> to a fixed system of co-ordinates. For example, m:(E,2), 

yu(%#) transform immediately into pu(xt) and ga(x,), 
where pu is the strees tensor referred to a fixed system 
of co-ordinates af and gu is the metric tensor of this 
co-ordinate system; quantities such as (1/2) D*«5(E2^?)/Dt'5, 
evaluated at ¥ = i, transform into rate-of-strain tensors 
of) (x,t), off) being the familiar (first) rate-of-strain tensor 
of classical hydrodynamics; quantities associated with the 
time ¢ transform into more complicated expressions 
involving the displacement functions œi. For example, 
yn(Et’) transforms into: 


ox m Gar 
tet o5 gs» (x^) 


(z^ is the position at time ? of the element that is in- 
stantanesously at the point at at time t.) 
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We have spent some time discussing Oldroyd’s approach 
to the subject of formulation, in order to show that later 
contributions can in fact be regarded as applications of 
Oldroyd’s general theory. These later contributions 
involve the writing down of what might seem to be appro- 
priate equations of state relating suitable variables and the 
satisfying of the two principles mentioned here (the second 
being concerned with indifference to an ‘observer’) by 
means of well-defined mathematical rules. We might call 
this the ‘mathematical’ as against Oldroyd’s 
more ‘physical’ approach kg dena it must be emphas- 
ized that the two approaches are precisely equivalent. 

The next contribution that requires consideration is 4 
paper written by Rivlin and Ericksen! in 1955. These 
authors used the ‘mathematical’ approach to reduce 4 
speculative equation of state into a dora that satisfies the 
two principles mentaoned here. Their initial equations 
were formulated on the basis that the stress is a function 
of the velocity gradients, &ooeleration gradientas ... 
(n — 1)th acceleration gradients. Their derived equations 
can be effectively written in the form: 


Pa —pga t pia (2) 
pa = fel), «(P — — — eff) (8) 


where p is an arbitrary isotropic pressure. From what 
was said earlier, it is clear that these equations could 
be immediately written down as & potentially useful set 
of equations of state from Oldroyd’s general analysis. 
The actual merit of the work of Rivlin and Ericksen would 
therefore appear to be in the prominence the work has 
given to the useful equations of state given by (2) and (3), 
rather than in the formulation procedure used by these 
authors. 

Later work by Rivlin’, and Rivlin and Spenoer*-*, on 
the theory of matrix (tensor) polynomials can be 
as a useful extension of the work of Rivlin and Ericksen. 

In 1958, Noll? demonstrated that modern mathematica 
(particularly ‘Functional Analysis’) can be used with 
success in the formulation of equations of state. His 
initial work was concerned with systematimng the 
‘mathematical’ approach and with the introduction of a 
very general class of fluids known as ‘simple’ fluids. In 
the notation of Oldroyd, these are defined by: 


t 
731(§.4) c Lyn(¥t’)] (4) 
in convected co-ordinates, and: 
t 
Pa i= PF [Gai] (5) 


in fixed oo-ordmates, where F is a ‘functional’ and Gu 
is given by: Sag 
mm r 

Ga ——34 A mU) (6) 


It is apparent that although Noll's approach is 
different from that of Oldroyd, the same ph; principles 
are involved in both, and either can be used to introduce 
the ‘simple’ fluids. In some ways, the Oldroyd approach 
has certain advantages in this respect. 

Coleman and Noll‘:*-" have given detailed consideration 
to the ‘simple’ fluids and have been remarkably successful 
in extending Noll’s earlier work. For example, they have 
shown how the complicated equations of state given by 
(2) and (5) degenerate into manageable forms when the 
fluid has a fading memory and the flow is slow. They 
have also shown that it is possible to solve a limited 
number of flow blems in the general case. 

Tho work of Coleman eman and Noll must be regarded as a 
igni contribution to the subject. However, 


some of the importance of their work is to some extent 
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masked by an over-indulgence in definitions, axioms 
and theorems and an over-emphasis on mathematical 
ngour. 
. Many of the rheological flow problems of practical 
rtance cannot be handled using the eral equations 
of Rivlin and Ericksen and Coleman aad Noll. It has 
therefore bean necessary (see, for example, refs. 12 and 18) 
to construct simple equations of state that give an approxi- 
mate description of observed behaviour and yet aro simple 
enough to be useful in general flow problems. These 
equations must, of course, satisfy the general formulation 
principles. In this way, theoreticians have been able to 
supply experimentalista with a qualitative picture of 
rheological behaviour (see, for example, refs. 14-20). 
In favourable circumstances they have been able to predict 
important flow characteristics which have since been 
observed in the behaviour of real fluids. This line of 
research is therefore to be thought of as a practically 
useful extension of the formulation work discussed 
earlier. 

Although there has been no systematio development 
in the study of isotropic elastico-visoous liquids, it is 
nevertheless true to say that the subject has reached a 
satisfactory stage of development. Notwi ing the 
criticisms mentioned earlier, the problem of formulation 
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is now resolved; and the main avenues of present-day 
research involve the application of thermodynamio 
principles and wave propagation theory to rheology and 
the solution of flow problems of practical importance, the : 
latter being more & problem in differential equation theory < 
than anything else. 

I thank Dr. R. H. Thomas for advice. 


1 Oldroyd, J. G , Proce Roy. Soc , A, $00, 523 (1950). 

*"Rivim, R. 8, and Bricksen, J. L, J Rat. Meck. Anal., 4, 323 (1955). 
* Nall, W., Arch. Rat Mech Anal., 8, 197 (1968). 

* Coleman, B D , and Noll, W., Ann, N.Y. Acad Soi , 89, 672 (1061). 
* Ririh, R. B., J. Rat. Mech. Anal., 4, 681 (1955). 


* Spencer, A. J. M., and Rivlin, B. 8., Arak. Rai. Meck. Anal., 4, 214 (1960). 
* Coleman, B. D., and Noll, W., Arch. Rat. Mech. Anal , 6, 855 (1980). 
^ Coleman, B. D., and Noll, W., Hes. Mod. Phys., 83, 230 (1981). 

and 


1* Walters, K., Quart. J. Mech. App. Math , 15, 68 (1062). 
K, Quart J Ale. App Math, 17, 80 


u Thomas, R. H., and Walters, K , Pros. Roy. Soc , A, $74, 871 (1968). 
‘ Thomas, B. H., and Walters, K, J. Find Meck ,19, 557 (1004). 

1 Thomas, E. HL, and Walters, K, J. Field Meach., 173 (1965). 

? Leslie, Y. M , Quart. J. Mech. App. Meik., 14, 36 (1061). 

1* Lesie, Y. WL, Proc. Fian, Math, Boo., 13, 2*3 (1003). 

" Jones, J. B., J. Méeeniqwe, 3, 70 (1904). 


APPARENTLY SPONTANEOUS DECARBOXYLATION 
OF INDOLYL-3-ACETIC ACID n 


By Dr. B. J. DEVERALL 
Department of Botany, Imperial College of Sclence and Technology, London 


IS G experiments on the metabolism of indolyl-8 
acetic acid (LAA) in diseased planta, the breakdown 
of LAA was found to occur rapidly in the abeence of plant 
tissues under some conditions in solutions of phosphate 
buffer at pH values between 4:5 and 5-8. This article 
describes some of the phenomena observed and shows how 
to avaid the problem. Breakdown was measured by the 
release of OO, from oarboxyl-!C labelled LAA using a 
similar technique to that desoribed-by Daly and Deverall!, 
in whose experiments spontaneous decarboxylation was 
negligible. 

Radioactive IAA was prepared by Dr. G. W. Kirby, 
Department of Chemistry, Imperial College, from indole- 
acetonitrile-1-O supplied by the Radiochemical Centre, 
Amersham, Bucks. Ascending chromatography of the 
IAA on Whatman No. 1 paper im either isopropanol/ 
ammonia/water (85:10:15) or sodium chloride/acetic acid 
(100 of 8 per cent wt./vol. in water: 1) revealed one major 
radioactive peak, which gave a pink-purple colour after 
dipping in Ehrlich's reagent (1 of 10 per cent p-dimethyl- 
aminobenzaldehyde w/v in conc. HCl:4 of acetone) and 
had the same Rp as unlabelled IAA from L. Light and 
Co., Ltd. The ultra-violet absorption tra of ethanolic 
solutions of radioactive and unlabelled were identical. 
For experimental use, the LAA peak was eluted by ethanol 
from chromatograms developed in isopropenol, ammonia 
and water, and the eluate plus a few drops of ammonia 
were evaporated to dryness. The remdue was dissolved in 
ethanol and double glase distilled water to give an ethanol 
concentration of 0-4 per oent. The solution was kept at 
—20° C, in the dark, and exposed only for thawing and 
pipetting. 

To ‘Pyrex’ brand beakers (34 in. tell x 2 in. diam.) 
without spouts, 45 ml. of 0-1 M ‘AnalaR’ KH,PO, or 
appropriate mixtures with ‘AnalaR’ NaqH PO, were added. 
Flat niokel-plated mild steel planchets, 1 in. diam., con- 
taining disks of lens paper and 0-1 ml. 10 per cent KOH 
to capture 1*CO, were suspended from rubber bungs. The 
planchets lay 1 in. above the base of the beakers. At the 


start of the reaction, 0-5 ml. IAA solution was added to 
the buffer, and the vessels were transferred to a platform 
shaker moving at 100 strokee/min under a light-proof cloth 
at 20°-22° O. Planchets were replaced when necessary, 
and dried at 70° O for 1 h before counting while hot in an 
Ekco sample oven beneath an end-window Geiger-Muüller 
tube coupled to an Hkoo sealer. Initial radioactivity of 
IAA im the reaction mixtures was obtamed from 0-1 ml. 
aliquots pipetted on to 0-1 ml. 10 per cant KOH and lens 
paper in planohete. Thus all samples were counted at 
standard thickness and for 800 sec, and the decarboxyla- 
tion expressed as a percentage of the counts from the 
TAA A appearing as 14CO,. 

The problem of the decarboxylation became apparent 
during a series of experiments using new beakers and 
tomato stem tissues. The beakers were routinely washed in 
hot mains water and glass-distilled water, but had received 
one overnight soak m a chromate cleaning solution fol- 
lowed by copious water washings and soaks. Table 1 
shows the effect of pH on decarboxylation. Each replicate 
beaker contained 10 pg/ml. IAA, supplying 0-5 uo. 

Exxcesstve liberation of !*CO, in the first hour was a 
pronounced feature of the reaction. All parte of the reac- 
tion system were checked to find the cause. First the same 
beakers were used after further water washing, and the 
effects of ethanol and unlabelled TAA, which was used to 
make up the concentration of LAA, were tested at pH 4-5. 
Resulta are given in Table 2. 

Clearly the addenda were not the cause of the trouble. 

The competitive effect of unlabelled IAA and the sur- 
prising inhibitory effect of ethanol were recorded. 

The glassware and the water used to make up the 
reaction mixtures were then tested for their effects on the 
stability of IAA. 

Table 3 summarizes the resulta of experiments on the 
effecta of treatments applied to the surface of the beakers — ^ 
used to obtain the results in Table 1 and which had been wœ 
exposed to chromate once in their history. Glasa-distilled 
water was used in these tests. 
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Table 1. HFFROT oF gH OK CUMULATIVE DECARBOXYLATION OF JAA 


Time (b) 45 47 5:3 60 
1h 18-7%* 17:3 2-7 06 
3h 10-4 18-1 43 0-9 


* Imal radioactivity of IAA per beaker —17,000 e.p.m. 


Table 2. erect or HTHANOL AKD UNLABELLED IAA ON CUMULATIVE 
DECARBOXYLATION OF TAA 


Labelled TA A* 
Time (b) Labelled IAA* Labelled TAA * in 004% ethanol 
b 004% ethanol — pius IAAT 
ib 6-4 40 54 
3h 161 10-9 
* 1 68 ug/ml 18, per 
T 10 «g/ml. gtving LAA cons, of 11-68 g/ml. 
Table 3. Evrscrs oF GLASSWARE TREATMENTS ON THE ÜTiFULITY OF [AA 
Bera * Glassware treatments Deocarboxyta: 
% — 1st h 
i sro pi 
1N X i 18 5 
1N HNO 178 
1X NaOH 160 


Reaction mtrtures — TO pail IAA atpH és 


*I—2 h soak tn sol., repeated water. 
{IT — 18 h soak in sol, rinses in water, tp ote RIOT M NaOH 
and further water 


— 10 mtn tn sol, and repeated rinses in water 
- Binee fn sol. collotdin tn otber and few drops ethanol, dred and rinsed 


Therefore further treatment with chromate accentuated 
the subsequent instability of IAA. Several treatments 
with acids and alkali were worse than mere water soaking, 
and the disastrous effect of methanolic NaOH is evident. 
However, removal of chromate by dilute NaOH using a 
recommended technique? or separation of LAA from the 
glass by a oelloidin membrane -greatly increased the 
stability of LAA. 

Comparison of different types of water to make reaction 
mixtures showed that IAA was equally stable in single 
and double glass-distilled water and in water from a metal 
still. However, ion-free water from a laboratory ion- 
exchange demineralizer stimulated decarboxylation to 
18-9 per cent in the first h when tested as part of series IT 
in Table 3. 
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Finally, testa were performed on new ‘Pyrex’ brand 
beakers. Table 4 shows the stability of IAA in Jota of 
glassware, which differed only in length of storage from 
manufacture to use, and which were prepared by washing 
in hot ‘Stergene’, hot mains water and double glase dis- 
tilled water before drying at 90° C. Batches of the newest 
beakers from the warehouse of James A. Jobling and Co., 
Ltd., Sunderland, and sent by Mr. F. C. Sedgwick were 
also ‘subjected to different desirable pretreatmenta which 
he suggested. 


Table 4. Hrract OF NEW BAKERS AND THEIR PRE-TREATMENT ON THE 
BTABILITY or IAA 


t to 
Source of beakers Pre-treatmen Degrpane n 
College stores — old stock 'Btergene', H,O and 90*0 1:5-28 
College stores — new stock m es i 15-25 
Factory warehouse | a d» Ho ae 
Factory warehouse repea tt 
Factory warehouse M eatoclaved (Inverted) oe 09 
Factory warehouse warm 5% aceto acid * 146 
Factory warehouse M ee ee oahi 06 
and overnight soaking m H,O 

Reaction mixtures — 10 wam] TAA stent 4 5 doublo 

* Then rinsed in water, &oetone, drained and dried at 

Percentage decarboxylations obtained in the newest 
glassware after water washing or ing were comparable 


to those recorded by Daly and Dev 1, who worked at 
15° C and used solutions supplemented with labelled TAA. 
to give fmal concentrations of 10 pg/ml. The greater 
instability of IAA in beakers which had been stored for 
longer periods and durmg a London winter may be 
attributable to the deleterious effecta of atmospheric 
pollutants on glase surfaces. 

Therefore, when working with IAA at pH values of 
4-5-5-3, it is necessary to check glassware, which may have 
been chemically contaminated in storage or in prior use, 
and: to avoid cleaning solutions which may damage the 
glass surface or be difficult to remove. Glasa-distilled 
water may be preferable to ion-free water. 

This work was supported by a grant from the Agricul- 
tural Research Council. 

ipa a . ML, and Deverall, B. J., a ae AIRE 
W. W., oiaue B. H, and Sante J. aed ues, 


THE BRAIN OF THE HETEROSTRACI (AGNATHA) 


By Da. H. PHILIP WHITING 


Department of Zoology, University of Bristol 
AND 


Dr L. B. HALSTEAD TARLO 
Department of Geology, University of Reading 


ENEATH the dorsal headplate of the heterostracan 
group of pelaeoroio agna 


ae ee & number of neural features have been 
described, particularly of cyathaspid Heterostraci, from 
this evidence. The structures revealed usually inolado an 
identifiable pineal organ, anterior and 

circular canals, and some dorsal areas o ihe Brun. Se 
shown in Fig. 1, which is based on illustrations of Poraspis 
polaris and Homalaspidella (Homalaspis) nitida by Kiaer 
and Heintz}. 

The oyathaspids were very early and so presumably very 
simply organized vertebrates. A modern brain with which 
this one might be compared would then be that of the 

rey (compare Goodrich’), or that of the primitive 

E Bopiránchias (compare Johnston?) which is seven- 
plied, as were probably the cyathaspids*. But the brain 
of the larval or pride stage of the lamprey, shown in 
Fig. 2, is perhaps more suitable: as Watson has pointed 


out’, the Heterostraci probably passed through a& larval 
stage in which they would resemble the pride in many 


y. BAEN attempts to identify the regions of the hetero- 
stracan brain have been made, in icular those of 
Stensid; his account of 1958 may pe be regarded as 
the definitive one’. The most recent is that of Denison‘, 
who has made brief but useful comments on the brain in 
the course of a general description of cyathaspids. Inter- 
pretations differ, and it is possible that they have been 
made from too small a factual basis, but we consider that 
the visible regions can be identifled safely if the oom- 
parative evidence is assessed. 

Some non-skeletal tissue probably formed at least part 
of the impressions, for the roof of the ohondrocranium in 
lower vertebrates is separated from the brain by wide 
tissue-spaces and may iteelf have extensive fontanelles, 


, 80 that the roof could only give impressions of brain-ahape 


in quite localized areas. Now in cyoloetomee, the sur- 
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viving Agnatha, the meningeal envelope around the brain 
is simple: there 1s a compact meninx primitiva adhering 
closely to the brain; outside the meninx is a thick peri- 
meningeal zone contaming mucoid cells’. The impressions 
may therefore have been made at the boundary between 
meninx and i tissue, where there would be 
considerable chemical and physical differences between 
the two tassuee, or partly at the outer surface of the peri- 
meningeal tissue, adjacent to skeletal parta’. Certainly 
the distinction between nervous tissue and choroid plexus, 
which shows up 1n the hind-brain region especially, would 
be difficult to account for on & basis of impreasions made 
by skeletal parte alone, and indeed there seams httle 
reason to suppose there was extensive internal cartilage 
in Heterostraci. 

The medulla oblongate extended as far forward as the 
level of the junction between the anterior and posterior 
semi-circular canals, where the VIIIth nerve enters the 
brain; it is unlikely to have extended further forward, as 
will be seen later. The medulla 18 rather elongate, and 
tapers slowly towards the spinal cord; this is probably 
related to the large number of gills innervated by the Xth 
nerve, six as in the lamprey, for these involve a longer 
extent of the visceral componente within the central 
nervous system. The central dorsal area evidently repre- 
sente a choroid plexus, which would extend in life above 
the dorsal limita of the medulla, but might either collapse 
or fail to be preserved in fose material (compare Kiser 
and Heintz, Plate $0, ref. 8, with Goodrich’s figure). The 
area of the bind-brain plexus is narrower than in lampreys, 
suggesting that there was & smaller concentration of 
grey matter here than in the lampreys; if so, the cyatha- 
spid medulla was leas developed and retained & greater 
resemblance to the spinal cord. 

The otic capsules would closely surround the system of 
semi-circular canals; the horizontal canal if it existed 
would not be vimble, but it is generally believed to be 
absent, since it is not developed (from the anterior canal) 
in modern Agnatha. The capsules extend forward aa far 
as the caudal part of the mid-brain as they do in the adult 
lamprey. In the pride stage the capsules are very delicate; 
a similar condition in the Heterostraci would account for 
the canals, and not the capsules, forming the surface 
which provides the impression in the otio region. 

The cerebellum in the lamprey is little more than a 
small transverse commissure of the VIIIth and lateralis 
components. In cyathaspids it is difficult to discern this 
region. There may have been a small cerebellar commis- 
sural band or merely & narrow choroidal ‘neck’ joining the 
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larger choroidal areas of the mid- and hind-brains: the 
latter would be a more primitive condition. 

The mid-brain appears to have been like that of the 
larval and adult lamprey, retaining a central choroidal 
plexus; this 18 & stage through which the mid-brain 
passes in the development of jawed fishes. The con- 
dition 18 strongly indicated not only in Stensio’s figures 
but also, for example, in those of Kiser and Heintz of 
Poraspis polaris. This region has been identified by Kiser 
and Heintz as mid-bram, and possibly by Stenmo in Fig. 
2054; but elsewhere Stensio identifies this rounded region 
with ite flat centre as & part of the hind-brain, for example, 
Fig. 180. 

The conformation of the vimble parta of the mid- and 
hind-brain is then similar to that of the lamprey except 
for the apparent absence of a short hind-bram region in 
front of the VIIIth nerve. Tentatively, this differance 
would be explained very satisfactorily if the dorsal pre- 
otic nerves, that 18 V!, V**? and VII, entered the brain 
dorsal to the corresponding somatic motor nerves III 
(and IV) and VI, that is, in what is believed to be their 
primitive cranial position, so that at least the tri i 
roots came from the mid-brain wall and not that at the 
front of the hind-brain. However this may be, the 
identity of the mid-brain seems unmistakable. 

Turning to the fore-brain, the exposure of the brain- 
roof, between the mid-bram and the pineal complex, is 
longer than ın most vertebrates. The diencephalon of the 
lamprey ıs also long, the pineal and parapineal organs 
extending forward from their origins in the pair of 
habenular gangha. But the diencephalon of Hepiranchias, 
as illustrated by Johnston, has & roof that 1s remarkably 
like that of cyathaspids, and ıt has the symmetrical form 
that the lamprey, like many fishes, lacks. 

The telencephalon (end-brain) is not visible in front of 
the diencephalon. Stenmo has suggested that the front of 
the brain was sharply down-turned and so the end-brain 
would not be visible ın the impressions: he pointed out 
that young myxinoids have a cephalic flexure of this sort. 
But in hagfishes this flexure 18 embryonic and 1s lost by 
the time of hatehung*. Denison remarks that ıt is logical 
to assume that the pineal organ “‘lay, as ın lampreys, at 
the anterior end of the diencephalon, and that the tel- 
encephalon lay antero-ventrally to it. There 1s no evidence 
that the fore-brain was crowded as in embryonic myx- 
jnoids, as claimed by Stengio (1958, p. 374)". In Stensio's 
reconstruction-figures, however, the end-brain 18 shown, 
not down-turned but strongly fore-ahortened, and pushed 
back to either side of the diencephalon, while the rest of 
the brain is elongate. His figure therefore 
follows the brain of the lamprey, and not 
that of the hagfish, where the whole brain is 
extraordinarily compressed. The oompree- 
sion in the lamprey is brought about by ita 
nasohypophymal system: in the pro-ammo- 
ooete stage, where this system has not moved. 
back and come to press on the brain, the 
end-brain still extends anterior to the di- 
encephalon, as measured along the axis of 
the notochord!*. 

Bo it seems that compression antero- 
posteriorly, of either type, that of lamprey 
or hagfish, is not to be expected in cyathas- 
pids.  BtenmóÓ's reconstructions (Figs. 200 
&nd 209) would raise many problems, particu- 
larly the whereabouts of the diencephalon 
and the identaty of the constricted area of 
brain in front of the otic capsules, which is 
not indicated in these figures, although it is 
shown in figures of actual specimens, for 
example, Fig. 206. 

We believe that the end-brain lay directly 
anterior to the diencephalon. The end- 
brain of Heptranchias may be used for com- 
parison: it is one of the least specialized 
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known among vertebrates, retaining a large telencephalon 
medium around the median ventricle. This end-brain has 
been drawn on the right in Fig. 1 (dotted white); at this 
goale the dienoephala in the fossil and the living form are 
almost coincident in roof pattern. The olfactory system 
has also been drawn from Hepiranchias, although the 
length of the olfactory tract, which of course varies 
greatly, has not been copied; the position of the olfactory 
capeules in Heterostraci is not known precisely, but the 
ea are sited by most workers in the position shown. 

the end-brain lay in this position it would not neceg- 
sarily leave a clear impreasion; this would depend on 
whether the dorsal surface were nervous, as in Hep- 
tranchtas, or choroidal, and on the nature of the overlymg 
tissues. There would apparently be room for tho end- 
brain- below the dorsal shield in this position; this can be 
seen from Denison’s Fig. 105. In cyathaspid material, a 
trough, in the position where the end-bram of Hepiranchias 
would lie, has frequently been observed, for example, im 
in Stensio’s Fig. 206.4. This may well be the impreesion 
of the telenoephalon: the area of this trough is indicated 
by shading in Fig. 1. 

Bo there seems good reason to suppose that oyathaspids, 
which are among the earliest vertebrates known, poeseesed; 
not & specialized, but on the contrary & very primitive 
form of brain. The brain was as primitive as that of the 
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pride but lacked the epithalamic asymmetry and com- 
pressed form of end-brain found in the latter. The brain 
of cyathaspids, and presumably also of othar Heterostraci, 
may have been more primitive than that of any surviving 
vertebrate in ita hind-brain organization: the anterior 
region of the hind-brain does not yet appeer to have been 
built up dorsally by the caudalward migration of the pre- 
otic dorsal roots towards the post-otio dorsal roots. This 
migration must certainly have occurred during early 
vertebrate phylogeny; the condition in cyathaspid fossils 
may indicate where it occurred. We have previously 
pointed out that the somites of the pre-otio region were 
also organized in & more primitive manner than in any 
living vertebrate". 
1 Klaer, J , and Heintz, A., Shr. Svalbard Isheeet, 40, 1 (1985). : 
Dub Lt Pire ie dre pee eren oek oA EON 
* Johnston, J. B., The Nervous System of Vertebrates (Murray, London, 1908). 
t Denison, R. H., Fieishana: Geology, 13, $09, 6 (1964). 
* Watson, D. AL B., Pail. Trans Roy. Soc , B, $38, 1 (1084). 
* Btenalo, H., In Tretié ds Zoologis, edit. by Grassó, 13, 173 (Mamon, Parts, 
U c 
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TAIL TO TAIL AGGLOMERATION OF BULL SPERMATOZOA BY 
PHYTOAGGLUTININS PRESENT IN SOY-BEANS 


By Pro. TAKAO KASHIWABARA, RYOICHI TANAKA and TAKUYA MATSUMOTO 


Department of Animal Breeding Mc of Agriculture, Ibarak] Untversity, 
Tsuchlara, japan 


T has been known for & long time that extraote of 
certain plant seeds (lectins) agglutinate erythrocytes 
of human as well as of animal origin. Many workers have 
shown that certain leguminous lectins are specific for 
certain blood group factors in human beings and ohick- 
ens’ and have demonstrated their usefulness in practical 
blood typing’. It has been previously demonstrated that 
mammalian tozoa exhibit antigenic characteristics 
in the identification of blood-group antigens in man and 
the bull or in the agglutination test of spermatozoa by 
antisera*-?, Sperm agglutination is & very general pheno- 
menon, but any investigations of the action of natural 
heteroagglutinina on mammalian spermatozoa would be of 
interest in relation to spontaneous infertility in cattle 
and selective fertilization of animals if one were found 
that was specific for spermatozoa (see Tyler’s discussion 
of the relation between immunological phenomena and 
fertility oontrol!*:15). 

Experimenta were designed to investigate the action of 
plant (soy-beans) extracts on fresh bull spermatozoa 
and were planned along the same lines as agglutination 
tests in blood grouping. Saline extracts of 21 strains of 
soy-beans, including 'Glyome max(L.) and ‘Glycine 
ussuriensis’, were used. The procedure for extracting the 
lectin from soy-beans was a modification of that de- 
soribed by Boyd e£ al.*-1*, and Leister and Kirk’. A 5.g 
sample in 2 volumes of saline was refrigerated for two 
nighte and then thoroughly ground. The pulp was filtered 
through gauze, and centrifuged at 4° C for 15 min to 
remove debris. After the supernatant had been heated 
in a 100? O water bath for 80 min, the mixture was centri- 
fuged and the final supernatant used in the test for the 
lectin. Sperm suspensions for the agglutination teat were 
obtained by suspending artificially collected bull sperm- 
&toroa m 100 volumes of sterile saline. These were 
examined microscopically as well as macroscopically 


30 min after with equal volumes of lectins at room 
temperature (23°-25° C) using an agglutination slide for 
serology. 

1,103 teste were carried out on the agglutinating effecta 
of 21 soy-bean lectins on spermatozoa from 92 cattle. 
In 362 cases the spermatozoa showed a specific tail type 
of agglomeration (Fig. 1). Spontaneous head-to-head 
agglutination of spermatozoa is a very general pheno- 
menon and can be shown $n vitro by saline dilution of 
mouse, horse, or fowl spermatozoa (it occurs leas readily 
with bull spermatozoa). The present tail-to-tail type of 
agglomeration is different from the head-to-head type of 
agglutination, and the tails of bull spermatozoa, which are 
highly motile, agglomerate in clumps showing a rim of 
heads on the outside in the suspension with soy-bean 
lectins. This tail-to-tail agglomeration of bull spermatozoa 





tall-to-tail 
Phase con 


mera tion 


soy-bean. (x 200) 
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resembles a ‘three-dimensional cart wheel’ and is similar 
to hetero-sperm agglutination in Katharina tunicata", 
utination of bull spermatozoa in an antiserum’, 
agglutination of Megathura orenulata!*, and agglutina- 
tion of animal sperm with the normal sera”. This type of 
bull spermatozoa agglomeration, which occurs when & 
sperm suspension is mixed with soy-bean lectins, is a very 
simple Zi- agglomeration, does not occur spontane- 
ously and i utes habis from other complicated types 
of agglomeration or agglutination (Zn, Zm, ete.)" ob- 
served in the test using other ‘plant lectins, for example, 
from (Phaseolus angularis, Ricinus communis, eto.). It 
has been p that these tail-to-tail agglomerations 
should be called Z-type agglomeration, from the German 
Zusommenball, thus directing attention to their specifi- 
i without confusing them with usual agglutina- 
tion!9;1€*, 

It was of interest to find that Zr;-agglomeration of 
spermatozoa did not oocur in every sample of bull semen, 
but that it was individual-specific, and even breed-speciflo 
(Table 1). Some lectins specifically agglomerated sperms 
of Holstein-Frieaian. Z;-poeitive reactions occurred in 88 
per cent of the Holstein-Friesian samples, 17 per cent 
Black Japanese (work cattle) and 11 per cent Brown 
Japanese (work cattle). In Table 1 the more interesting 
data are also shown as & tage of the bulla tested 
whose but for which the results 
aro not statistically significant (due to the small number 
of animals used). 


Table 1. £)-TYru AGGLOMERATION OF BULL SPRRWATOFOA OBSERYED 
UEING BOY-BRAX LECOTINB 


pire react - thre hat 
No. of No. of of 
Breeds of bulls Positivo total Si- Ea 
cattle tested bulls balls tests agg. posi 
Friesian (H) 68 48 706 808 312 386 
Black Japanese (B 12 6 50-0 106 18 17-1 
Brown Ja ) : : 444 " 10 111 
emey 
Teori Svim (BS) 1 0 5 0 
Total 91 58 1,020 340 
Statistical tests 
H B R B R H 
Ao: Dotate pale Hd 1 t ae Dori ve mae 18 10 mm 
o. o 
Total Dolla 68 13 9 otal tests 106 90 808 
M Ye Mae 
= { WA z-| NA 
148 1856 
l Dý Kn E l 25-10 <01 
25-10 «01 


The lectins of soy-beans were found to be breed-speoifio 
in Z;-positive reaction (Tables 2 and 8). It was interesting 
to find that soy-bean lectins showed almost entirely Z1- 
type agglomeration (840 Z1-positive and only 12 Zr: 
in 1,020 tests). The detailed resulta of Zn reactions will 
be presented later. It has been suggested that the reaction 
of human blood with peanut lectin could be used in 
population studies™, so the present reaction with the 
soy-bean lectins could be useful for grouping bull sperm 
—especially if one were established that was specific for 
spermatozoa. 

Further investigations are being made of the mech- 
anism of sperm agglomeration, and of the chemical 

roperties, including & molecular analysis. of the lectins. 
t may be noted that spermatozoa are observed only in 
motile conditions and disappear 2 h after the beginning of 
the test. Our present observations suggest that the agglu- 
tmins of the seed extracta may be of a protein nature 
and heat-stable. It would also seem possible that the 
lectins oan be divided into a number of groups. 

We thank the Ibaraki Agricultural t Station 
and the National Institute of Animal for the 
gifta of seed used in these investigations and the National 
Breeding Station of Livestock-Fukushima, Local Live- 
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Table $. £]-RMACTION OF BULL SPERMATOEOA AND BREEDS OF SOY-BRANB: 
BELECTED Data 


Bull Mo: ot soy-boins wer 
No. 12346567 8 10 11 12 18 14 15 21 22 23 25 
H 1 


3 - -- -+ + -+-- 
t t++etetreereeteeet teeter 
6 oco Big Ge c ders du sums oe ee 
7 +--+----+++- +-+++- 
: ---------- +- +~- - +- 
— = =- AAA c —-— -= =~ — + — 
10 -++e¢¢+ + 4+ 4+4+- oc +4 --4+- 
65 Zia 22 aa S ap: Sey a cee E 
e + + ++ TOUR px Tot E Xo aoe 
6B á -- -- -- 2- + --- te 2- 
B 1^ SS St Se ee n - 
H d P = 
4 + - - - 
5 Ane mo E 
6 + + + - -+-- 
7 + + + - ++-+ 
R1 ---------- +----- - -= 
ł -----=------ t=- -= - i 
| c d: ae -—— um 
4 Set - = B 
5 Š o e = EE et ese oe, 
6 + + + - -+-- 
7 - - + - ---- 
8 5 - + + - t+--- 
J 1 - ---- - 
2 - Ce er = 
BS 1 - - 338 
+, z aggregation; —, no aggregation; 2, Zn aggregation; 3, 3m 


Table 3, VARIETY oF SOY-BMAN URED FOR AGGREGATION Tas? WITH BULL 
BPEXWATOZOA 


v of max No. 
No. (L.) soy-bean t-or of 
seed extracts agglomeration tests 

i Kimusume Ibaraki No. 1 pa e 
3 rdu 143 14 
4 Taaohisuxunari 118 67 
H Otumejro 145 m 
7 Namm No. 1 30 6 86 
8 Norin No. 8 39-0 82 
9 Ales 39-0 77 
10 Hatogoroshi 18-6 59 
1 Norin No. 2 40-4 TI 
12 Tokaahi-choyo 250 36 
18 Akaxaya (Yamanashi) 40-9 22 
14 Oomet $59 78 
16 Harosoy 88-9 36 
21 Bonminori 87-1 70 
22 Nemashirasu $8.8 80 
23 Lee 26-2 84 
25 Fuftmuszume 238 80 


stock Stations of Ibaraki, Chiba, Gunma, Tochigi, Kana- 
gawa and Tokyo for providing us with bull semen. We 
aleo thank Dr. T. Kutii and Dr. A. Tyler for their advioe. 
This work was supported by grant 67023 from the 
Japanese Ministry of Education. 
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CIRCADIAN PERIODICITY IN SOME PHYSICOCHEMICAL PARAMETERS 
OF CIRCULATING BLOOD 


By Dr G. V. F. SEAMAN, Pror. RUDOLF ENGEL and Prof. ROY L. SWANK 


Department of Medicine, University of Oregon Medical School, Portland 


AND 


Dr WOLFGANG HISSEN 
Department of Surgery, University of Heldelberg 


HE view that an organism maintains physicochemical 

parameters at specific levels has impeded studies of 
their oscillatory nature and obscured the aims of some 
laboratory investigations. Endogenous rhythms of approx- 
imately 24 h duration have been termed ‘circadian’ by 
Halberg:. Circadian rhythms continue under adverse 
environmental conditions such as reversal of the light 
regimen or sleeping habita. A routine work schedule 
should synchronize the endogenous circadian rhythm with 
the 24-h scale. These circadian rhythms characterize a 
number of basic cellular as well as the endocrine 
and neural controls of functional co-ordination in tamet!'?, 
Halberg! has documented the role of a circadian adrenal 
cycle in the maintenance of external taming. 

In man it has been shown that temperature’, blood 
volume and haematocrit‘, total serum protein"’, oircu- 
lating blood cells and certain electrolytes and steroids* 
exhibit circadian rhythms. Circadian changes in tho 

sedimentation rate remain debatable’:*. 

In the present study a number of related physioochemi- 
cal parameters have been measured at standard time 
intervals in order to determine the extent to which they 
exhibited a circadian rhythm. An appreciation of the 
oscillatory nature of the viscosity of blood and levels of 
certain components of the plasma may lead to a re- 
evaluation of the i ce of ‘normal values’ and 
clarify some aspecta in the periodicity of hoet-perasite 
relationships as exemplified by the cycle of microfilariae 
in the peripheral blood. 

Three male volunteers participated in the study for & 
period of 72 h. (R.E. 59, 155 Ib.; R.S. 55, 186 Ib.; W.H. 
27, 180 Ib.) and one female (B.E. 26, 121 Ib.) for two 24-h 
cycles. The volunteers were in bed from midnight until 
after the 0800 sample had been taken and were asleep at 
the time of withdrawal of the 0400 sample. The oral 


. Erythrocyte sedimentation rates in mm/h 
i using Wintrobe tubes and these were then 
spun at 2,000g for 40 min to determine the haematocrit. 

Coefficients: of viscosity for each sample of blood were 
determined at shear rates of 2-30, 5-80, 11-5, 23-0, 48-0 
and 115 sec"! in a Brookfield micro cone-plate viscometer 
maintained at 25-0 + 0-1°. The viscometer was equipped 
with a torsion spring giving full-scale deflexian at 386 dynes 
om and & standard spindle (cone-plate angle 1-57°, dia- 
meter 4:8 cm). 

Calcium, potassium and sodium ions were estimated by 
means of a Beakman ‘DU’ spectrophotometer with a flame 
attachment and photomultiplier’, the procedures and cal- 
culations being performed as previously described!*. Total 
plasma proteins were determined by the biuret method of 
Wei umit and also, in the case of reasonably noa- 
lipaamis samples, with a Bausch and Lomb serum protein 
meter. Protein-bound sialic acid was de i in the 


trichloroacetic acid-insoluble fraction of plasma, using 
Svennerholm's resorcinol reagent!*. Protein-bound oarbo- 
hydrate was estimated using the phenol-sulphurio acid 
colorimetric method!" adapted to the trichloroacetic acid- 
insoluble fraction of plasma with a mixed standard of 1:1 
galactose mannose. Plasma-bound hexosamines were 
assayed by the procedure of Winzler!. 

The withdrawal of 20 ml. blood every 4 h limited the 
extent of sampling in single individuals. It was assumed 
that the pooling of simultaneous observations on four 
individuals (mean of the population qud mean) over & 
period of about 72 h is equivalent to a theoretically con- 
tinuous period of two weeks on a single individual (overall 
sample mean). The closer the mean of the population 
sample meen oorreeponds to the overall sample mean the 
more probably is this procedure valid. After withdrawal 
ot the regular 0800 gpeoimen on the last day of the experi- 
ment, two of the subjects engaged in special physical 
exercise by running and climbing stairs Bo as to observe 
the effect of strenuous muscular activity on the values of 
the physico-chemical parameters. 

e circadian rhythm of temperature and of total 
plasma protein in relative values is shown in Fig. 1. The 
overall sample mean value for oral temperature was 97-68° 
F and the mean of the ion sample mean iu 
accordingly 97.0? F corresponds to 100 per cent. 
range varied between 06.0? F and 98.60? F. Statistical 
analysis gave an F ratio of 2:079 with P 0-021. Total 
plasma protein-levels followed a similar course, with 
overall and population sample means of 8-42 g per 100 ml. 
The F ratio was 5-232, P < 0-001. Protein-bound carbo- 
hydrate and hexosamine levels follow the total protein 
rhythm. The overall sample mean value for hexosamine 
was 80-08 mg, the population sample mean 79-87 mg and 
the range from 65-1 mg to 98-2 mg per 100 ml., F ratio 
5.170, P < 0.001. The overall sample mean value for 
protein-bound carbohydrate was 119-5 mg per 100 ml., 
and the mean of the population sample mean waa 119-7 mg 
per 100 ml. The range varied between 102 and 185 mg, 
P ratio 3:019, P « 0-001. 

Plots of the means of screen filtration preesure and also 
erythrocyte sedimentation rate against time suggested 
visually the presence of a circadian rhythm. However, the 
individual differences, and hence the standard deviations 
of the pooled samples, were too great for evaluation of 
significance by vari&noe analysis and therefore detailed 
documentation is omitted. 

Total protein, protein-bound carbohydrate and hexos- 
amine levels were ab a minimum between midnight and 
0400. Haematocrit and sialic acid (Fig. 2) showed similar 
minima, but the maxima occurred at 0800, a few hours 
before the peak in total protein, protein-bound carbo- 
hydrate and hexosamine. Protem-bound sialic acid (Fig. 
2) had an overall sample mean value of 45:7 mg per 100 
ml. and mean of population sample mean of 45-6 mg per 
100 ml. with a range from 36-8 to 60-8 mg, F ratio 2-37, 
P=0-0085. The haematocrit had an overall sample mean 
value of 44-2 with a mean of the population le mean 
of 44-1. The values varied between 41:0 and 48-5 (Fig. 2). 
The F ratio was 2:52, P —0-0058. 

Plote of the relative oiroadian changes in viscosity of 
blood at all sheer rates have been superimposed and 
graphic representation of the standard deviations omitted 
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for olarity. Analysis of variance gave P < 0-001 im all 
cases. The range of percentage change from the mean 
decreased with increasing shear rates as follows: 

Shear rate in sec! : 2-80, 6-80, 11-5, 28-0, 46-0, 115. 

of relative tage difference from mean: 

62-186, 79-128, 86-121, 87-114, 89-116, 91-112. 

Changes in the concentration of calcium, sodium and 
potassium ions did not show a circadian rhythm in whole 
blood, in plasma or in the values calculated for red cells. 
Any changes that might have occurred in the distribution 
of cations would be masked because the time required for 
the cations to exchange with the extravascular compart- 
ments is brief in comparison with the time required for 
significant circadian to occur in an associated 
parameter such as the blood volume. 

The values of blood viscosity and levels of total protein, 
protein-bound carbohydrate, hexosamine and sialic acid 
in plasma follow, not unexpectedly, in view of their 
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relationship to blood volume, the known course of circa- 
dian changes in haematocrit’. It is likely that the fluctua- 
tions in the physicochemical parameters arise in part from 
the rapid transference of water from the peripheral circu- 
lation into other compartments as a result of the changes 
m posture and muscular activity which oocur from day to 
night. Venous stasis of a limb, for example, leads to a 
general exchange of water in the body’. The increases 
observed in these parameters, following additional exercise, 
support the eee of the rapid transfer of water. 
However, there is also an underlying endogenous periodi- 
city. Renbourn’ has reported a significant decrease in 
plasma protein-level after 22-00 h which is independent 
of bed rest, and Bartter, Delea and Halberg? have shown 
that the diurnal elevation of urinary aldosterone cannot be 
explained solely on the basis of haemodynamic changes. 
The elevation in temperature and blood viscosity during 
the initial period of the observations is attributable to 
normal subjects showing & greater variation than usual 
because of anxiety (‘novelty effect’). Onoe the daily rou- 
tine was established even the perturbation produced by 
the venepuncture at 4-h intervals was normally without 
significant effect on the circadian rhythm. Amplification 
of the changes in the physicochemical parameters occurs 
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if an enhancing procedure such as exercise is carried out 
during the endogenous rises at the time of arousal. 

The individual variation in the screen filtration preg- 
sure was too great to enable any quantitative assessment 


depends on a number "of variables, 
including concentration of blood elements, plasms consti- 
tuenta and, in particular, adhesiveness and aggregation of 
platelets, leucocytes and red cells. The white cell count is 
known to exhibit a circadian cycle mediated by the 
activity of the adrenal d. In man the lowest white 
cell counts occur during day™, which would favour low 
values for the screen filtration whereas the plasma 
protein-levels and haematocrit tend to be high at that 
Again, the erythrocyte sedimentation rates which de- 
pend on haematocrit, rate of aggregation of the red 
cells, composition of the plasms, electrical charge on the 
cells, eto., showed no direct circadian periodicity. It was 
not considered feasible to correct the erythrocyte sedimen- 
tation rates for the effects of circadian variations in the 
values of the associated parameters. 
Maxima in the value for the viscosity of blood are better 
with the peaks in concentration of protem- 
bound sinlio acid than with the peaks of total protein- 
bound carbohydrate. Sialic acid is le for 
the electrokinetic charge carried by circulating blood cells, 
especially erythrocytes", and also in part for the charge 
and rheological behaviour of many glycoproteins. The 
fluctuation in levels of sialoproteins in the blood may 
affect the value of the electrokinetic borne by 
circulating cells and endothelial surfaces and thus influence 
the cycle of such parasites as miorofllariae. The 24 h 
rhythms in Wuchereria banorofti microfilariae and blood 
es ee a ee 
Dassanayake and de Silva™. 
to nasa class ta the Raver dure db ag, ets lee ed 
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again at night. If the microfilariae are constrained in the 
lung capillaries by electrostatic forces, physicochemical 
changes mediated by the circadian variation in the level 
of sialoproteins could lead to changes in the electrical 
charge carried either on the filariae or wall of the capillary 
and thus to the release of the microfilariae into the 
Although the fluctuations m many of the physioo- 
chemioal parameters are largely attributable to ‘activity 
potentiated’ changes in haemodynamics there pee 
endogenous rhythms for which the nature of the mech- 
Peete peel Mines tacter gaat fae 0E ‘master 
biolo clock’, c 
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BINARY MIXTURES OF SPHERES 


By Pro. S. YERAZUNIS, S. W. CORNELL and B. WINTNER 
Department of Chemical Engineering, Rensselaer Polytechnic Institute, Troy, New York 


Ja oben ee ee eee oe 
dense random packing of spheres have been reparted 
recently. MoGeary! has presented experimental packing 
density measurements for binary mixtures and maximum 
ere one for ternary and quaternary mixtures. 
ti and Brogilow* investigated the local void fraction 
distribution for single-size spheres over a large range of 
aspect ratio, that is, container-to-sphere diameter ratio. 
Yerarunis, Bartlett and Nissan* proposed a theory for the 
packing of binary mixtures based on a distortion mech- 
anism. The present work was undertaken to obtain more 
definitive date with which to test this 
The desired amounta of the two classes of spheres, in 
excess of that which could be accommodated by tho final 
container, as determined by weight, were mixed carefully 
and poured into a ‘Lucite’ cylinder, 63 mm in diameter and 
03 mm in height. A second cylinder of the same diameter 
but of smaller height, 50 mm, was joined and sealed with 
tape to the first The mixing device so formed 
was tumbled extensively to homogenize the mixture. 
With the device oriented vertically and the sphere mix- 
ture in the emaller of the cylinders, the system was 
vibrated to maximum density using the actuator from a 
door-bell mechanism. In order to avoid too intense a 
vibration and the concomitant low-density packing, the 
actuator and the impact surface were to obtain 
a subtle, mild action. The effectiveneas with which the 
dense random ing was achieved is suggested by the 
measured fraction for single-size spheres of 


0-035—0-689, a range which corresponds rather well with 
the extrapolated value of 0-637 reported by Soott*. Two 
min vibration proved sufficient to campact mixtures of 
the smaller size, but vibration was extended to 5 min for 
mixtures involving a large-size class. After compaction 
the cylinders were separated and the surface of the 
compacted mixture in the smaller of the cylinders was 
levelled using a stiff sharp-edged steel rule. The excess 
mixture was separated and the weight of the larger 
spheres in the excess was determined. The packing 
fraction and the composition of compacted mixture in 
terms of fraction of occupied volume were calculated from 
the initial weighta charged, the compacted weight and 
volume of the smaller cylinder, the weights of excess 
spheres and the densities of the two sizes of spheres 
involved. The diameter ratios investigated, together with 
the diameters of the spheres employed, are summarized 
in Table 1. The experimental data are shown in Fig. 1, 

which are also shown the data obtained by Atkins and 
ier for the diameter ratio of 12. 


Previous in’ ions^** have revealed that the 
packing fraction of mixtures of spheres is greater than 
Table 1 
Diameter ratio Large spheres E spheres 

15 82 0 088 
67-7 5-96 0 088 
5-74 0 50 0 068 
3-41 0 197 
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that of either single class and exhibite a maximum value, 
which is a function of diameter ratio, in the neighbour- 
hood of 0-78 volume fraction large spheres. This general 
behaviour can be explained in terms of two models, one 
applying to the range of large-sphere concentrations up 
to the oritical value corresponding to the maximum paok- 
ing density, the other to the remaining concentration 
range. Consider for the moment a dense random array 
of small spheres. The addition of a large sphere results in 
the displacement of the equivalent volume of small 

heres and increases the overall packing fraction by 
eliminating the micro-voids associated with the small- 
sphere régime which was replaced. This replacament pro- 
cess may be continued up to that point at which the large 
spheres are themselves arrayed in dense random packing. 
Starting with the opposite extreme, small spheros can be 
added to an existing random array of large spheres by the 
filling of existing voids. The procedure may be continued 
until the macro-voids formed by the large spheres are 
entirely filled by «mall spheres. 

In the case of an inflmte diameter ratio, the small- 
sphere régimes will be characterized by a void fraction 
corresponding to dense random packing in a container of 
infinite aspect ratio and the packing fractian—composition 
function can be predicted theoretically. However, for 
finite diameter ratios, the distortion of the small-sphere 
régime due to the large-sphere surfaces must be taken 
into account for compositions of large spheres below that 
corresponding to maximum packing denmty. Beyond this 
point, two factors present themselves. Starting with a 
large-sphere array, small spheres can be introduced into 
sufficiently large macro-voids without disturbing the large- 
sphere ts. At some composition determined 
by the sphere diameter ratio, the macro-voids large enough 
to accommodate small spheree will become saturated. 
Further additions of small spheres oan be effected only 
by expanding the large-sphere lattioe. 

Thia investigation has been concerned with the be- 
haviour of mixtures of spheres for compositions less than 


D, /D, "l2 


D /0, «5 


D, /D, «3/4 





0 01 0-4 06 08 10 
Volume fraction large spheres In oooupied volume (y) 


at Packing fractions in binary mixtures. Lines represent theoretical 
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that corresponding to the maximum packing fraotion. 
The observed behaviour can be peek eee as follows. 
In the binary mixture, the amall spheres can be imagined 
to oocupy domains of size and shape determined by the 
number of large spheres per unit volume and their 

ment. On av the volume of & small-sphere domain 
will be given by (1— ViNi;)/Ni, where V; is the volume 
of a large sphere and N; is the number of large spheres 
per unit volume. A characteristic of the size of the 
amall-sphere domain oan be defined Da to [(1 — ViN)/ 
Ni]. Accordingly, a measure of tho local aspect ratio, 
that is, particle-to-domain dimension, is [D,]/[N:/(1 — 
ViN:1)}:*, where D, is the diameter of the amall Bphere. . 

Boott's investigation provides a basis on which to 
relate the packing fraction of the small-sphere domain, fi, 
to the aspect ratio by: 

fp 2 feo -ED[NJQ — ViN)” (1) 
where fs» is the packing fraction for dense random arrays 
of equal spheres in an infinite container and K is an 
empirically determined constant. 

Since the degree of distortion of the small-sphere 
domains from the infinite aspect ratio configuration would 
be expected to be related to both the aspect ratio and the 
extent of ‘wall’ (surface of large spheres), equation (1) 
must be modified. On average, one large sphere is associa- 
ted with each small-sphere domain. It is proposed that an 
effective packing fraction, f, be defined so as to reflect 
the area of the large sphere relative to a sphere of diameter 
corresponding to the characteristic domain dimension, 
Dz, that is, a function of [Di/D«4]*. The simplest assump- 
tion is to replace K in equation (1) by K'[D:/De]*, with 
the result that: 


Se = foo — K"(Di/De)*DLNif(l — ViN)] — (2) 
Since the packing fraction for the mixture, fp, is: 
fe = ViNi + (1 — VNf (3) 


equations (2) and (3) can be combined with the expression 
for domain dimension to yield: 

fo = ViN: + [1 — ViNi (feo -KDD ;— iy] (4 
Noting that V:Ni = fyy, where y= fraction of large spheres 
in the occupied volume, equation (4) can be rewritten as: 








SED. (5) 
T Di 

The question which now requires resolution is whether 
the distortion parameter, K’, is dópendent on the relative 
curvatures of the smedl and large spheres. The i- 
mental measurements obtamed in this study indicate that 
the distortion parameter is related to the diameter ratio 


through: 
K’ = 0-165(Ds/D1)-*""™* (6) 

Equation (6) is to be interpreted as an indication that 
the distortion of the small-sphere régime is reduced with 
decreasing large- to small-sphere diameter ratio. The 
concept is not only in keeping with one’s intuition but also 
with the fact that m the limit of a diameter ratio of unity, 
where the addition of one sphere involves only & simple 
replacement, there is zero distortion. Unfortunately, 
equation (6) does not extrapolate to this limit as is noted 
later; however, it does describe the phenomenon over the 
range of diameter ratios investigated. 

Substituting (6) in (5): 


Í» = m a =f Aee D 0-706 (7) 
7o 5{Ds/Di]™"**)y 

Equation (7) was used with fpo = 0:638 to obtain & oom- 
parison with the experimental date. The agreement was 
quite good over the range of diameter ratios studied, with 
the exception of some deviation for the 3-41 diameter 
ratio for compositions exceeding 0-5 volume fraction and 
more substantial disparity for the 2-58 case above a 
composition of 0-3. 
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Some indication ae to the reason for this behaviour is 
obtained by noting that the number of small spheres per 
domain ing to the composition at whioh the 
experimental results depart from theoretical expecte- 
tions is approximately 40 in both instances. The average 
domain dimension expressed in terms of small bead diam- 
eters is somewhat over six. As the concentration of large 
spheres is increased, the sizo of the amall-sphere domain is 
reduced even further. In the case of the 5-74 : 1 mixtures, 
the 40 to 1 ratio of small to heres is reached only 
at & composition of 0-82, which is d the maximum 
peoking fraotion point. It is propoeed that the distortion 
parameter defined by equation (6) is not ad for 
small-sphere domains of leas than 40 spheres nnd that the 
following relationship is more suitable: 

K’ = A[D4JDi]* + B[NiJN.] (8) 

. The first term on the right-hand side of (8) is the correc- 

tion for the effect of curvature on the distortion para- 

meter which was described earlier. Tho second term is 

proposed as an empirical approximation to the effect of 

domain size expressed in terms of number of small spheres 
per large sphere. $ 

The ratio of large to small spheres can readily be 
expressed in terms of diameter ratio and composition as: 

NUN, = [Ds/Di}4{y/1 — y] (9) 

Equations (5), (8) and (9) are combined to produce the 
final relationship between packing fraction, diametar 
ratio and composition: 


fp = 


fro 


let = fee 9 A(D./D)my = : B[D,/Di]Sy!l — y 


The optimum values of the correlating oonstante were 
determined to be: A, 0-165, m, — 0-294 and B, 0-5. 
The numerical equation actually used then waa: 


0-638 


fs = q—q088 — 0318 DID)" "tg 3 C98[DJIDISNI — y 


At this point it should be noted that the constants A 
and m in the expression (8) for the distortion parameters 
are believed to be reasonably reliable because of the 
number of data points available for test. The correction 
for domain size is leas oonfidently known. The form chosen 
in (8) satisfles the requirements that this term should be 
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negligible for larger diameter ratios and for low composi- 
tions. Jt is by no means the only formulation which 
could fit the available experimental date. Accordingly, 
the recommendation made above should be regarded with 
some restraint as but one possible representation. Addi- 
tional experimental date will be required before a more 
positrve conclusion can be reached. On an overall besis, 
equation (11) correlates the experimental findings quite 
adequately as shown by the comparison between theo- 
retical and experimental resulta in Fig.l. 

The predicted packing fraction-composition curve for the 
infinite diameter ratio is obtained by letting [D./Di]—> 0 
mW 0-638 

fo p— 0302y (12) 

The difference between predictions for the infmite 
ratio and for the largest ratio studied experimentally, 
180: 1, is quite small as one might reasonably expect. 
It is to be noted that the model (12) predicta a concave 
upward curve for the infmite ratio case which is in con- 
tradiction to the linear relationship which had previously 
been proposed in (8) and (6). It would appear that the 
latter conclusion may have occurred as & consequence of 
oversimplifloation of the replacement mechanism. 

Although the proposed model and the final expression, 
(11), fit the available data and lead to the expected results 
for the very high diameter ratio, they do not extrapolate 
effectively in the opposite direction. For the caee of mixing 
equal-sized but otherwise istinguishablo 
spheres, the packing fraction should be indepen- 
dent of composition. Equation (11) clearly does 
not satisfy this asymptotic requirement. The 
problem to be faced with small ter ratio of the order 
of two or leas 1s that the domain size expressed as the num- 
ber of small spheres per large reaches the critical 
value of the order of 40 at very low concentra- 
tions of large spheres. Under these conditions, 
the distortion parameter formulation defined (8) 
would appear to be entirely inadequate. 


(10) 


y 4D 
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STRONTIUM ISOTOPE INVESTIGATION OF IGNEOUS ROCKS 
FROM ICELAND 


By Dr. S. MOORBATH 
Department of Geology and Mineralogy, University Museum, Oxford 
AND 
Dr. G. P. L. WALKER 
Department of Geology, imperta! College of Science and Technology, London, S. W.7 


"T HE limited range of variation in the initial ""Sr/*8r 
ratio of basaltic rocks (particularly in ooeanio areas) 
suggesta that the source regions of basalts are relatively 
ham 5 with to their Rb/8r ratios!*. The 
average Rb/Sr ratio in the sialio crust ia substantially 
higher than in the source regions of basalt**. On this 
basis, Faure and Hurley! that there is sufficient 
enrichment of strontium-87 (resulting from the radioactive 
decay of rubidium-87) in crustal materials to use the 
*'Br/*'Br ratio of igneous rocks, at time of crystallization, 
as a criterion for the origin of the material. Thus the 


initial ""8r/*Sr ratio of an igneous rock formed by 
remelting of—or oontamination with—ancient crustal 
material may be expected to be measurably higher than 
that of an igneous rock formed by differentiation of 
besaltio magma. 

Strontium isotope measurements are reported in this 
article for a small, but reasonsbly representative, set of 
basic and acid igneous rocks of Tertiary to Recent age 
from a number of localities in Iceland (Fig. 1). The 
rock-types include gabbro, basalt, andesite, basio and 
acid tuff, pitchstone, obsidian and granophyre. Most of 


838 


the specimens were collected by one of the authors 
(G. P. L. W.), but those from the Slaufrudal intrusion 
were collected by A. E. Beswick. 

Toeland exhibits many features of unusual geological 
interest, not least ite situation astride the mid-Atlantio 
ridge, as well as the large-scale, intimate association of 
basic and acid igneous rocks. The problem of the origin 
of the acid igneous rocks is of considerable interest. 
Carmichael*, in his Investigation of the crystallization of 
feldspar from volcanic acid liquide, considers those 
Ioelnndio rhyolites and pitchstones which he has examined 
to belong to that class produced by the fractionation of 
tholeiitic magma. On the other hand, Walker’ states 
that “such large amounts of acid (and intermediate) 
magma seem unlikely to have originated by crystal 
fractionation of basaltic magma and that a sialic crust 
seams a more likely source. Recent seismic work in 
western Iceland by Tryggvason and Baath! has, however, 
failed to reveal a layer that oan be identified as sial, and 
direct evidence for the existence of a sialic crust below 
eastern Iceland is lacking; but it may be that the great 
abundance of acid material in the Icelandic central 
volcanoes is evidence of ite existence.’’ According to 
Cargill e£ al." and many later workers, no floor of sial is 
visible anywhere in Iceland, no ‘accidental’ xenoliths 
have been discovered in lavas or intrusions, nor blocks 
in the voloanio piles; nor is there any evidence in the 
petrological character of the rocks of the assimilation of 
sedimentary material. 

Strontium isotope measurements were carried out with 
an A.E.Il. MS-2 masa spectrometer with a 60°, 6-in. 
radius analyser tube and an electron multiplier as the 
ion-beam detector. A single tantalum-filament, surface 
ionization technique was used. Full experimental details 
have been described elsewhere!*:3, In order to eliminate 
unpredictable isotopic fractionation effects, all measured 
*"8r/“8r ratios were normalized to “Sr/*Sr=0-1194, in 
line with the procedure adopted by other workers!'. 
This also haa the effect of improving the reproducibility 
of replicate measurements. The average “Sr/**8r ratio 
found in the oourse of the present work was 0:1188, 
nearly l per cent below the conventional value of 0-1194. 
It appears, however, from the work of Hedge and 
Walthall’, that the single filament ionization technique 
can yield slightly lower **8r/“Sr ratios than triple filament 
ionization. A check on reproducibility was provided by 
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BASH ROCKS AND ANDESITE 
ACID ROCKS 
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Fig. 2. Histogram of initial "'Br/"'Br ratios from Ioeland 


frequent isotopic analysis, during the course of the work, 
of the Eimer and Amend strontium carbonate standard, 
circulated internationally by the Massachusetta Institute 
of Technology group. The mean of eight separate 
measurements of the *'Gr/*fSr ratio was 0.7070, with a 
standard deviation of +0-0010. In tbe 1964 report of 
the Massachusetts Institute of Technology group! it is 
stated that the normalized values found by several other 
laboratories for the Emer and Amend *'Br/**Br ratio lie 
between 0-7075 and 0-7085. It is considered that in the 
present work the reproducibility of æ single *’Sr/*Sr 
measurement is + 0:0015 at the 66 per oent enoe-level. 
Rubidrum and strontium determinations were made by 
X-ray fluorescence analysis, yielding values to at least 
+10 per cent. The lower detection limit for rubidium 
was about 5 p.p.m. The Rb/Sr ratio and the geological 
age of the rooks were too low to necessitate an age 
correction in the measured *"Sr/*8r ratios. 
Measurements were carried out either on powdered, 
whole rock specimens, or on plagioclase feldspar separates. 
The resulta of strontium isotope measurements, 
expressed as the normalized, initial "'Br/**Sr ratios, are 
given in Table 1. Fig. 2 is a histogram of the resulte. 
It is evident that, with one exception, there i8 no nm 
cant difference in the ''Br/**Sr ratio between any of the 
rocks so far measured. The mean value for twelve basio 
rooks (omitting P. 673, see following) is 0-7024+0-0009 
and for eleven acid rocks 0:7016 + 0-0008. (Six of these 
acid rock samples are from the same rock unit, see 
following.) A single andesite measurement yields 0-7029 + 
0-0015; this sample has an appreciable Rb/Sr ratio, but 
even on the assumption of & maximum age of 50 million 
years, the *"8r/**Sr ratio would only decrease to 0:7022. 
The basalt lava P.678 (No. 7, Table 1) from Breiddalur 
gives the only ‘anomalous’ strontium isotope result, with 
an "Sr/*8r ratio of 0-7089+ 0-0010, representing the 
mean of two separate determinations. The rock does 
not appear in any way unusual, but it occurs m an unusual 
geological environment. It occupies the caldera or crater 
of the Tertiary Breiddalur central volcano, described by 
Walker’. Below, and separated from it by one other 
leva flow, is a thick hyaloolastic accumulation, the result 
of subequeous eruption of basalt into the lake which 
ocoupied the caldera. It appears that the water 
was sea-water. (Since the "'Sr/''Sr ratio of sea-water is 
about 0-708, soaking of the lava in sea-water and resulting 
element and isotope exchange could &ooount for the 
comparatively high *’Sr/**8r ratio of the basalt.) How- 
ever, fumaroles and hot springs are thought to have 
contributed to the lake, and the rocks now visible beneath 
the basalt lava consist mainly of highly altered rhyolites 
and acid pyroclastics, which might have been the source 
of the slight excess of ''Br. 
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Determtned by fluorescence , n.d. — not detectable. 
+ Noemi by adfustun Siro o Ù- T104 and th moasured "rte aio by half this monat, The figure In parentheses after the ratio Indicates the 


analyses performed for 


each 
X/Ar age on sample A. 39 whole rook [a 6-6 4-1-1 million years (analyst, D. C. Rex). 


Of the acid rocks, the aix from the Blaeufrudal 

POI TE stook (Nos. 19-24, Table 1) of Eastern 
celand are of particular interest. This is the largest 
known imtrusive mass in Iceland, with an outerop covering 
an area of 15 km* and with a volume of at least 10 km?. 
The structure and logy of this intrusive have been 
described by M d ee ee A De 
published elsewhere by A. E. Beewick. Although many 
of the principal plutonio intrusions of Kasten Ioeland 
are composite masses, mainly composed of gabbro, 
granite and granophyre, the Slaufrudal stock oonsiste of 
acid rock only. A potassium—argon determination on 
whole rock sample 4.39 yielded an age of 6-5+ 1-1 million 
years. Even allowing for a plausible maximum of about 
20 per cent loss of on from potash feldspar, this puts 
he age of (Abrasion oF the soul very lita in the T 5 
This unexpectedly young age explains why the "'Br/* 
ratios all agree within the limite of error, 
despite the fact that the Rb/Sr ratios of the aix samples 
range from 0-4 to 2-8. 

Samples No. 16, 17 and 18 (Table 1) are feldspar 
orystels obtained from interbasaltic acid tuff horizons. 
es du. e MUR UE 
acid magma, during which feldspar phenocrysts became 
separated from the acid magma. bees pe sate 
environment, surrounded by soft and 
neal, dase oral ad medir uo ceu Bae ee 
&nd in & very fresh condition. 

The well-known postglacial obsidian from Hrafntinnu- 
hryggur (No. 25, Table 1) was first deeoribed and 


chemically analysed by Wright? and laster by 
Carmichae]1*.15, 
The strontium results suggest that these 


ay ior co cooks ror Toeland 86 far Tveito 
aa HUS oper mati i eld 

bazio rooks, presumably the 

rooks were formed either by the 


of basio * or by some process of partial melting 
of basic rooks. The possibility that they were produced 
by the partial or complete remelting of an ancient sialic 
crust beneath Iceland with anything like the average 
crustal Rb/Sr ratio is excluded by the isotopic data. If 
such & crust existe—and there is no direct evidence for 
it—then, either, it has not contributed any significant 
amounts of material to the acid rooks investigated in this 
study, or it is not older than about 100 million years. 
Clearly, many more strontium isotope measurements on 
loelandio rocks are needed. However, if none of the 
acid rocks is found to contain a significant enriohment 
of strontium-87 over basalts, it would provide rather 
strong circumstantial evidence for the absence of ancient, 
sialic crust beneath Iceland. The presence or absence of 
such & crust would have an important bearing on 
reconstructions of the northern land masses prior to 
(hypothetical) continental drift. It is inherent in the 
preeent interpretetion of the isotope results that there is 
some mechanism by which comparatively large volumes 
of acid magma can socumulsate at depth by derivation 
from the same source regions as basalt magmas, or from 
basalt magms itself. This may have happened at various 
times during the Tertiary geological history of Iceland. 
It is of interest that the average *Sr/“Sr value for 
the Iceland rooks is signi lower than for the basio 
rocks of at least some of the continental areas of the 
North Atlantic Tertiary igneous province. An average 
value of 0-7058 + 0-0010 has been reported for basic rocks 
from the Isle of Skye, north-west Scotland", while the 
average value for the basic rocks of the 
parr Meee Gre aon te 01008 2. 0-00 
maas spectrometer used in the present study gave an 
edid ['*8r value for the Eimer and Amend standard 
which is about 0:0020 lower than that obtained with the 
maes spectrometer used in the Skye and East Greenland 
investigations. (There is something to be said for oorreot- 


However, 


840 


ing the measured *"8r/"*8r from all laboratories to an 
pan value of this standard.) Nevertheless, even 

wing for instrumental differencea, there still appears 
to be a significant difference of about 0-002—0-003 between 
the Iceland resulta and thoee from Skye and East 
Greenland. 

This difference is in accord with the findings of previous 
workers!" that the ''Br/*'Sr values for oceanic basalte 
are, on the whole, slightly lower and leas variable than 
those of continental basalts. Hedge and Walthall* 
report an average of 0-703 for oceanic basalta, while 
two Recent basalts from Iceland measured by tham gave 
an average of 0.7025. The values for contmental basic 
volcanic rocks appear to lie in the range 0-702—0-7101:1. 

It was mentioned above that the high *’Sr/**8r ratio 

. of 0-7089 + 0-0010 for the Breiddalur basalt, P.678, might 
'be due to some superficial process such ae leaching and 
isotopic exchange. Noverthalean, the poæibility must 
be kept in mind that this is a true, ratio, indicating 
local inhomogeneities m the Rb/Sr ratio of the besaltio 
source regions. More work is in progress on this problem. 
It is of interest to note that Faure and Hurley! reported 
a single *'Br/*'Sr ratio of 0:7101 +0:0004 for a Recent 
olivine basalt of unspecified locality from Iceland. These 
authors have recently revised all their originally pub- 
lished *’8r/**Sr values downwards by about 0:003, but 
in either case the quoted value is close to that of the 
Breiddalur Tertiary basalt. Clearly, the suspicion is 
justified that not all the basic of Iceland have 
*"Sr/**8r ratios as low as 0-702-0-708. 

It is important not to carry the analogy between the 
acid igneous rocks of Iceland and of the Tertiary igneous 
centres of north-west Scotland too far. While there may 
be some general similarities in fleld relationships and 
mode of occurrence, the ultimate origin of the granitic 
material may be quite different in the two cases. This 
emerges already from recent investigations of the feldspars 
in certain volcanic soid liquids by Oarmichael*, as well 
as from geochemical and trace element studies on natural 
acid glasses from the North Atlantio Tertiary province 
by the same &author!*!*, Indeed, Carmichsel!* considers 
that “tho acid magma available for eruption in Ioeland, 
aa represented by the pitchstones, shows little variation 
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in composition throughout perhaps as much as 60 million 
years’. 

The general uniformity of the Iceland strontium isotope 
resulta contrasts strongly with the resulta from two large 
Tertiary plutonic igneous oentres in the Isle of Bkye, 
north-west Scotland, where it has been shown!" that the 
initial '"'Br/^*Br ratios of granitic and related rocks are 
aignificantly nigh s (about 0-718) than those of nearby 
besaltio rocks. This suggested that the granitic and 
related rocks were produced by partial melting of ancient 
Lewisian rocks (>1,600 million years) which form the 
underlymg basement st no great depth in Skye. This 
interpretation was in agreement with conclusions drawn 
from other recent, totally independent, experimental lines 
of evidenoe*:!!. 

There are clearly several ways in which granitio magma 
oan be formed, even within a single voleanio province. 
It is to be hoped that strontium isotope investigations, 


in addition to the more conventional logical, geo- 
chemical, petrological and mineralogi criteria, will 
provide a clue to the mode of origin in any particular case. 


We thank our colleagues for their advice: The work 
at Oxford forms part of the programme of age and 
isotope studies directed by Prof. L. R. Wager. 
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FORMATION OF OCEANIC RIDGES | 


By Dx. M. 


H. P. BOTT 


Department of Geology, University of Durham 


CEANIC ridges form an interoonneoted system of 

underwater mountain ranges about 80,000 km in 
total length (Fig. 1). They stand 2-4 km above the 
average depth of the oceans and vary in width from a few 
hundred to four thousand kilometres. They form the 
largest uplifted surface feature of the Earth. This article 
suggests a mechanism for their uplift. 

It has recently been shown that the East Pacific Rise 
was formed by uplift of the sea-bed from normal oceanic 
depths during the Tertiary’. The Mid-Atlantic Ridge was 
also probably formed during the Tertiary*. Menard? has 
shown that the atolls and guyots scattered over a sub- 
stantial area of the north-west Paciflo were originally 
volcanoes reaching sea-level on the crest and flanks of a 
Mesozoic ocean rise (the Darwin Rise) which has since 
subsided to normal ocean depths. 

A similar type of uplift has affected some continental 
regions. Much of the western United States has been 
uplifted nearly 2 km since the Eocene‘, farming & con- 
tinental extension of the uplift which formed the East 
Paciflo Rise. This uplift is particularly well displayed 
in the Colorado Plateau, which remained close to sea-level 
from before the Cambrian until the early Tertiary and was 


afterwards uplifted without folding. A similar situation 
appears to exist where the Indian Ooean Ridge passes 
into the part of Africa and Arabia which shows evidence 
of strong epeirogenic uplift. 

Thus vertical movements of 2-km amplitude have 
affected vast areas of ocean floor and more restricted (but 
still quite substantial) areas of continent in extension of 
the ocean ridges. It has been widely that 
mantle convection currents ing beneath the ocean 
ridges may indirectly provide a mechaniam for the 
formation of the ridges and for their elevation. I support 
this hypothesis and further suggest that dilatation 
accompanying partial fusion in the rising convection 
current provides & direct explanation of the uplift. The 
evidence and arguments favouring this hypothesis are 
stated here. 

It is inconceivable that vertical movements of 2-km 

e can have affected regions of large areal extent 
SUG nuum. m deus duode Gating Go 
adequate to maintain approximate isostatic equilibrium. 
Otherwise these regions would have isostatic anomalies 
of more than 200-mgal magnitude either now or before 
the uplift occurred. Nowhere are widespread iscetatic 
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Fig. L System of oceanio ridges 


anomalies of this magnitude known: in particular the 
western United States’ and the oceanic ridges". are in 
approximate isostatic equilibrium despite «mall local 
departures. It also seems out of the question that regions 
such as the Colorado Plateau were out of isostatic equi- 
librium by — 250 mgal from the Cambrian until the Eocene 
unless the mantle was very much stronger then. Thus 
uplift and subsidence have oocurred in isostatic response 
to substantial changes in the density of the underlying 
rocks 


Seismic refraction profiles show that changes in crustal 
thioknees are inadequate to explain the uplift of the East 


Paciflo Rise: (Fig. 2), or the subsidence of the Darwin ' 


Rise’, or the present elevation of the Mid-Atlantic Ridge*. 
The region of anomalously low density causing the eleva- 
tion is therefore within the upper mantle beneath. 
Bupport for this conclusion comes from the 
relatively low-compreemion wave velocities in 
the topmost mantle beneath the Mid-Atlantic 
Ridge', part of the East Pacific Rise’, Ioe- 
land’ and the western United States’*, since 
low seismic velocities normally correspond 
to low densities. 

A region of relatively low density in the 
upper mantle could be attributed either to 
chemical inhomogeneity or to changed physi- 
cal conditions causing dilatation of otherwise 
normal upper mantle rocks. Chemical in- 
homogeneity could result from a crust-mantle 
mux! or from variation in the proportion of 
minerals such as plagioclase. Possible 
explanations depending on changed physical 
conditions include thermal expansion, silicate 
mineral phase changes, partial fusion and 
serpentinization of olivine’. Thermal expan- 
sion seems to be inadequate to produce 
sufficiently large changes in density?®*. If 
it is assumed that a single process is of 
dominant importance, four disconnected pisces 
of evidence enable a tentative choice to be 
made between the remaining hypotheses. 
‘These are: (1) the gravimetry and seismology 
of Iceland“; (2) the epeirogenic and reversible 
character of the uplift; (8)-(4) the inadequacy 


AVERAGE FOR CONTINENTS AND OCEANS 
———. 





of silicate phase changes and reactions to produce a suffloi- 
ently large density contrast. These are discussed in turn 
as follows: 

(1) Iceland lies on the Mid-Atlantic Ridge. The average 
Bouguer anomaly is about +15 mgal!'. If the upper 
mantle beneath were normal, this would mean that the 
orust is continental (80-35 km thick). However, seismic 
studies in Ioeland!*/* suggest that the crust is only about 
17 km thick and has a high average P velocity. Com- 
bining these observations, we conclude that the up 
mantle beneath Iceland possesses an anomalously low 
density which contributes a gravity anomaly of about 
— 250 mgal. This could be caused by & reduction 1n density 
of 0-03 g/cm? ing over a vertical thickness of at 
least 225 km, or 0-3 g/cm? over at least 23 km. Further 
evidence of critical importance comes from Tryggvason's* 


o 
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Heat flow (10-* olam" seo) 


842 


discovery that compression wave arrivals from distant 
earthquakes arrive about 1-3 seo late ab Reykjavik. 

interpreta this delay as caused 
anomalously low compression wave velocity of 7-4 km/s 
extending to a depth of 200 km below Iceland. Moat 
common rocks show an empirical relation between oom- 
pression wave (P) velocity and density, such that reduc- 
tion in P velocity from the normal upper mantle value of 
8:2 km/s to 7-4 km/s would correspond to a reduction in 
density of more than 0-1 g/am!?, Spread over a vertical 
extent of 200 km, this woul cause & mass deficiency more 
than three times as as the observed value. This sug- 
gests that the region o low density is not caused by com- 
mon rook types with relatively low density. This rules out 
a crust-mantle mix, serpentine and phase changes in oom- 
mon silicate minerals, although it is possible that an 
unusual chemical composition oould explain the di- 
crepancy. The simplest explanation is that partial fusion 
causes the masa i , since this would reduce the P 
velocity relatively more strongly than the density as the 


rigidity modulus vanishes on fusion. 
(2) * has suggested that the uplift of oceanic 


rises is reversible. Furthermore, there is no evidence to 
suggest that equal vertical movements in the opposite 
sense affect the adjacent belte of ocean floor during the 
uplift or subsidence of an oceanio rise. These considera- 
tions suggest that uplift oocurs as a result of dilatation 
within the underlying upper mantle and that subsidence 
accompanies contraction to normal volume; this is difficult 
to reconcile with the hypothesis of chemical inhomo- 


geneity. 

(3) Experimental observations on solid-eolid silicate 
phase transitions likely. to be of importance in the topmost 
200 km of the mantle show that the phase boundaries 
follow gradients within the range 17°-35° O/km (ref. 17). 


2—6 km. If the ohange by 

such phase changes were 0-3 cm‘, this would cause a 

d wiih Ford Gul cae oe lift of 
, wo y © Of Causing an up. 

0-7 km at moet. Thus solid-solid silicate phase transitions 


much above 500° O. The gradient of Iceland?’ 
is such that temperatures of 500° C almost certainly oocur 
at a shallower depth than 10 km. Similar considerations 
apply to regions of anomalously high flow of heat on the 
East Paciflo Rise and the Mid-Atlantio Ridge. This raises 


& serious difficulty for the serpentinization hypothesis. 

The foregoing considerations (1)-(4) together suggest 
thab ial fusion is probably the Inant cause of the 
low. oi: 


10 per oent of the parent rook under- 
goes fusion, the overall reduction in density is 
0-08 g/cm?. Thus 10 per cent partial fusion e i 
over a vertical range of 150 km would explain the uplift 
of an oceanic ridge 2 km high, or a continental uplift of 
about 1-4 km. Partial fusion causes reduction in density 
by dilatation, causing uplift without the necessity of 
contemporaneous subsidence nearby. We now Tequire a 
mechaniam for causing partial fusion on this scale. 
Partial fusion of the upper mantle can be caused by 
reduction in the confining pressure provided the initial 
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temperature is near to the melting point. Reduction in 
preasure can occur by: (1) streas release in a static mantle; 
or (2) progressive reduction of ing preesure in an 
uprising mantle convection current. Both Processes 
depend critically on the fusion gradient, which is about 
6-5°-10° O/kbar or 2°-8° O/km. This is an order of magni- 
tude higher than the adiabatic gradient and an order 
of magnitude lower than the conduction temperature 
gradient observed at the Earth’s surface. 

I make the simplifymg assumption that a two-phase 
boundary separates liquid phase and a single solid phase 
(Fig. 8 showa a fusion zone). During reduction of preasure 
p, material initially on the phase is constrained 
to remain on the 


the latent heat of fusion, Ly. - If the appropria 
heat is c, assumed the same for both phases, the fractional 
amount of fusion, f, is given approximately by: 


1 = (E). E-o- anit 

In a static mantle the vertical principal pressure is the 
weight of the overburden, which is fixed in value at a 
given depth. Release of confining pressure can only 
come about reduction of horizontal 
The amount of preasure reduction is limited by the 

of the upper mantle which probably does not exoeed 
200 bars. If both horizontal principal preasures are 
reduced by 200 bars, the confining pressure is reduced by 
133 bars. This would cause a lowering of temperature of 
lees than 1:5° C. Taking the latent heat of fusion as 
400 J/g and the specific 


its upper reaches 
- Rince the fusion gradient is steeper than the 
adiabatic gradient, fusion is restricted to the topmost 
section of the rising current. As material is oarried 
upwards in the convection current, it follows a temperature 
Or. t slightly in excess of the adisbatio gradient 

ig. 8, 4B) until it reaches the fusion boundary. Tt is 
then oonstrained to follow this boundary (or rone) until 
fusion (or partial fusion) is complete (Fig. 8, BO). Taking 
the difference between the fusion and adiabatic gradient 





vine Mechanism of fumon In a rising oonvecton current. 
represents a ter; gradient Uy in excess of the adiabatio 
gradient. Partial fusion eommences as current B, 
and continues untul O with a steeper t o further 
fusion in the topmost convection œl OD B. 
by affects DEF. A fusion rone is shown, 
ainoo ths is more realistic a sonpls two-phase boundary 


a 
T$— 
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Fig. 4. Mechanism saggostod for tho UDIHE of oocanio ridges in isostatio response to a mam defoteney cansed by dilatation on partial fusion. 
Partial fuzion oecurs In an upwelling mantle convection curren 


to be 1° C/km and latent and specific heats as above, the 
amount of fusion is 10 per cent in a 38 km rise. Here we 
have a powerful mechanism for producing magma on & 
very large scale in a rising convection current. The 
existence of more than one solid complicates the 
a oe ee ee In reality, 
it is likely that the olivine present cannot fuse completely, 
and thus that there is a limit to the degree of partial 
fusion possible. 

The magma produced in this way would tend to rise 
towards the Earth's surface owing to ite relatively low 
density. It is Hkely to form & network of dykes and magma 


chambers in the layer overlying the convection cell. In. 


aces Phy har alg nie paca sc Feast ret pele A 
partly within the topmost part of the upwelling current 
and partly in the overlying layer, where it may build up 
to a substantial fraction | š 
Subsidence of an ocean would occur when the 
underlymg low-density rocks inoreased in density to the 
normal value & i to their depth. On the con- 
verus dotada, this wonil aab ho ing when the 
convection current died out, causing source of fresh 
magma to disappear. The residual magma would partly 
rise towards the Earth's surface to solidify rapidly, forming 
ee nada qn 
iuis PODES TEDAN sra Rd eia arc etd 
d solidify more slowly by oooling through the geo- 
Tudor gradient. Calculations show that magma dis- 
tributed uniformly between depths of about 60 kmand 
200 km would probably solidify in a period of about 
80 my. ab the most. 
The uplift and subsidence of oceanio ridges have i 
tant implications for the stratigrapher, as by 
Hallam™ and Menard’. Uplift of an oceanic ridge would 
cause custatio rise in sea-level of the order of 100 m, and 


gresaions and ions of world-wide incidence. In 
particular, it may explain the widespread 
and the 


and deep transgression at the base of the 


Conclusions 
The low-density underlying rocks 


the uplift of 
the oceanio ridges and the western U; 


States lie in 


the upper mantle, and subebentially result from partial 
Fusion alk although other causes such as serpentinization may 
contribute. The evidence leading to this conclusion comes 
from a combination of geological, geophysical and geo- 
chemical discoveries of recent years, and particularly the 
present burst of oceanographical research. When pieced 
together, this evidence suggests rejection of other hypo- 
theses such as crust-mantle mix and solid-solid phase 
changes as the major cause on the assumption that a single 
mechanism is of prime importance throughout the whole 
system of ocean ridges. The hypothesis of partial fusion, 
however, seems to be consistent with all the lines of 
evidence. 

The only mechanism known for causing magma genera- 
tion on such a large scale depends on the reduction of 
confining pressure in an upwelling convection current in 
the mantle. Such convection currents appear to rise 
beneath the oceanic ridges, causing their voloanism and 


The hypothesis is equally applicable to uplifts such as 
the East Pacific Rise which have taken place without 
sasocinted Dorsantal rovementa. aud to dis Mid Atlante 
Ridge where in addition to the vertical uplift new oceanio 
crust may be in the process of formation. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Surface Relief of Mars 


THs first reporta from Mariner IV indicate that the 
planet Mars possesses a negligible magnetic field when 
compared with that of Earth. This is strong confirmation 
of the view that Mars has not developed a core. In & 
recent communication to Nature! we suggested that a 
cyclical process which can be discerned in the Earth's 
history, and is responsible for 1ta major geological struc- 
tures, is related to the development of the Earth’s oore. 
If our arguments are valid, then it can be predicted that 
Mars will not possess any system of orogenic mountain 
belts comparable with those of Earth. Any relief on ita 
surface would be of voleanio or volcano-tectonic origin 
as on the Moon. 


F. J. Frrog 
Department of Geology, 
Birkbeck College, 
University of London. 
J. A. MOLER 
Department of Geodesy and Geophysics, 
University of Cambridge. 


1 Fiteh, F. J., and Miller, J. A., Nature, 206, 1023 (1965). 


OCEANOGRAPHY 


Morphology of North Macquarie Ridge 


Soumpinas in the Southern Ocean between New Zealand 
and the Antarctic continent have been sufficient to permit 
definition of & general elevation of the sea floor extending 
from the Balleny Islands region, across the Pacifc Ant- 
arctic and Indian Antarctic Ridge junction, north through 
Macquarie Island towards New Zealand. This elevation, 
the Macquarie Ridge, is commonly depicted on bathy- 
metric charts either as a substantially continuous feature 
at least as far north as io Island with ite creat 
lying in depths between 1,000 and 2,000 metres; or as in the 
chart utihzed by Adie’, with an extensive deep water 
gap separating the northern end of the Ridge from New 
Zealand 


For & number of years the N.Z. Antarctic Research 
pogre has included studies of the Macquarie Ridge 
tween the Antarctic continent and New Zealand carried 
out by the New Zealand Oceanographic Institute and Geo- 
por Division, Department of Scientific and Industrial 


The principal geological objectives have been to define 
the morphology of the Ridge and to elucidate its structure. 
The aim of zoological work has been to throw light on the 
biogeographic relation of the benthic fauna of the New 
Zealand. region with that of various areas to the south and 
on the ridge as a faunal di route. 

The ion whether the elevation on which Macquarie 
Island lies extended north to New Zealand as a major 
ridge has hitherto been unresolved. Herdman stated? that 
“On the (sounding) evidence now available it appears... 
that the existence of a connection between New Zealand 
and the Macquarie Rise is doubtful". 

Fell, in di i the biogeographic relationships 
of the New Zealand and Antarctic echinoderm faunas, 
stresses the apparent differences between the Macquarie 
Island and New Zealand elaments, and correlates these 
with the circumstance that ‘“Macquarie Island . . . stands 
in deep water" and there is “... no available shallow 
water route between the two regions". 


In discussing the hydrology Deacon‘ states: "The bot- 
tom topography south of New Zealand is so irregular that 
the eastward current (of deep water) must be interrupted 
by numerous eddy movements.... The deep channel be- 
tween the New Zealand shelf which extends as far south 
as the Campbell and Auckland Islands, and the Antarctic 
shelf, is leas than 1,000 miles wide and is obstructed by 
several shallow banks and islands. A preliminary exami- 
nation of our soundings .. . suggests that the bottom 
topography 18 even more rugged than has hitherto been 


In view of the significance, in the three flelds of geology, 
zoology and hydrology, of proper resolution of the question, 
numbers of echo-sounding traverses have been made in & 
south-east—north-weat direction from the Foveaux Strait 
region just south of New Zealand to 58° 8. of Macquarie 
Island. These traverses have extended from the Campbell 
Plateau and South-western Pacific Basin west to the 
Tasman Basin; each of them crossing the possible location 


v 





August 21, 1965 ` 


of ee ite: The traverses were on the average 40 
nautical mi š 

Most of this work was carried out during N.Z. Oceano- 
graphic Institute cruises on H.M.N.2.8. Endeaeour, but 
other available soundings have been utilized to construct 
the accompanying bathymetric chart (Fig. 1). 


No: 4099 


The princi morphological features that became 
apparent in area between Macquarie Island and New 
Zealand are 


(i) A genera] ridge form extends north from Macquarie 
Island to the New Zealand shelf (m the Pyusegur Point 
area). 

a Much of the ridge is shallower than 2,000 metres, 
little of the creat is shallower than 1,000 metres. 

(iii) The maximum distance between portions of-the 
ridge shallower than 2,000 metres is 35 miles (near 53° 
80’ B. and 61° 8.) and here the maximum depth in these 
intervals is less than 4,000 metres. 

(iv) Individual highs top the ndge and in places form 
shallow banks with flat tops now at 100 metres or less. 

(v) A marked east—west offset occurs at 51° B. where the 
northern portion of the ridge is offset 50 miles to the east. 

(vi) The foot of the western slope of the Ridge is 
bordered by a series of partly elongated shallow basins, 
analogous to the Fiordland Trough at the slope-foot of 
south-west South Island of New Zealand‘. 

(vii A low-relief sill at just leas than 4,000 metres depth 
separates Emerald Basin from the south-western Pacific 
Basin. Emerald Basin floor is a little more than 4,000 
vi) Sole 

(viti) Solander Trough extending south from the New 
Zeeland shelf was previously conjectured to turn weet and 
descend to the Tasman Basin near latitude 47° 30’ 8. 
Though there is aome room for ambiguity the present evi- 
dence favours an interpretation of the bathymetry in 
which the Solander Trough descends to Emerald Basin on 
the eastern side of Macquarie Ridge. 

While the intervals between sounding lines still admit 
the prospect of further revisions of the present bathymetry, 
yet the possibility of a substantial deep between New 
Zealand and ie Island is removed. The physical 
connexion of the ridge with the south-western oorner of 
New Zealand rather than with any element of the Campbell 
Plateau cals for reorientation of both structural and bio- 
geographic generalizations for the region and for arevision 
of some present views on the structure of southern New 
Zealand. 

The spread of benthic animals with restricted larval life 
and specific depth requirements‘ can now be more readily 
accepted as the water gaps at given depth are shown to be 
reduced from those of earlier bathymetric concepts. 

The present definition of the bathymetry provides a 
firmer basis for the detailed discussions of the geological 
structures of the region and of the biogeographic significance 
of the animals obtained that will be published elsewhere. 

J. W. BRODIE 


N.Z. Oceanographic Institute, E. W. Dawson 
Wellington, New Zealand. 


E. J., m Pango Dans Biogeography (Bishop Museum Prem, Honolulu, 


Fell, E B., Natura, 193, 750 (1982). 
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GEOPHYSICS 


Sinusoidal Disturbances due to Shipping, o 
Selsmograms at Rabaul, New b tal 
Unvusvar sinusoidal disturbances, which have been a 
feature of seismograms at Raebeul since continuous 
recording commenced in 1954, have been definitely linked 
with movements of shippmg in the confined waters of 
Simpson Harbour (Fig. 1). 
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The disturbances, which sppear to be a resonance 
effect, bear a marked resemblance to ‘singing’ events, 
such sa are commonly noticed in offshore seiamio surveys. 
Liu! has shown that an extended source is necessary 
for this phenomenon, and that it may be produced by 

waves or by multiple reflexions from & strong 
bottom reflector. At Rabaul, the extended source is 
provided by movement of & ship'a propeller. It is sug- 
gested that the phenomenon, which to my knowledge has 
not been recognized before, should be known as 'ship- 


A total of 122 disturbances has been examined, covering 
the periods January 1954—December 1955 and January 
1860-January 1968. Of theese, 59 can be correlated with 
the movement of overseas shipping in Simpeon Harbour; 
in 48 cases there is no such correlation, and m 15 cases 
records of the movements of ships for the dates concerned 
Of the 48 cases for which there is no 
correlation, seven are known to have occurred while 
ships were anchored in mid-harbour, during which time 
they may have moved position, and five can be correlated 
with movement of a Dieeel-powered ‘workboat’ which 
is used once weekly by Observatory staff to visit thermal 
areas in Blanche Bay. 

Thus 71 out of 107 eventa have been found to correlate 
tolerably well with the movements of ships, while in. 36 
cases there is no known oorrelation. Since, however, 
movement of small inter-island ships was not recorded, 
it is at least ible that these remaining instances may 
be attribu to them. The duration of theee eventa 
varied between 0-5 min and 45 min. 

In 55 cases a fairly accurate estmmate oan be made 
of the position of the ship considered to have been re- 
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sponsible for the disturbance. In 29 of these cases shi 
were moving from the wharves to the ‘leads’ (Fig. 1), in 
12 from the ‘leads’ to the wharves, in six from the ‘leads’ 
to the open sea, and in two from the open sea to the 
‘leads’. In four osses disturbances were apparently 
caused when the ship was moored to a wharf, usually 
shortly before sailing, and in two cases when ships were 
anchored in mid-harbour. It is evident that the pheno- 
menon may occur at Rabsal in various positions and in 
various depths of water, usually 20-30 fathoms. 

The size of the ship does not appear to bear a direct 
relationship to the amplitude of the oscillations on the 
seismograms. The two largest ships to have entered 
Snnpeon Harbour during the period, Oronsay and Orcades 
(respectively 15,122 and 15,889 


Fig. 2 illustrates by far the moet striking example of 
SE ee ein a gauad 
ampli peak to peak, of 174 was recorded on the 
horizontal north-south ent of the World-Wide 
Standardized at the Observatory. It occurred 
on October 4, 1962, between 0902 and 0915 h gc... 
(maximum at 0904-5 h a.w.T.), and is thought to have 
been due to M.V. Southbank (8,523 i tonnage), 
which cast off from Main Wharf ab 0850 h a.m. (1850 h 
local time). 

In addition to being recorded with exceptional ampli- 
tudes on the 3-component short-period instrumenta of 
the Standardized System at the Observatory (illustrated) 
and on & 8-component old model Benioff seismograph at 
Sulphur Creek, it is the only disturbance known to have 
been aooompanied by long-period movement. The 
vertical long-period component of the World-Wide 
Standardized System at the Observatory (also illustrated) 
recorded movement commencing $ min before the short- 
‘period, disturbance, at 0859 h a..r., and ending at 0925 h 


= T10": V5—9810, Vw - 7745, Vu= 6700, T -80*. Vs' = 788. 
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G.4.T., 10 mim after the end of the short-period disturbance 
st the Sulphur Creek Station. The period of this move- 
ment moreased during the course of the evant from 165 
to 215 seo, and the peak-to-peak amplitude represented 
apparent ground motion of 2454, many times greater 
than the maximum ground amplitude on the short-period 
instrumenta. 

Movement of such & kind is unusual on the long-period 
vertical instrument at Rebaul. It resembles the effect 
due to persons in the Observatory building but is of far 
greater regularity. It was established that no one was 
m or near the building at the time, and this is confirmed 
by the fact that the horizontal long-period records show 
no trace of effects due to persons: they recorded a short- 
period oscillation of minnte amplitude (approximately 
the width of the trace) such ae is obeerved in strong motion 
earthquakes, but no long-period movement of any kind. 

This long-period event is sufficiently unusual to suggest 
that it may have been connected with the exceptional 
distarbance on the short-period instruments, although 
the connexion is by no means certain. The very large 
apparent motion and the fact that the greater amplitudes 
on the short-period instrumenta occurred on the hori- 
zontal components suggest that the long-period disturb- 
ance may have been due to æ spring-resonanoe effect 
rather than to s ground movement. It is noteworthy that 
it occurred well before resonance on the shart-period 
instruments, at a time when only low-amplitude inter- 
ference was being recorded. 

The & i position of M.V. Southbank at the 
time of this event was deduced fram the deck and engine- 
room log books and is indicated in Fig. 1. The ship left 
the wharf at 0850 h a.u.r. and commenced to move full 
ahead at 0900 h aa... When the maximum effect occurred 
the ship is estimated to have been about 2,500 yards from 
the Observatory, gradually picking speed to three or 
four knote. ‘Singing’ ana on Gas Obese tir records 
at 0914 h G.T., at which time the ahip, making about 
eight knota, was about 5,000 yards from the Observatory. 
About 1 min later the event ended on the Sulphur Creek 
Tecords, when the ship was eee y: 2,400 yards 
away. Water depth along the line of origm of the dis- 
turbance is 20-80 fathoms. 
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Fig 2. Three-component short-period and X long-period recordings of ‘slinging’ caused by M.V. Southbank at Rabaul 
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When manoeuvring full ahead the propeller of M.V. 
Southbonk makes sbout 90 r.p.m. This is in &ooord 
with the observed frequency of the disturbance, which 
was about 1:4 o/s. 

- In common with the majority of ‘singing’ events ob- 
served at Rabaul, most of the energy was 
longitudinally in a north-south plane. ere have, 
however, been. occasions on which the maximum effect 
has been recorded on the east-west at the 
Obeervatory, and on the north-south at ulphur Creek. 
I thank my colleagues at the Rabaul Vuloanological 
Observatory and Mr. James Hileman of Texas Instru- 
mente, Ltd., for their help, and the Bank Line, Ltd., 
and the Harbourmaster, Rabaul, for information about 
the movements of ships. 


J. H. LATTHR 
Bureau of Mmeral Resources, 
Canberra, Australia. 
1 Liu, D. T., Geepkpeios, H, No. 4 (1959). 
"Latter, J. H. ., Bureau of Mineral Resources, Canberra, 
eee u 


Ellipticity, Viscosity and Expansion of the 


Ir is known that the ellipticity of an Earth in hydro- 
static equilibrium (3:3632 + 0-006) x 107 is 
that of the actual Earth (3-3535 + 0-0008) x 10-* derived 
from high-precision satellite observations*. 

The purpose of this communication is to show that, if 
the gravity constant is inversely proportional to & time 
parameter le with the age of the Earth; that is, 
in the oase of the Dirac-coamology, then the observed 
ellipticity may be regarded aa the ancient ellipticity of 
an Earth in hydrostatic equilibrium retained by its viscous 
inner part. 

For the ellipticity, the Claireut-equation is valid: 

z = 3/2 J,-- 1/2 m 1/2 &—1/7 em—4/7 2d 
C—A ott ; 
where J; = -igg ond m = “Fu (M is the maes of the 
- Earth, A and O are the moments of imertia, «c is the 
angular velocity, a the equatorial radius, r, the mean 
radius, and A a quantity of an order of magnitude of 10-*). 
The gravity constant, f, in the case of the Dirac- 


cosmology is f = $ , where z is e constant and że time 


parameta semparani wh EEE o TIO eed The 
reoent value of i can be taken as 4:5 x 10° years. 
In the case of hydrostatic equilibrium: 
8x 4 
0- A= 5 [edr 
(c is the ellipticity, and p the density, aa a function of 
radius). 

Therefore, in the case of an Earth in hydrostatic equi- 
librium the following expression is valid for unit time: 
de 3Q,.de | Q Bpo a 
c o à Sa (sg + 7-3): 
ps = 5:52, the mean density of the Earth; « = the 

yearly radius increase. 
The recent value of SY = —4-81 x 10- radian eoo- = 


dz 
— 1-44 x 10-“ rad seo-!/year (ref. 3). G9 x03) x 
10+. In the case of £ = 4-5 x 10° years tho value È is 
positive only if « > 0, that is, in the case of an expanding 
Earth. 
It has been shown that the minimum rate of the 


Harth’s expansion amounts to 0-6 + 0-1 mm/year*. 
In this case the yearly value of : 
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dr = 0-6 x 10” 


that is, the value of 2-0 x 103 may be obtained only in 
4:8 x 10' years. 

The maximum rate of expansion gives the radius of the 
Earth divided by its age. This is 1-4 mm/yoar, and the 
foregoing relative change of ellipticity may ooocur in 
0-9 x 107 years. 

If the difference between the actual ellipticity and the 
equilibriam ellipticity can be ascribed to viscosity, the 
time interval obtained can be regarded as the relaxation 
time of deformations retarded by viscosity. In the 
mantle the rigidity is always greater than 1 x 10% dynes 
em-*. Therefore, the viscosity (according to the Maxwell 
relation) is: 

7 = ut > 3 x 10" poise 
and probably: 
> 7 x 10** poise 

It has been shown by Niskanen’, and recently by 
Crittenden’, that tle viscosity of the subcrustal material 
is lees than 10% — 2 x 10! poise, at least to a restricted 

Therefore, the viscosity of the greater part of the 
mantle must exceed several times 10—10*!' poises. This 
excludes the existence of convection currente in the 
greater part of the mantle. 


Geophysical Department, 
Eötvös University, 
Budapest. 
1 Bullard, B. O., Mon. Not. Roy. Astro. Soc., Geopkys., Suppl. b, 186 (1948). 
1 King-Hole, D. G., Geophys J. Hoy. Astro. Soc., 4, 3 (1901). 
* Munk, W. B., apd Mac noms O; T. T., The Rotakon of ths Farik (OPE Heat 
í 


* Egyed, L., Nature, 173, 534 (1066). 
s Niskanen, X, Isos. Inst. Publ., 20 (1948). 
* Onttenden, M. D., J. Geophys. Res., 08, 5517 (1063). 


L. EGYED 


Gravity Field of the Niger Delta 
(West Africa) 


Gravity date are now available for 73 land stations 

situated in the general area of the Niger Delta, West 
Africa. The Bouguer shows & gravity low 
of — 35 mgal (the ‘Niger Delta Minimum’) which occupies 
a large part of the sub-aerial Niger Delta, and & gravity ” 
high of +40 mgal (the ‘Ekenie High’) situated m the 
extreme south-western corner of the sub-aerial delta. 
Tsostatic reduction does not very appreciably affect the 
anomalies, as is only to be in an area where the 
topography is low and gentle. The isostatic anomaly 
maps, based on various ible of isostatic com- 
pensation, accordingly do not A us ch one from 
another or from the Bouguer anomaly map, and show 
the same general features as the latter. However, there 
is some difference in tho ‘Ekenie High’ area; isostatio 
anomalies there are leas pronounced for a higher degree 
of regionality. This is interpreted as an indication 
that the oontmental slope off the Niger Delta is regionally 
compensated. 
If the sediments constituting the Niger Delta had been 
laid down on & completely rigid, unyielding crust which 
was in isostatic equilibrium before the sediments were 
deposited, one would expect to find strongly positive 
gravity anomalies of, say, + 125 to +220 mgal, depending 
on the density value assumed. In reality, gentle negative 
anomalies down to —40 mgal are encountered. This is 
interpreted as meaning that the Niger Delta is practically 
in isostatic equilibrium. ordi , there must have 
been adjusting crustal movements (subsidence) to bring 
about this state of near-isostetio equilibrium and there is 
every reason to interpret this as subsidence under & 
sedimentary load. 

A simple relation exista between initial water depth 
and the total thickness of sediment that can be deposited. 
If, namely, W is the initial water depth (density of sea 
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water is 1-08 g/cm?) in an area which is in isostatic equili- 
brium, and sediment of density d g/orn? is supplied until 
the top of the sediment reaches sea-level and the aree 18 
agam in isostatic equilibrium, then the total thickness 
of sediment, X, is related to the other quantities by the 


equation : 
1:03 W + 3-27 (X -W)-dX 
This relation is based on the required equality of pressures 
at an arbitrary referenoe-level m the mantle, and may 
also be written 88: 
3-27 — 1-08 
E sss 1 

A 3-27 — d d () 
Analysis of present-day isobaths in the adjacent Gulf of 
Guinea indicates that the mitial water depth in the area 
now occupied by the south-western tip of the sub-aerial 
Niger Delta may have been as much as 3,000 m. Accept- 
ing 2-40 g/cm? as the most likely value for the average 
density of the Niger Delta sedimenta, the foregoing 
equation yields a value for X of nearly 8,000 m in oon- 
junction with & value for W of 8,000 m. The total sedi- 
ment thickness in the Niger Delta is accordingly estimated 
to be about 8,000 m. 

A nearly identical reasoning can be applied to the case 
where the sea is not completely but only partially filled 
up with sediment. In this caso, the total thioknese of 
sediment deposited (X) is related to the amount Y by 
which the see floor has been raised after sedimentation and 
subsidence have again resulted in isostatic equilibrium, 
by the expression: 

8-27 — 1-08 
es 3-27 — d d (2) 

The configuration of the sea floor before the delta was 
there can be inferred from the present-day isobaths by 
interpolation between the isobaths on either side of the 
delta. Everywhere, W or Y, as the case may be, can 
therefore be found from the difference between the in- 
ferred initial isobaths and the present-day isobaths. At 
all pointe, X, the total thickness of sediment, can hence be 
calculated. This simply means that the total volume of 
the Niger Delta can be calculated. Assuming d = 
2-40 g/cm’, this yields a total volume of 500,000 km! for 
the Niger Delta sediments. 

A more detailed and complete account of this inveetiga- 
tion will appear in the Bulletin of the Geological Society 
of America. 


Department of Physics, 
University of Alberta, 
Edmonton, Canada. 


* Present address: Insütute, Untverxzity of 
x Geological Amsterdam, 


J. Hoerzns* 


Infrasonic Waves of the Auroral Zone 


DwrRASONIO waves of the auroral zone have been 
obeorved^ using a suitable microphone system. These 
waves are thought to origmate in the joule heating by the 
electrojet currents! or in the corpuscular heating during 
ionization and excitation processes" in the auroral iono- 
sphere—at about the 100-km level. Periodic influx of elec- 
trons at this level due to processes, which may be solar, 
magnetospheric or extra-magnetospheric, could cause 
periodic fluctuations in the current systems and the heating 
processes ; hence the observed periods (in the range 20-80 
sec and, at times, upwards of 100 sec). Time-seales of 
this order are known in auroral pulsations. It is sug- 
gested here that it is also posmble to account for the energy 
fluctuations from the atmospheric dynamics, specifically 
turbulence near 100 km, which can generate these waves 
via the preasure fluctuations. 

It is shown elsewhere? that the time-scales of eddy decay 
in turbulence near 100 km oan range from lees than a 
second to several seconds going up to a few minute; 
and several geophysical events show such time scales*. 
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The energy dissipation varies from approximately low 
values of the order 10-* ~ 10-* to relatively high 103 ~ 10 
erg am-? sec-'. Some of the high values are due to the 
high speeds used. For example, & few km/s to a few tens 


of km/s are known for intense and moving auroras’, - 


Scale sizes from lese than 1 km to a few km can be oon- 
sidered. Refraining from very-high-energy rates until 
their implications become fully understood, still one 
has to consider moderately high values of the order 
10+ ~ 10+ erg crn-* sec-!. During disturbed conditions, 
this order of energy is certainly comparable to, or in 
exces of, the joule heating rates. Most of the energy 
of this magnitude is derived either from the auroral 
input during strong aurorae, or from the solar input. 

We can consider a 10-km thickness of the turbulent 
layer in accordance with the experimental resultat. An 
estimate of the energy flux corresponding to densities of 
the order 10+ ~ 10-3 erg om seo- would be about 
100 erg cm-* seo-!, or more. This is roughly the order of 
energy flux due to Maeda and Watanabe! required for a 
surface pressure amplitude of the order of 1 dyne cm~. 

One can compute the pressure fluctuation magnitudes 
in turbulence. The order of this fluctuation will be denoted 
by &P. The only quantity having the dimension of 
preesure and formed from the quantities 8V (= velocity 
in fluctuation), p (= density of the fluid), and i (= soale 
size of eddy), 18 given by ¿P = p(3V)*. For the pressure 
and density for the height concerned, one oan get 
fluctuations ranging from leas than 1 up to 5-10 per cent. 
From this, during auroral periode, one oould expoot the 
order of flux required to generate the observed preesure 
waves. 

Fig. 1 shows some of the energy sources in the ionosphere. 
We can assume’ that the peak of the hydromagnetic 
heating which occurs at about 170 km is too high for 
the required order of energy flux to generate the pressure 
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Wig. 2. Relative variation of eddy decay tame with energy diesipation 
Tate m turbulence about 100 km 
waves. The peak of the relative ionization rate is about 
100 km; and auroral coruscations, micropulsations of the 
magnetic field and related absorption effecta are attributed 
to this level’. Turbulent mixing becomes very little 
above 100 km*. Transfer process ın the momentum space 
ia large in the region 90-100 km. Autocorrelation and 
power spectrum methods are certainly effeotive!* in 
oru AROA periods and the discrete frequencies 
that are hi in the random noise processes. The life- 
time of an eddy is relatively longer as the dissipation 
energy decreases as shown in Fig. 2. One can certainly 
relatively longer periods for smaller energy rates. 
conclusion, turbulence near the 100-km level can be 
easily considered as an atmospheric source of energy 
modulation and, thus, for tha generation of infrasonic 
waves. 
R. B. IYENGAR 
Mount Allison University, 
Sackville, New Brunswick, 
Canada. 
1 Qampbell, W. H., and Young, J. AL, J. Geophys. Res., 68, 5000 (1983). 
' Masda, E, and Watanabe, T., J. Atmos. Soi , M1, 16 (1901). 


* Omholt, å., Planet. Space Soi., 9, 285 (1062). 
. T., J. Geophys. Res., 68, 1031 (1004). 
. Soi., 10, 89 (19068). 
* Campbell, W. H., and Rees, M. H., J. Geophys. Res., 68, 41 (1061). 
1 Iyengar, R. B., and Shepherd, G. G., Canad. J. Pkys., 39, 1911 (19061). 
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Dual Classification for Point-counting 
Limestones 


Most recent perenne &ooounte of limestones utilize 
tho olaseifloation of Folk? as a basis for quantitative de- 
scription, and as & convenient shorthand for general 
descriptions. During studies of English Upper Jurassic 
limestones it has been found that point-count results 
using Folk’s categories do not adequately convey all the 
characters of a particular rock specimen. 

Folk divides limestone constituents into two groupe: 
terrigenous constituents (derived from consolidated rocks 
outeide the basin of sedimentation), and allochemical 
constituents (allochems) formed by physico-chemical or 
biological processes within the basin of sedimentation. 
The allochems are further divided mto groups including 
intraclasta, ooliths, pelleta, and other particles of organic 
origin. The distinction between intraclasta and pellets is 
usually made by the ovoid shape of the latter, but in 
English Corallian (Upper Oxfordian) rocks the two particle 
types are of similar size and so are diffloult to distinguish ; 
therefore only oae category has been used, that of intra- 
clasts. More important in rooks of this age, however, is 
the admixture of allochemioal and terrigenous material; 
thus quartz grains may form the nuclei of ooliths, or 

discontinuous coats of fine-grained calcite, and 
enoe be termed intraclasts (Fig. 1). Therefore a quantita- 
tive analysis of an oolite will include the constituent 
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particles, but will not detail the proportion of quartz 
within the sample. Similarly, the true fraction of organic 
carbonate material within a sample may be obscured, for, 
if the shell fragments are coated with fine-grained calcite, 
they are counted as intraolasta. Fig. 1 shows the variety of 
material that may constitute intraclasta or ooliths. 

In order to olarify the anomaly produced by point 
counting limestones using Folk’s categories, a second count 
(by experience, five hundred points have been found 
adequate) must be made to estimate the proportion of 
matrix (miorite or sparite), very fine-grained allochemical 
material, organic and terrigenous material (not particles) 
present in the sample. Thus ooliths possessing & quartz 
nucleus are registered under two categories for the purpose 
of the second count, as fine-grained allochemical material 
as well as terrigenous material. 

The resulta obtained by the method described may 
readily be plotted on triangular diagrams (with end 
members fine-grai allochemical, terrigenoue and 
organic; hence A:T:0) by recalculating the results 
to 100 per oent after subtracting the matrix total from the 
original result. The latter procedure is justifled by the 
resulte it has produced, 25d ad; because the frequency 
distribution of sparite and miorite percentages (Fig. 2) is 
distinct in the Corallian specimens studied; however, it 
should be noted that the resulta shown in Fig. 2 are biased 
towards samples with micritio matrices, as extensive 
quantitative studies of Upper Oxfordian rocks of this 
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L Diagrammaüo representation of possible compositions of Intra- 

clasts and ooliths Stippled, very fine-grained allochemicel material 

(calcite); ooneentrio Imes, as above, but with oolitic laminas; blank, 
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Micrite or sparite (per eeni) 
Fig. 2. Histogram of micrite and sparite percentages in Corallien rooks; 
160 specimens 
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type have been oarried out. Such a division is to be 
expected, as micritio rocks are produced by current 
régimes aaa considerably from those assooisted with 


primary sparry . 

It has often been emphasized, particularly for sedi- 
mentary rocks, that individual quantitative analyses are 
of little valus, except when comparative evaluations of a 
number of results are made; it is in the latter context 
that the 4: T : O diagrams are particularly valuable. 

Fig. 8 shows the results obtained from specimens 
collected from the Dorset Corallian (for descriptions of 
which see Arkell"*), Fig. 8a includes specimens from the 
Lower and Middle Oolites of the Osmington Oolite Series 
exposed in cliffs to the east of Weymouth; here specimens 
containing lees than 86 per cent ine 


build-up of oolitie coats around shell fragments 

quarts grains. In addition, the ooliths of the Upper 
Oolites are extramely well sorted (there being few present 
with diameters less than 0-7 mm), but despite this, they 
are set in & micritio matrix. Results obtained from the 


very similar, the latter showi results from the '"T'rigonia' 
clavellata beds (Arkell*) to the east of Weymouth, which 
are of & ‘lagoonal’ aspect. Therefore the Upper Oolite - 
appears to be transitional between a phase of oolite 
formation and calmer sedimentation, perhaps resulting 
in part from the erosion of earlier oolite banks nearby. 

While in no way replacing Folk’s excellent concept, 
the method described enables various ‘suites’ of carbonate 
rooks to be compared by quantitative methods. The 
results obtained corroborete differences observed in the 
fleld and by qualitative thin section studies, and it is 
hoped that the method will find useful application in 
carbonate rooks of other ages and localities. - 

I tbeunk Dr. G. R. Orme and Prof. L. R. Mocre for 
their advice. This work was financed by a student«hip 
from the Department of Scientific and Industrial Research. 


R. C. L. Wirsox 
Department of Geology, 
University of Sheffield. 
! Folk, B. L., Bull. Amer. Assoc. Petroleum. Geologists, 43, 1 (1969). 
* Arkell, W. J., The Juresets System in Great Britain (Oxford, 1983). 
* Arkell, W. J., Mem. Geol. Surs. (G.B.), 341, 842, 843, oto. (1947). 


Fossil Burrows on the Coast of Kenya 


Ta group of several dozen burrows to be described was 
found in July 1968 in an outerop on the shore situated on 
the east side of the entrance to Mida Creek, about 16 miles 
south-west of Malindi, in the Coast Region of Kenya. The 
reference on the Universal Transverse Mercator Grid used 
in Kenya is Zone 87, FG 077258. 

The rock containing the burrows resembles the coquinas 
described by Thompson}. It is cream-ooloured granular 
limestone which in thin section is seen to consist of frag- 
ments of shell, with some foraminifera and a few quartz 
grains, cemented together by calcite. In outarop the bed- 
ding is picked out by weathering. The burrows are found 
in @ part of the outcrop where flat-bedding overlies and 
truncates croas- ing. 

Thompson thought that the coquinas accumulated as 
off-shore bars on which dunes developed. He distin- 
guished two seta, one at 100 ft. above sea-level, and a 
younger set approximately at sea-level. The outcrop oon- 
taining the burrows belongs to the younger set, considered 
by Thompson to be of Gamblian pper Pleistocene) age. 

The burrows were found on vertical rock faces where 
they have been etched out by weathering. Usually the 
outer half of the wall has weathered away, so that the 
burrow is exposed as a semi-circular on the rock- 
face, but sometimes they peas projecting ribe of 
rock aa circular tubes. In other cases the whole of the wall 
of the burrow haa resisted weathering so that it stands out 
as & hollow cylinder. All the burrows are straight or gently 
curved, and vertical or steeply dipping; one waa found as 
much as 48° fram the vertical. Their diameter varies from 
į in. to Hj in. Usually a pert only of a burrow, between 
6 in. and 18 in. long, was visible, but one burrow 28 in. 
ui Pike Wace thn Lowe aid ofa bec see wur 
isible it was a blind end with no trace of chamber or 
return shaft. The upper part of the burrow either ended 
abruptly in the upper flat-bedded part of the outcrop or 
was obviously weathered away. Fig. 1 shows a burrow 
with most of these features. The burrows were present on 
one outcrop only, although similar patterns of weathering 
and bedding were present on nearby outcrops. It seems 

that these structures are of in io origin or are 
casts of roota, but on modern beaches of this coast, burrows 
of similar diameter to the fossil ones are inhabited by the 
ink ghost crab, Ooypods kuhli. This animal lives on sandy 
R (with sand of quarts or of calcareous debris) at 
about high-water mark, retreating into the surf for pro- 
tection at high tide and into a shallow curved burrow at 
low tide. At neap tides same crabs dig very deep burrows 
between the high-water mark of neap tides and the high- 
water mark of spring tides. The deepest of these burrows 
which I dug out completely ended 26 in. vertically below 
the surface, but I followed other burrows to depths of over 
three feet before losing them. They ended abruptly with- 
out any trace of a living chamber. They deeoended less 
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steeply and were more curved than the fossil burrows. 
However, greater differences are found between burrows 
of different present-day species of . Kalk! dee- 
cribea Ooypode at Inhaca Island, Mozambique, as digging 
to the surface trom burrows destroyed by spring tides “in 
wide spiral tunnels", while Milne and Milne? imply that 
the majority of the tunnels of the North American species 
O. quadrata aro U-shaped. It seems likely, therefore, that 
the fosil burrows were made by some species of Ooypode, 
porhape burrowing deeply at neap tides. The control of 

wing by the tide might account for the occurrence 
of the burrows in one outcrop only. If this interpretation 
is correct, it supporte Thompeon's view of the mode of 
accumulation of the coquinas. 


Department of Geology, 
University of Keele. 


D. G. STEPHENBON 


! Thompeon, À. O., of the Mahedh Area. — Report No. 36, Geological 
Burvey of Kenya (X: 1056). 

! Kalk, Margaret, in The Natural H: of Inhace Island, Lf edit. 
by Macnae, B. W. and Kalk, (Witwatersrand University 


Press, Johannesburg, 1958). 
1 Wine, L. J., and Milne, M J., Amer. Net., 80, 802 (1904). 


Newly Discovered Mesosiderite containing 
Achondrite Fragments: the Mount Padbury 
Meteorite 


As the result of an unusual find by the joint managers 
of Mount Padbury sheep station, near Meekatharra, 
Weatern Australia (latitude 25° 40’ 8.; longitude 118° 06’ 
E.), a peculiar occurrence of ferruginous coated boulders 
has been investigated and recognized as mesosiderite 
material of meteoritic origin. This new find, resulting 
in the recovery of more than 600 Ib. of material including 
a single 195-lb. mass, ranks only second to the recovery 
after an observed fall at Estherville, Iowa, in 1879, of 
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840 kg (750 Ib.) of mesosiderite material (ref. 1, p. 119). 
Not more than & score of these stony irons are known 
(ref. 2, p. 122); they are much rarer than pallasites, and 
some of them are diminutive fragments or very weathered, 
and eo are of little use for the purpose of precise petro- 
graphical investigations. This new find from Mount 
Padbury would be important on account of the amount of 
the material in itself, and the fact that, though many 

ta are weathered to iron-shale, some are com- 
pletely freah and covered by only a thin iron oxide veneer. 
But it assumes an even greater significance with the recog- 
nition of enclaves of achondrite material up to an inch or 
80 across and free, or nearly free, from nickel-iron, which 
are included within the mesosiderite matrix alongside 
large single crystals of olivine and lumps of solid nickel- 
iron. Such material must provide an opportunity to 
find out more about this somewhat variable group of 
stony-irons and even learn more concerning the wider 
problem of meteorite genesis. 

Detailed studies now in hand will probably endorse the 
conclusions of Prior* and Lovering*, although the story 
is even more complex than those authorities suggest. 
Prior suggested that meeoeiderites are essentially mixed 
meteorites of sombined eucritic and pallasitic composition, 
the latter invading the former; but Lovering cited evidence 
from the Pinnaroo mesosiderite indicating that in certain 
cases the same two components are present but the con- 
verse is the case—the eucrite invading the pallasitic com- 
ponent. In the case of the Mount Padbury mesosiderite 
the textural evidence leaves no doubt that the relationship 
suggested by Prior applies, but it is even more camplicated 
since the sachondrite enclaves are highly variable and 
include eucrite, brecciated eucrite and diogenite, the rare 
hypersthene achondrite. No two thin sections of the 
dozen so far prepared of the abundant eucrite material 
are alike in texture and in many there are dissimilarities 
of mineralogy. The olivine did not come in with the 
metal but represents achondritic inclusions. 

The simplest of the eucrite material shows ophitio 
texture EAN of a single pigeonitio clinopyroxene, 
showing exsolution lamellae, plagioclase (by- 
townite possibly grading into labradorite and marked 
by conspicuous droplet inclusions, pink or dark-tinted) 
and a mineral of low refractive index and negative relief 
low birefringence giving mottled grey coloration under 
croased nicols, and a biaxial positive interference figure 
with moderate optio angle. This last mineral is beheved 
to be tridymite. The amount of ore mineral present is 
variable but it is never more than accessory. It is mag- 
netite, not niokel-iron. 

More complicated mineralogy 18 observed in other 
euorite enclaves which show an equigranular, almost 
granulitic texture. The pyroxenes are in complex aggre- 
gates forming reaction rims around a central core. Several 
varieties of pigeonite and also hypersthene are repre- 
sented in these corona aasemblages. 

This eucritio material recalls the Moore County eucrite’. 
The mineralogy and presence of droplet inclusions are 
comparable, but the aie in the Mount Padbury 
eucrite are well cleaved. Moore County is said to possess 
a fabric suggestive of crystallization in the crustal zone 
of an Earth-sized planet—where a similar gravitational 
force was operative. This new euoritio material, so varied 
as it is, will allow similar petrofabrio studies to be carried 
out, to endorse this evidence or otherwise. Leaving 
aside this petrofabric evidence, which is difficult to recon- 
cile with the classic theory of break-up of an asteroid- 
sized planet and derivation from the asteroid belt, the 
terrestrial appearance of this euoritio material from 
Mount Padbury recalls igneous rock derived from mag- 
matic crystallization in lopoliths or other layered intru- 
sions, and even dykes, at no great depth in the Earth's 
crust. This, in itself, leads one to have doubts about the 
possibility of asteroidal provenance (as opposed to plane- 
tary provenance). Production of such microgabbroic— 
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doleritic rock material even within an asteroid of the 
dimensions of Ceres seams difficult to envisage in the 
light of recent studies of basalt genesis. Moreover, 
beyond this anomaly there remains the anomaly of 
‘orustal’ material trapped within denser material reason- 
ably referred to the ‘deep mantle’. 

The diogenite enclaves possess granulitio texture: they 
are not strongly breociated and are almost monomineralio, 
containing only fine specks of a more birefringent olino- 
pyroxene, an ore mineral, apatite (7) and tridymite, of the 
same character as occurs within the eucrite. The presence 
of this tridymite and the close association of eucrite and 
diogenite would seam to introduce a fundamental piece of 
evidence to meteoritics—it suggests that calcium-rich 
and calcium-poor achondrites are closely related and 
that both probably stem from processes of magmatic 
crystallization. 

Olivine crystals within the mesosiderite matrix are 
up to an moh long and have been identifled (Mason, 
personal communication) by X-ray diffraction studies 
as Fa, an unusually magnesian olivine for a meeoeiderite. 
Breociated olivine achondrite enclaves are also present. 
The metallic nodules show flne-medium octahedrite etch 

(Widmanstatten). 

One of us (G. J. H. MoO.) is supervising petrographic 
and mineralogical investigationa of this new material: 
he thanks Dr. B. H. Mason of the American Museum of 
Natural History for his help, and Dr. H. B. Wiik, who is 
undertaking chemical analyses. 

A full account of the field occurrence and external 
features of the meteorite is being prepared by:W. H. C. 


G. J. H. MoCaArrL 


Department of Geology, 
University of Western Australia, 
Nedlands. 


Department of Geology, 
School of Mines, 
Kalgoorlie. 
Poe ipe. Hey, M. H., Catalogue of Meteorites (British Museum (Nat. 
1 Mason, B. H., Meteorües (Wiley, New York, 1962). 
* Prior, G. T., Mineralogy. Mag., 18, 151 (1918). 


io et T., in Research on: Meteorites, edit. by Moore, C. B., 179 (Wiley, 
New York, 1961). 


t Hess, H. E., and Henderson, H. P., Amer. Mineralogist, 34, 404 (1940). 
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METEOROLOGY 


Outgoing Long-wave Radiation from Indian 
Stations 


Is recent months average values have been available to 
us of outgoing long-wave radiation recorded by Tiros IV 
for the equatorial region between 50° E. to 110° E. and 
20° N. to 20° B. These observations were obtained through 
the courtesy of Mr. P. Krishna Rao, of the U.8. Weather 
Bureau. They represent averages for 5-day periods in 
the pre-monsoon montha of i, May and June 1962, 
and are shown in Fig. 1 in ys/min. 

It was felt worthwhile to compare the Tiros observa- 
tions with estimates of outgoing radiation obtained from a 
radiation diagram. We-computed, therefore, the total 
outgoing radiation from the mean serological ascent of 
each I station in Indis. The computations were 
made with Elsaseer's radiation diagram for the pre- 
monsoon period, under the aasumption of a cloudless sky. 
It was also assumed that the water-vapour content 
decreased linearly from 500 mbar to the tropopause. Our 
estimates of outgoing radiation in langleys/day are given 
in Table 1. 

In Tables 2a and 2b we have compared our estimates 
with the Tiros observations for April and May. 

The very amall difference, of about 10 per oent or less, 
between our estimates and the Tros observations is of 
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Table 1. Heroes tae or OUTGOING S DLEREUN. TROX INDIAN BTATIOKB 


Station March April May 

1 Veraval 440 450 460 
: galoatta m 407 446 
odhpur 481 499 

4 Marnas 459 458 458 
5 Nagpur 454 458 501 
6 New Deihi 440 470 405 
7 467 456 463 
8 TH 434 445 432 
9 Viragapatnam 431 499 441 


Table 2&.  OOMPARIBOK OF Ti oe OBSERVATIONS WITH HETIMATRS OF 
OuTGOING RADIATION OBTAINED FROM A HADIATIOK DIAGRAM 
(April 
Tros observa- Lsttmated valuo from 
Station thon. (langley an Hisasser diagram J)ifference 
day? (langieys day~) 
Trivandrum 500 445 +55 
Madras 502 458 +44 
TL RDM MAIS 490 430 +51 
487 456 +31 
Nagpur 484 458 +26 
Average +41 
Table 2 
(May) 
ted valus 
Staion Tiros from an Hisasser Difference 
obearvation day 

Trivandrom 442 4n T10 
Madras 456 458 —2 
Yumgapatoam 474 44? +282 
ay 476 463 +18 
Nagpur 480 501 —21 
Average +06 


some interest. It indicates that the assumption 

the linear decrease of water vapour content from 500 mb 
to the tropopause is probably correct. The generally good 
agreement also tends to show that the effect of dust 
particles in the long-wave region (4-80y) is amall, because 
this was neglected in p ing our estimates. However, 
it is obvious that in the short-wave region (0-5—4-0u) dust 
particles have an importent effect. 

Sa ore ee eo err radiis 
results of a theoretical investigation by Das! with recent 
radiationsonde observations by Bryson’. From an exam- 
ination of the mean vertical motion during the monsoon 
season, Das concluded that to maintain a steady circula- 
tion, non-adiabatic cooling at the rate of 2-4° C a day 
was required over north-west India. But the maximum 
cooling, estimated from an Elsasser diagram assuming 
water vapour and carbon dioxide as radiators, was only 
1-8? O a day. Bryson’s field experiments in north-west 
India confirmed that the observed cooling rate was indeed 
Pia ee His estimate of cooling 
by outgoing iation was, however, 1:6? O & day, which 
is slightly less than Daa's estimate of 1-8? O a day. It is, 
therefore, likely that & part of the additional cooling of 
about 0-8? O a day is provided by the presence of dust. 
In the abeenoe of clouds, the net effect of dust particles 
is to diminish the amount of solar radiation received at 
the Earth's surface. Although this depends on the dust 
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content of the air, and is difficult to estimate with -much 
confidence, the total depletion of the direct solar beam 
may amount to as much as 10 cent. >. 

I thank Prof. R. A. Bryson, Univerity of Wisconsin, 
and Dr. P. K. Das for their advice. 


Meteorological Office, 
Lodi Road, New Delhi-3, India. 
1 Des, P. K., Tellus, 14, 2, 212 (1903). 
1 Bryron, B. À., Dept. Meteorol, Univ. Wisconsin (personal communication). 
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PHYSICS 


Sub-resonant Response of a Mechanical 
System parametrically excited at its 
Resonant Frequency 


Ix the course of an attempt to improve the response 
of an inertial seismometer to very-low-frequency frame 
movements, it appeared worthwhile to investigate the 
response of a spring-maae system subjected to parametric 
excitation!. The parametric excitation or ‘pumping’ oon- 
sisted of modulating the restoring force on the mass by 
means of an electromechanical spring* driven from a 
sinusoidal current source. In the initial work the restoring 
force was varied at twice the resonant frequency of the 
system as is usually done in a degenerate parametric 
devioe. It was found both from theory? and experiment 
that this will increase the relative motion between massa 
and frame only for inputa with a frequency at or near the 
resonant frequency, and that the input must beer the 
proper phase relationship to the pump. There is no 
improvement for frequenciea much below resonance. 

"Pumping at twice the resonant frequency is associated 
with the critical value, a = 1, in Mathieu's equation, 
B(a) + (a—2goos2a)e(«) = 0, which governs the stab- 
ility of such systems‘. One would also expect to obtain 
gain near the other critical values, a = 4, 9, 16, eto., 
which orpona to pumping at the resonance frequency, 
two-thirds of the resonance frequency, half the resonant 
frequency, and so forth. 

These phenomens were investigated experimentally and 
with a computer. Both seta of data confirmed that 
pumping at the resonant frequency of the system greatly 
mereased the relative motion between mass and frame. 
In particular, it was found that this increase in motion 
can be made very large for input frequencies much lower 
than the resonant frequency of the device; and the 
increase remains constant and independent of phase 
relationships down to zero frequency. It is beli that 
this phenomenon has not been noticed before. 

Table 1 


Pendulum A 
T,=0-57 seo 


57 160-100 T, 


Pendulum B 
T, 77:5 seo 
Penod of input 625 mtn - 50 T, 
Motion of mass without perametrio 


mass o 
exolteation 


875 1,250 


The experimental results are given in Table 1. They 
were obtained with two different horizontal pendulums 
(seiamometers) with free periods, T'e of 0-57 and 7-5 seo. 
These were modified to permit modulation of their period® 
with the spring of time-variable. stiffness. Both were 
pumped at their free period and driven by inputs with 
periods many times greater than their free periods. In 
each case it was found that parametric excitation at the 
resonant frequency could produce as much as three orders 
of magnitude increase in the motion of the mass with 
respect to the frame. 

An observatory-quality ‘parametric seiamometer’ util- 
izing this principle is being constructed for the purpose 
of recording very-long-period vibrazions of the Earth. 

This research was supported by the Advanced Research 
Projecta Agency and was monitored by the Air Force 
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Office of Scientiflo Research under contract AF 49(038)- 


1099): Prrae W. RODGERS 
Seiamographic Station and Department of 

Electrical Engineering, 

University of California, 

Berkeley. 

1 Blackwell and ere Semtconductor-Diods Par&meino AmphAet 
i (Prentice-Hall, Ino., 1961). hi 
Gilman, reg Bomo ul n t Long-Period Selsmographs, . 
"Rotgers, P. W, “Meohanloni Parametric Amplifiers”, submitted to J. App. 
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Effect of Magnetic Dilution on the 
Paramagnetic Behaviour of an Ni** lon In 
the Crystal of Ni(SO,),(NH,),6H,O 

Ir is well known that the symmetry and intensity of 
the electric fleld arising out of an axially distorted octa- 
hedral water cluster surrounding a paramagnetic ion 
(M+) determines its magnetic anisotropy. pof pin 
magnetic Tutton salts are magnetically dilu by 
partially replacing M+ ions by Zn** or Mgt ions, the 
charge distribution is likely to remain the same for 
different concentrations of M+ ions in the mixed arystal. 
Consequently, the magnetic anisotropy per gram is 
expected to be almost independent of concentration in the 
mixed 


crystal. 

Joglekar! did not detect any effect of magnetic dilution 
on the magnetic anisotropy of Tutton salts. P etic 
resonance investigations by Griffiths and Owen" on the 
magnetically dilute salt (Ni.Zn) (NH,80,),6H,O showed 
that up to a dilution of Ni: Zn = 1: 50, the orystal fleld 
axes and crystal field splitting at 90° K are very similar 
to those of the concentrated salt at 90? K. Bose e£ al.', 
however, found that the orystel field about Ni+ ion in 
nickel Tutton salta is very sensitive to structure and 

ture. 

In order to test the foregoing pointe, we have measured 
the magnetic anisotropy of mixed crystal, of the type 
A +nB (where A is Ni(NH,),(80,),6H,0, B is Zn(SO4), 
(NH,),6H,O or Mg(80,),(NH,),6H,0, and m is the 
number of molecules of B associated with one moleoule 
of A in the mixed crystal) by the well-known method of 
Krishnan and Banerji‘. The temperature variation of 
the anisotropy of the crystal (A + 15-3 B,) was measured 
by following the method of Krishnan et al.'. The tem- 

was controlled by a cryostatic device due to 


et a.t. 
The crystal aniso so obtained is converted into 
ionic anisotropy (K,—,,), following Mookherji'. These 


are shown in Table 1. The temperature variation of 
(K,— Kj) is shown in Table 2. Here, Kj; represents the 
ionio susceptibility along the axis of symmetry of the 
cluster and K, that normal to it, expressed in O.G.B. 
electromagnetic unite. 

It is clear from Table 1 that with increase of dilution, 
that is, decrease of concentration of Nit ion, the aniso- 
tropy of the cluster (K, — Kj) inweases. This clearly 
demonstrates that the magnetio anisotropy is structure 

Following Mookherji’, we have calculated — (a; — q) 
the difference between the crystal field coefficients along 


the axis of the cluster and that normal to it 
from (K, —Kq) values given in Table 2. It is observed 
Table 1 
Orystal A A+8886B, A+1514B, A+153B, A+25-223, 
of Mi ton 100-00 3-24 0-91 089 0 56 
pict 186 219 342 Ho 355 
Table 2 
Temp * E 310 230 150 110 80 
(K -Kp 10* 340 445 714 987 1,363 
- (5 7m) 10 25-7 23-5 218 19-5 19-9 
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that unlike most of the concentrated nickel Tutbon salta 
—(a,— a) decreases with fall of temperature, brmgmg 
out prommently the temperature sensitivencee of the fleld 
ts and thus supporting the findings of Bose æ al.*. 
A. MOOKHNRJI 
f R. B. Lar* 
Physics Laboratories, 
Burdwan University, India. 
* At present researeh assomate of the National Academy of 
Balenoes, R-RP-T, Marshall Space Flight Center, jr erano pe cien 
! Joglekar, M. 8., Z. F. Phys., 98, 411 (1938). - 
1 Grifithe, J. H. BB, and Owen, J., Proc. Hoy. Soo , A, R13, 450 (1058). 
* Bose, i., Mitra, B. O , and Datta, B. K, Proc. Roy. Seo., A, 848, 158 (1968). 
* Krishnan, K.8., and Banerfi, 8., Pail, Trans. Rey. Soe., A, S84, 265 (1935). 
, an, E; S MookberTl, A., and Boo, A., Phd. Trans. Hoy. Soc., A,E36, 


EY Dalia Dor, B. K., Ghose, P. K., and Mitra, 8., Ind. J. Pkps., 87, 
* Mookherfi, Fi Ind. J. Phys., 19, 63 (1045). 


Light Scattering by the Relativistic (Non-linear) 
Oscillator 
A snra non-linear model of the scattering particle is 
the relativistic oscillator (without damping), the approxi- 
mate equation of motion of which! is: 
B+ wo — exw? = (F/m) oos wt (1) 
Here « = (3/2) w,*/o%, €, being the linear frequency and 
m, the resi mass. Assuming F of the form cF, a solution 
is@=-A oo8 o, i, where: 


— Tym 
PR 


w — o! 


Betting F, = eH, o being electric charge and Æ, the fleld 
strength, the electric dipole moment p = = ez, the average 
rate of emission dU/dt = a and the intensity [ = 


- (0/8r1)E,*, we find for the ratio of incident to emitted 
intensity (for N oscillators): 


(1.1) 





TI dnas 
n^ EIE (3) 
For Thomson scattering, ©, €o: 
Ij, ~ 8x Net 
(X (2.1) 


the cross-section remains constant as in the linear case. 
For Rayleigh scattering, e. >> «x: 
wt 
8xNet > 
a — 2 1 
I. iaa [1 EET 
The Rayleigh scattering cross-section decreases with the 
"ue of the incident radiation of frequency «,. 
sing & ruby-laser beam, the Rayleigh scattering cross 
section haa been found* to be smaller than tho classical 
value by a factor of 10*. With the energy flux of 6 x 10% 
ee ical value, the observed reduction in 
cross-section is o same order of magnitude as 
dicted by the formula. xi 
Note added in proof. Formulae similar to (2.2) may be 
derived also for the types of oscillator for which the non- 
linear term is proportional to æ? or to z*. However, a 
numerical estimate depends on the value assumed for the 
factor of proportionality. Thus, the reduction in Rayleigh 
cross-section appears to express the amplitude—frequency 
relationship that characterizes any non-linear oscillator. 


E. H. Horra 


(2.2) 





Royal Holloway College, 
University of London, 
Englefleld Green, 
Burrey. 
1 Hutten, H. H., Nature, 80&, 802 (1965). 
1 George. T. V.. of. al.. Phws. Roo. Letters. 11. 403 (1063). 
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A Metastable intermediate Phase in the 
System Indium—indium Antimony 
Uamg a technique for the ultra-fast quenching of thin 


metal foils from the melt by solid conduction (splat ` 


cooling)!*, we have recently shown" that in many tin 
alloy systems a metastable phase of the ‘HgSn,_,,' typet 
(y-phase, simple hexagonal, 1 atom/oell, a = 3-212 A; 
oja = 0-0312) oan be obtained. This phase existe in 
i in the systems Sn-In, Bu-Üd and Bn-Hg, 
and could be retained in non-equilibrium at — 190° O in 
the systems Ñn + Pb, Ga, Zn, Cu, Ag, Au, Pd, Ca and 
Mg, at solute additions of 5-20 atom per cent, depending 
on the system. All these elaments, in leading to the 
formation of y, acted to reduce the valence electron con- 
centration of tin to leas than 4-0. 

InSb resembles Sn in some crystal-chamical respects: 
identical tetrahedral bonding in a-Bn (A4) and InSb 
(B3); existence of a metallic high-preasure modification of 
InSb with the B-8n structure! ; and identical position in the 
periodic table. This made it likely that a metallio phase 
of the y- could also be retained from a melt of InSb 
with a suitable addition element, if the formation of 
equilibrium InSb could be suppressed. 

The eutectic system In-InSb was selected. Alloys of 
In+10, 15, 20, 30 and 40 atomic per cent Bb were rapidly 
quenched on to Ou or Ag substrates and investigated by 
X-ray diffraction at — 190° O and 20? O, as described in 
detail in ref. 8. Especially in the alloy In.,,8b..,, but in 


lesser also in In..Sb.4 and In.48b.,, twelve 
additio: diffraction peaks were found. These lines 
could be indexed with a unit cell of the y-type 


(a = 8-205 + 0-008 A; o= 2-981 +0006 A; oja = 
0-930 + 0-003 at —190° O) and correspond closely in 
Past and ACRES tothe usa ttern given by 
Screaton and Ferguson* for the i (-phase in 
In-8n. From the relative intensities of In, y and InSb 
lines, it was estimated that with the present cooling rates 
(10*-10' ?O/seo) (ref. 2) about 50 per cent of the alloy 
In.,Bb.,, consisted of y and that the composition of y is 
In,*Sb, with 0-35 < w < 0-45. The lines observed are 
the only lines and present in the investigated 
20 range from 20° to 100° (copper Ka); higher angle linea 
&re not sharp enough due to transformation and texture 
effects. In general, while structure determinations 


based on few lines are problematic, in the case of meta-. 


stable alloys or high-preasure phases no other evidence is 
available; for the In-InSb system, the anal of the 
observed diffraction lines to those of the In-Sn y-phase 
makes the reported result certain. At room temperature, 
the equilibrium structure In + InSb is established. 
Using the o/a-ratio obeerved far y of 0-930 and the table 
for valence electron oonoontration versus o/a values in 
ref. 8, a valence electron concentration of 3-80 eja is 
calculated for yqn-Insb) This would correspond to a 
concentration of In.,,8b.,, for y, and would thus place 
Yün-InSb) 8t approximately the same valence electron 
concentration as the corresponding equilibrium phase 
Ynn} The observation that a maximum amount Se 
y is obtained at In.,,SB.,, rather than at In.,,8b.,, 

perhaps be explained on the assumption that an excess 


4 


of In is neoeeeary to prevent the formation of tetrahedrally `` 


bonded InSb nuclei on solidification, which would favour 
the equilibrium phases. 

The formation of a second orthorhombic high-pressure 
phase of InSb*, in addition to the B-Sn type modification, 
with a unit cell closely related to the new y-phase (distor- 
tion of the orthohexagonal basal plane of y with b/a = 4/3 
into an orthogonal basal plane with b/a + 4/3) permite 
the speculation that in this high-preesure phase, just as 
in the new y-phase, the effective valence electron concen- 
tration may be less than 4. 

There are also indications of the existence of a further 
metastable phase at the composition In.,,8b.,, (valence 
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electron concentration = 4-5) in analogy with the stable 
phase SnSb (trigonally distorted B1); the atom sites in 
the new phase similarly form a rhombohedral primitive 
lattice. ‘These results will be reported elsewhere. 

This work was supported by the U.S. National Science 
Foundation. 


B. C. GQismssEN 
R. H. Kawa 
N. J. GRANT 
Department of Metallurgy, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts. 
1 Duwes, P., and Willens, R. FL, Trans. Met. Soc., Amer. Ins. Mech. Eng., 
297, 361 (1065). 
P., M A W., and Grant, N. J., Trans. Met. Soc., Amer- 
Inst. Meck. Eng. (In the press). 
* Kane, È. H., Giessen, B. O., and Grant, N. J. (in preparation). 
1 Raynor, G. V., and Lee, J. A., Ads Mat., 8, 016 (1964). 
* Kasper, J. B., and Brandhorst, H., J. Chem. Pkye , 41, 3768 (1904). 
* &creaton, R. M., and Ferguson, E. B., Acta Oryst., 7, 364 (1054). 


CHEMISTRY 


Purification of Sodium Tungstate 

Sopxua tungstate is used to provide charge compensation 
in neodymium-doped smgle crystals of calcium tungstate 
(scheelite) which are widely used as lasers’. These crystals 
are generally grown by the Czochralski technique from 
melta which can contain up to 10 wt. per cent sodium. 
It 18 therefore desirable to remove impurities from the 
sodium tungstate which could lead to the formation of 
light-scattermg centres in laser orystals incorporating this 
matenal®. In this communication,  zone-refining method 
of purifying the readily available reagent grade of sodium 


Di dpi 18 described. 

source material was ‘AnalaR’ grade material which 
corresponds to the composition N&eWO,.2H,O. The 
water of crystallization was removed by heating this 
material in a vitreous carbon boat at a ture of 
400? O. The charge was afterwards by slowly 
melting at a temperature of 700? O. Solidification at this 
stage yields & white opaque ingot. However, the passage 
of two molten zones, approximately 2-5 om wide, along 
a 15-cm ingot produces + material for three- 
quarters of the ingot length, provided the movement rate 
of the zone does not exceed 1:5 am h~. An atmosphere 
of argon, flowing at a rate of 200 o.c. min-!, was used both 
for the compaction and for the rone-refining. Under these 
conditions the carbon remains chemically unattecked. 
The material produced in this manner is polyorystalline 
as expected for a substance which exhibits trimorphism?. 
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unlikely to be detrimental, as sodium tungstate &nd Bodium 
molybdate are isomorphous compounds which may both 
be used for charge compensation in scheelite structures. 
We thank Mr. C. M. Wilson (A.E.L, Rugby) for his 
assistance with the analysis. 
M. P. Gatas 
B. Cockayne 
Ministry of Aviation, 
Royal Radar Establishment, 
Malvern, 
Worcestershire. 


4 Cockayne, B., Sol. Stats Coman., 8, 381 (1064). 


Magnetic Properties of Some 
N : N’-bis-Salicylidene-ethylenediamine 
Iron (111) Complexes 

Tue magnetic properties of some binuclear complexes 
of chromium (III) and iron (IIT) in which magnetio inter- 
action was considered to occur through oxygen bridging 
groups were reported previously. In the cases discussed, 
it was not possible to fit the magnetic data very satis- 
factorily to a model for spin interaction between the metal 
ions. We report here a complex of iron (IIT) with N -N'-bis- 
salicylidene-ethylenediamine in which we have been able 
to establiah a binuclear formulation and account for the 
magnetic properties satisfactorily in terms of spin inter- 
action between the two metal ions. 

The complex N-N’-bis-salicylidene-ethylenediamine iron 
(III)-u-oxy-N -N'-bis-salicylidene-ethylenediamine iron 
(III) was first reported by Pfeiffer’. In agreement with 
this formulation, the complex is a non-conduotor in nitro- 
benzene and nitro-methane and the molecular weight in 
chloroform and nitro-benzene corresponds to the binuclear 
complex (C4H,,0,N,Fe),0. The magnetic moment at 
800? K was found to be 1:87 B.M., being appreciably lower 
than the value of 2-4 B.M. reported previously by Klemm 
and Raddatz? and very dependent on temperature, 
falling to 0-60 B.M. at 80° K. Considerable care was taken 
to ensure that the susceptibility was independent of field 


The characteristics of the magnetic behaviour may be 
satisfactorily accounted for using the Hamiltonian H = 
—2J8,.S,, where J is the exchange interaction between 
the two ions and S,, S, are the spin vectors for the two 
ions. For S = 5/2, the susceptibility x4 is given by: 





Y= 


Samples of the transparent sodium tungstate, the im- 
pure end of an ingot and the source material have been 
analysed in an ‘M.S. T mass spectrometer. The results of 
the analysis (Table 1) show that all the impurity elementa 
detected, except molybdenum, have been reduced in 
concentration by the zone-refming process. 


Table 1 
(p.p.m. atomic 
Homi Source material end Dre end 
Mo 1,500 1,500 1,500 
As 90 230 6 
Oa 105 100 20 
x 250 150 10 
a 170 240 60 
P 35 170 Not detected 
Bt 150 20 90 
B 5 15 1 


The reduction. in the concentration of chlorme and 
silicon is particularly important since these elements 
are known to cause scatter in calcium tungstate single 
crystals*‘. The high molybdenum concentration is 


T [ll + 9 exp (10x) + 7 exp (182) + 5 exp (247) + 8 exp (282) + exp (30z)] 


+ N(a) 


where K = g!'Np!/3k, x= — J/kT and N(a) m a 
temperature-independent paramagnetic term. The figure 
gives the calculated curve for J = — 100 om~, g = 2-07 
and N(a) = 0; the values of g and N(a) are of the order 
anticipated for an iron (III) complex with a *S ground- 
state. With the exception of binuclear copper (I) 
complexes, this is the first example of & binuclear complex 
with strong spin-spin interaction for which a satisfactory 
interpretation of the magnetic behaviour can be given. 
We have also investigated the magnetic properties of 
the corresponding iron (III) bromide and chloride oom- 
plexes over & temperature range. At room temperature 
the io moments of the bromide and chloride are 
5-41 and 5-36 B.M. respectively. These values are lower 
than the spin-free value of 5-92 B.M. expected for iron 
(LII), which suggests the possibility of magnetic exchange 
interactions. The crystal structure of the chloride has 
been reported‘ to consist of layers of N : N’-bis-salicyli- 
dene-ethylenediamine iron (OI) groups separated by 
8-4 A. However, in adjacent layers, the iron atoms are 


t 


Ze x 10* 





laterally displaced by about 2 À. This structure indicates 
that any exchange which takes place will do so between 
Eg eben sta gala Using this 
model, an roximate ftt for the results 
of the ohl e and bromide has been obtained, using the 
paratiotars aurümariusd in Table I. However, using the 
binuclear model we have also obtained good fita. The 
parameters required are also summarized in Table 1. 


Table 1 
Btruoture assumed 
J an , Nax10' for curve fitting 

—100 2-07 0 Binuolear 

TENERI -80 2-06 0 Binuclear 
—T0 210 0 Long lmear chain 

[C,,H;,0,8,F'e]Br -75 20 0 Binnolear 
—T0 210 0 Long hnear chain 


In chloroform solution, the bromide and chloride com- 
plexes are monomeric and in nitro-methane they are non- 
conducting. It has not been le to determine the 
magnetic susceptibility of any of the complexes in solution 
due to their limited solubility. 


J. Laws 
F. Masss 
A. RICHARDS 
Department of Chemistry, 
University of Manchester. 
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Use of Phosphoric and Sulphuric Acids In 
Hydrocarbon Electrode Investigations 


Durma an examination of hydrocarbon electrodes, 
evidence was obtained which confirms that analytical 
reagent grade phosphoric and sulphuric acids contain an 
oxidizable impurity. The cell and procedures used will be 
described elsewhere. In Fig. ] is shown a plot of potential 
versus log apparent current density for platmized platinum 


ments the system had not been in contact with a hydro- 
carbon or any other oxidizable material. The slope of the 
linear of the curve is 143 mV. After an anodio 

electrolysis (60 h at an anodic current density o 

m.amp/am?*), the Tafel behaviour was no longer bae 
with nitrogen and a limiting current was reached 
(triangles, Fig. 1). When the purifled acid was stirred 
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anodically pre-eleotrotysed acid; ODE andes penes oed 
with ethylene at 80? C, the polarization curve obtamed 
(circles, Fig. 1) was identical with that obtained with nitro- 
stirring of the lysed acid. Similar 


gen 
date obtained with 3N H,8O, are shown in Fig. 2. The 
slope of the linear parts of the curves in this case 18 188 mV. 

"Phe Tafel behaviour exhibited by the nitrogen-stirred 
unpre-eleotrolysed solutions, which 18 no longer obeerved 
after purification, strongly ee the por of an 
oxidizable impurity. The higher limitmg current 
8N H480, than in 5M H,PO, after purification dta 
that pre-electrolysis is not so effective in removing the 
impurity, from the former. It is interesting to note that 
the impurity gives the same Tafel slope as ethylene” and 
other unsaturated hydrocarbons’. Another i 
feature is that the polarization curves for ethylene and 

ee mee pear to be affected by the impurity. 
unpre-electrolysed solutions, however, the electrode 
are probably involves the simultaneous oxidation of 
the hydrocarbon and the impurity. 

An unresolved problem concerning hydrocarbon elec- 
trode reactions is the mechanism responsible for the 
potentials observed at rest. Since the thermodynamically 
reversible values are not obtaimed®‘, it would seam that a 
complex process is involved. Four interpretations of these 
potentials have been suggested’; but none of them is 
entirely satisfactory. An interesting feature is that the 
poemen are only slightly different from those obtained 

with nitrogen before the ingre of hydrocarbon’. 
This observation was also made m the present work. 
Sinoe a platinized platinum electrode, which is exhibiting 
an ‘oxide’ potential, can be depolarized by oxidizable sub- 


m 


P 


Oa 
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gtences such as methanol, formaldehyde, and formic 


acid’, the ity that the oxidizable impurity contained 
in i 5M H,PO, and 3N H,80, plays a part in the 
establi b of the ‘nitrogen potential’ was investi . 


to 300-600 mV. With both unpre-electrolysed and - 
electrolysed 3N H480,, the ‘nitrogen potential’ fell 
an initial value of #950 to «800 mV in approximately Zh. 
When a platinired platinum electrode that has been 
exposed to air is immersed in an acidic electrolyte, the 
high potential observed initially (1,060 mV) is probably 
a mixed potential, arising from the interaction of tbe 
4-clectron O,/H,O reaction and the Pt reaction’. 
In & nitrogen atmosphere, which wo sweep out any 
entrained oxygen, the potential drope to about 850 mV, 
the potential of the Pt/Pt-O reaction’. Hoare showed’, 
using bright i in 2N H,80, at 25°C, that the 
tential fell from about 880 to 770 mV in 25 h, and 
iner and Roe’ showed that in a system in which 
rigorous steps had been taken to exclude oxygen, & 
potential of about 400 mV was obtained with helium 
stirring after several hundred hours. The steady drop in 
potential below 880 mV has been attributed to the 
instability of Pt-O in the abeence of oxygen which 
chemically decomposes or dissolves in the platmum*’. 
The lower potentials obeerved are considered to be dipole 
1 18 


The resulta obtained here, particularly with phosphoric 
acid, suggest that the more rapid decline of the ‘nitrogen 
potential’ in the unpurified acid might be the result of the 
reduction of Pt-O by the impurity, as the removal of the 
impurity leads to & much lower rate of decline. In sul- 
phuric acid, the ial decay was equally rapid 
before and after purification. This might mean that the 
impurity is not removed by anodic pre- 
electrolymis, or that the Pt-O is much more unstable in 
sulphuric acid than in phosphoric acid at the higher 
temperature. Some evidence for the first point is indicated 
by the higher limiting current in the pre-clectrolysed 
sulphuric soid, with nitrogen stirring than in the pre- 
eleotrolysed phosphoric acid. 

RAYMOND THAOKHR 
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BIOCHEMISTRY 


Presence of Maltodextrins in Potato 
Phosphorylase Preparations 
Ix the presence of excess a-D-glucoee-l-phoephate 
(a-D-G-1-P) potato phosphorylase catalyses the im viro 
synthesis of amylose-like polysaccharides by 1 : 4 linking 
of gluoose residues to the non-reducing ends of. malto- 
dextrin primer molecules, either added or present as 
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impurities in the reactants. - Malbotriose is the smadlest 
molecule which will act as a primer for the synthesis’. 
The action patter of the enzyme has been show to bo of 


the ‘multi type over a wide range of conditions’. 
The isolation described by Baum and Gilbert’, 
involving adsorption of the enzyme on to retro- 


graded am was used to prepare phosphorylase. 
Traces of bydrolytic enzymes, princi a-amylase, 
were removed by heating the phosphorylase preparation 
at 58-5°-64° C for 10 min®: their removal was confirmed 
by incubating the horylase with a solution of natural 
amylose at 20-0? C at pH 7:0. None of the phosphorylase 
preparations exammed a fall in the intrinsic 
viscosity of the amylose over a period of 24 h. Purified 
phosphorylase gave & single symmetrical in Bedi- 
mentation velocity experiments (Fig. 1) a single lme 
in Ouchterlony agar double diffusion experiments 
using rabbit anti-potato proteins antiserum. The 
enzyme activity of the ions was measured in 
terms of the Green and Stumpf unit*. Protein concentra- 
tions were determined on concentrated samples of the 
enzyme either colorimetrically by Follin’s method or by 
optical density measurements at 280 mp. The preparation 
had a specific activity of about 12-13 Green and Stumpf 
unite/mg protein. 

Incubation of the enzyme with commercially availablo 
dipoteesium  a-D-G-l-P (British Houses, Ltd., 
Poole, Dorset) at either 20° O or 38° O at pH 7-0 resulted 
i the synthesis of maltosaccharides in the absence of 
added primer. This indicated that either the enzyme 
m or ita substrate, or both, were contaminated 
with maltodextrins. Similar obeervationa have been made 
by other workers’. 

Experimenta were carried out which indicated that most 

of the primers were aa impurities in the a-D-G-1-P. 
Howover, phosphorylase was found to synthesize iodie 
a-D-G-1-P as the substrate; indicating that the enzyme 
preperation also contat primers. 
. The maltodextrm impurities in «-D-G-1-P oould be 
removed entirely, either by preparative paper chromato- 
graphy or more imply by incubating an excess of 
a-D-G-1-P with purified phosphorylase and growing the 
maltodextrins to sufficient size to be separated from 
a-D-G-1-P by dialysis through ‘Cellophane’. 

The effective primer concentration present in the enzyme 

ion was determined quantitatively by i 
the rates of amylose synthesis in the presence and & ce 
of known concentrations of chromatographically pure 
medtopentaose under standardized conditions. The 
amylose synthesis was followed by removing samples 





buffer, pH 7-0, containing 0-2 M NaCl 
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from the reaction mixtures at suitable intervals of time 
and staining these with iodine-potaasium iodide solution 
under standard conditions. The extinction of the stained 
solution was measured in a Hilger Spekker absorptio- 
meter at 680 my (No. 8 filter) and this provided & measure 
of the amylose synthesized. The rate of amylose synthesis 
was sbown to be proportional to the added primer con- 
centration (Fig. 2) and thus the primer content of the 
enzyme preparation could be calculated in terms of 
maltopentacse. 

At first it seemed probable that the primers in the 
enzyme preparation were soluble maltodextrins introduced 
during the preparative procedure. However, it was found 
that all the enzyme preparations examined, had primer 
activity of the order of 0-45 ug maltopentaose per Green 
and Stumpf unit of enzyme. 

Soveral methods were used in an attempt to remove the 
enzyme primers. These methods were: (a) dialysis of the 
enzyme to remove small, non-protein molecules; (b) 
incubation of the enzyme in 0:2 M phosphate buffer at 
88° O at pH. 6-5 to digest the primers, followed by dialysis ; 
(c) ultracentrifugation of the preparation to sediment the 
enzyme, leaving smaller molecules ın solution; (d) treat- 
ment of the enzyme with purified B-amylase to 
maltosaccharide impurities. The first three methods had 
no significant effect on the primer: enzyme ratio. Huse- 
mann? has recently reported the removal of enzyme 
primers by dialysis; but 16 is probable that these primers 
were present initially greatly in excees of the critical 
ratio. It was impossible to test for primer activity in 
thé presence of B-amylase and attempts to remove this 
enzyme resulted in complete loes of phosphorylase activity. 
The instability of the phosphorylase after f-amylase 
treatment may be connected with the removal of primer. 
Preliminary experimenta, in which the enzyme was sub- 
jected to equilibrium dislysis i maltotetraoso 
primers by passage through ‘Sephadex G 100’ columns 
saturated with carbon-14 labelled maltotetraose primers 
in phosphate buffer at pH 7-0, indicated that the bound 
primers could be exchanged for primers of known structure 
and size. 

The constant ratio of primer concentration to ee 
activity suggested that primer was reversibly bo to 
(dence Sl ale a Une wey Assuming an equimolar 
association, the ratio indicated a molecular weight of the 
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order of 180,000 for potato Phosphorylase. This was in 
good agreement with values of the 


These investigations were made as preliminary investi- 
gations into the tn viro use of potato phosphorylase for 
the preparation of synthetic amyloses with molecular 
weighta of the order of 1,000,000 for use in ultracentrifugal 
investigations. High molecular weight amyloses have 
been synthesized and details of their properties will be 
published later. 

Samples of chromatographioally pure maltopentaoee 
and chemically synthesized barium  a-D-G-l-P were 
kindly supplied by Dr. 8. A. Barker, Chemustry Depart- 
ment, University of Birmingham. 

The work was supported in part by a University of 
Birmingham research scholarship (J. W.) and by the 
Agricultural Research Service, U.S. Department of 
Agriculture, under grant P.L. 480 (D. E. N.). 
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Precipitation of Salmon Sperm 
Deoxyribonucleic Acid with Purine-specific 


Antibody 


DzOoxYRrIBONUOLRIO acids (DNA) have been found to re- 
aot with antisera prepared by immunizing animals to Gram- 
negativo baoterta! DNA!, nuoleoeides*-, nucleotides‘, 
purines'-' and pyrimidimee**. This was first demon- 
strated by complement fixation?’ and then by preaipitin 
re&otion?-*. The ease and degree to which these reactions 
ooour seem to depend on the source of the DNA. Pneumo- 
coccal and E. cols DNA, undenatured and denatured, fix 
complement with pyrimidine specific antibody; but these 
and calf thymus DNA are to require heat 
denaturation for complement fixation with anti-purinoyl 
antibody, although some complement fixation was 
observed with undmatured pneumococcal and W. colt 
DNA**. For precipitation, calf thymus DNA required 
heat denaturation to bring down anti-calf thymus* or 
anti-uridine antibody? and heat denaturation in the 
presence of formaldehyde to precipitate with anti- 
purinoyl, anti-pyrimidine or anti-nuoleoside antibody*. 
In oontrast, heat-denatured chick embryo DNA pre- 
cipitated both with anti-purinoyl and anti-nucleoside 
antibody*. The difference in reactivity between calf 
thymus and chick embryo DNA was accounted for on 
the basis of the lack of hyperohromioity for heat-denatured 
chick embryo DNA and formaldehyde denatured calf 
thymus DNA, cycled slowly through the thermal transi- 
tion ture, compared to a hyperchromicity of 
19-6 per cent for heet-denatured thymus DNA 
treated Bimilarly*. 

In the course of experiments designed to detect and 
isolate DNA using immuno-adsorbente, we have found 
that salmon sperm DNA reacts with anti-purinoyl anti- 
body to some extent without heat denaturation and to e 
greeter-extent after heat denaturation. 

Antiserum was obtemed from New Zealand white 
rabbits immunized with 6-triehloromethylpurme coupled 
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to California giant keyhole limpet haemocyanin’. A stock 
solution of highly polymerized salmon sperm DNA (Cali- 
fornia Corporation for Biochemical Research, Los Angeles) 
containing 1:00 mg DNA/ml. i 1 per cent saline was 
prepared. A portion of this was denatured by heating at 
100° C for 15 min followed by rapid chilling of the 
solution in an ice bath. Quantitative precipitm reactions 
were carried out as described by Kabat and Mayer’. 
Protein was determined by the method of Lowry™, using 
rabbit y-globulin as a stendard. 

Quantitative preoipitin curves for the reaction of heat- 
denatured salmon sperm DNA with the purime-specific 
antiserum showed an equivalence zone elongated in the 
region of antigen excess (Fig. 1). In control experiments 
using DNA and normal rabbit serum. non-specific pre- 
cipitation was small. The antiserum was found to contain 
580 ug of anti-purinoyl antibody per ml., by precipitation 
with 6-trichloromethylpurine conjugated to bovine serum 
albumin’. Of this antibody, approximately 32 per oent 
precipitated with the thermally denatured salmon sperm 
DNA. Typical itative precipitin reactions were 
also observed with the unheated salmon sperm DNA; 
however, the antigen-antibody weight ratios varied 
somewhat (Fig. 2). Up to 17 per cent of the antibody 
poop et ne Veen? about half that 

or the heat-denatured material. 

A sample of DNA fram Clostridium sp. (Worthington 
Biochemical Corporation, Freehold, New Jersey) was 
thermally denatured and tested with similar results. 
Approximately 33 per cant of the anti-purinoyl antibody 
precipitated at equivalence. 

The denatured salmon sperm DNA shows little hyper- 
chromicity on heating above the thermal transition tem- 
perature, followed by slow coolmg, and thus resembles the 
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chick embryo DNA and formaldehyde denatured calf 
thymus DNA in thermal behaviour. It is interesting to 
note that Christian, DeSimone and Abruzzo! found that 
complement fixation for undenatured salmon sperm DNA 
was 22 per cent of that for the denatured DNA. 

The reactivity of DNA with antibody thus seems to be 
dependent on the ease, degree and irreversibility of DNA 
denaturation. Particularly for the case of antibody to 

ine derivatives, the results are consistent with the 

NA model wherein the bases are hydrogen bonded 
within the double helix and so are relatively inaccessible 
to antibody except at the ends or non-helical portions 
of the molecule. It would appear that our resulte are in 
accord with the suggestions of Butler et al.’ that the extent 
of reaction to DNA with antibody to purines and pyrim- 
idines or their derivatives may be used as & measure of 
the ‘nativeness’ of DNA. 

Our observation that the incomplete preoipitin re- 
actions of salmon sperm DNA with anti-purmoyl antibody 
display an equivalence zone is somewhat at variance with 
a suggestion that DNA might react completely with this 
antibody if sufficient antigen were preeent*. The sources 
and treatment of the DNA, however, were different for 
each case. Precipitation of anti-purmoyl antibody with 

denatured salmon sperm and Clostridium DNA. 
has the characteristics of & cross-reaction between anti- 
body and & heterologous antigen. If all the anti-purinoyl 
antibody could react with the DNA or even some specific 
fraction of the DNA, then by continued addition of., 
antigen all the antibody would eventually be precipitated. 
This is not the case. As with anti-5-acetyluracil antibody*, 
only & portion of the antibody precipitates with the DNA. 
By interfacial rmg test, anti-purinoyl antibody could be 
detected in the supernatant fluid at equivalence. Pre- 
cipitation of all anti-adenosine, anti-nbosylthymme® and 
anti-uridine® antibodies, on the other hand, mdicates that 
antibody to DNA components and their derivatives may 
react completely with DNA. 

We have found that our samples of salmon sperm and 
Clostridium DNA, thermally denatured in the absence of 


temperature and coolmg 
slowly, thus resembling formaldehyde denatured calf 
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thymus end chick embryo DNA! in their immuno- 
chemical reactions. Comparison of the reported base 
composition of salmon sperm DNA! with those of calf 
thymus and chick embryo DNA! disclosed little difference. 
This work was supported by contract NAST7-100, 
sponsored by the National Aeronautics and Space 
Administration. 
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Serum Cholesterol Concentrations in Chicks 


W were very interested in the article by De Somer ez 
dl.. Their resulta are in good agreement with our earlier 
observation, where the influence of several antibiotics 
on the stability of fat emulsions was studied!?. The 
emulsion was by using & mixture of 3-0 mL olive 
oil, 1:5 ml. 0-9 per cent NaCl and 1-5 ml. human duodenal 
juice; after 2 h of shakmg the percentage of split eater 
bonds was estimated and the stability of emulsion was 
observed during the following 60 min. The addition of 
neomycin sulphate in concentrations (1 mg/ml., 10 mg/mL, 
100 mg/ml.) oo ing to & dilution of & therapeutic 
doge in 10,000 and 1,000 ml. of digestive juice caused a 
significant decrease of lipolysis and prevented the forma- 
tion of a stable emulsion. A similar effect was observed 
with some other antibiotacs. In further expermenta wo 
observed that the addition of 80 mg neomycin sulphate 
to 1 ml. olive oil, administered intragastrically to rata, 
caused a decrease of alimentary lipaemia in the next 3 h 
(ref. 4). 

The explanation presented by De Somer et al. seems 
very probable to us. The malabsorption syndrome 
folowing the administration of neomycin, however, 
cannot, m our opinion, be elucidated only by the effect 
of the antibiotic on the precipitation of bile acids and 
emulsification of fat; damage to the intestinal mucosa‘ 
and the deleterious effect on the intestinal flora should 
also be considered. The question arises, what will be the 
effect of neomycin and its derivatives on lipolysis, especi- 
ally in other than biphasic systems ? 

A. KRONDL 


Institute of Human Nutrition, 
Budějovická 800, Prague 4. 
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We agroe with Dr. Krondl that the malabsorption 
syndrome following the administration of neomycin cannot 
be explained by precipitation of bile acida in the gut, and. 
that disturbances in the intestmal flora, tomo effects on 
the mnooss and inhibition of lipase activity may play a 
part. 

Our studies, however, were Bor epi in order to 
find an explanation for tho beorption syndrome 
during neomycin therapy. The N-methylated denvative 
of neomycin deeoribed by us has lost ite antibiotic proper- 
ties and does not cause a malabsorption syndrome in 
patients taking the drug for more than 12 months at @ 

of 6 g a day. Nevertheless the compound 1s still 
an active hypocholesterolaemio agent and this effect seems 
to be due to an action on bile acid micelles in the gut. 

We also tested the influence of neomycin, N-methylated. 
neomycin and streptomycin on porcine pancreatic lipase 
with B-naphthyl stearate as & a Sa 1n the presence of 
teurodeoxychólate above the critical micellar oonoentra- 
tion (De Laey, unpublished resulte). In complete agree- 
ment with the odios of Krondl et al. we find a significant 
(22—48 per cent) inhibition of the lipolytic activity after 
addition of neomycin or N-methylated neomycin to the 
test system. However, this inhibition of lipase activity 
seems also to be due to an effect on the bile acid micelles 
because no inhibition of the residual lipolytio activity 
was observed when bile acids were omitted from the test 
system or when teurodeoxycholate was present at sub- 
micellar concentrations (0:05-0-8 mM). Furthermore, 
streptomycin, heving only mild bile acid precipitating 
activity, was also significantly lees active in inhibiting 
porcine lipase activity. 


P. Dz Sower 
H. VANDERHAHGHE 
H. Evsemw 
Rega Institute of Medical Research, š 
University of Louvain, 
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Hexosamine in Bombyx mori Silk 


CONSTITUENTS other than protein in Bombyx mori silk 
have received little attention!. The significant amounts of 
hexosamine found in hair and wool prompted this study 
to quantitate and to identify the amino-sugars in B. mort 
silk. 

Raw silk was obtained from Gerli and Co., Inc., Park 
Ave., New York, and ground in a Wiley mill. For dry 

ight determinations, aliquota were dried in a vacuum 
drying apparatus over boiling toluene with P,O, as a 
desiccant. The ground silk was hydrolysed with twenty 
times its weight of 4 N HCl in sealed tubes overnight at 
104° C. The hydrolysates were dried and purifled on 
Dowex 50 x 8 cation exchange resin using 1 x 5 om 
columns after the method of Boas’ and 1 x 45 cm 
columns after the method of Gardell*. Hexosamine was 
quantitated with the Eleon-Morgan reaction?’ using gluco- 
samine standards. The amino-sugars were identified by 
chromatography of the ninhydrin degradation products 
from peaks derived from the long columns’. 

Two Elson-Morgan reactive peaks were obtained from 
the Gardell columns and these were degraded with 
ninhydrin to arabinose and lyxose respectively. The total 
amounts of hexosamine derived from both the Boas and 
Gardell methods agreed quite well, 1:52 and 1-47 uM/100 
mg dry weight silk respectively of which slightly more 
than half (56 per cent—see Table 1) was glucosamine. 

B. mori silk has significant quantities of the hexo- 
samines, glucosamme and galactosamine present in 
nearly equivalent amounts. 


^ 


Table 1. HNIOSAMINE O B. mon SILK 
xM/100 mg dry weight 
Total Glucosamine Galactosamine Total 
1-52 oar 0-65 1:47 
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Solubility of Renal Stones 


Tra cause of renal stone formation is unknown. Of the 
many current theories, majority opinion probably favours 
& ‘supersaturation’ mechanism, in which the urine concen- 
trataons of the ions of & poorly soluble salt exoeed the 
“precipitation product’ for that particular salt, thereby 
v causing sponteneous nucleation and subsequent growth of 
salt 
The chemical oompoeition of most stones is complex, 


and even if one considers only the calcium phosphates 
found therein, it is not clear which icular stoichio- 
metry is actually involved in the n ion and crystal- 


lization ee ee 
Although the presence of Ca(H,PO,),.H40 (ref. 1), 
c UE 2H40 (ref. 2) and Ge HPO) (POJ (ref. 3) has 
Exe clients om T X-ray orystallographio 
techniques, and the presence of and other mare 
basic calcium phosphates we feel that identifica- 
tion of these in rensl stones may not be 
relevant to the actual physioochemioel relationship 
which exists between the ions of calcium and inorganio 
phosphate in the stone and their concentrations in the 
corresponding urine. The critical feature of ‘solubility’ 
investigations js the identification of the lattice structure 
of the crystal surface, smoe it is the surface stoichiometry 
which determines the solubility of the solid phase im & 
bethmg fluid, and consequently whether a stone will 

^*dimmolve or grow under & given set of conditions. 
Recent r and Brown‘ have applied a non- 
prej method of determining the stoichiometry of & 
solubility equilibrium to bone mineral, and the same 

technique has now been applied to renal stones. 
An unselected series of renal stones obtained from a 
clinic were finely ground and equilibrated in 
‘Cellophane’ dialysis tubing with buffers, at constant 
over the pH range 7-8. The details of 
technique have been published else- 


where. 
The pH and calcium and inorganic ion oon- 
centrations were determined at ipt nae ker 


negative logarithm of the ion products [Ca++] [OH-]* and 
[H*]* [POT] caloulated. The fit of poxom, (y) against 
PHPO, (2) was determined by linear regression analysis, 
where the regreasion ooeffiaient is the negative reciprocal 
of the Ca : P ratio of the solubility equilibrium. 

The equilibration investigations with renal stones 
yielded a regression coefficient of — 0:7591 (S.A. + 0-0201) 
whioh a Oa: P ratio of 7-90/0. The confidence 

of this ratio, using the ‘?’-distribution, are 7-44/6— 
8:42/6 (5 per cent) and 7:25/6-8-66/6 (1 per cent). 

We therefore believe that these data indicate that the 
solid phase determining the ‘solubility’ of calcium phos- 
phate stones is octo-calcium phosphate (OCP), even 
although it may only be present as a surface structure 
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and may indeed only be a small proportion of the tctal 
mineral 
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Stimulation of the Uptake of Water and 

lone Indolyl-3-acetic acid : its Dependence 

ucleic Acid and Protein Synthesis 

TE growth hormone indolyl-8-&cetio acid (EAA) 
affects almoat all aspects of growth and development, and 
the very remarkable promotion d piles eee que 
with a simultaneous stimulation of water uptake, ion 

and ssveral metabolic We have pre- 
viously presented evidence to show that the plant growth 
substances, LAA, gibberellic acid and kinetin, all regulate 
the synthesis and release of nuclear RNA and tha tho 
fraction of RNA involved has a base composition 50m- 
plementary to that of DNA!-. The synthesis of ntlear 
protein, as well ag some enzyme systems oonoerned with 
the metabolio pathways kmown to be affected by LAA, 
is also stimulated by growth promotive cancentretions 
of IAA**, In this communication we report thas the 
IAA-mduoed stimulation of water uptake and ion u»take 
also involves & nucleic acid system, that this proces is 
inhibited by actinomycin D and that the inhibit n is 
removed by IAA. 

The materials used were disks of potato tuber 5 mm in 
diameter and the cells of the lower gurfmoe of 
the leaves of RÁoso , which are rich in anthocyanin 
A nue c Gree Grae de Nue ponte ok OPE 
light microscope. These tissues have been used su=oceas- 
fully by several workers in previous investigations cn the 
effects of IAA on water uptake’. Potato disks were 


depending on experimen 
peels of the midrib regions of hoso were first plaam=1yved 
in 0-5 M mannitol and deplasmolysed in water or in 
appropria concentrations of the antibiotic to fac htate 
ir uptake. This was followed by re-plasmolyais in 


mycin D, parphyromycin, chloramphenicol and purcnyoin 
were 100 ug/ml., 10 ug/ml., 3-2 mg/ml., and 100 ag/ml. 
Water uptake by the potato disks was deternunod by 
weighing them 22 h after incubetion. Water upteke by 
-Rhoeo cells was measured by noting the tme taken or the 
cells to deplasmolyse. P uptake was estimated by 
measuring the radioactivity of the dried tissue in sa end- 
window B-counter. Actinomycin D, porphyromyon and 
puromycin were obtained through the courtesy of Dr. V. 
Bryson, of Rutgers University, Dr. G. Savage, 5f the 
Upjohn Co, Kalamazoo, Mich, U.B.A., and Dr Fritz 
Lipmann, of the Rockefeller Institute, New York. Drtho- 
p hate-MP was supplied by the Atomio “nergy 
lishment, Trombay, India. 

Experiments the effect of IAA or water 
uptake by potato disks yield a two-phase concactration 
Sarsa dlsootaci Boca the eaol LATA n Grow EN: low 
concentrations are ive but higher concentrations 
are inhibitory. With 10-* M IAA water uptake 3 prac- 
tically trebled, but when actinomycin D is also i-cluded 
is cut down by about 50 per cent. Higher concen-rations 
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of IAA further remove the inhibitory effect of actinomycin 
D &nd the curve continues to riso (Fig. 1). BSrmilgz resulta 
were obtained with the epidermal cells of Rhoeo, where 
IAA effects on water uptake are discernible within a few 
minutes of ioabion (Fig. 2). 

Aotinomyom D also inbibite the uptake of orthophos- 
phate-**P by potato disks and here also the inhibition can 


1. D on IAA-indneed water 
to daks. Potato disks ted with 
pap amen” Polat d Ineuba&on was for 22 h in darkness at 25° O 


transferred to IAA solutions and time taken for deplasmotysis noted) 
- 40 
30 
E ao . 
H 
d 


iks. 
iet 
apm 
for 3 h in darkness at 25° O 


i D "p 
Affect of actinomyan on uptake by 
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Table 1. HrrBOT or IAA AND OHLORAMFHENIOOL ON WATER UPtaxn BY 
Potato DISKS AND Rhose HFIDERMAL ORLIS 


Potato disks Reetprocal of time 

Treatment % Water uptake taken (mm) for - 

100 038 Tw 
TAA 102 M 152 0-62 
TAA 10° M 100 0 48 
Chloramphenicol 10-* M. 51 0-26 
Ohloramphenicol 10-* M + IAA 103 M. 97 0-54 
107* M + IAA 10* M. 03 0-80 


be oonsiderably leesened by i ing concentrations of 
TAA (Fig. 3). tee 

The IAA-induoed stimulation of water and ion uptake 
thus seems to be related to DNA-dependent RNA syn- 
thesis. Porphyromyan, which inhibits nucleic acid 
synthesis through its effect on purine metabolism’, retards 
the stimulation of water uptake by IAA, but the in- 
hibitory effect is not reversed by higher concentrations of 
IAA (Fig. 2). Chloramphenicol, which inhibita protein 
synthesis, also inhibits [AA-induced water uptake by 
potato disks and epidermal cells of Rhoso, but here also 
the inhibitory effect of chloramphenicol cannot be removed 
by IAA (Table 1). Similar resulte have been obtained 
with another inhibitor of protein synthess, puromyom, 
for both water and ion uptake. The dinitrophenol in- 
hibition of nucleotide synthesis as indicated by phosphate 
esterification is only partially countered by IAA, and th 
inhibitory effect is never completely reversed’. It 
been suggested that actinomycin D binds with guanine of » 
DNA’. 

Noodén and Thimann’ have reported recently that 
actinomycin D at & concentration of 10-* M brings about 
a 50 per oent inhibition of [AA-mduoed growth. We have 
also evidence to show that the actinomycin D inhibition 
of the synthesis of nuclear RNA and protein is removed 
by higher concentrations of LAA. The inhibition of water 
and ion uptake by actinomycin D is presumably due to 
the inhibition of the synthesis of the enzyme system and 
carriers required for these processes, which in turn is 
regulated by specific RNAs produced on a DNA template. 
The evidence presented here lenda further support to the 
oontention*^!* that plant growth substance action is 
concerned, in a large measure at least, with the regulation 
of RNA and protein synthesis. It is of considerable interest 
to mention in this connexion that, as in the case of plant, 
hormones, the steroid hormones also stimulate the syn- 
thesis of m-RNA, some specific proteins and ion uptake! 1%, 
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Influence of Alterations in Intracellular Levels 
of Amino-acids on Protein-synthesizing " 
Activity of Isolated Ribosomes > 
EvmaxNom has been presented which strongly suggests 
that the rate of protein synthesis in vivo! and in viro?” 
may be very d on intracellular concentrations of 
amino-acids. particular significance to the present 
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investigations was the finding that protein turn-over in 
surviving liver tissue was stimulated in the presence of 
elevated levels of a single essential amino-aoid**. The 

s» oatabolio as well as the anabolic phase of protein turn- 
over appeared to be augmented m these circumstances. 

"Interpretation of the resulta obtained was partially 
obscured by the fact that intracellular tation 
of amino-acids may exist, with the result that exogenous 
and endogenous amino-acids are differentially meta- 
bolized':*, The experiments recorded here were per- 
formed in an attempt to provide definitive data on the 
influence of cellular levels of amino-acids on the activity 
of protein-synthesizing systeme. The results revealed 
that the amino-acid incorporating activity of ribosomes 
isolated from liver slices incubated with a single essential 
amino-acid varied with the concentration of that amino- 
acid. 

Hepatic tissue was obtained from adult male rate 
(160-180 g) of an inbred Sprague-Dawley strain. The 
animals were killed by bleeding under light ‘Nembutal’ 
(sodium. pentobarbital) anaesthesia’. Liver slices were 
incubated in Krebs-Ringer bicarbonate buffer containing 
varying amounts of a single essential amino-acid. Incuba- 
tion was carried out far 15 min at 87? in a Dubnoff meta- 
bolic shaker under & gas phase of 95 per cent oxygen— 
5 per oent carbon dioxide. After incubation, tissue and 

Ymedium were separated by filtration through fine gauze. 

- The tissue was washed once with cold tris-buffer solution 

of 0-25 M sucrose, 5 mM MgCl, 80 mM KCl, 
and 50 mM iris-hydroehloride buffer, pH 7-4 (medium 
A). 

Ribosomes were isolated from liver tissue by a modifica- 
tion of the methods described by Zomzely, Roberts and 
Rapaport*, and by Korner’. All procedures were carried 

out at 0°-4°. Incubated slices or freshly minced samples 
of liver were homogenized in medium A (8 ml./g tissue). 
The homogenates were centrifuged at 10,000g for 10 min 
and the pellet discarded. The supernatant was treated 
with one-ninth ita volume of 10 cent sodium deoxy- 
cholate in 50 mM tris-hydrochloride buffer, pH 8:2, and 
centrifuged at 105,000g for 2 h. The pellet was then 
rinsed 8 times, re-suspended by gentle homogenization 
in medium A, and re-centrifuged at 105,000g for 1-5 h. 
Finally, the pellet was again rinsed 3 times with medium 
A and stored overnight under medium A at —60°. 
Amino-acid incorporating activity of ‘control’ ribosomes 
from non-incubated liver tissue was not diminished even 
after several weeks of storage. 

"* Preparations of pH 6 onzymoee!* were obtained from the 
incubated liver slices and media independently, and from 
freshly minced liver. Tissues were homogenized in 
medium A. These homogenates and the incubation media 
were centrifuged at 10,000g for 10 min and the pellets 
were discarded. The supernatants were re-centrifuged at 
105,000g for 2 h. The resulting supernatants were then 
acidifled to pH 5-Q with 1 N acetic acid and centrifuged 
at 15,000g for 10 min. The precipitates were suspended 
in fris-buffer medium containing 0-25 M sucrose, 4 mM 
MgCl, 25 mM KCl and 50 mM éris-hydrochloride buffer, 

. pH 7-4. Finally, centrifugation of these suspensions at 
300g for 10 min yielded supernatant fractions i 
the pH. 5 enzymes. These solutions were stored overnight 
at —60°. Activity of ‘control’ pH. 5 enzymes from non- 
incubated liver tissue was unaffected by storage for 
several weeks. 

Ribosomes and pH 5 enxymes were sasayed for activity 
in amino-acid incorporating systems oonteining 0-5—1-0 mg 
of ribosomal protein, an equal amount of pH 5 enxyme 
protein’, 0-5 uo. uniformly labelled r-(1*O)-amino-aoid, 

_-§ mM ATP, and 0:26 mM GTP in 1 ml. of medium A. 
After incubation for 80 min in aur at 37°, the reaction was 
stop by adding cold medium A containing 0-1 per cent 
non-labelled amino-acid. Ribosomes were recovered 
from the incubation mixture by centrifugation at 105,000g 
for 1:5 h. The pellet was homogenized in medium A 
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and treated with triahloroaoetio acid (final concentration = 
5 per cent). The precipitated protein was purifled of 
free amino-acids, RNA, and lipid‘, then homogenized in 
70 per cent ethanol. Aliquots of this suspension were 
removed for determination of protein!! and radioeotivity!*. 

Prior incubation of liver slices in the presence of varying 
amounts of one essential amino-acid resulted in marked 
alterations in the amino-acid incorporating activity of 
ribosomes afterwards isolated from these tissuea (Table 1). 
Thus, when the initial extracellular concentration of 
phenylalanine was increased from 0 to 78 uM, incorpora- 
tion of r-(4O)-leucine into protein of isolated mbosomes 
was elevated approximately 40 per cent. In another 
experiment (not shown) a further increase was noted at 
the highest level of phenylalanine (155 uM). Similarly, 
incorporation of 1-(!C)-leacine or r-(!*O)-phenylalanine 
into ribosomal protem was enhanced when the initial 
extracellular concentration of threonine during prior 
incubation of liver slices was raised from 0 to normal 
plasma (228 uM) or liver (500 uM) levela. 

Activity of the pH 5 enzymes remaining in the tissue 
was also altered by prior incubation of hepatic slices in 
media containing different concentrations of a single 
essential amino-acid (Table 2). Thus, incorporation of 
I-(#*C)-leucine into protein of ‘control’ ribosomes was 
markedly increased the pH 5 enzymes were recovered 
from liver slices incubated with added phenylalanine as 
compared with incubations in the absence of this amino- 
acid. Similarly, prior incubation of liver tissue in the 
presence of elevated levels of threonine yielded pH 5 
enzymes with increased activity. No differences in activity 
were observed for pH 6 enzymes recovered from the 
medium. However, total recovery of pH 5 enzyme protein 
(medium plus tissue) appeared to be significantly in- 
creased when incubation was carried out in the presence 
of an easential amino-acid. 

These and related!“ observations reveal that protein 
synthesis in mammalian cels is acutely responsive to 
variations in intracellular levels of amino-acids induced 
by primary alterations in the extracellular concentration 
of a single essential amino-acid. Thus, within 15 min 
after exposure of hepatic cells $^ vitro to elevated levels 
of one amino-acid, ribosomes and pH. 5 enzyme prepara- 
tions isolated from these cells exhibited increased activity 
in protein synthesis. The precise mechanisms underlying 


Table 1. Brrsot or INITIAL EXTRACELLULAR LEVEL OF OFS HeBEWTIAL 
AMINO-ACID OX PEOTNIN-SYNTHUÉIXIKQ Acrivrry OF Livan RIBOSOMES 
conditions 
conditions for amino-acid Incorporation 
for Hiver alioes tlon 
Amtno- Ooncentm- Amtno- Concentra- o.p.m./ 96 
add don add tion (wM) mg pro increase 
Phe 0 Leu 100 402410 € 
73 Leu 100 576 +28 43 
155 Lea 100 569 + 24 41 
Thr 0 Leu 100 557; 531 = 
228 Len 100 758; TH 37 
500 Leu, 100 741; 097 32 
Thr 0 Phe 25 448, 404 — 
1218 Phe 25 778; T31 64 
500 Phe 25 811; 978 85 
Liver slices were Inoubated for 15 min In the presence of varying amounts 
of one easentlel amino-acid. S err plasma ani icd 
(Phe) were 50 aM and respecively, and for 
) wore 213 4M and 500 ali (ref. 4). from the liver 
aloes were ineubated fur 80 min with ‘control’ pH 5 enzymes and 05 æo. of 
uniformly labelled 


i ger apa LS ag fv ger Tneorporation 
data represent indi values or averages +5.8.M. for three samples. 


Table 2. HrTBROT OF IXITIAL MIATRACNLLULARE LEYAL or ONN HSZENTLAL 
AMINO-AOID ON AOTIVETY OF Livan pH 5 MREXYXER IX PROTEIN SYNTHESIS 


Incubation Ineubatan conditions 
for hiver slices for amino-acid incorpora 
Amino-aed  Ooncentradon 
(aM) (aM) 96) 
Phe 0 Lea 100 100 
T3 - Lea 100 140 
155 Lea 100 171 
Thr 0 Phe 100 
228 Phe 132 
500 Phe 
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these responses are unknown. However, in the context 
of presently accepted theories of the regulation of protein 
synthesia*, variations in the production and release of 
messenger RNA in response to alterations in amino-acid 
levels may be involved. The findings recorded here pro- 
vide support for the hypothesm that primary alterations 
1n amino-acid transport into the cell, such as those which 
may coour under hormonal or other metabolic influences, 
may be responsible for subsequent changes in protein 
synthesis. 

This work was supported by a research grant 
from the National Institutes of Health, U.S. Public 
Health Service (@M-12520), by a ining grant from 
the National Institute of Mental Health (5T1 MH-6415), 
U.8. Public Health Service, and by Cancer Research 
Funds of the Univermty of California 
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Occurrence of Esterified Hydroxy Fatty Acids 
as Precursors of Lactones in Butter 


Ir has been demonstrated by Boldingh and Taylor! 
that butterfat contains various y- and 3-lactonæ in 
amounts of 1-20 p.p.m. Using the isotope dilution 
method, 6-octanolide, 5-decanolide, 5-dodecanolide and 
5-tetradecanolide could be determined quantitatively. 

In addition, it was found that the free lactone content 
rises two- to three-fold when the butterfat is heated at 
about 140° C. This led us to believe that butterfat oon- 
tains amall amounts of hydroxy acida in eaterifled form, 
most likely in the form of monohydroxy-acyl-triglyoeridee. 
Synthetic glyoerides of this type actually showed similar 
behaviour on heeting!. j 

In this communication, observations are described 
which lend support to the aforementioned assumption. 
This was obtained by applymg thm-layer chromato- 
graphic techniques to ilo fractions derived from 
non-heated butterfat. 

Our procedure was based on & number of conmderations 
with regard to the R»values to be expected for mono- 
hydroxy-scyl-triglycerides as compared with those of 
mono-, di- and tri-glycerides of normal fatty acids in the 
Systems applied. Thus: 

(a) The Rr-value is about the same as that of a normal 
diglyoeride (Fig. 1, Nos. 1 and 3; in this communication 
fractions are referred to in order of increasmg Fr). 

(b) The presence of the hydroxy acid moiety in the 1- 
or in the 2-pomtion could be expected to cause a difference 
in Ry-value similar to that observed between those of 
normal 1,2- and 1,8-diglyoeridee (Fig. 1, No. 1). 

5-g butterfat dissolved in light petroleum/benzene 
(1:1) was obromatographed on & column filled with a 
mixture of 30 g 'Silioagel (“Mallinckrodt’, containing 
6 per cent physically bound water) and 15 g ‘Hyflo’ (dried 
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for 16 h at 120° C). In this way about 80 per cent, con- 
sisting entirely of normal tri ides, was removed. 
The remainder was eluted with diethyl ether and after- 


wards o hed by thin-layer chromatography - 
on sioe, which yielded three main zones, chiefly oon, 
sisting of mono-, di- and tri-glyoerides, respectively 


fraction (200 mg) on a silica plate using the izontal 
developmg technique’, six fractions A-F were obtained 





me ew a oe ee 





2. of second concentrate of butterfat 
Thiekness of zihos la: 1 mm, eluant 1sc-octane/ether 80/20 (v/v). 
with ‘Uitraphor’ 
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(Fig. 2). Fractions E and F were found to consist of 
normal trigl fraction A of monoglycerides. 
Fraction D was identified by infra-red spectroscopy as 
triglyceride containing an acetyl group 

I- Fraction B consisted mainly of 158 dici goeridés, 1,2-di- 
glyoerides and sterols. Because of their Rr values, freo 
lactones should also be contamed in this fraction (Fig. 3, 
No. 7). Removal of the lactones was performcd by means 
of thin-layer chromatography on silica after acetylation ; 
hye ate: poean, IE O ee 
they yielded no visible t (Fig. 3, No. 8). As & check 
a synthetic mixture of ceride and labelled lactone 
was acetylated. cades ende des qun wid 
between the two was observed.  Lectones 
remain unchanged during the scetylation treatment, as 
can be seen from Fig. 8, Nos. 1—4. 

Thea sted Overs ey oey ee 
lactones, was saponified, the unsaponifiable part removed 
converted mto acids. If in this mixture the 
presence of could be demonstrated, the presence 
of esterified hydroxy acids in butterfat would be estab- 
lished. 

In this we succeeded by first esterifying the acids with 
diazomethane, followed by acetylation to decrease the 
polarity of irrelevant hydroxy compounds and afterwards 
, by separating the mixture by thin-layer chromatography, 
using & thick silica plate. Qus ANUS Ce Mun a 
observed at the site where lactones could be 
iens Eh ie 4, xone 8, Somate anota] aod 3 or modal 
5-deoenolide and 4-octanolide). The material extracted 
from zone 3 was then re-run as & single spot on a thin 
(0.25 mm) silica plate. When ee ee 
1 per cent aqueous solution of ‘Ultraphor’ (BASF) and 
viewed under ultre-violet light ib showed & clear spot at 
the correct Ry-value. Moreover, the characteristic lactone 
amell was clearly noticeable, after extraction of the spot 
and evaporation to dryness, 

Fraction O (Fig. 2) was analysed similarly. Free lac- 
tones were absent, bd hice a aiana ME ths oei: 

yoorides—lactones could be detected in the same 


reported elsewhere. 
Small differences in Ry-value of the relevant glycerides 
in fractions B and O that in B the hydroxy acids 


are located in the 1-poertion of the gtycerides, whereas in 
. 0 they might oocupy the 2-position. 
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In addition to the occurrence of keto-acid esters 
described in eerlier publications**, evidence has now 
been obtained for the presence of hydroxy acid esters in 
butterfat. Though the overall behaviour observed. durmg 
the various separation steps strongly suggests the presence 
of such esters as glyoerides, it must be stated that definite 
proof for the combination with glycerol is still lacking. 

G. JuxxrENS 
J. M. OELE 
Unilever Research Laboratory, 


Mercatorweg 2, 
Visardingen, The Netherlands. 
1 Boldingh, J., and Taylor, R. J., Nature, 194, 000 (1062). 
1 Bremer, ML, E À., Jraperientia, 17, 287 (1901). 
Ma Haverkamp Begemann, P., and Sahogt, J. O. 3L, 
J. Légid Re., 4, 91 (1068). 


‘Parka, 0. W, Keeney, M, Kats, L, and Sohwarts, D. P., J. Lipid Ras., 


Changes In the Quantity and Nature of 
Collagen in Rabbit Skin as a Function of Age 


Tun process of ageing is known to be ed by 
changes in the chemistry of connective tissue. general 
collagen seems to accumulate with increasing age. Never- 
theless, this is only true for the insoluble fraction, since 
the soluble collagens, which represent the newly formed 
molecules, decrease with age, reflecting the lowered rate 
of synthesis. Most of the work in this connexion has been 
reviewed in detail by Harkneee!. 

In order to explain this socumulation of collagen which 
hsc ds a E T up M ere 

tomes: or cole ad ee oe 

rate and found it to be an age-dependent process. During 

periods of rapid growth the turn-over timo (T 1/2) 

waa 28 days wharws aa the animal aged it reached 300 
ys". 

In the series of experiments recorded here we intended 
to evaluate itatively the collagen content of the 
rabbit akin at different stages of devel t as well as 
its distribution among different soluble ions. It waa 
shown by Bakerman, using human skin of different ages, 
that the amount of collagen extractable by citric acid 
increased rapidly during foetal development but began to 
fall exponentially shortly before birth, to reach very low 
levels in older individuals’. In these t8 no 


experimen: 
. distinction was made between the different types of soluble 


collagens, nor was the total collagen measured. 

For the purpose of our experimenta rabbits of different 
ages as well as embryos obtained by Caesarean section 
were employed. The skin was shaved and, after killing 
the animads, cleaned from the underlying connective, 
muscular, and adipose tissues. These as well as all the 
following steps were performed in the cold (4° C). The 
skin was extracted with 0-15 M NaCl, 0-5 M 


866 mers 


NaCl and 0-5 M citrate buffer pH 3-6. The insoluble 
collagen was solubilzed by converting to gelatine. All 
fractions were dialysed as previously described’, and 
hydroxyprolme determined in the acid hydrolysate by 
the method of Woeamer* adapted to the ‘Auto-analyser’. 
Collagen. was calculated on the basis of the hydroxyproline 
content. 

Fig. 1 shows the of the insoluble collagen con- 
tent of rabbit skin as a function of the of the animal. 
On the 28th day of gestation, shortly before birth, the 
akin contains 1:12 per cent insoluble collagen and, as the 
animal ages, ite concentration steadily increases to reach 
& value of 15-5 per cant in the adult animal. 

Fig. 2 summarizes our fin on the collagen distribu- 
tion among the different soluble fractions. The amount 
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Fig. 1. Insotuble collagen of rabbit akin at different ages 
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Fig. 2. Soluble collagen fractions extracted from rabbit skin at different 
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prosent in the three fractions studied increased with age 
until the 8th week after birth. At this time the amount 
extractable by neutral salta began to decline, whereas that . 
soluble in citrate buffer remained constant. i 
These findings indicate that during the period of* 
maximum growth and rapid rate of collagen synthesis, 
soluble collagens rapidly build up on their way to i 
insoluble fibrils. As the rate of. synthesis of these soluble 
collagen precursors drops, their pool size decreases due to 
ite rapid turn-over. In the rat we have found a T 1/2 
of 17-20 days for the 0-15 M. and 0-5 M NaCl fractions. 
The citrate fraction does not act as an immediate pre- 
cursor, since ite concentration does not drop as should be 
expected if it were being utilized to form insoluble fibres. 
It seams to reach some kind of equilibrium with the 
insoluble fraction. This is substantiated by our previous 
findings using rat skin, where we observed that the turn- 
over tme of the citrate extractable collagen was of the 
same low magnitude as that of the insoluble collagen. 
This work was supported by a research grant from the 

National Institute of Dental Research, U.S. Publio Health 
Service. 
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PHYSIOLOGY 


Influence of Plasma Urea on Urine 
Concentration In the Opossum (Didelphis 
marsuplalis virginiana) 


IxacgmagrsG the amount of urea in the plasma has been 
shown. to enhance urine concentration in many mammals 
(man, cat, dog, sheep, white rat, kangaroo rat, jerbog!'!, 
and rabbit’). In some mammals, however, changing the 
concentration of urea does not affect urine concentration ; 
in the pig, beaver and Aplodontia, enhancement does not 
occur! *, It was hypothesized that the mability of the 
latter group to raise ita urine osmotic ceiling following 
increases in plasma urea is a primitive condition because 
these species are relatively primitive, phylogenetically. 

The opossum was chosen to test this hypothesis because 
this species is considered to be one of the oldest living 
North American mammals and is usually considered to 
be the most primitive and generalized of living marsupials. 
With the exception of ite larger aire, it is apparently very 
similar to its early ancestors and is considered a ‘living 
Cretaceous fossilt, 

Thirteen adult opoesums were examined and two or 
three animals were treated simultaneously. Some animals 
were tested several times. Urine and plasma osmolalities 
were determined by a Fiske osmometer following vaso- 
preesin injection (1 u/kg of body-wt.) during water 
diuresis acoording to the method of Dolph et al.*. Control 
animals were, inj with 1-0 ml. water instead of 
vasopressin. The delayed response of the opossum to 
water diuresis and vasopreesin required a slight modi- 
fication of this procedure. Urine samples were taken 
every 80 min instead of every 20 min and vasopressin 
injected when the animal exhibited a urine osmolality 
hypotonic to that of the plasma. This sometimes required 
Sh. The water load was given in two equal portions 
15 min apart to prevent regurgitation. Immediately prior 
to hydration, plasma  urea-nitrogen was determined 


— 
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according to the method of Richter and Lapointe* on a 
Beckman DB spectrophotometer. 

Each anmnal was fed a high- or low-protein diet for a 
minimum of 14 days prior to treatment. A period of at 
least 7 day» was allowed between treatments of the same 
animal. The high-protein diet consisted of 80 per cent 
meat (rabbit muscle and liver) and 20 per cent mixture of 
poder ani coteeds sait, alfaltu meal, and fish oil. The 
ow-protein diet consisted of 90 per cent potatoes and 
carrota and a 10 per cent mixture containing cornmeal, 
apples, salt, and lard. 

Tablo 1 presenta the U/P ratios which were calculated 
from measurements taken at the time of peak urine con- 
centration following hydration and vasopreasin injection. 
The o can concentrate urine more effectively 
(U/P 4-75) when fed a high-protein diet than when fed a 
low-protein diet (U/P 2-32). 


Table 1. (X MBAN URINR (U) AND PLASMA (P) OSMOLALITY AT THE TUR OP PEAK 


Uno CONCENTRATION raids opem uis AKD VASOPRESSIN INJECTION 
Diet Pee Fa ca UJP 
Low protein (9) 277 045 2-32 
High protein (7) 281:2 1,334 4-75 
*P«001 
No. of observations In brackets. 


* Probabshty calculated at the 0 01 level of significance using the Mann- 
Whitney U test. 


The urine osmolalty of all control animals declined 
during the experimental prooeduree. The plasma oamolal- 
ities of the two dietary groups before the beginning of 
experimental procedures showed no significant difference. 
The plasma urea—nitrogen concentrations in the o 


poesum 
fed a high-protein diet were significantly higher (P « 0-01) 
than in thoee fed & low-protein diet (Table 2). 


Table 2. MAX PLASMA OSMOLALITY AND PLAKMA UXEA-NITROGNN OK 
DIFFERENT DIETS DOOEDIATELY PRIOR TO HYDRATION 


Piana Plasma U/N 

Diei (mOwm)  (mg/100 mL) 
Low protein 3258 24:9 
High pire ET ) 326 6 411 


*P«001 
No. of observations In brackets, 


* Probability calculated at the 0 01 level of significance using the Mann- 
Whitney U test. 


These results show that the maximum urine-concen- 
trating ability of the opoesum following vasopressin 
injection is comparable to that of higher mammals with 
similar kidney form (Table 3). Tbe relative thickness of 
the medulla and the maximum urine concentration of the 
opossom he between those of the rabbit and tho rat, 
suggesting that the counter-current mechaniam in this 
primitive mammal functions like that of higher mammals. 
The relative medullary thickness is an indication of the 
relative length of the loops of Henle, and the greater the 
relative thickness the greater should be the urine—con- 
centrating ability according to the counter-current 
hypothesis. 


` 


Table 3. OOMPARIBON OF THE RELATIVE THICKNESS OF THE RENAL MEDULLA 
AND URINE OONGENTRATING ABILITY FOLLOWING VASOPRESSIN INJECTION 


U, 
Mammal thickness In ox dal 
of medulla * (mOam) Tailo 
anne 29 580 16 
30 850 29 
Dog te 483 1,875 49 
54 1,045 3-7 
Opossum n Iu 4°75 
Rat 2,035 &-8 
* “The 


Bo malay tokens XLO ee by kanay slro; where kidney sire 

These experiments show that the ability to raise the 

x urine osmotic ceiling following increase in plasma urea is 

not restricted to higher mammals. The of the 

docu opossum does not support the hypothesis that 

e inability of a species to raise ite urine oamotio ceiling 

following increases in plasma uree-nitrogen is a primitive 
condition. 
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The response of the opossum to urea may be a function 
of certain anatomical relationships in the kidney. In the 
renal medulla of the opossum the nephron segments are 
grouped in such a manner that they form an inner and an 
outer zone clearly visible in fresh or fixed sections. Zona- 
tion of the vasa recta correlated with the zonation due to 
nephron arrangement is also preeent in the opossum’. 
Thus, the opossum exhibits characteristics of kidney form 
and function very similar to those of man, oat, dog, rat, 
sheep, kangaroo rat, jerboa’**1*, and rabbit"'*. The 
beaver, pig, and Aplodoniia!'*.1 lack such zonation and 
they are incapable of raising their urine osmotic ceiling 
after an increase in plasma urea-nitrogen. It is, therefore, 
posible that the opossum’s ability (and that of other 
species with similar kidney form) to raise this ceiling after 
an increase of plasma uree-nitrogen is related to the 
zonation of nephrons and vasa recta. 

Further investigations comparing nephron functions in 
species showing the zonation described above with nephron 
function in species with no zonation may help to elucidate 
the way that urea is handled by the mammalian kidney. 

This work was supported by grant HE 08338—01 from 


US. popa of Health, Education and Welfare, 
Public Health Service, National Institutes of Health. 
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Local Control of Luteal Function by the Uterus 
of the Gulnea-pig 


TEEBA is now no doubt that distension of the uterus of 
& number of species of mammal results in characteristic 
changes 1n the oestrous cycle which stem from a shortening 
of the life span of the corpora lutea in the ov&riee!'!. 
Thus in the guinea-pig the preeenoe of two glase beads in 
each horn of the uterus, when inserted during the first 
four days after oestrus, shortens the length of the cycle m 
progress at the time of operation and that of succeeding 
cyoles*. The degree to which the cycle is shortened 
appears to be governed by the number of beads ın the 
uterus, for when one bead is in eaah horn the cyole 
in progress is shortened from a normal length of 16 days to 
14 days, whilst when two beads are present in each horn 
the cycle is reduced to 12 days‘. Although one bead 
located in one horn of the uterus of the sheep exerts a 
definite shortening effect on the oestrous cycle’, four beads 
in one horn of the guinea-pig uterus do not exert as marked 
an effect as when they are shared between both horns. 
The mechanism underlying this effect is not understood, 
although it has been suggested that the pituitary gland is 
involved in exercising a luteolytio function’. The present 
work has been concerned with the examination of this 
quantitative effect at the level of the ovaries, and attention 
directed to the morphological changes taking place in the 
corpora lutea, rather than to changes in the oestrous 
cycle over a longer period. 

Using the technique of Donovan and Traczyk’, one glase 
bead was inserted into each horn of the uterus of 11 virgin 
guinea-pigs during one of the first 3 days after oestrus 
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and ovulation. The animals were killed at various intervals 

before the next expected oestrus and the ovaries were 

fixed, histologically processed and sectioned serially at 

10u. A quantity related to the volume of the corpora lutea 4 
in each ovary was estimated by measuring two diameters 
at right in the largest section of each corpus luteum 
. 4nd multiplying the product of these figures by the number 
of sections of each organ and by the thickness of the 
sections. No allowance was made for shrinkage during 
fixation. The resulta (in mm?) provided a mean value 
representing the volume of each corpus luteum (D*) and 
in this way the changing size of the corpora lutee during 
the cycle could be followed and compared with the resulta 
for normal animals presented by Rowlands’. The com- 
parison is illustrated in Fig. 1 and reveals that, while the 
caloulated curve for the growth of the corpora lutea up to 
the 9th day of the cycle is parallel to that given by 
Rowlands, there is a marked discontinuity evident on the 
llth day. Regression of the corpora lutea appears to have - 
taken place a y between the 9th and lith days, an 
observation which supports earlier postulations concerning 
the existence of a process causing degeneration of the 
corpora lutea following the insertion of beads into the 
uterus’. 

In order to examine whether the regression of the 
corpora lutea is determined by a local rather than by a 
systemic mechaniam, one uterine horn alone was distended - 
and the effect of this procedure on the ipsilateral and 
contralateral ovary compared. Accordingly 2 glass beads 
were inserted into the right uterine horn in each of n 4 6 8 10 12 14 16 
further 9 guinea-pigs on the second day after oestrus and Day af cycle 
the animals were killed at various intervals before tho ot peal cas geo ol the corpora Tatai In thé ovaries. OR thè 
next expected oestrus. Histological prooeeming of tho feeds fn one hom of the uiaron, Tue broken hne showa the Yeinrasftina 
ovaries and measurement of the corpora lutea were carried curvo for corpora lutea In normal anrmajs as calculated by Rowlands’ 
out as before. The results are presented in Table 1, and 
Plotted in Fig. 2. Tt can readily be seen that the corpore lutea in the right ovary (associated with the horn of the 
uterus containing the beads) are signifloantly mmaller 
than those of the left (P < 0-001), indicating that the 
process initiating regreasion of the corpora lutea utilizes 
a local rather than a systemic mechaniam. The i 
observed between the curves for regreasion of corpora 
lutea in each ovary implies that once regression has been 
initiated (to a greater or lesser degree) it thereafter 
proceeds at a constant rate. 


oe 


te 


Mean D* of corpora lutes per ovary (mm) 


H 





Table 1. Muax Volume OF OoxPORA LUTEA DW INDIVIDUAL OTARINS 
FOLLOWING DINTENZION OF THE Rigur UTERINA HORN WITH GLASS DAXADS 
Mean D* for Mean D* for a, oni 
Antmal No. Day of oya» corpora lutes Spare iioa Difference 
ovary of 


at autopsy of left ovary 
1003 * 8 1-439 661 —0 222 
1010 10 2-T89 1-488 +1-301 
1007 10 3:423 2-320 +1:108 
1015 11 2-014 1-263 +0762 
916 12 1-908 +1255 .. 
911 12 3-508 1-045 +2463 
082 12 2-305 0 674 +1631 
971 12 3-779 1799 1-981 
996 14 1-511 0-370 +1141 


* Lutea) size on day 8 has been omitted from the mathematical dne 
to uncertainty whether at this stage luteal size ts Inoreasing or 


Mean D* of corpora lutea per ovary (mm*) 


The present findings, though of a preliminary nature, 
clearly imply the existence of a mechanism through 
which stimuli originating m one horn of the uterus can 
promote the regreesion of the lutea in the ovary 
on that side. In this connexion it 1s reasonable to suppose 
that a luteolytio factor is produced by the uterme horn 
and could diffuse to the neighbouring ovary. Supporting 
evidence for this possibility can be drawn from work on 
hysterectomized animals where, for example, it has boen 
shown that autotransplantation of uterine tiasue at the 





Tig. 1. time of hysterectomy prevents the expected persistence » y 
saatos Oar o rue Tok animals De of the corpore lutea’. In this oonnexion it is also note- 
right indtviduall worthy that & close correlation between the presence of 
ORE uterine tissue and the life of the corpora lutea in the 
Tbe ipsilateral ovary has been shown following sub-total 
a hysterectomy in the pig* and guinea-pig!'*. However, 
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this is the first time that a local effect on the corpora 
lutea has been observed to follow distension of the uterus 
and casta doubt on the importance of the pituitary gland 
in this 
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PHARMACOLOGY 


Effect of Eihydronrepsomyein on Tissue Lipid 
of Guinea-pigs 

ANTIBIOTIOS are known to have profound effects on 
nucleic acids and protein biosynthesis. Coniglio and Bell? 
reported that when antibiotics are administered orally to 
rate there is a algnificant increase in the moorporation of 
M(-aoetate into hepatio fatty acids. Chatterjee et al.* 
observed that dih mycin significantly influences 
the lipid metaboliam of intestine and whole body of rata. 
The neurotoxic effects of dihydrostreptomycin on pro- 
longed use in tuberculosis treatment and other infections 
are well known’. The present work was undertaken to 
study the effecta of DHS on lipid changes in various 
tissues of guinea-pigs. 

Female guinea-pigs in groupe of four, weighing 350—380 g, 
were intramuscularly given saline solution of dihydrostrep- 
tomyoin sulphate (Pfizer) (0-1 g/kg body weight). Guinea- 
pigs without dihydroetreptomyoin served as the controls. 
After ten days of administration of the drug & saline solu- 
tion of NaH™PO, (400 uo./kg body- t) was given 
intreperitoneelly. The guinea-pigs were ed 6 h after 
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"IP administration. Bram, lung, heart, liver, kidney, 
spleen and adrenals were quickly removed, cleaned, 
weighed and transferred to volume of chloroform: 
methanol (2:1, v/v). The tiasues were homogenized in & 
sees Ea homogenizer with 5 volumes of chloro- 
form : methanol (2:1, v/v). Heart and lung tissues were 
ground with a pestle in a mortar. The lipids from the 
tissues were extracted with 20 volumes of chloroform: 
methanol (2:1, v/v) for 4 h at room temperature by the 
method of Folch e al. The lipid extract was evaporated 
to dryncas in vaouo and freed of proteo lipids according to 
Folch e£ al.*. The final lipid residue was dissolved in 5-0 ml. 
chloroform and used immediately for analysis or stored at 
— 8° in glass-stoppered tubes. All solvente used were of 
analytical grade and were re-distilled and degassed with 
nitrogen before use. - 

The lipid solutions were analysed for cholesterol’ and 
phospholipid phosphorus‘. P activity (o.p.m.) was 
determined in & TOG-14 Tracer Lab Geiger— filler tube. 
The weights of the lipids were determined by bene 
1:0-ml. aliquots to a constant weight. Free and 
cholesterol were estimated by the digitonin method’. The 
cholesterol on the digitonide was estimated by a method* 
modified from that of Hanel and Dem*. The resulta are 
shown in Table 1. 

From the resulta (Table 1) it is seen that dihydroetrep- 
tomycin does not bring about significant changes in the 
total lipid contents of any tissues studied. Similar obser- 
vations are noted in total cholesterol contents of these 
tissues except in kidney, where dihydrostreptomyoin 
lowers the kidney total cholesterol. An insignificant 
increase in the free cholesterol of kidney is seen as a 
result of dihydrostreptomycin treatment, and this finding 
is in t with those of Chatterjee e al*. Brain 
showed a significant decrease in free cholesterol on dihydro- 
streptomycin treatment, though total cholesterol is not 
significantly affected. This may possibly be due to some 
inhibition of cholesterol esterase in brain. Phospholipid 
phosphorus in brain is significantly reduced in dihydro- 
streptomycin-treated animals, but it is not affected m any 
other tissues. Though a decrease in phospholipid phog- 
phorus in brain is seen as & result of dihydrostreptomycin 
administration, the speciflc activities (o.p.m./mg P) of 
brain phospholipids are not significantly affected. The 
pee phosphorus of heart is not reduced on 
dihy »ptomyoin treatment, but the speciflc activities 
are significantly reduced, indicating a slow turn-over rate of 


Table 1. HIFBOTB or DIHYDROSTREPTONYODUE OX TIBSUS LIPIDE OY GUINEA-FIGS 
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heart phospholipids. An insignificant increase in total 
lipid contenta and an insignificant decrease in specific 
activities of phospholipids of adrenals is seen as & result 
of dihydrostreptomycin treatment. Neither group of 
animals showed any change in their daily food consump- 
tion and body weights. 

The resulta show that brain is the only tissue, where 
dihydrostreptomycin treatment has significantly lowered 
both the phospholipid phosphorus and free cholesterol. 
Whether these observations have any direct or indirect 
relationship to the neurotoxic effect? of dihydrostrepto- 
mycin is not certain at present. 

We thank Dr. R. Viswanathan for his help. One of us, 
Rama Misra, acknowledges the award of a junior research 
fellowship from the O.B.I.R. 

Rama MISRA 
U. K. Misra 
T. A. VENEITASUBRAMANIAN 
Department of Biochemistry and Isotopes, 
V. P. Chest Institute, 
Delhi University, 
Delhi-7, India. 
1 Coniglio, J. G., and Bell, B. J., J. Dhol. Chem , 238, 805 (1957). 


rry p P., Biha, K K, and Banerjee, 8 , J. Sa, Indust. Res., 81, C, 
* Glong, A. Ana. Otol. Rkin, Laryng., 80, 327 (1961) 

1 ri mu eet M ADA Ren G EH., J. Bool. Chem., 828, 407 
* Hanel, H K, and Dam, H , Ads Chem. Soana., 9, 677 (1955). 

* Bartlett, G. R , J. Biol Chem , 834, 466 (1959). 

" Sperry, W. W., and Webb, AL, J. Biol. Ohem., 187, 97 (1950). 

* Misra, U. K. (unpublished resulta). 


Chronic Toxicity Testing 


CERTAIN types of hazard consequent on the administra- 
tion of chemical substances aré estimated by the per- 
formance of chronio toxicity testa. Such tests are usually 
designed according to certam empirical rules. Groups 
of animals (commonly three) are given a test substance 1n 
regularly repeated doses of constant size, each group 
receiving a different dose; the material can be given 
either by individual dosing to each animal or by admuni- 
stration in the diet. The interval between doses m the 
case of individual doses may vary &ooording to the proper- 
ties of the substance; the most generally used interval is 
24h. The experiment continues for an arbitrarily chosen 
period of time smoe no general principle enables the 
duration of such tests to be determined more rationally. 

The resulta of such testa may be death of the dosed 
animals or some leaser toxic effect which will ocour earlier, 
and more severely, in the group treated with the highest 
dose. When toxic effects occur in such experiments 
certain regularities may be expected; this is because 
each toxic effect may be considered to have two principal 
Se D and restitution. If the interval 

tween. two successive doses is too short to permit oom- 
plete restitution of the previous injury, persistent lesions 
will develop, accumulate and grow worse. The tude 
of such effects will be related to the size of the individonl 
dose, to the interval between sucoesaive doses and to the 
period over which doemg continues; they will also be 
modified by such factors as increasing remstance, or 
sensitivity, to the action of the compound and to the 
development of secondary factors not primarily related 
to the mjury caused by the compound. 

It is well known that the acute biological effects of & 
single dose of a biologically active substance are related 
to the logarithm of the dose. It is reasonable to enquire 
whether, in the circumstances of properly conducted 
chronico toxicity tests, biological effecta are related 
to time in the same way. It is certainly true that lower 
doses of a compound will be tolerated for longer periods 
than larger doses and that some doses can be found, even 
of very toxic materials, which do not cause overt toxio 
&otion in any period of time that oan be examined. Such 
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observations might be expected if effects were related to 
log time as well as to log dose. If this generalization were 
true, then there should be a straight-line relationship 
between the effect and the duration of an experiment 
when both co-ordinates are logarithmic. 

Because chronic toxicity studies are usually terminated 
at an arbitrary point, ıt is not easy to obtain sufficient 
data to support this suggestion. Nevertheless, it is possible 
to find some examples, two of which are shown in Figs. 1 
and 2. Fig. 1 is taken from literature using the data of 
Hawkins and O'Shanny** on staxia occurring in cats 


STREPTOMYCIN - ATAXIA in. CATS 


100 Hawking and O'Shanny 


No. of doses 
n 
o 
o 
o 
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Daily suboatansous dose (mg base/kg body-wt.) 
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after daily subcutaneous doses of streptomycin. Fig. 2 
presenta death in guinea-pigs receiving triphenyl tm 

Other experimental data on chronic toxicity studies with 
acrylamide (J. M. Barnes, private communication) tend 
to show the same relationship. Although these experi- 
mente were performed simultaneously under different 
conditions, namely, administration of the substance 1n 
daily oral dosea, ag an ingredient in the diet or in adequate 
high doses in intervals of a week, the toxic effect, which 
wes weakness of the hind legs, and all the related date 
ftt very well with the foregoing hypothesis. 

The principle of accumulation in pharmacology has been 
examined mathematically by A. J. Clark:. Further 
development of the theoretical background of the kinetics 
of chronic toxicity by Druckrey* led to his interpretation 
of the special conditions in carcinogenicity sa the 'summa- 
tion action’ and the ‘intensifier acticn’. In his experi- 
ments he could demonstrate an connexion of 
dose-response and time to that discussed here. In the 
case of carcinogenic action, however, the conditions ere 
more particular than in the oase of the chronio toxicity 
experiment because there appears to be no repair, the 
effecta of a single action being summated without loss. 

If the is that drug effects are related to the 
logarithm of the duration of chronic administration 88 
well aa to the logarithm of the dose given, the problem of 
choosing the best duration of a chronic experiment is 
simplified, and it may also be poesible to estimate safe 
levels of a substance more effectively. 

The hypothesis enunciated here several possible 
experimental testa; since each test is elaborate, any one 
laboratory oan only undertake & very small number. 


Josur ScHoLz 


ious i JH, Bsa. cana ca BA., ee 


* Druokrey, H., Arzuetesttieiforeockusq, 7, 449 (1057). 
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HAEMATOLOGY 
of Kallikrein 


Activity of Nicotine and iaces 
and Kallidin in Aggregation of Blood Platelets 

Ix 1961, Gaarder e£ al.: reported that adenosine diphos- 
pee (ADP) causes human blood platelets to aggregate. 

orn ei al.** described a method by which the aggregation 
of platelete may be followed quantitatively. They oon- 
firmed the results of Gaarder and deeoribed inhibition of 
the ADP-effect by 2-chloroadenosine and other substi- 
tuted nucleosides‘. Lately, some more results on this 
subject have been published'-', but the mechanism of 
platelet aggregation is still unknown. 

we described release of 5-hydro ine 

(5-HT) and other biogenio amines from isola rabbit 
blood platelets by nicotine’*; Singh and  Oester!* 
re that nicotine lowered coagulation time in vivo 
with concomitant release of epinephrine, and Wenzel and 
Singh“ showed that intravenous injection of nicotine or 
epinephrine reduces tion time in rabbits. Damage 
of arterial walls and formation of thrombi im rabbits 
brought about by epinephrine, a&eetyloholine, 5-HT, 
several polypeptides and inhalation of cigarette smoke 
oan be prevented by nialamide™. Investigations on the 
influence of these substances on platelet i 
in vitro should therefore contribute to knowl 
meohaniem involved. 


on 
of the 
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We therefore tested nicotine, 5-HT and iproniazid with 
to an eventual effect on ion using 
el oe ries os nee 
Gokoen and Yunig!* strong evidenoe that 
fibrinogen is involved in platelet structure, using trypsin 
and other proteolytic enzymes. Kallikrein, whioh re- 
sembles trypsin in many was not studied. Kalli- 
krein has proteolytic an esterolytic properties and 
pee the polypeptide kallidm, which is strongly 
ypotensive'** and enhances the permeability of 


i on platelet 
membrane structures, we tested kallidin and kallikrein. 
The latter was investigated with special regard to the 
fact that inability of coagulation due to fibrmolysinaemia 
may be treated successfully with a kallikrein inhibitor!'-'*. 

By measurmg the optical density at 600 mp of platelet- 
rich mechanically stirred rabbit blood plaama wo 
the platelet aggregation with resulta shown in Fig. 1. 

Under our conditions ADP causes the platelets rapidly 
to aggregate. Nicotine causes aggregation of platelets 
dependent on the concentrations used, but relatively high 
nicotine concentrations are needed. When nicotine and 
ADP were added simultaneously the effecta of both 
enhanced each other. Kallikrein (up to 10 unite/3 ml. 
plasma) and kallidin (15 and 90 unite/3 ml. plasms) had 
no effect and did not influence platelet tion 
elicited by ADP. Iproniazid 5 x 10- M inhibited the 
action of ADP and nicotine. 5-HT had no measurable 
effect, either alone or in combination with ADP. Thio- 
glycolic acid (0-05 ml.), which prevents breakdown of 
kallidin by kallidingse**, had no influence on the negative 
resulta obtained with kallikrein and kallidin, but totally 

the ion induced by ADP. (After 
completion of this investigation Jokay et al. have re- 
ported thioglyoolio acid and other thiol compounds to 
inhibit the endotoxin induced platelet tion and 
the simultaneous release of histamine and 5-HT.) 

Our results confirm the findings of Gaarder et al.!, Born 
et al.** and Shimamoto". The aggregation of platelets 
by nicotine may be caused by & change of the electrical 
charge of the thrombocyte membrane, because there is 


100 


Optical density ab 600 ma 
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Tune (mtn) 


L Amet of ADE, ages beam er e ge ai oe rA ory 
& blood as measured by optical denei 


rabbit blood at 600mm. A, ADP 1x107 M +nleotins 5 x 10-* M 
@, motne 5x 10° M; Au ead A Dee a DICH OE 
tpronlasid 5x10" M; O, ADP 1x10? M ipromazid 5x 10" M 
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strong evidence that nicotine may enhance the permeabil- 
ity of the platelet membrane by changing its oh s 
Nicotine could: cause aggregation by releasing ADP; 
this, however, seems unlikely, because a very similar com- 
pound ATP is not released from platelets by niootine!!, 


E. Wugrn 
H. Sauimvursurw 
Kimisch-Chemisches Institut an der 
Chirurgischen Klinik der Universitat Munchen, 
Germany. 
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Iron Studies of Thalassaemic Erythrocytes 
after Splenectomy 


DunrNG the past few years, the uptake of iron by im- 
mature red cells in vitro has been studied extensively. 
Studies have included the kinetics of stromal iron as well 
as of intracellular iron. Thus Tishkoff measured 
stromal iron after intravenous injection of “Fe in thalas- 
saemic patiente and also in patients with other diseases. 
Allen and Jandl? studied the kinetios of intracellular iron 
in an $n viro system, using reticulooyte-rich rabbit red 
cells incubated with *'Fe-labelled plasma, and measured 
the “Fe in the stroma, mitochondria, and microsomes. 
Clark? used radioactive iron $n vivo and in vitro to measure 
the stromal iron in rat red cells. Falbe-Hansen and Lothe* 
studied the stromal iron in rabbit red oells after intravenous 
injection of "Fe. 

In & previous study from this laboratory, it was found 
that after incubation of thalassaemio blood with **Fe, the 
radioactivity associated with the stroma was greater than 
in normal blood’. The difference was statistically signifi- 
cant after 6 h incubation, but was not statistically signi- 
ficant after 1 h. This finding was considered to indicate 
some retention of iron by the stroma of the thalassaemio 
red cells. The beneficial results of splenectomy in thalas- 
saemis led us to extend our studies to the red cells of 
splenectomized thalassasmio patients. The of iron 
by the stromal fraction after incubation of blood with **F. 
has been compared with that obeerved in thalassaemic 
patients without splenectomy. 
^ Fourteen thalassaemio subjects with splenectomy were 
studied. The haematological and other data conoerning 
the patients are shown in Table 1. 

The method used for the iron upteke by immature red 
cells was similar to that described previousty*. The 
method of Tishkoff e al.* was used for the separation of 
the stroma of the red cells. 

The **Fe content of the stromal fraction is expressed as 
& percentage of the total "Fe taken up by the immature 
red cells. The resulta are given in Table 2. In Table 8 the 
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Table 1. HANWATOLOGICAL DATA oF PATIENTS HTUDIED 
Case after Haemoglobin mature resistant 
No. Age Sex Diagnosis splenec- concentration red haemoglobin 
(g/100 ml ) (96) (%) 
1 6 F Thalemeemnia 12 days 10-4 10 152 
2 15 F »* 16 ,, 7 57-0 
3 5 r » 28 p 146 06 98 
4 18 M RE 85 ,, 10-7 44 67-3 
5 u M » a, 72 43 440 , 
6 2l F 5s 9 months 80 11-7 150 
3 3 X 7 n $0 89 450 
” year 0 
9 3 x "i Ly 64 65 750 
10 11 x 25. 2 70 8-0 50-0 
11 28 M is. 4, 106 84 650 
12 #14 F j 10 ,, 86 59 70-0 
18 35 ¥ fe 9 , T2 65 500 
14 $5 Y K 14 , 72 70 


Table 2. PEROEWTAGE OF "YE IM PTROMA 


Incubation time 

Case No. ih 4h 6h 
1 301 48-1 436 
2 363 39 4 392 
3 511 360 373 
4 493 19-3 51-0 
5 1441 486 48/2 
6 523 [21 544 
7 504 337 — 
8 357 408 45-0 
9 49.7 45-4 469 
10 567 54-9 52-1 
u 42.1 460 147 
12 47-8 44-8 602 
18 675 68-8 03-0 
14 471 44-5 452 


Table 3. MAAN VALUES OF TEE PERCENTAGE OY "FN IN THA STROMA = ONE 
BTAXDARD DEVIATION IN THALAS&ANMIO PATUENTA WITHOUT AND WITH 
BPLENBOTOMY 


Peroentage "Fe tn stroma 


Inoubaton lh 4h 6h 
Thalassaemio patients 
without ur 250191 2393183 2914+82 
with splenectomy 47-4488 457193 47-7469 
Table 4. PERCENTAGE OF "FE IN TROMA AFTER INTRAVENOUS INJECTION 
OF "Fu ín vivo 
o Days after injection of "Fo 
Mo. 1 1 3 4 5 6 7 8 
6 572 207 244 
18 687 47-8 20-5 
14 462 303 289 


mean values of the stromal **Fe are compared for thalas- 
saemie patients with and without splenectomy. The values 
from the thalaseaemio patients without splenectomy are 
taken from the published data of Malamos e£ al.*. Three 
of these cases were studied also in vivo. The results are 
summarized in Table 4. 

The resulta summarized in Table 3 show that the "Fe 
associated with the stromal fraction is greater in erythro- 
cytes from splenectomized thalassaamic patients than in 
those from thalassaemio patiente without splenectomy. 
This difference is statistically signifloant (P < 0-001). 

It is known that after splenectomy there are morpho- 
logical changes in the blood elementa, such as the 
pearance or the increase of nucleated red cells in the blood 
stream, the increase of reticulocytes, the appearance of 
siderocytes, Howell-Jolly bodies and Heinz bodies, as well 
as changes in the surface area, which becomes larger than 
before without any change in the cellular volume’. 

It is possible that the mcrease in the number of circula- 
ting nucleated red cells after splenectomy, as well as the 
change in their shape, may affect the **Fe content of the 
stromal fraction. Another possible explanation is provided 
by the appearance in the blood stream of large numbers of 
siderocytes, in which the incorporated iron is not used for 
haemoglobin synthesis, but is thought to be deposited in 
the stroma or in the mitochondria. Thus Hoffman ei al.” 
have described a new high-density particle in the stroma 
of thalassaemio . Beenis and Breton-Gorius!*-1! 
have shown by electron microscopy that iron-containing 
granules are present in normal erythroblasts, normoblasts 
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and reticulocytes and also in certain pathological erythro- 
cytes. They found that in thalassaemia, 80 per cent of the 
erythrocytes had iron-containing granules. In thalas- 
saamia also large quantities of iron in the form of ferritin 
were seen in the mitochondria of nearly all polychromato- 
philic and acidophilic erythroblasts. Larizza and Orlandi'* 
have also found by electron microscopy that marrow 
siderocytes show accumulation of iron in the mitochondria. 
Tishkoff! found that the stromal iron of erythrocytes was 
moderately increased in two patients after splenectomy 
and he considered ıt a reflexion of the siderocytosis. 

It is considered that the appearance of siderocytes in the 
blood after splenectomy is due to the absence of the 
pee function” of the spleen’*. An increase of stromal 
"Fe after intravenous injection of "Fe in splenecto- 
mized thalasesemio patiente could poasibly be explained 
by the absence of the “pitting function” of the spleen. 
This opinion is supported by the fact that after mtravenous 
injection of "Fe the radioactivity associated with the 
stromal fraction in thalassaemic patients without spleneo- 
tomy is low, amounting to only about 2-8 per cent of the 
radioactivity of the erythrocytes (our unpublished data). 
On the other hand, in thalaseaemio patients with spleneo- 
tomy the values are high, as illustrated by the three cases 
of the present study (Table 4). - 

However, absence of the “pitting function” of the spleen 
cannot explain the inoreesed '"Fe in the stromal fraction 
after incubation with *"Fe of blood from splenectomized 
patients. In one case (No. 4 of Table 2) the values for 
stromal **Fe (studied in vitro) before and after splenectomy 
were 21 per cent and 51 per cent ively. 

The obeerved increase of "Fe after in vitro 


myelosclerosis we have observed values of 55, 59-6, 72-2 
and 48-9 per oent, respectively, for "Fe in the stromal 
fraction. 


It is ested by Dameshek™ that the spleen aote as 
an endocrine organ and releases a humoral factor which 
affecta erythropoiesis. Such a humoral factor has not been 
isolated. However, whether or not there is a humoral 
factor released by the spleen affecting erythropoiesis, it is 
probable that the role of the spleen in erythropoiesis is 
fulfilled not only by its pitting function but also in some 
other way. 

We thank Dr. E. Harriss for her advice. 
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HISTOLOGY T 


Argentaffin Cell Incidence in the Rectal 
Mucosa of Man, Mouse, and Hamster 


Tux often quoted standard work on the argentaffin 
call by Jacobson in 1939! is doubtless the source cited 
by many authors on the distribution of argentafiin cells. 
From it we quote, “In man and all animals investigated, 
there appears to be a steady decrease in the number of 
(argentaffin) cells towards the caudal end of the intestine. 
The rectum of cattle seems to be an exception to this 
rule". 

This communication reporte quantitative work on the 
frequency of argentaffin cella within human rectal mucoss 
as compared with mouse and hamster rectal mucosa. The 
rule set out by Jacobson was not borne out and there 
were exceptions not only for cattle but, to a greater 
degree, for man. In addition, data for two animal 
species have been quantitated to provide an accurate 
index of the low incidence of these cella per crypt rather 
than per unit area as reported by investigators prior to 
Jacobson. 

Eleven biopsies were performed on patients at Bellevue 
Hospital with no illness related to the gastrointestinal 
tract. Three one-year-old female Swiss hybrid mice 
from the Charles River animal farm and four Syrian 
hamsters, two years of age, from the Lakeview hamster 
colony in New Jersey were killed and the rectum was 
dissected out for histological study. All material was 
fixed in 10 per cent formslin and stained using the Schmorl 
and Diazo technique as described by Pearse’. Sections 
were cut at bu for the buman material and at 5 or 10u for 
the mouse and hamster material. Insufficient material 
from one patient made it impossible to obtain a Schmorl 
reading. 

As many crypts as possible were soored for the number 
of argentaffin cells present in each orypt in the human 
material. As few as 61 crypts were scored for a given 
stain reaction because of the scarcity of the biopsy material, 
but at least 50 per cent of the human data is based on 
more than 100 crypts. In the case of hamster and mouse 
material, at least 200 orypte were scored (Table 1). Tho 
argentaffin oell values are expressed as the number of 
ocells per crypt for each individual sampled; the mean 
argentaffin cell value is given with the standard error of 
the mean. 

As seen from Table 1, the mean number of argentaffin 
cells for human rectal material was approximately two 
per although the average per person varied between 
one and three per crypt. Age did not appear to account 
for the variability in argentaffin cell number between 
adults tested. 


Table ]. AZGXNTAFTIX CELL IKOIDENOX DX MAN, MOUSE AND HAMSTER 


Normal man Bohmori Dtaro 
crypt ayp 
1 66 70 91 130 100 162 102 
2 61 163 257 158 130 146 1182 
3 68 101 2064 2-01 125 331 2-00 
4 23 177 3-12 160 566 9064 
5 61 116 190 91 818 849 
6 TB 96 130 135 61 90 148 
7 H 75 206 275 70 176 250 
8 27 — m m 110 202 184 
9 32 115 218 1:90 180 10 149 
10 67 173 270 69 1893 1:93 
11 38 108 115 108 130 169 1121 
Mean 2-020 23 (8 E.) Mean 2-080 26 (S E.) 
Mouse 
Female 
lyr. Swiss 
1 400 186 047 200 80 O15 
2 200 a8 on 200 73 087 
3 200 73 087 200 55 028 
Mean 0 42+0 03 Mean 0-27 +0 20 
Hamsier: 
Male 
2 yr. Syrian 
1 200 20 010 200 10 005 
1 200 4 001 200 6 00 
3 200 9 006 200 20 010 
4 200 z 001 400 0 0 
Mean 0 051002 Mean 0-06 100 
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While the &verage was found to be between one and 
three ocells per crypt, it was not very unusual to see as 
many 88 ten or more argentaffin cells present in one orypt 
(Fig. 1). It is true that while many of these cells are 
found at the base of the crypt, they are frequently seen 
at some distance from the base, migrating to the surface. 
In fact, they are occasionally seen close to the surface and 
lumen of the orypt (Fig. 2). Although these cells are 
described as seldom found together and occurring singly 
between the other oells?, in buman rectal mucosa, it was nob 
uncommon to find large clusters of these cells at the base 
of the arypte, lying one beside the other (Fig. 1). 

The results of the analysis of the frequency of argentaffin 
cella in mouse and hamster rectum appear in Table 1. 
An argentaffin cell may be seen in approximately one out 
of three rectal crypte in the mouse, and more nearly one 
for every 20 orypta in the hamster. Altho quantita- 
tion of the argentaffin ocells in the rectum of mouse and 
hamster was difficult because they were not numerous, 








"wd" 72: d ab Ac 
Three argentaffin cells at the portion and near the lumen 
of a human rectal arypt. "bo method (x 700) 
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Table 2. DreRISUTION OF AXGENTAIFIN CXLLS IN 5 CX OF RECTUM FROM 
SPECIES 


VARIOUS y 
(&ocording to Tehver‘) 

Samples Argentaffin 
oolls 

Dog ~ 5 0. 
1 6 
Oat 2 0 
1 10 
' 1 u 
^ Oow 1 120 
1 210 
1 165 
Oalf 1 0 
1 140 
1 70 
Horse 1 0 
1 9 
Pig 1 0 
1 43 


the figures measure their relatively low incidence, which 
was reproducible m both 5-1 and 10-p sections. 

There are enough date to demonstrate that argentafün 
cells are not rare in human rectal mucosa. They are at 
least five times as numerous as in the mouse and forty 
times more frequent than in the hamster. The figures 
reported by Tehver in 1980‘ for cattle seem large when 
compared with the figures obtained in dog, cat, horse 
and pig (Table 2), but he examined 5 om of rectum in 
10- sections. Our data are derived from specimens of 
human rectal mucosa not more than 1-2 mm long. 5 cm 
of bovine rectum or 1-2 mm of human rectum contained 
120-210 argentaffin cells. 

Throughout the course of this study the nucleus of 
only one enteffin cell was thought to be in mitosis. 
The loss of these cells due to their migration up the crypt 
must require them to be replaced in a manner similar to 
the epithelial oell. Their relative frequency in human 
rectal mucosa suggests that this tiseuo, obtainable at 
biopsy, would previas suitable material for investigation 
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PATHOLOGY 


Haemolytic Activity of Suspensions of Different 
Silica Modifications and Inert Dusts 

RaowmrrLy, Harley and Margolis! reported haemolytio 
activity of amorphous silica particles of sizes larger than 
5 mp. In the course of an investigation on the possible 
role of complement (O^) In the cytotoxicity of quartz, our 
experimenta revealed a specific haemolytic effect of 
buffered saline suspensions of this mineral. Using corun- 
dum (a-Al,0,) and anatase (TiO,) of the same surface area 
as quartz, significantly less haemolysis was found’. 

Since haemolysis is a simple model for the damage of 
the membranes of cells and sub-cellular es, several 
mineral dusts which had been checked previously for 
flbrogenio effects in animal experiments’ * were tested 
for their haemolytic activities. 

Six different modifications of silica were used in these 
testa: quartz prepared by grinding pure rock crystal 
from Braxil to a respirable size less than 2u (corresponding 
to a specific surface area of 6-5 m*/g of the final powder) ; 
vitreous silica prepared by grinding pure fused silica to 


c 
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8-8 m*/g ; oristobalite prepared by sintering vitreous 
silica in presence of a mineralizing reagent and after- 
wards grinding to 9-7 m*/g; tridymite prepared as in the 
case of aristobalite, iflo surface area 7-2 m*/g; ooeaite 
(14-1 m?/g) and stishovite (21 m*/g) isolated from Coconino 
sandstone of Meteor Crater near Winslow, Arizona’. 
Two commercial of alumina (“Degussa Al 28 VIZ", 
a-Al,O,, 13-8 m%/g, and Aluminiumoxid P’, 
y-Al,O,, 86 m*/g) and one of TiO, (anatase, ‘Kronos A’, 

i Leverkusen, 8:6 m'/g) were used as 
wert dusts, that is, dusts showing no significant fibrogenic 
effects. 

Specific surfaces were determined by means of argon 
adsorption (Brunauer-Emmett-Teller method). 

Human and red oells were washed three times in 
isotonio saline (pH 17-4, barbital buffer). Samples were 
p from the aforementioned dusts, each with a 

area of 0-02 m*. To 0-5 ml. saline i of 
each of these samplea were added 0-5 ml. of 8 per cent red 
for 1 h at 87? O. Cells and dust particles were kept in 
suspension by gently agitating the test-tubesa every 5-10 
min, Four ml. amounta of saline were added to every 
tube, and the optical density measured at 550 my after 


A centrifuging (2,000 r.p.m., 5 min). 


* 


* 


As shown in T 1, all silica modifications except 
stishovite have a much higher haemolytic activity than 
the pathologically inert dusta, based on the surface area 
of the dust particles in suspension. The haemolytic 
activity fairly the fibrogenic effect in animal 

i ta; this is especially clear-cut in the case of 
stishovite, the only non-silicogenio crystalline silica 
modifloetion*. 


pyridine-N-oxide (P 204), & compound that 
isili : : $ ; 
lvuis ia dimini 
with trimethylsilyl-groups*, alumina’, 
cholesterol, and a lipid extract from A 
In another series of experimenta the samples of dust 
were increased with respect to surface area. The resulta 
(Fig. 1) demonstrate that haemolysis increases with the 
cotado of the. dust. 


Haemo- 


In experiments fully reported elsewhere? practically no 
additional haemolysis was observed if dilutions of homo- 
logous serum (1 ml.) with complement titres up to 
80 C gx, unita were added to red cell suspensions (0-5 ml.) 
that had been in contact with a limited amount of quarta 
that lysed lesa than 50 

It can be assumed 
erythrocytes by the crystalline silica modifloations tested 
involves the adsorption of lipids from the erythrocyte 
Tablo 1. HAXXOLYEIS BY SALINE SUSPENSIONS OF DIFFERENT ORYSTALLING 


SILICA MODIFIOATIONS, DIFFERENTLY OOATED QUARTI POWDERS, AND SOME 
NOX-FIXROGENIO Duss 


cent of the cells. 
t the mechanism of the lysis of 


Peroentags been 
Mineral* Coating Sheep uman 
erythrocytes erythrocytes 
QUA None 92-0 90-0 
te None 100-0 91:0 
Vitreous silica None est 01:65 
Oristobalite None 85-0 63-5 
Coesito None 550 535 
Btahovite None TO 9-0 
Oorundum None 17-0 17-5 
Eon None 115 21-0 
None &5 65 
Alumina 42-5 47-5 
-groupst 360 35-0 
P 24} 105 7-0 
Stroma Hpid§ 86:0 h 5 
4 


* Particles with 0-02 m* total surface area per 0-5 mL 3 per ceni red cells. 

t Coated with monomolecular layer*". 

t (10 min) In a saline solution of poly-2-vinyi-pyridine- Y- 
aride* (Ù 1 per cent) and washed once with saline. 

§ Methanol-chioroform (1.1) extract from horse erythrocyte stroma, 1 
por cant omulslon in saline: 0. pae onk aene Mao n of ing rindg ate OR o 
ming acetone solaton malme ovapoara organio solvent 
treatment similar to f. d 
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membrane similar to what Brown’ has 
amorphous silica preparation, ‘Hyflo Super 
composition of erythrocyte lipids adsorbed by these 
orystallme silica modifications is under study. 

The agreement of the results from the model of haemoly- 
sis $n vitro with those from animal experiments** indicates 
that damage of subcellular structures is the speoiflo step 
in the silicotic process. All membranes including those of 
mitochondria are composed of substantial amounts of 
lipids’*, as are microsomes. . 

Damage of these structures in the phagocyte would 
inhibit simultaneously the oxidation processes as well as 
protein synthesis and result in necrobiosis, and in the 
increased turn-over of macrophages characteristic for early 
stages of siliootio lesions, as released dust particles are 
newly phagocytosed. 

K. BSrALDER 
W. SrónxR 
Silicosis Research Group, 
Max-Planok-Sooiety, 
Göttingen, Germany. 
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* Bohn, H., and Biber, W., Beitr. HHbose-Foreck , 8. Bd., 6, 27 (1960). 
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* Bohlpkoter, H.-W., and Brockhaus, A., Kiin, Waokr , 39, 1182 (1061). 
* Brown, H A., J. Cell. Comp. Physiol., 60, 49 (1957). 
18 Glande, A., Adv. Protein Chem., 5, 423 (1940). 


Time-course Concentration of N-Acetyl- 
neuraminate Lyase from Rat Granulation 
Tissue 

Tum time sequence of enzymatic and metabolic altere- 
tions during inflammatory response and repair by oon- 
nective tissue has been inadequately studied. Enzymatic 
changes related to connective tissue and the inflammatory 
process are virtually unknown. However, observations 
during the development of the chick embryo! and of 
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biological development of tissue-specific proteins and meta- 
bolio adaptations in response to environmental effecta or 
with ageing* suggest that similar events are operative 
when injury occurs and inflammation and Tepair are 
initiated by connective tissue. 

The metaboliam of N-aoetylneuraminio acid (N-AN) is 
presumably of importance in inflammation. This was sug- 
by the finding of a N-AN-containing glycoprotein 


ing approximately 200 g, of the Sprague— 
Dawley strain!*. Granulation tissue was allowed to develop 
for periods of 3-16 days. A complete series of tissues at 
different phases of development could not be run simul- 
taneously, but various stages were studied in duplicate, and 
replicate observations were obtained at various time in- 
tervals. For each analysis, the granulomate from 2 to 4 
rata were dissected from the skin and the finely minced 
tissue was washed twice with a buffered salt solution (100 
volumes 0-15 M KCI, 5 volumes 0-15 M MgSO,, 20 volumes 
0-1 M potassium phosphate buffer, pH 7-4 with cysteine. 
HCI was added to a concentration of 10+ M). The washed 
minoe, averaging approximately 7 g per rat, waa weighed 
and homogenised in a ‘Virtis 45’ apparatus with 2 volumes 
of the buffered salt solution for 80 sec. The brei was centri- 
fuged at 2,200g for 15 min and the supernatant decanted 
through double-thickness gauze after removal of the lipid 
pellet. Al preparations were maintained at 0° C. Samples 
containing 0-7 ml. of the resulting h te were incu- 
bated with shaking with 3 pmoles of N- (isolated from 
human meconium!) and 15 pamoles phosphate 
buffer, pH 7-2 in & final volume of 1 ml. 87° for 30 min. 
After incubation inactivation was accomplished by heating 
in a rapidly boiling water bath. Appropriate aliquota of 
the incubation mixture, cleared by centrifugation at 
16,0007 after addition of ‘Celite’, were analysed for 
pyruvic acid spectrophotometrically using lactate de- 
hydrogenase (Boehringer) and DPNH abet). The 
methods employed were those of Comb and Roeeman* 
with minor modification. The protein concentration of 
each homogenate was determined by a biuret method. 
Each series of incubations was run m duplicate with ap- 
propriate controls. The average variation of enzyme 
activity for multiple extractions was + 6-8 per cent with a 
reproducibility of multiple determinations from a single 
extract of +14-1 per oent. The production of pyruvate 
from N-AN was linear with respect to protein conoen- 
tration. 

The observed data suggest that the enzyme activity of 
7-day granuloma tissue is greater than that obtained from 
tissues of other ages. Although certain overlaps in the 
ranges of activity oocurred it was clear that the maximal 
enzyme activities with respect to tissue weight and maxi- 
mal specific activity were observed at 7 days. Fig. 1 
graphically illustrates the results. 

The accounts of enzyme variation or adaptation, which 
have been referred to, demonstrate some correlation be- 
tween the differentiation of tissues and their specific 
function. Quite often, however, changes in enzyme pat- 
terns could only be related to the age of the tiasue. Even 
in the face of rapid structural and morphologic changes in 
the granulation tissue" the factors controling N-AN 
lyase activity remain obscure. Time-course studies of 
guinea-pig granulomata concerning changes in DNA, oolla- 
gen and ascorbic acid indicate that on or about the seventh 
day of induction there is & rise in DNA and collagen 
content!®. A fucoge-containing glycoprotein fraction also 
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changes in concentration with respect to time!*. Beven- 
day rat granulomata contain significant concentrations of 
an N-AN-containing glycoprotein material’ ag well as a 
number of acid mucopolysaccharides’*. The metaboliam of 
these biopolymers is very likely controlled by an intricate 
series of reactions as suggested by other e i tat-19, 
N-AN lyase is probably an active step in the catabolism of 
N-AN rather than ite biosynthesis. This report is a 
further demonstration of the complex and rapid but 
defined biochemical changes ooourrmng in inflammatory 
tissue. 
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RADIOBIOLOGY 


Tritlum-labelled Peptide Hormones with 
High Specific Radioactivity 


Praesent interest in the assay of peptide hormones has 
led to the development of jio-immunoassay methods. 
These are based on the competition for antibody by 
labelled and unlabelled hormones, and the subsequent 
separation of antibody-bound from ‘free’ radioactivity’. 
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181] labelled hormones have the practical disadvantage of 
the short eight-day half-life of I, and the theoretical 
disadvantage that iodination tends to destroy the bio- 
logical potency of the hormones. With these conaderations 
in mind, we have prepared. tritium-labelled hormones of 
high specific activity using the technique of acetylation. 
In general, between 0-2 and 1:0 umolee of hormone are 


mixed with 25 mo. (7 umolee) tritiated acetic anhydride _ 


(3,570 mo./mmole from Nuclear Chicago Corporation) in 
0-25 mL. water saturated with sodium acetate and adjusted 
to pH 8:0-8-5 with 0-1 N NaOH. The acetylated hormone 
is then se ted from the free acetate by passing the 
mixture ugh a 2 x 15 om ‘Sephadex G-25’ column. 
With this technique we have p tritium-labelled 
human growth hormone (8-2 &oetyl/mole, 275 yo./mg) 
tritium-labelled bovine growth hormone (12 acetyl/mole, 
570 uo./mg), and tritrum-labelled pork insulin (127 uo./mg, 
0-5 aoetyl/mole) Human and bovine growth hormone 
acetylated to this extent with 1*O-labelled acetic anhydride 
have previously been demonstrated to be biologically and 
antigenically comper&ble with unlabelled hormone". 


P. J. Conte 
B. A. KAPLAN 
D. C. Bora 
O. B. N. S8nrurzuU 
8. M. Love 
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BIOLOGY 


Rate of Greying of Human Hair 


GamgvisaG of hair is probably the most obvious sign of 
ageing in man. To determine whether or not ite onset 
and are influenced by hair colour we have exam- 
ined a sample of Australians. 

Blood donors were readily available to us. Their use 
had, however, a disadvantage, since we had to restriot 
their examination to simple inspection. More accurate 
methods, involving the taking of hair samples, were 
impracticable. In these conditions, sasesament of degrees 
of greying presented problems which were not satiafactor- 
ily solved. We first prepared for use as standards 6 series 
of coloured photographs, illustrating hair of different 
shades with increasing degrees of greying. But matching 
the photographs with living subjects was unsatisfactory. 
We then mixed samples of cut hair of different colours 
with increasing proportions of white hair, but again 
matching wae difficult. Finally, we decided to rely on the 
observers’ judgments in recording only two categories of 
greymg. Those subjects with any visible grey or white 
hair were designated ‘any greying’. Those with no dis- 
cernible hair of the original hue were classed ‘complete 


ying - 

The total number examined was 8,720, comprismg 
6,653 men and 2,067 women. Colour of the hair was 
judged by simple inspection. If the hair was completely 
grey or white, or suspected of being tinted or dyed, the 
subject’s own statement regarding the true colour and 
the of greyness was accepted. Preliminary trials 
sho the observers to be in substantial agreement and 
their findings concerning the distribution of hai oolour 
agree closely with those in a recent survey in Victoria, 
Australia. 

Only subjects aged twenty-five years or more are in- 
cluded in this report. Younger persons were excluded 
for these reasons. Few young Australians of either sex 
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wear hate. All are heavily exposed to direct sunlight. 
Many also use bleaches to obtain the desired combination 
of heavily tanned skin and very fair hair. It was therefore 
often difficult in the young to determine the true hair 
colour or to distinguish between naturally and artificially 
produced loas of pigmentation. 

The age incidenoe of greying in men and women, judged 
by these criteria, is shown in Table 1. The minor differ- 
ences between the sexes are not significant. For any 
greying, P < 0-30 > 0-20; for complete greying, P < 
0-60 > 0-80. In considering the possble influence of hair 
colour on greying the data for both sexes have therefore 
been, combined. 


Table 1. Gunyiva AS RELATED TO Sex AMD AGE 


N Ko. greying (96) Complete greying (X 
Age x ¥ Ag $ ) 
25+ 2,574 608 1129 — 2585 0-23 0-14 
35+ 2,157 627 6138 — 085535 118 1:59 
45+ 1,493 555 88-08 8825 12-59 9-95 
55+ 429 189 94 16 96 30 39-91 28-57 


The age incidence of greying aa related to hair colour is 
shown in Table 2. The data for fair and red hair have 
been pooled, as there was no significant differance between 
them. Inspection of Table 2 shows a paradoxical situation. 
If the first indication of greying is the criterion, greying 
appears sooner in dark than in fair hair and more dark- 
than fair-haired subjects showed some greying. But more 
fair- than dark-haired subjects were classed aa completely 


grey. 


Table 2. AGB IKOIDEXOA OF Gawra IN RXLATION TO Him OOLOUR 


At risk Any greying (%) Complete greying (X) 
Age Mod- Mod- od- 
Fair fom Dark Fair ium Dark Fair ium Dark 
25+ 502 850 454 46 104 1204 04 00 00 
30+ 845 674 459 3180 313 405 06 03 Of 
35+ $33 606 444 372 5523 00 09 12 11 
40+ 203 604 474 005 714 749 46$ 33 19 
45+ 282 610 4060 840 855 904 8-9 ge B4 
50+ 205 831 812 92-7 912 93 2*9 154 138 
55-4 137 222 198 0064 O82 04-0 423 311 19? 
60+ 16 26 18 100-0 1000 ame 600 231 167 
Totals 2,083 3,872 2,765 wh v 681 78 Y: 33 


The explanation for this apparent contradiction may be 
found in the relatively crude method of observation. 
A few white hairs will stand out more distinotly against a 
background of dark than of fair hair. Conversely, & few 
dark hairs will be more noticeable against a grey than 
a dark background. The first signs of greying will there- 
fore be seen most readily in dark hair; but fair hair will 
appear to have turned completely grey sooner than dark. 

If this be so, one might question whether these resulte 
have any objective value. However, further analymis 
provides an, interesting result. The age-moidence data 
in oach colour-class can be satisfactorily fitted to straight 
lines, b haves log-probit transformation (Table 3). The 
regression lines are parallel within each oolour-clam, but 
the slope is steeper for fair than for dark hair. 


Table 3. GINTING of RELATION TO HAIR OOLOUR 
regressions) 


(Log-probit 
Degree of 
Colour greying Problt r dj. P 
Tar Any 4-753 age}—12-429 5008 6 «070 >0€0 
Far Oomplete 4753 age)—14-489 6:171 4 «020 2010 
Medium Any 3-867 age 8-910 8 589 6 «030 >02 
Medium Compete 3867 &g6)—11.348 6144 6 <050 >030 
Derk Any 3351 age 6669 7-280 6 «030 >020 
Dark Complete 3351 age)— 0307 5667 & <050 20930 


Since the regression lines for minimal and maximal 
greying within each colour-class are parallel, let us assum 
that a parallel line midway between them represents the 
proportion of subjects in whom at least half the hair has 
turned white or grey. This class may be conveniently 
designated ‘at least 50 per cant greying’. The three mid- 
lines 80 constructed have æ common intersection. The 
calculated ages at which 50 per cent of the population at 
risk are ‘at least 50 per cent grey’ are 48-6 years for fair 
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hair, 49-4 years for medium hair, and 49-1 years for dark 
hair. For this sample it seems a fair approximation to 
aay that at 50 years of age 50 per cent of people are at least 
50 per cent grey, irrespective of sex or hair colour. The 
good fits in the log-probit transformations indicate that 
susceptibility to is normally distributed. 

Ti sers probable that the rats at which the pigcisabany 
content of human hsir diminishes is independent of the 
initial concentration, but that visual impressions of degrees 
of greying are strongly influenced by the contrast between. 
the original colour and white. 


E. V. KmoaH 

Anti-Cancer Counoil of Victoria, 

412 Albert Street, 
East Melbourne, 0.2, 
Victoria. 

R. J. WarsR 

Australian Red Cross Society, 

1 York Street, 


Sydney, 
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Strange Male Block to Pregnancy: its Absence in 
Inbred Mouse Strains 


- A es of papers by Bruce and colleagues! has des- 
oribed a pre-implantation block to pregnancy in non-inbred 
laboratory mice which is evoked by the presence of strange 
males of the same strain or of a different strain (‘alien’ 
males). This effect is olfactory-mediated. The pheno- 
menon has also been reported in another species, non- 
inbred prairie dearmice (Peromysous manioulatus bairdi)". 

We felt that the physiological mechanisms involved in 
this phenomenon could be studied most effectively using 
highty inbred strains of mice, both because of a high degree 
of genetic control and because strains might differ in mani- 
festation of the pregnancy block. Therefore a preliminary 
survey was made of the capacity for implantation to be 
blocked by strange or alien males in a number of inbred 
strains. 


Experimental procedure for blocking implantation was 
as follows: females were paired individually with stud 
males of the same strain in the morning. All females were 
examined for the presence of a vaginal plug on the fol- 
lowing four mornings. The stud male was removed fram 
the home cage of a female after she showed & vaginal plug, 
and a ‘strange’ male of the same strain or an ‘alien’ male 
of & different strain was introduced. The or alien 
male was removed after 48 h, and all inseminated females 
were autopsied seven days after insemination to determine 
if implantation had occurred. In controls the stad male 
was removed, and the female remained isolated for the 
entire 7-day period until autopsy. 

Five strains were tested. Although the data are not 
exhaustive with respect either to experimental design or 
~to sample size, there was no indication that the pregnancy 
block was operating in any of the strains, in females 

either to strange or to alien males (Table 1). 
Probability testing was by x* and there were no significant 
differences between controls and experimentals within any 
of the strains. 

It is perhaps premature to speculate extensively as to 
why the inbred strains thet were tested failed to show the 


Table 1. THE PRROMFTAGE OF PREGNANCIES ON DAY 7 PORT INSEMINATION 
ix SULBOYED STRAINS OF [RRRED HOUSE MICE NIPOEND TO A TRANGE OX 
™ (uae MALE FOR TWO DAYS AFTER [NENNINKATIOK OX TO IBOLATION 


Strain Control Strange male Allen male 
OS7BLJ6J 88 (56 89 9041) OBA/J 
OBA 89 (9 100 (21 — — 
OBA/Os 100 96 — — 
in 71 (es) Hic! ee15) OBA/J or 

' O57BL/6J 


` Figures In parenthesis gire the numbers of mice in the sample. 
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pregnancy block. An inability of the females to discrimi- 
nate between strange and stud males of such close genetic 
similarity could explain the resulte of within-strain testing. 
However, attempts to prevent implantation with alien 
males of & strain different from the stud male were equally 
unsuoóeesfn]. It is impossible to determine from the date 
whether blocking capacity is abeent in males, females, or 
both. 

Because of the many problems in reproduction that 
usually arise d intensive inbreeding, naturally occur- 
rmg vier m interfere with reproduction might 
be selected against in efforta to maintain a productive 
inbred line. 

This study was supported in part by U.S. Public Health 
Service research grants 571 OA 5018 from the National 
Cancer Institute and H D-00707 from the National In- 
stitute of Child Health and Human Development. 
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A New Record for Leptopenus, a Rare 


Deep-water Coral 
Aone the rarest of the deep-water corals are speci- 
mens of Leptopenus (family Micrabaciidas). At present 
the only records of this delicate coral I have verifled are 
those of the Challenger Eapedition!, whioh took 5 speci- 
mens from 4 localities, all from depths in exoees of 2,700 m. 
oocurrenoes of the genus off the South Aus- 
tralian coast? are probably incorrect and are more possibly 
worn specimens of another miorabeoiid 
coral. The Veroo Collection examined by Dennant 
ee etate dal McNeill, $n 1s4.), but specimens 
have been taken from South Australia in 


comparable dept 
rarity of this coral and the great depths from 
which ib as been recoried mako additional specimens 
ery aignifloant. Only one coral, Fungiacyathus maron- 
salarii has been Tecordod isa eveator dapthe (0868). 
The family Micrebaociidae, in ita evolution, shows progres- 
sive adaptation to life in deeper waters from Mtorabacta, 
Hia and L[etepsanwnia to Leptopenus, 
at the end of the series. In this genus skeletal structures 
are greatly reduced with the result that a striking corallum 
is formed. 

The en described here was taken from greenish 
clay at 2,000 m in Makassar Strait (Galathea Station 458, 
3° 56’ S., 118° 26’ E.). The specimen is the central part 
of the oorallum and was dead when collected. Maximum 
diameter of the fragment is 6-0 mm and its height is 2-5 
mm.  Bepte are reduced to spines, with ly 
stout and elongate spines developed over the delta formed 
by the union af septa of the first, second and third cyoles 
(Fig. 1). 

Leptopenus disous is the best known of the two species 
of Leptopenus described by Moseley!, being represented 
by four specimens taken from three localities: 

Ohallenger Station 147: 46° 16’ B., 48° 27’ E., 80 miles 
west of Hog Island, Crozet Islands, 2,926 m. 

ORallenger Station 157: 58° 56’ S., 108° 35’ E., southern 
Indian Ocean, 8,566 m. $ 

Station 823 : 85° 39’ B., 50° 47’ W., east of 
Rio de la Plata, 3,475 m. 

L. hypooaelus is known from a single spooimen from 
Challenger Station 299; 83° 81’ B., 74° 48’ W., off Val- 
paraiso, Chile, at 3,950 m. 
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The Galathea specimen is probably the oentral part of 
the disk-like oorallum of L. discus. This species has a 
recorded diameter of 25 mm; but the central spinose 
portion of the corallum appears to be about 5 mm in 
diameter, judging from  Moeeley's illustrations. The 
maximum height of the Challenger specimens is stated 
to be 2mm. In the specimens, the remainder 
of the oorallum is formed by & broad, nearly flat structure 
which is exceedingly fragile and would easily be broken 
in life or in the process of collection. 

This new record is an extension of the known range 
considerably to the north, and is the shalloweet oocurrenoe 
of the ies. Neither the location nor the depth is sur- 
prising for a poorly known organism and, of course, the 
depth records of the Challenger in deeper waters are 
questionable because they were wire soundings. 

I thank Drs. Torben Wolff and Jensenius Madsen for 
permitting me to examine the i rtant collection of 
Marien corals made by the Expedition. This 
Wor. ig part of a larger investigation of the corals of the 
Southern Ocean, supported by National Science Founda- 
tion grant GB-3653. 

Domarp F. Squinzs 

Smithsonian Institution, 

Washington, D.C. 
1 Moseley, E. N., Rep. Sei. Rewults . . . Challenger, Zool., 2, 206 (1881). 
1 Dennant, J., Roy. Soc. Austral , Trans , 30, 162 (1006). 


* Wels, J W., B.A.N.Z. Ant Res. Ba pod. Rsp., B, 6, 11, 253 (1068). 
‘Vaughan, T. W., Bull. Alus Comp. Zool., Harvard, 60, 8, 61 (1006). 


Toxicity of Dieldrin and Endrin to Bats 


In the course of our investigation of the storage and 
mobilization of lipids and pesticides in Chiroptera, ıt 
became neceasary to obtain some data regarding the 
toxicity of various insecticides to bate. In & previous 
paper we reported that the big brown bat, Hptesous 
fusous, waa extremely sensitive to DDT}. This oom- 
munication reports the responses of this animal to two 
additional chlorinated hydrocarbon pesticides. 

The bate were captured during August J964 in attics 
of houses in Georgetown and St. Helens, Kentucky. 
On arrival at the laboratory they were weighed, banded 
and put into individual cages consisting of wide-mouthed 
gallon jars containing a bedding of wood shavings covered 
with filter paper. A small dish of water was provided. 
Each animal was fed about 3-5 g of bat 'glop', & blend of 
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equal parts of ripe banana, cream cheese, canned dog food 
and adult meal worms, Tenebrio molitor, a day. A period 
of 24 h was allowed for scclimatization to laboratory 
conditions. Technical-grade dieldrin and endrin were 
disaolved in corn oil and the calculated quantities admini- 
stered in single dosages directly on to the food as the bata 
ate while being held in the hand. Bats took both glop 
&nd corn oil avidly. Controls were fed corn oil in a quan- 
tity equivalent to the largest dosage of oil given the 
experimental animals. The bate were observed at hourly 
intervals during the first day and at intervals of 24 h 
or lees thereafter. The experiment was terminated after 
28 days. 


Table 1 Toxtorry OF DIWLDEIN TO THE Bat Epésricus fusowt 
Time after dosed 
wt. Dosage Until nul Mortality 

Bex W) (mg/kg) death d Q Total 
g 15-4 200 3h wh — 1n 1H 
d 146 100 3h 23h 9205 1n Ss 
g jur. 108 100 Sh 11h 
9 fuv. 12:4 100 . 41h 
d juv. 13-5 80 $5h 17h 2/2 aun 3/8 
g 145 80 8 25h 41h 
g 158 80 18h 19h 
9 juv. 15:8 60 * 10h 1/2 1/1 28 
é 15-0 60 . t 

djuv. 108 60 376h 17h 
9 18-1 40 * t 2m on 95 
d 13-5 40 bd 12 days 

dé 14:3 40 . 24 days 

d 144 20 bd t 0/2 1/1 18 
g 12-2 20 * t 
9 16-7 20 4h 16 days 
9 18-6 10 * t 0/1 0/2 0/8 
E 130 10 * t 
g 15-4 10 * I 
g juv. 128 0 * t 0/2 1/1 V8 
9 fuv. 144 0 * 23 days 

gjar. 146 0 * t 

* 


Table 2. Toxtorry or HXDRIK TO THR BAT Eptencus fuscus 
Mortality 
9 Total 
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* Tremors never observed. 
+ Released in apparent good health at end of experiment. 
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Resulta of the experiment are shown in Tables 1 and 2. 

In the case of dieldrin, deaths ooourred at all doses of 
20 mg/kg and above. The apparent LD., is of the order 
of 70 mg/kg. Tho approximate LD,, seams to be 1n the 
range 20-40 . This is not greatly different from the 
toxicity of dieldrin to the white rat for which the LD,, 
is reported as 46 (ref. 2). 

With endrin mortality was noted at doses as low as 
4 mg/kg. The LD,« as seen in this experiment was 
12 mg/kg, although there was one survivor at 20 mg/kg. 
The reeulta indicate an approximate LD,, in the range of 
5-8 mg/kg. Hayes? reported the LD, as 7-8 and 
17-8 mg/kg for the female and male white rat, respectively. 

Thus the toxicities of dieldrin and endrin are rather 
comparable in bate and rate. These pesticides do not 
show the relatively high toxicity to big brown bate that 
was demonstrated with DUT. This is of interest in that 
it suggesta that the response of bats to DDT is not simply 
due to their unique heterothermio metaboliam. 

This work was supported by a University of Kentuoky 
faculty research grant and U.S. National Institutes of 
Health grant GM 11149—02. 

Marx M. LUOKHNB 


Institute of Environmental Toxioology and 
Oocupstional Hygiene, 
College of Pharmacy, 
Warne H. Davis 


Department of Zoology, 
University of Kentuaky, 
Lexington. 


* Lackens, M. M., and Devis, W. EL, Science, 148, 948 (1964). 
Sere UR. MERE ee (U.B. Goyetnmant 


Recording Leaf Movements with a Strain 
Gauge 

Iw our pilot studies concerning the effect of space 
environments on the circadian leaf movements, we have 
devised a small lightweight leaf movement recording 
system using & strain gauge coupled to an amplifler and a 
recorder. The need for such a system was dictated by the 
physical limitations of an orbiting capsule. We have also 
found that such & system is useful for earthbound experi- 
ments. The small size of the sensing unit makes it possible 
to place several units on a single plant. The monitored 
plant can easily be placed in a amall control chamber and 
continuous records of several weeks’ duration can be 
obtained when the movements are recorded on a strip 
chart recorder. 

The active element of the leaf movement sensing unit 
is a strain gauge 4y in. wide and y&{ in. long. The gauge 
(H.A-09-031DZ-120) is made by Micro-Measurements. Ino., 
Romulus, Michigan. In our experiments, the strain 
gauge was glued with Eastman ‘910’ adhesive to the centre 
of a brass shim stock, 0-001 in. thick, 4 in. wide and 11 in. 
long. The braas shim is formed into a half loop with }-in. 
tabs at the ends of the half loop. One of the tabs is glued 
to the leaf petiole and the other to the midrib of the leaf 
blade with polyvinylacetate (‘white glue’) (Fig. 1). In the 
amounts used, the was not toxic to the plant organs. 
The stram gauge is part of the bridge circuit that is 
supplied with d.c. voltage. The signal generated by the 
movements of the leaf blade is sent to the amplifier of the 
Minneapolis-Honeywell Brown recorder and the amplified 
signal is recorded on the strip chart. 

The recording systam proposed for the orbiting system 
has the same bri tion but has a Philbrick 
Researches solid-state amplifier ‘PP65A’ instead of the 
recorder amplifier (see Fig. 2). The voltage supply to the 
amplifier derives ita power from a 22-5-45-0 V portable 
*B' battery and the voltage is regulated at 15-0 V by the 
'IN965' Zener diodes. The differential signal output of 
this smaller system is at least 0-2 volte with a leaf de- 


NATURE 


August 21, 1965 


VOL. 207 





. Leaf movement unit. The unit is glued to petiole and 
oudnb of a pinto bean leaf 


AMPLIFIER 
1" 








RECWLATEB VOLTAGE SUPPLY 


Fig 2. Leaf movement recording ctroultry. Tho system has 8 sections: 
petes reads e hera as tho leaf movement unit, 

Amplifier unit with a Philb A at P P654 unit wired for 1, x 
amplified output. (3) Regula tod vol gesuppiy limited by [X069 Zaner 


flexion of around 30°. The weight of this system lees power 
supply is about one ounce and the dimensions are 4 in. by 
1 in. by 2 in. 

The sensing unit was tested for temperature effects and 
for voltage change effecte. When the ambient temperature 
was varied from 27° to 45° C, the leaf angle readings on the 
Brown recorder varied 2°. Thus a 1? C change in ambient 
temperature resulted in an error of 0:11? in the leaf angle 
reading. This error is considered negligible for our work 
since the temperature variation on our growth chamber 
can be kept down to +0-:2° C. Asa further refinement, the 
substitution of another strain gauge for the 120-ohm 
resistor in the bridge will elimmate this error. The inert 
substituted gauge will act as a standard control. A 
voltage variation of 1-0 V supplied to the strain gauge 
resulted in an error of 10-0? in leaf angle reeiing. However, 


the voltage supply can be regulated to within » 0.02 V J 


under most oonditions and the resulting leaf angle error 
will only be +0-2°. This error is considered nogligible for 
our experimenta. 

'To test the reliability and &ocuracy of vhe svstem, the 
strain gauge unit was attached to a primary leaf of a pinto 
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Fig. 3. The curve shows ihe relation 
kymograph record taken simultanoomly dto 
angie is given at the ngok Hortzontal position is gtven a valus of 90° 
down ja given a value of 180°. Dotted line depicts 
the ideal correlation curve 


Tbe unm Dem dé m ee ee be. 
of light-dark cycles on the movements of pinto beans. 
We thank Dr. Robert Chipman, Mr. Raymond Kado 

and Mr. Stanley Noguchi for their assistance and advice. 
We also thank Dr. J. D. French for hishelp. The work was 
supported by the National Aeronautios and Space Admini- 
stration grant Ne@ 528 and U.S. Air Force grant 
AF-APOSR 246-638. 

T. HosSHrIrzAKI 

Space Biology Laboratory, 
Center for Health Sciences, University of California, 
Los Angeles. 
K. YOEKAYAMA 


NASA Ames Research Center, 
Moffet Field, California. 


Bathycoelia thalassina (Herren eater Hig 
(Hemiptera: Pentatomidae); a Pest of Theobroma 
cacao 

Lance nymphs and adult Bathwooelta thalassina (Herrich- 
Sehaaffer) have recently been found to feed on developing 
cooos pods, causing damage to the beans; the small nymphs 
feed mainly on the leaves and do little damage. The adulta 
have long feeding stylete (about 2-2 om) which can 
penetrate the pod cortex (see Fig. 1) and suck liquid 
from the developmg beans; this results in malformed or 
atrophied beans. In ripe pods the malformed beans are 
brown instead of pink, and dry, lacking the sugary 
mucilage which normally covers beans. 

The is often not evident externally in harvested 
pods apart from gmall black spots formed at the feeding 
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legions. But pods damaged at an early stage fail to swell 
where the beans have stopped developing, and show 4 
characteristic distortion when fully developed, often in the 
form of a constriction or ‘waist’ in the middle of the pods 
(see Fig. 2). 

In some harvests in early 1964 from plota at the Cocoa 

Research Institute of Ghana more than 20 per oent of the 

‘were and all the beans in some pods were 
imperfect. Damage to the total crop from the Institute 
was small, but B. thalassina populations were first noticed 
to be high in 1962 and may still be imoreasing. This 
species was found on cocoa in several parta of Ghana and 
at Ibadan in Nigeria in March, 1964. 

B. thalassina bas been reported to feed on cocos pods in 
the Congo! and Cameroons’, causing very gmall pods to 
shrivel and fall, but causing negligible damage to full- 
sized pods; the beans were not affected. . 


B. M. GERaRD* 
Cocoa Research Institute, 
Tafo, Akim, 
Ghana. 


* Beconded from the Bdinbargh and East of Sootland College of Agriculture 
to the Cocoa Research Institute of Nigeria, Ibadan 


1 Mg R., Insecies of autres animants atiaquanmi ls ceosoper ax Congo Dolge 
Belge; London, 1917). 
? Bchoateden, H., Ann. Mus. Congo Belge, Z. 1 (8), 63 (1909). 
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Hatching Pattern of Aedes aegypti Eggs 

Dunne their work on the effect of ultrasonic waves on 

the hatching of Aedes aegypti eggs Quraishi et al. found 
an interesting pattern of hatahing in the controls. Aedes 
degypi eggs laid overnight were kept in water in Petri 
dishe and the percentage of larvae hatching out each day 
was recorded for 20 days. On the first day 2-5 per cant of 
the eggs hatched out; on the second day this percentage 
was 18, the highest recorded for any single day. The 
percentage of eggs hatching out gradually decreased after 
the second day, until after the 18th day, when there was 
an upward trend in hatching, and a small peak was dis- 
cernible between the 14th and 16th days. There was a 
sudden fall in the number of eggs hatching out after the 
16th day and by the 20th day only 62-5 per cent of the eggs 
hatched out. Thus 87-5 per cent of apparently normal eggs 
were left unhatched. We therefore decided to follow the 
hatching pattern of Aedes aegypti eggs for 50 days. 
Fresh and well-formed eggs laid during the previous 
night were selected early in the morning and were divided 
into batches of 50 each and kept in Petri dishes, 18:5 om 
in diameter, containing 75 ml. tap water. A few mg of 
yeast in tablet form was added to each dish and the dishes 
were kept in incubators ab 88° + 2°F. They were taken 
out for half an hour every 34 h for observation. The first, 
second, and subsequent days were counted as 24, 48, eto., 
hours after the eggs had been selected; since at the time 
of selection the age of these eggs was already 0-16 h, tho 
time lapee will be number of days plus 0-16 h. Fifty 
replicates were done and the data are thus based on 
2,600 eggs. 
_ The pattern of hatching is shown in Fig. 1. Four peaks 
in the pattern of hatching are easily discernible; the first 
peak, which is also the highest, appears on the second day 
and is followed by a much smaller peak between the 14th 
and 16th days. Very few larvae hatch out after the 16th 
day, though some larvae come out each day. An upward 
trend in hatching is again discernible between the 20th 
and 28rd days ing a third peak which is smaller 
than the second. Between the 23rd and 48rd days only a 
few eggs hatch out, not more than 0-2 per cent of the 
total on any one day. On the 44th and 45th days, however, 
0-2 per cent and 0-76 per cent of the eggs hatch our, 
representing the fourth and smallest peak. 

After the completion of this work in Karachi, Pakistan, 
I worked in Tehran, Iran, and maintained another colony 
of Aedes aegypti from a local strain obtained from the 
Institute of Parasitology and Malariology, University of 
Tehran. Although only a few observations were made, & 
similar pattern of hatching with four peaks waa observed. 
dad Lac E 27) 

y. 

The oocurrenoe of four hatching cycles, each succeeding 
one smaller than the previous one, in the eggs of an insect 
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the larvae and pupae of which are entirely aquatic, is 
evidently an adaptation to meet the exigencies of a situa- 
tion where the first few showers may not provide enough 
water for the completion of the entire aquatic cycle. 
This work was done while I was working as senior 


scientist in the Pakistan Council of Scientific and Indus- ° 


trial Research and in the CENTO Institute of Nuclear 
Science, Tehran. I thank Dr. B. Siddiqui, Dr. I. H. 
Usmani and Dr. M. L. Smith for advice, and Mr. Waha- 
juddin Roomi and Mr. A. B. M. Lutful Kabir for their 
help. Dr. Oh. M. H. Mofldi provided the eggs of Aedes 


aegypti in Tehran. 
M. BAY2uxp QURAISHI 
Department of Entomology, 
University of Manitobe, 
Winnipeg 19, Canada. 
E M. Ba Osmani, M. IL, and Ahmad, 8. Hilal, J. Boon, Eni., 


Rearing Pieris brassicae L. Larvae on a 
Semi-synthetic Diet 


A mernop for breeding Pieris brassicae L., the large 
white butterfly, all the year round has been developed!'t, 
and the larvae have proved to be convenient insects to use 
for insecticidal tests and other investigations. However, 
in severe winters cabbage and kale leaves are killed by 
frost and it becomes difficult to provide food for large 
numbers of larvae. One possibility, namely using the 
heart leaves of cabbage from clampe', has not proved to be 
satisfactory. Furthermore, for investigations on pathogens, 
1b is desirable to have a food which can be sterilized. 

Recently Ignoffo* described a medium for the mase 
rearing of Trichoplusia ni Hübner, the cabbage looper, 
which is a modification of that developed by Vanderzant 
and Reiser’.*. We have slightly modifled this medium and 
have shown it to be satisfactory for rearing P. brassicae : 
Formula of medium 

(e) Distilled water 
Potamium 


hydroxide 4 molar 
Casein (light white soluble) 


(b) Buarose ( 
Wheat germ (‘Beamax’) 
Cabbage (dred powder 
Balt eS ) 
M ohromedta cellulose powder, OF11 


(0) Choline ahlorids (10% goin) (15% tn 08% 


soin. (10 sol. 
Formaldehyde (10% wiv ) 


(4) Distilled water 

Agar (fine Japanese powder) 
(6) i-Ascorbio amd 

Aursomyoin (veterinary grade) 

The of the salt mixture (tn g) is": 120, wo 129; 
TION qucd rtr OE E 
encase, ui gn nos Op TD i ctt t a00 
DE CINE ra M 

The dried cotton leaf in the original medium (about 1:4 
per cent wt.) was replaced by dried cabbage leaf powder. 
This was prepared by drying cabbage leaves in thin layers 
in & ventilated oven at 105° C for 15-20 mm. The leaves 
can then be ground by hand with a roller and sieved 
through & 60-mesh sieve, but it is much quicker, of course, 
to have them ground in a small Christy-Norris mill fitted 
with a 0-5-mm mesh screen. The veterinary © &ureo- 
mycin soluble powder (Cyanamid of Great Britain) con- 
tained 25 g chlortetracyoline hydrochloride per pound. 

The ingrediente listed in (a) are plaoed in & blender 
with & capacity of 800 ml. and thoroughly mixed together. 
The mixed solids (b) are then added with further blending. 
The solutions (o) are next added, separately, while the 
blender is running. Meanwhile, the agar solution (d) has 
been in a water bath. It is cooled to 70? O and 
&dded to the mixture. Finally, the ingredienta (e) are 
added and the whole medium is thoroughly blended. 


Sson dp 
BB neces nag 


&« medium at about weekly intervals. 
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The warm medium was poured into sterilized 1 lb. jam 
jars to & depth of about 0-5 in. and while still warm each 
jar was tipped and twisted so as to coat some of the sides. 
As soon as the medium was cool the jars were turned 


+ upside down to prevent unnecessary contamination. They 
»- can be conveniently stored at about 12° C. After the 


larvae were introduced the Jars were kept on their sides 
so that comparatively little frags fell on the medium. 
Whatman No. 1 filter paper was first used to close the 
jars as this reduced evaporation and prevented the 
medium arrg pax too rapidly, but when the larvae 
reached the instar the paper was changed for a piece 
of "T'erylene' gauze as more ventilation was now 

to prevent conditions in the jare beooming too humid and 
sticky. About 15 fifth instar larvae can be kept in a jar 
and of course more younger larvae. 

For smaller numbers of young larvae it saves medium to 
use 2 in. X lin. specimen tubes containing about half-an- 
inch of medium. These tubes can be filled rapidly from a 
warm water-Jacketed dispenser that has been developed. 
After covering with filter paper the tubes may be stood 
upside down, either directly on a tray or on gauze, if 
more ventilation seams necessary. The small, light, plugs 
of medium seldom fall away from the bottoms of the 
tubes as is very liable to happen if the 1 Jb. jars are kept 
upside down. 

í. In order to obtain a good rate of growth and normal 
adults we have found it advisable to ply freshly made 

“This was necessary 
because the medium dried out and possibly because of the 
growth of contaminating organisms. 

On medium (changed weekly) the development from 
ha to pupation took about 1-2 days longer than 
on cabbage leaves. The yield of pupae, based 
on the number of first instar larvae, has reached 100 per 
cent and is usually above 80 per cent. Of these pupae, up 
to 100 per cent have given normal adults. ighta 
of larvae bred on medium (average 0-87 g) tend to be just 
below those of larvae fed on cabbage (average 0-38 g). 
The adults mated normally and the eggs were fully fertile. 

Besides being useful for rearing larvae in winter tho 
medium has other advantages. It provides a more stan- 
dard diet, it is leas likely to be contaminated by pathogens 
since during the drying process virus and other o i 
on the cabbage will be destroyed, it greatly facilitates tho 
counting and examination of young larvae since they are 
much more easily seen than among leaves, and, finally, it 
would be more convenient for use by laboratories in 
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icultural Research Council, 
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Development and Characterization of 
Resistance to o-Isopropoxyphenyl Methyl- 
carbamate in the Mosquito Culex plpiens 

quinquefasclatus Say 
T Ium poenbility of development of resistance to car- 
bamate insecticides in mosquitoes, and the charaoter of 
such registanoe, are questions of profound importanoe in 
the vector control and eradication programmes of public 
health agencies. With the gradual elimination of organo- 
chlorine insecticides in many parts oi the world due to 
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development of resistance, attention has been directed to 
substitute inseoticidee, particularly in the organophos- 
phorous and carbamate groups’. Resistance to certain 
organophosphorous insecticides has already appeared in 
strains of and Aedes, especially in areas where these 
compounds have been used routinely as larvicides':*. 
This phenomenon has created even greater urgency for 
research into the resistance potential of mosquitoes to the 
carbamate insecticides. 

For the past four years we have been investigating the 
development of resistance in Anopheles albimanus and 
Oulex pipiens quinquefasciaius, through selection pressure 
with m-isopropylphenyl methylcarbamate (‘Hercules’ 
AOQ-5727). Interim progress reporta on this work have been 
published‘:*, Selection pressure on the above species for 
21 and 50 generations, respectively, did not maternally 
enhance their tolerance to the selective agent. The ob- 
served shift in the dosage-mortality on lines repre- 
sents an increase in tolerance of only 2-7 and 2-fold, re- 
spectively. Although very encouraging, these resulta were 
only of academic interest since the carbamate used 
appears to have no commercial possibilities due to its high 
mammalian toxicity. 

More recently our attention has been directed to a rela- 
ted carbamate, ‘Bayer 89007’ (o-isopropoxyphenyl methyl- 
carbamate), which is of considerably lower mammalian 
toxicity (oral, rata, 175-200 mg/kg). A strain of Culex 
pipiens quinquefasciatus, oonteining both DDT- and 
dieldrin-resistant individuals was colonized from Southern 
California, and subjected to larval selection pressure with 
the above carbamate at approximately the LO, level. 
Resistance increased rapidly in the first selected tion 
and more slowly thereafter, reaching a 10-75-fold levelin 
the 17th generation. The LO,, values of the parental and 
P, generations were 0-29 and 3-12 p.p.m., respectively 
(b values 3-42 and 9-04, respectively). 

The cross-resistance characteristics of the selected strain 
toward various carbamate and organophosphorous inseoti- 
cides are shown in Table 1. It is evident that certain 
specificity of the resistance mechaniam exists for the ortho 
substituted phenyl methyloarbamstea (compounds VII, 
VILI, X1); this specificity appears to be of low level, how- 
ever, since cross-resistance extends also to a variety of 
other carbamates as well as to the organophosphorous m- 
secticides malathion and fenthion. Similarly there was a 
amall intensification of the initial DDT and dieldrin rees- 
tances of-the parental strain. 

Table 1. RwsroxsH TO YARIOUS INSECTICIDES IN BUSONPTIBLA AND RESIS- 
TAXT* LARYAR OF Oules pipiens quinque/asonalus 
Susceptible Reastant 


stram stram 
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* Belected with o-mopropoxyphenyl methylearbamate 
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A substrain separated from the F, selected generation 
and reared without preesure for an additional 10 genera- 
tions revealed the stability of the character of resistance. 
The LO, values of the F, and the Fo +10 (unselected) 
generations were 2-16 and 1:50 p.pm., respectively (b 
values 8-61 and 8-46, respectively). 

The metabolic efficiency of the resistant and susceptible 
strains was compared by the use of “C-labelled o-iso- 
propoxyphenyl methylearbamsate. Groupe of 80 fourth- 
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instar larvae were exposed for 2h toa concentration of 
10 p.p.m. of the labelled carbamate; they were after- 
wards homogenized, extracted with acetonitrile, chrom- 
atographed on propylene glycol paper, and tested for 
radioactivity on an automatic scanning device (“Vanguard 
Autoscanner 880’). The relative proportion of metabolites 
recorded was 12-4 per cent in the susceptible strain and 
30-4 per cent in the resistant; this amounts to an increase of 
2-5-fold in carbamate detoxication efficiency of the resistant 
strain. 

The genetic basis of resistance to o-isopropoxyphenyl 
methylearbamate was investigated by testing the offspring 
of reciprocal crosses between the susceptible and resistant 
strains. Resistance in the F, generation was intermediate. 
The observed responses of the F, and back-cross genera- 
tions were significantly different from those which could be 
expected on the basis of monofactorial inheritance. The 
proportion of fully susceptible and fully resistant indi- 
viduals segregating in the F, was consistently below 
expectation. It was, therefore, concluded that resistance 
to o-isopropoxyphenyl methylcarbamate in our strain of 
Oulex, at ite present level of resistance, is controlled-by & 
polygenio system. 
in part by U.S. Publio 


pr eben of Entomology, 
- University of California, 
Riverside. 
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MICROBIOLOGY 


Functional Homol of the Sex-Factor and 
Resistance Transfer Factors 


DRUG-RESISTAWT bacteria oan emerge from sensitive 
populations by acquiring a ‘resistance factor’ (R-factor)1* 
from another strain by conjugation. Genetically, an E- 
factor behaves as an extrachromosomal structure’ belong- 
ing to the same class of elaments as the transmissible 
sex-factor (F)*4 of HechericMa cok, and its derivatives 
(designated F) in which a fragment of bacterial chromo- 
Borne has become associated with F (ref. 5). In an R-factor 
a collection v ee ee EE C one or as 
many as six di drugs is transferred as & single unit 
of inheritance linked to a resistance transfer factor (RTF) 
responsible for the transmission". 

Cells carrying F or F” factors are recognized by their 
ability to conjugate and donate chromosome to female 
(.F-) cells, in which genetic recombination may then occur. 
Bacteria with F or F” produce a speciflo antigen absent 
from F- cells* and are sensitive to a group of F-specifio 
RNA phages which do not attack F- cells’. These - 
ties suggest that F determines the formation of a 
structure responsible at the game time for (a) conjugation, 
(b) serological specificity, and (o) uptake of ifle phage; 
the receptor has in fact been identified as a spe- 
cialized pilus*. Despite the overall similarity of the F’ 
and R factors, they differ in certain important respects 
which has generally been taken to mean that the respective 
fertility factors, F end RTF, are not the same: (1) oon- 
jugation oocurs much leas frequently with R than with F, 
as measured by the enoy with which each is trans- 
mitted; (2) chrom: transfer with R occurs at a very 
low cy, if at all’; (8) the F antigen is apparently 
absent from R+ cultures'*; and (4) such cultures are ap- 
parently insensitive to the F-specific phage!!. Moreover, 
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(5) with some exceptions", the R-factor inhibita the ex- 
preesion of F: when R is introduced into a cell which is 
already F+, the properties of the cell dependent on F 
i , and only reappear when the R-factor is lost™+1?. 
apparent distinctions between RTF and F could + 
i be lained by supposing that the twoy 
factors are really identical ex in one 
whereas the fertility functions of F are normally expressed 
in the majority of an F+ population, those of the RT F are 
expressed in only a small minority of R+ bacteria. Further- 
mare, it can be postulated that this restriction of RTF 
function is due to a repressor, made by RTF but not by 
F, but which can also act on F when both factors are 
present in the same cell. Evidence that there is repreesion 
of this sort comes from the behaviour of cells which have 


RTF and F were identical, the fact that RTF is normally 
only rarely would be enough to account for the 
reported failure of the F-phage to lyse or to adsorb to Rt 
cultures. Two sorts of experiment were therefore done: 
I to ek Sue ion of cells sensitive to the 

- in established R+ cultures; and (2) to find out ifj 
tbis proportion is increased in a high-frequency 
resistance transfer (HF RT) culture which has just received . 
the R-factor by conjugation. An HF RT system consists 
of broth moculated a small number of established Rt 
cells and a much larger number of R- cells through which 
the factor can 

The presence of small numbers af cella capable of pro- 
pagating & phage can be detested by adding a known 
quantity of the phage and looking for a subsequent increase 
in titre’, F-specific phage was added to F-cultures 
of E. cok K12, infected and uninfected with R-factor, and 
assayed at intervals. Fram preliminary experiments with- 
present, must be m such small numbers that they could 
only be detected if residual unadgorbed phage was elmi- 
nated. To achieve this, and at the same time to mamtain 
& high bacterial concentration, the bacteria were mixed 
with a 20-100 fold exceas of phage for a short time (10-15 
min at 87° C) in tryptone broth containing M/500 calcium 
chloride, which these phages require for optimal mfection 
of F+ bacteria!*. The mixture was then diluted into anti- 
phage serum from which the antibacterial antibodies 
been absorbed, and after & further 10 mim, the 
were collected and washed an & membrana filter whioh,, 
was then rinsed in a flask of broth. (Control counts 
showed that virtually all the bacteria were recovered by 
this technique.) Tho flask was assayed for phage im- 
mediately and again after 2-h incubation, using a standard 
indicator strain (B. co K12 HfrB1), which gave entirely 
reproducible plaque oounte on plates inoubeted at 42° O 
(ref. 17). The small proportion of residusl unneutralized 
phage particles not eliminated by antiserum and filtration 
was messured by including e control suspensioo of T A 
bacteris which had been boiled for 10min. allowing for 
this, the number of plaques in the initial count should 
measure the number of infectable bacteria. This proved to be 
n nne c cn en iH 
tive teria were either totelly absent or preeent only in 
very small numbers. These two possibilities were dis- 
tinguished by the second assay made 2 h after infection: 
in the absence of sensitive bacteria, the plaque count 
should not increase, but, since these phages have a very 
large burst size of 10-10%, the presence of even a few 
sensitive cells should be detected. The resulta of the r 
assay showed that phage always increased in the E* oul- 
tures, but never in BR-F- strains (seo Table 1). 

The same experiment made with HF RT mixtures gave 

results: it was clear that these unrepreased 
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Table L Reactions OY Rt CULTURES WITH F-SPBGITIO PHAGE 


Bacteria Initial plaque Plaque aout Increase 
count A 2h x 
711 (K12 F) 17x10 19x10 t 
P boiled 
711 (E12 F-) 89x10 70x10 = 
we TU}Bm 14x10 15x10” 11x10 
DIRK 12x10 19x10! 15x10 
Jt bh 77x10 75x10 Hs 
J5-Ewi 4x1 24 X 10* 15x10 
J5-- Euri 17x10 19x10 1-1 x10 
31x10 5x 10* 17x10 
TliRgs, +711 
RE 34x10! 29x10" 85x10 
TLIRpg} +711 
yix fra 84x10* 10x10" 1 2x10* 
indo tor) 


bacterial strams were all dertvatives of X. cod X12. The R-factors, 
and Ru found t naturally-ooouring -resistan: 


Rin drug t salmonellae, 
wero transferred directly to these strains by mixed ture. F-speaiio phages 
MS2 and xt were used, with an antaerum against a? neu- 
tralized both p at the same rate (X = 

*10 timas and 11 3x 10* umes as man cells transmitted resistance 
ai Le dn BA din atablished Et onl tore: 


cultures contained & vastly greater proportion of infectable 

bacteria than the established R+ cultures, and that the 

proportion occasionally approached that in cultures 
F 


The surface structure, which mediates conjugation by 
R+ strains, is determined by RTF, but has been thought 
of as distinct from that determined by F*. The disap- 

pearance of F function in R*F* bacteria has consequently 
attributed to replacement or alteration of the F- 
specific surface structure through an epistetio effect of the 
“ RUF suppreesing the expression of F (ref. 13). Our 
resulta, on the other hand, suggest that the surface struc- 
ture determined by RTF is simply the F-specific structure 
accrue lin oniy a fov velit, Shihe the culture is R+F+ 
or R*F-. This view is strengthened by the finding that in 
cultures which have just become R+, and in which repres- 
sion has evidently not had time to be established, the 
F-phage infects a much greater proportion of the oells— 
almost as many as in an F+ culture. The unrepreeeod state 
of the RTF in newly-infected cells is only transient, and 
it is for this reason that p are not sean when such 
oells are plated with P iflo phage; for by the time the 
indicator lawn has grown, the normal repressed state of 
the factor has supervened, and the bacteria are thus 

phenotypically F-. 

ELINOR MuvNALL 
Naomi DATTA 
Medical Research Council Microbial Genetics Research 
Unit, Hammeramith Hospital, 
and 


"5 Department of Bacteriology, Postgraduate Medical 
School, don. 


1 Watanabe, T., and Fukasawa, T., J. Bact, 81, 669 (1961). 

1 Watambe, T., Bex. Rev., $7, 87 (1068). 

* Hayes, W., J. Gen Lisrobiol., 8, 72 (1953). 

* Lederberg, J., Cavall, L. L., and Lederberg, H. M , Gexetvos , 37, 720 (1062). 

* Jacob, F., and Adelberg, H. A, O. R. Aozs. Soi, Pars, M9, 189 (1959). 

* Ørskov, L, and Grakov, F., Aaa Path. Microbiol. Seend., 48, 37 (1960). 

1 Loeb, T., and Zinder, N. D , Proc. U.S. Net. Acad. Sei , 47, 282 (1961). 

"Brinton I: O., Gemski, P., and Oarnaban, J., Pros. U.S. Nat. Acad. Sa, 
a, (1904). 


* Bugtno, Y., and Hirota, Y , J Bact, 84, OOF (1062) 
1 Hirota, Y., Naahmmura, Y., Ørskov, F., and Ørskov, L, J. Bex , 87, 841 


00. . 
1 Watanabe, T., Fukasawa, T., and Takano, T., Virology, 17, 218 (1961). 
ea ORNA y IR A To Bao EUM 


1 Watanabe, T., and Fukasawa, T , J. Dect., 83, 727 (1002). 
14 Watanabe, T., J. Bact , 85, 788 (1068). 

15 Katzneison, IL, and Button, M. D., J. Bact., 61, 660 (1961). 
1* Cooper, 8., and Zinder, N. D., Virology, 18, 405 (1902). 


"Deed Macoasaro, G. A, and Turn, M., Giorn. Miorobiol., 11, 15 


_S In vitro Cultivation of Alder Root-nodule 
Tissue containing the Endophyte 
Ox of the main problems in non-leguminous nitrogen 
fixation is the isolation of the endophyte. 
In attempts to isolate the symbiont of Almus root 
nodules, Quispel’s method! of obtaining the endophyte in 
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‘pure conditions’ was used. There was no growth of the 
endophyte outaide surface-sterilized root-nodule slices 
incubated for several weeks on media of widely 
differing nutritional composition, ineluding those used 
for the cultivation of plant tissues in curo. However, 


pension, which although sterile according to the usual 
microbiological oriteria, still produced normal root 
nodules in sterile alder seedlings growing 
on a low-nitrogen medium. This would imply that the 
Alnus endophyte is an obligate symbiont and could per- 
haps be propagated inside alder tissue or root-nodule 
tissue grown tn vitro. 

Tiasue cultures of Alnus glutinosa from normal root and 
root-nodule tissue were started in 1962. Preliminary 
testa with a number of nutrient media showed that Hilde- 
brandt's? basal mineral salte-sucroee-agar medium 
Hie scii: with coconut milk (150 ml./l.), «-naph- 

eneacetic acid (0-1 mg/L) and calcium pantothenate 
(2-5 mg/l, that is, O- i gave tho beet growth 
in vitro. Additional supplements of ‘Edamin’ (casein 
hydrolysate), glycine, kinetin, 9,4-dichlorophonoxyacetic 
acid (2,4-D), eto., did not stimulate this growth. 

Small nodules (2-3 mm) from plante grown in tet- 
tubes were surface-sterilized by consecutive application 
of 96 per cent ethanol for 1 min, 0-5—0-6 per cent sodium 
hypochlorite and detergent ("Teepol') for 15 min, followed 
by seven rinsings with sterile water. The nodules were 
then -incubated for several weeks on nutrient agar or 

dun for testa of visible ‘sterility’. Contamination 
was usually heavy. 

Tissue cultures of root nodules were obtained by placing 
the surface-sterilized whole nodules or nodule slices on 
O-medium and incubating these in the dark at 27° O. 
Tissue series exposed to light did not show better growth. 
The callus tissues produced—usually by bursting of the 
nodule cortex—were transferred to a new medium of the 
game composition. Callus tissue of normal roots was 
obtained from root tips of inating seeds growing on 
O-medium agar enriched with 2,4-dichlorophenoxy- 
acetic acid (D-medium). For maintenance of the root- 
callus cultures, however, O-medium was more favourable. 

The tissues were re-transferred to new media about once 
in 8-4 months, showing the very slow growth rate of alder 
tissue. After the original isolation of the explants the 
tiasues were transferred 9 times to new media without any 
reduction in growth. The initial tissues were about 2 mm 
in diameter and these gave rise to callus tissues of some- 
times 25-40 mm in diameter, which represents a volume 
increase of 2,000-8,000 times the original tissue size. 
Fig. la and b shows a 4-montb-old root-nodule callus of 
Anus. 

Most of the root-nodule tissues isolated produced no 
visual growth in the medium in subsequent transfers. 
A few, however, did produce actinomyooete growth, while 
the host tissue still continued to propagate (Fig. 2). 
Sometimes such tissues produced better growth than the 
apparently ‘sterile’ tissues. However, ultimately the 
former tissues less growth and finally were 
overgrown by actinomyocete and died. Since in this 
way several actinomyoete species were isolated, it was 
doubted that these constituted the true alder endophyte, 
although one of them may have been the actual endo- 
phyte. 

To establish whether the Alnus endophyte invaded 
newly-formed host cells in the growing callus tissue, 
morphological observations of -wax sections of 
the tissue were made. In addition the nodule-producing 
capacity (‘virulence’) of the tissue was ascertained in 
inoculation tests with sterile alder seedlings grown in 


ve the following resulta. Host 
tissue was pro by transferring a locally fast- 
developing tissue part to & new medium. This procedure 
caused a certain selection in cells, which resulted in the 
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isolation OF endophyte tee cells from root-nodule tissue 
containing the endophyte: apparently host-oell propaga- 
tion was faster than endophyte transmission. But other 
transfers did not lose the endophyte. Hyphal structures 
were observed in the large vacuolated cells typical of 
callus-tissue cultures, and in the intercellular spacea 
between the host cella (Fig. 3). However, these tissues 
when minced and added to sterile alder plants did not 












ENS. 0 2 y -5 

2 ' Root-nodule callus proliferating in spite of actipomyocete growth 

o the tissue in the agar. Apparently, this actinomyoete prefers to 

grow at lower arygen ‘ ast ates tho agar formmg a broad 
nng ati . (x 


growth in root-nodule callus issue 
are observed; note the plant-cell nuoleus tn 
Hrythroame-stained preparation. (x 950) 
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Fig 4. Btartle alder seeditng showing 

ton af root-nodule callus 

om the pale (yellow) colour of the leaves duo to deflaency. 
x 


produce norma! nodulation. In most cases no nodules 
were formed and within a few months these plants showed 
severe nitrogen-defloiency symptoms. In a number of 
plants, however, nodules were produced, but these nodules 
were ineffective (Fig. 4). Microscopical investigation of 
the latter nodules showed that they contained the endo- 
phyte intracellularly as very fine hyphae, but ‘vesicles’, 
or ‘bacteria-like cells’ typical for normal Alnus root 
nodules‘, were not observed. It is remarkable that 
ineffective root nodules occamonally produced by suspen- 
sions of normal effective root nodules showed the same 
internal features. 

‘Veaicle’ formation, therefore, seems to be particularly 
associated with nitrogen-flxation. As shown by us in 
electron microscopic work‘, the ‘vesicles’ contain many 
internal cytoplasmic membranes. An analogous observa- 
tion was made by Dart and Mercer in rhizobial cells of 
legume nodules. Henoe, it may be that these internal 


anineffecuve root nodule produced -aè 
tate the endophyte, 


`` 


cytoplagmio membranes have a special function in an | 


fixation. The idea that certain membranes play a 


in the incorporation of molecular nitrogen is not new. \, 
+ 


Bergersen* has already suggested this in soybean root 
nodules for the membrane envelopes; however, outeide 
the bacterial cell, enclosing a number of bacteroids. 

Root-nodule tissue in vitro produced large iso-diametric 
callus cells, occasionally with clusters of smaller cella 
due to internal sub-division. Rarely, some tracheal 
elements with scalariform thickenings of the cell wall 
were observed. No endophyte differentiation in the 
callus tissue was found. Only hyphae occurred (Fig. 8); 
structures like ‘vesicles’ and ‘baocteria-like cells’ character- 
istic for normal root-nodule tissue were entirely lacking. 

This investigation shows that ite ultimate purpose— 
the effective nodule-endophyte of Alnus in symbiosis 
with ite host tissue $^ viro culture—has not yet been 
fully achieved. Alder root-nodule tissue grown + vitro 
and containing its endophyte is a more simple system 
than that obtained in leguminous symbiosis where, so 
far, only nodulated isolated roota have been obtained’. 
Direct cultivation of root-nodule tissue containing the 
endophyte in ‘pure’ culture will contribute considerably” 
to the study of the physiology of the symbiosis and 
nitrogen fixation, since substances normally produced 
by the shoot or root can be excluded and substances, the 
effecte of which are to be tested, oan be added to the 
medium in known amounts. 
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This communication is a continuation of earlier investi- 


^ gations** of the physiology of the alder root-nodule 


_pymbiotic association. 
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RADIO BIOLOGY 


Assimilation and Fermentation Patterns of 
Osmophilic Yeasts In Su Broths at Two 
Concentrations 


Recent isolates of S. rowrit, T. dattila, T. globosa and T. 
aptoola showed differences in reaction where: (1) The ability 
to ferment various sugars was compared at concentrations 
of 2 and 10 per cent w/v in yeast extract broth ; sterilized in 
MoCariney bottles with Durham tubee at 5 lb./in.* for 
16 min. Results are summarixed in Table 1. (2) The 
ability to assimilate various sugars was at 
concentrations of 1 and 10 per cent w/v in Difoo 'YNB' 
broth (filter-sterilized and dispensed as 5 ml. vol. into 
Els Ds capped tubes). Results are summarised 
m Ta : 

Inocula were taken from freah slanta on oamophilio 
agar!, moubated for 72 h at 30° C, washed and centrifuged 
in sterile Ringer’s solution and, finally, re-suspended in 
10 ml. sterile Ringer's solution. One drop of suspension 
was ased per tube. 

The variation in reaction does not appear to be due 
simply to osmotic pressure; as if 9 per cent of the sugar 


*is replaced by an equivalent amount of lactose (negative 


in every case) the stimulation of the higher concentration 
was not demonstrated. 

Anomalous fermentation patterns were reported last 
year by J. Santa Marin! for S. rouxii isolated from sugar 
cane molasses, but tested at standard sugar concentra- 
tions. 

All the yeasta were isolated from situations of vary high 
sucrose concentrations. They sab-cultured more readily 


YaxxNXTATION TANTAS 
data globosa. 
10% 10% 
++ ++ >- 
++ 


T. 
2% 


+ 
+ 
DHL pw 


++ >- 
ÁBIINILATION Tears OX S. reves AND T. dea ONLY 

(the other two species thowed lem ebvious differences) 

T. datila 


+ += positive; — =<negattve; + =weakiy positive, + = variable, 
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on an osmophilic or sami-oamophilic medium; growth on 
wort agar or in wort broth is usually very poor. The use 
of brotha with 10 per cent sugar was adopted rather than a 
higher value because of the low solubility of same sugars 
such as lactose. 

Similar tests on cultures from the Centraalbureau voor 
Schimmeloultures Delft do not show these variations. 
The problem arises, therefore, aa to whether the incorpora- 
tion of what are really ecological variations in & test is 
justifled (& parallel case is the use of Koji extract by 
Onishi"). Yeast identification is eaeentially the “building- 
up’ of a picture by e number of testa, so ecological modifice- 
tions must surely be considered. In the case of the 
oemopbilio yeasts, this character may even be lost after 
growmg im media of lower concentrations of sugar for e 
d 4 


We consider, therefore, that this group of yeasta should: 
(a) always be stored in an osmophilic medium which 
retains these typical properties; (b) biochemical testa 

ind! Papi be adapted to the ecology of 
the organiams be carried out in broths containing & 
minimum of 10 per cent sugar w/v aa this produces more 
consistent results. 


M. PATILA SOARR 
D. Ross 


Tate and Lyle Refineries, Ltd., 
Food Agris., 10, 678 (1959). 


VIROLOGY 


Resistance to Sigma Virus Infection in 
Drosophila 

melanogaster is subject to infection by the 
sigma virus, either by virus carried in the fly gametes or 
by extracta from infeoted flies. Infected flies somehow 
become ‘CO,-sensitive’ and thereafter are fatally poisoned 
if subjected to a dose of CO, which is merely anaesthetic 
to virus-free flies. Plus! showed that the time lag (mouba- 
tion period) between a sigma injection and the onset of 
CO,-sensitivity is a measure of the injected dose, and 
sigma oxtracte are now usually titred by using them es 
inocula and measuring the resultant incubation period in 
recipient adult flies. 

Brun’ recently reported, for a certain dose, that the 
incubation time moreases in direct proportion to the age of 
the recipient fly at injection. Further information con- 
cerning this age effect is important to the standardization 
of the assay for sigma virus and to understanding the 
course of the infection. In addition, the age effect may be 
related to the poorly understood general phenomenon 
whereby virus grows slowly or is lees pathogenic in aged 
host tissue, an effect reported for plant? and animal‘ 
viruses. 

The influence of imaginal age on the incubation time 
was tested in the present study by injecting virus ex- 
tracted from the Iw Drosophila strain into reference- 
strain flies according to procedures previously deecribed!. 
Twenty-five to 80 flies of each age were injected and the 
average incubation times calculated. The resulte obtained 
were similar to Brun's that, under these conditions, 
yeso d et the moubation time was not linear. 
As in Brun's study, females i I incubation 
times than did males (Fig. er ae 

When incubation period is used to estimate inoculum 
titre, age differences among recipient flies can lead to 
significant discrepancies. For example, a 17-h difference 
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in incubation time such as that displayed between newly 
emerged males and males 12 h old (Fig. 1) leads to a 
two-fold difference in titre estimate. The standard curve 
for converting incubation time to inoculum titre has been 
published elsewhere!. 


flow counter. 

The average number of counts recovered per individual 
fly for each age is shown in Fig. 1. The variation in 
i size as measured by recovered counta is too 
small and random to account for the observed changes in 
incubation time and, therefore, indicates that the age 
effect depends on the Drosophila phymology. 

A consideration of the sequence of eventa following the 
injection of sigma into imagos suggested that the increase 
in incubation time might be related to the rate of virus 
multiplication. It is known that the injection of strain- 
Lw virus into young imagos is followed by the multipli- 
cation of the virus to a plateau level of 101—10* infectious 
units per fly." The recipient fly generally becomes CO,- 
sensitive at the time that the virus titre reaches the plateau 
levelt", The fact that the incubation period was increased 
in old fliee that the virus multiplied more 
slowly in old flies and reached the plateau e later. 


Table 1. TO XNQUIRED FOR INJECTED FLIES TO BECOME OO,-SENZTTYE 
(INOUBATION TIME) 


Imagtinal age Incubation 
E AE at injection time 
(*0) (days + 0 083) (days) 
25 0-21 70 
15 18-00 124 
20 0-17 7-8 
20 15 00 12-6 


In order to test this hypothesis, virus was injected into 
young and old flies and the rate of virus multiplication 
was measured. The procedures used were the same as 
reported, previously* except that the reference-strain flieg 
used to assay the virus were 3—7 h old. The resulta are 
presented in Table 1 and Fig. 2. The virus doubling time 
during log phase was indeed increased in old imagos as 
compared with young ones. This was true whether the flies 





NATURE 


e 


Infectious unita/fly [log,, (N +1)] 


' 
m 


after eclosion 





had been raised and aged at 25° or 20° C. However, the 
increase in incubation time was greater than expected from 
the observed lag in virus multiplication. The virus titre 
plateau in old imagoe was about two days later 
than in young ones, but CO,-sensitivity was delayed for 
two days longer. Therefore, under these conditions, the 
Peers of CO,-sensitivity is dependent on factors in 

dition to the virus content of the injected fly, and the 
absence of CO,-sensitivity does not preclude a high virus 


titre in the fly. 
This work was by grant AI-GM -05088 from 
the U.8. Publio Health Service. 
R. L. Samoor 
Department of Biology, 
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Duarte, California. 
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Inhibition of Encephalomyocarditis Virus 
Replication by S he Phosphonic and 
Carboxylic Acids 

IN view of our recent finding! that multiplication of 
encephalomyocarditis virus (EMO) can be inhibited by 
non-oytotoxio concentrations of p-nitrobenzylphosphonio 
acid, it appeared worthwhile to investigate the antiviral 
effect of other phosphonio acids and their carboxylic 
analogues. It was our hope that the investigation might 
give some information about the relationship between the 
chemical structures of the compounds and their antiviral 
activity, and facilitate the screening of drugs which may 
be useful in the chemotherapy of viral diseases. In this 
communication we report the effect of several simple 
compounds of diverse structure on the replication of 
EMO virus in the mouse embryo tissue culture. 


The EMO virus was maintained by passago in mouss * 


brain and tested in primary mouse embryo (ME) tissue 
cultures. The commercial carboxylic acids and phos- 
phonic compounds, synthesized by one of us (P. M.) 

i to the methods indicated in references to 
Table 1, were used in this work. 


>» 
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Tablo 1. Tos HFFRO? OF VARIOUS OONPOUEDS ON THE M 





















































Antiviral activity 
yer Protection against % Inhibition of virus ee Xo. of 
Formula i Eaton OPH t taion experi- 
x 
[es [ Xa | es 
GN o] SEE OS Rh 
Par Sint 1 >2 >2 09 99-09-90 »10 10 
CoH 1 -1 >2 94 85-90 >10 5 
OH 
Hat $-CooH 2 >2 >2 94 90—99-7 >10 5 
cw 2 >2 >2 %8 96—99-5 >10 10 
91 7 2-0c004 1 >2 >32 97 94-09-8 15 5 
0,2704 Meo 1 15 1-2 90 90-98 >20 30 
Mat o 
oer 1 r6 1-8 00 85-92 >20 3 
exoes 5 1 0-8-1-5 88 80-96 > 20 4 
CDc coon 5 0-5 0-5 85 >10 2 
80-00 
Cocoa P 
b 2 1 0-8-1 78 40-08 >10 8 
Cone) 
OH 
HAT cH, psa, 5 0-5 0-0-5 70 60-80 >20 4 
ort 5 0-15 0-0 6 40 0-80 » 109 4 
oHm FES 8 
ES 5 o6 0-1 60 50-70 >20 
n 
tavr a ro 5 0 0 0 0 >20 8 
2r 
HX "S 5 0 0 0 0 >20 6 
2e 
arD PSO, 5 0 0 80 10-50 >20 6 
OH 
CH PO 5 0 0-0-5 16 0-50 >20 7 
OH 
EAER ie 5 0 0-0-5 23 0-70 > 20 6 
xl 
EH cp, 5 0 0-0 6 80 80 >20 5 
Cero EB 5 0 0-0-5 70 60-80 >20 5 
praa 08 0 0 0 0. 1 4 
<D cow 5 0 0-05 70 70-75 >10 4 
Q4 > Coon 2 025 005 70-00 10 1 
HaT cool & 025 0-0-5 60 40-80 >10 2 
c 5 0-6 0-8-1 80 80 >10 3 
wep | F |? o a 5 | 3 








Hm "e 5 0-25 0-0-5 75 76 »10 1 











* Bodtum salis, pH 7-3-7-4. 
eui epresed as delay (n days) of degeneration of the cell populaion Infseted with viras treated with compound in question in comparison with uniroatod 


g EE E s E in cdc E 220 Ria aoa: 
$ Mmtmal toxio concenirahons of the compounds leading to the mioroscopically visible degeneraitve changes of cells during 48 h observation period. 
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The compounds prepared as 0-1 M. solutions of sodium 
salta, pH 7:3—7-4, were incorporated into tbe fluid main- 
tenance medium. The medium contamed 2 per oent 

cent lactalbumin hydrolysate in 
ioarbonate and antibiotics. The 
ME cultures (about 2 x 105 cells/ml.) were infected with 
approximately 100 forming units of virus. The 
antiviral activity of the compounds was determined by 
observing the protection of tissue cultures against the 
cytopathogenio effect (CPE) of the virus and by meeaure- 
ment of the virus yield in the medium 20 and/or 48 h 
after infection. For the virus titration plaque assays in 
serological tubes with 1 per cent ulose overlay 
were used. The details of the methods used were the 
same as previously described?. 

The antiviral effects of 27 compounds tested so far are 
summarized in Table 1. 

The resulta presented indicate that marked antiviral 
activity (more than 90 per cent inhibition of virus yield 
and protection against CPE for at least one day) is exhib- 
ited by two types of campo related to 
salicylic acid (Nos. 1-8) and certain phosphonic and 
carboxylic acids with benzyl groups (Nos. 4-9). To our 
knowledge the antiviral activity of salicylates $n vitro 
has not previously been noticed. For this reason their 
modo of action was investigated more in detail and the 
resulte are described in a separate communication’. 

The significance of the benzyl! grouping associated with 
different structures for virus inhibition emerges from the 
resulta of several investigators. Tamm e$ al, who have 
examined the inhibition of virus replication by numerous 
derivatives of benximidarole, suggested that hydroxy- 
benzyl grouping at position 2 in the imidazole ring was of 
importance for the selective antiviral activity of 2-(a- 
hydroxybenxyl)-benzimidazole (HBB). O'Bulhvan eż al.1* 
synthesized several substituted HBB derivatives with high 
inhibitory action on poliovirus iplication and con- 
aluded that the 1-benzyl derivative of HBB is among the 
most active ands. Loddo and Gessa!’ have recently 
reported that thanidine and o-chlorobenthanidine, 
which are benzyl derivatives of guanidine, have a con- 
siderable inhibitory action on polio and vaccinia virus 
growth although presumably exerting their effecta 
through a different mechanism from that of guanidine. 

The work recorded here has revealed that certain simple 
compounds with the benzyl grouping attached to eleotro- 
negative, electrophilic structures (carboxylic or phos- 
phonic) also suppress the replication of EMO virus, whereas 
the compounds with the phenyl, B-phenylethyl and some 
other groups show little, if any, virus inhibitory action. 
Moreover, the dibenxyl structure was found to be far 
more active than mono-benxyl structure. It was also 
observed that the nitro group increased, whereas the amino 
group reduced, the antiviral effect of the compounds. 

Even the most active of the ds tested so far 
require a rather high concentration of 2 x 10 M/l. for 
activity and their effect diminishes rapidly at lower 
concentrations. On the other side, the increase of oon- 

tration from 2 x 103 to 5 x 10-* was not followed by 
significant increase of percentage inhibition of virus 
yield. In case of phosphonic acids and of salioylio acid 
and its derivatives the high concentration necessary is 
counterbalanced, however, by low toxicity. For this 
reason the active doses were always several times lower 
than the toxic doses. Among the highly active com- 
pounds only p-nitrophenylacetio acid was found to be 
eytotoxio at a concentration of 2-5 x 10 M and slightly 
inhibited oxygen consumption and laotio acid production 
by mouse embryo tissue. It was, however, interesting to 
note that its phosphonic analogue, p-nitrobenzylphos- 
phonic acid, conferred to oells rather high protection 

virus infection although it was several times less 
toxic and did not signifloantly affect the tissue respiration. 

In preliminary experiments p-nitrophenylaoetio acid 
and dibenzylphosphonio acid gave di protection of 
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mice infected with lethal doses of EMO virus. The $n 
vivo activity of p-nitrobenzylphosphonio acid waa de- 
scribed previoualy!. 
We thank Dr. A. C. Allison and Prof. Z. Skurska for -.; 
their advice. 
Manian KOOHMAN -^ 
Department of Biochemistry, Medical School of Wroclaw 
Wroclaw. 
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Institute of Technology, 
Wroclaw. 
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Polish Academy of Sciences, 
Wroctaw. 
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GENETICS 


Genetic Recombination with y dn 
methanesulphonate-induced Waxy Mutants 
In-Maize 

IwrBAOcmTBON mapping in maize has been demon- 
strated by Nelson!" with a technique based on differential 
staining reactions of starch in pollen of different genotypes. 
Those with the waxy (wx) locus stain reddish brown in 
iodine—potassium iodide solutions; whereas non-wavy 

(Wz) pollen stains dark blue. Therefore, m wary plants wd 

genetio recombination or back-mutation at this locus is * 

manifested by the appearance of dark blue staining pollen. ` 
The technique has & distinot advantage in genetio investi- 
gations with higher plants in that large populations of 
bundreds of thousands of genotypes (pollen grams) can 
As part of a programme in progrees here on chemical 
mutagenesis in hi plants, the wx locus in maize is 
being used as experimental material and ethyl-methane- 
sulphonate (EMS) as one of the chemical mutagens*. This 
communication is & preliminary report of resulta obtained 
with EMS on the induction of wr mutations at independent 
sites and the ordering of those sites within the locus. fo 
far, nearly 50 wx mutations have been induced in the 
programme. Although each appeared ind uy, 
some of the sites may be identical, and this will be investi- 
gated in subsequent research. A number of mutants other 
than wary have also been produced with EMS (ref. 3). 
Results with these, together with the date on wary mute- 
tions, are providing preliminary evidence that EMS 

‘point’ mutations in maize. " 

Results are reported here for four of the EMB-induoed 4 
wy mutants. These were obtained from seed treatments. 
Disinfected seeds were first soaked in deionized water at 
27° O and bubbled continuously with oxygen for 24h. They 
were then soaked in 0-05 M or 0-025 M aqueous solutions of 
EMS for either 2 or 8 days at 3° O. The rationale for this 
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Table 1. GENNTIO RECOMBINATION BETWEEN i wasy TESTER AND wx 
BITES INDUCED WITH HTHYL-NKETHANXA SULPHORATH IN MAIKE 


Boed treatment conditions Recombination data 

post- Hat. No. mm. 

- Mutant M Days res 9x 

Pad € (0 (x 107x2 
V^ BNL-85 0-06 2 27 85 25-6 
BNL-87 0-025 3 3 376 442 
BNlI-85 0-025 3 2 409 762 
BNL-88 0 025 3 18 603 88-0 


treatment was to ensure thorough penetration without 
chemical disintegration of the mutagen. This wea fol- 
lowed by poet-meubetion in water at different tempera- 
tures (Table 1). 

The planta grown from treated seeds were crossed to a 
tester stock that was receasive at the wary locus. The 
occurrence of wary kernels in the F, indicated a mutation. 
The preeenoe of Wz pollen in the F, planta, in exoees of 
back-mutation frequency, was evidence of recombimation 
between the tester and mutant wz site. 

Recombination results on the four sites are shown in 
Table 1. These were selected for reporting in this pre- 
liminary article because closely comparable resulta were 
obtained by two observers (R. B. and E. A.), working 
completely independently of each other. The figures 
shown in Table 1 are averages computed from the two 


¢sources of data. The number of Wo grains has been 


Pa 


multiplied by two to be comparable with other recom- 
bination maps. The mutant sites are arranged in Table 1 
in order of increasing amount of recombination with the 
tester. 

In $o far as the Wa pollen in F, plants hetercallelio for 
tester and mutant wv sites arises from genetic recom- 
bination, this result, in itself, is an mdication that the 
mutant sites are positioned differently from the tester site 
in the wv locus. The results in Table 1 have not been 
corrected for the spontaneous back-mutation rate. 
Evidence fiom other research‘ with standard wary sites 
shows that back-mutation rates range from 0-60 to 2-42 x 
103, which is about equivalent to & map distance of 
0-0012—0-0048. The range of recombination of the mutants 
reported was from 0:0256 to 0:086. "Therefore, the recom- 
bination figures shown in Table 1 are considerably in excess 
of a back-mutation rate from other work. Furthermore, the 
results presented here indicate a beck-mutation frequency 
of xero for tbe homoallelio tester used in this research. 

Mapping by the described procedures gives the relative 
recombination distances from one site. However, if a 


aimasp is constructed by this method it may not give the 


true spatial relationships since at present all mutants are 
mapped to one side of the tester site. 

Future mapping will be done by first obtaining stocks 
which are io for the induoed site. These will 
then be intercroesed in all possible combinations so that 
the actual recombination distances among induced sites 
can be determined, rather than only the distance from 
the tester site. This conventional ing method should 
ahaw whether tádused ites ars distal oF proximal to the 
tester site and, henoe, their true spatial relationships. 
ones insight should 

be gamed on whether sites are ‘point’ 
mutations or minor deletions. P He REED ean 
cedure used here is not capable of distinguishing small 
deletions from ‘point’ mutations since recombination 
Don talaga However, by the conventional 

ure, minor deletions should be dis- 
tinguishab by non-&dditivity of recombination distances 
when all the oombinstions of a diallel system of crosses 
are tested. In the course of the analysis evidence for 
major chromosomal damage should algo be detectable. 
“x In summary, the evidence for intracistron reoombina- 

tion here indicates that EMS induces i 
mutations at sites within the wary locus in maize. The 
occurrence of recombmation, between mutant and tester 
ut ai ee 
least minor deletions, have been i by this mutagen. 
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PSYCHOLOGY 


Inappropriate Constancy Explanation 
of Spatial Distortions 


Tum perception of two- and three-dimensional space has 
for long been one of the central issues in the experimental 
study of sensory and perceptual proceases. An aspect 
of this problem is the apparent distortiona of shape, size 
and direction which occur when the elementa of a stimulus 
pattern (linee, angles, forms, eto.) are juxtaposed in certain 
spatial relationships. Such spatial illusions, which can be 
defined as di is febyeen. tha’ qndeed and iria 
physical properties of the stimulus, have not yet been 

satisfactorily. It is clear, however, that their 
explanation would constitute a considerable advance 
in our understanding of the perceptual processes involved 
in ption. 

Taterest in illusory patterns has been revived recently 
by & farther attempt at their explanation by Gregory), 
who has extended and tested a theory originally proposed 
by Tausch‘. Although this theory has the virtue of 
simplicity in addition to that of interpreting illusory 
phenomena in the context of the established principle of 
perceptual constancy, it can be seriously questioned on 
several grounds. Some criticiam has already been raised 
by Brown and Houssiadas'. 

Gregory argues that the classical spatial illusions are 
two-dimensional projections of three-dimensional objects 
such that those elements normally further away in three- 
dimensional spece appear larger. The principle of ‘mis- 
applied'* or ‘inappropriate’! constancy can be illustrated 
in Hering’s ilumion shown in Fig. 1. The two vertical 
Mpedosduied apis ei . The radiating lines give 

a perspective effect; the centre of the pattern Bde 
& point more distant than pointe around the 
Since the distance between the two vertical lines is oon- 
stent throughout, the visusl gub-tense is aleo oonstant. 
But the oentral region of the pattern oontains information 
for greater distance than the margin. In order to sub- 
tend the same visual angle, therefore, the separation 
between the parallels in the centre must be perceived as 
greater than at the ends, hence the outward bowing 
effect of the parallels. The principle of inappropriate 

is also illustrated in the variants of Ponro's 
illusion from Teuber‘ also shown in Fig. 1. In summary, 
information or cues for greater or less distance contained 
in the background pattern will determine the apparent 
size of elements in a two-dimensional display. 

The principle involved is precisely that invoked by 
Ptolemy to explain the Moon illusion, that is, the greater 
apparent gize of the Moon at the horizon as compared 
with ite sire at zenith. In each location the Moon sub- 
tends -muoh the same visual angle, but the horizon is 
Judged further than the vertical distance. Thus the 
Moon must be judged larger at the horizon. This apparent 
distance theory of the Moon illusion has been strongly 
supported by data from a series of recent experiments’. 

A first point of criticism which has already been raised‘ 
concerns the occurrence of spatial illusions m the tactile 
modality. It has for long been known that spatial 
illusions similar to those in vision oocur when the same 
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line patterns are impressed on the skin. A number of 
early investigators and, more recently, Revess’ and 
Rudel and Teuber’ have demonstrated the occurrence of 
numerous spatial illusions for both active and passive 
touch. Further, Revesr has ruled out a dependence of 
these tactile illusions on vision by obeerving their ooour- 
rence among subjecta blind fram birth. 

Since the touch receptors of the skin constitute a 
‘contact’ sense which is not adapted for three-dimensional 
spatial discrimination, it is difficult to argue that distance 
information in the surrounding pattern determines the 
illusory effect through inappropriate constancy. Both 
the visual and tactile sense organs are constituted of 
a spatially extended receptor mosaic and the occurrence 
of similar illusory effects for each modality strongly 
suggesta similar processes. A parsimonious theory would 
be to account for each. This oriticiam is rein- 
fo: by the recent finding that the receptor mosaics 
of both the skin and retina contain mechanisms which 
enhance borders and edges to give the Mach effect!*. 

A seoond point involves numerous varianta of the 
Zéllner illusion. In Fig. 24 are shown the Zöllner, Wundt 
and Orbison illusions, all of which derive from and are 
complex versions of the intersection of one line with 
another as shown in Fig. 2B. If the line to be judged is 
vertical its a t slant in the opposite direction to the 
Blant of the intersecting line is a function of the angle of 
intersect as shown in Fig. 20. The illusory effect is mini- 
mal at angles of approximately 22° and 67°. Thus, if 
line patterns are of variable angle and direction, as in the 
three patterns in Fig. 24, the illusory effect will vary 





Fig. 1. The Hering illusion (lefi) and two versions of the Ponso {Inston (ight) demonstrat- 
ing the misappiled constancy principle 
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Fig. 3 of Intersection of 22-5° 
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background. Although the multilmed backgrounds of ~~ 


the patterns in Fig. 24 oontain perspective information 
for distance, the same can scarcely be said of the simpler 
and more basic pattern of Fig. 3B. That 
is, the well-known illusions of Zóllner, 
Wundt and Orbison are each complex 
versions of the relatively mmple case 
shown ın Fig. 2B in which it is extremely 
difficult to conceive of an apparent dis- 
tance determinant. 

A further point arises out of this varis- 
tion in the magnitude of ‘directional’ 
illusions as a function of intersect angle 
as shown in Fig. 20. At intersect angles 
of about 22° the two parallels appear 
closer in the lower part of the pattern and, 
at angles of about 67° farther apart. 
But the distance information from the 
background ive ıs the same in 
each case. This difficulty for the oon-. 
stency interpretation is illustrated in 
Fig. 3. It can be noted also that a num- 
ber of directional and size illusions change, 
often exhibiting the reverse effect, when 
the background pattern is systematically 
varied with respect to certain properties. 

The Miller—Lyer illusion is an example 
of an illusion which can be sean in & 
variety of patterns. The ‘dumbbell’ 
ilusion! shown in Fig. 4 is one such 
variant. The attached circles have the 
effect of lengthening or shortening the 
horizontal lines. Now, although the 
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angles attached to the lines in the classical 
Müller-Lyer figure can be thought of as 
containing perspective information for 
distance, the same oan scarcely be said 
of the circles in Fig. 4, all of which are 
the same diameter and vary only in the 
distance apart of their centres. To 
attribute distance information to equal 
circles would seem to be stretching thé 4 
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misapplied constancy hypothesis to break- 
ing point, i as the two circles 
suggesting greater distance (those closer 
together) produce an illusion of being 
Interseotion , tbe c, 
n notion oF te ns of hinoli shorter. 
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Fig. 4. The ‘dumb-bell’ llusion. The horizontal lines are equal in 


Gregory has also attempted to explain spatial after- 
effecta in terms of inappropriate constancy. These 
effects occur in judgments of visual patterns following 
prolonged stimulation by another. To attribute these 
effecta to the same processes aa those responsible for 
spatial illusions fails to take into account that in using the 
same patterns to generate an illusion and an after-effect 
the directions of distortion are frequently o ite. This 
opposition between illusion and spatial 
illustrated in Fig. 5. The surrounded dotted circle appears 
larger than the objectively equal but non-surrounded 
circle. If, however, the surrounding circle is fixated for a 
minute and then the dotted circle compared, the circle 
falling within the hitherto stimulated region appears 
smaller. In any event, it has now been shown that there 
is no necessary relation between spatial illusions and 
spatial after-effecta!?*, 








Tig 5. Saree for showing: Mia opa bon: betwee iosian: ana aftar- 


Thero now seems to be little doubt that certain illusory 
phenomena derive from an apparent distance-apparent 
sizo invariance. The Moon illurion is one such case’ and 
is probably a special case of Emmert’s law as demonstrated 
by King and Gruber?. The argument that the classical 
spatial illusions and spatial after-effects derive from an 
essentially similar size-distance invariance is, to Bay the 
least, questionable in view of the contrary evidence 
presented here. In point of fact there is evidence which 
strongly suggests that the apparent distortions of illusory 
figures derive from neural mteractions between the pro- 
ceases induced by the judged and background elements 
of the pattern“. If this explanation can be sustained then 
i diane distance would be & consequence, not a cause, 
of spatial distortions. 

R. H. Day 


, Washington, 1 
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Pror. Day omits the major feature of my theory. The 
omission is evident in his reference to the Moon illusion. 
What is interesting about the Moon illusion is that its 
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apparent size is not & simple function of ita apparent 
distance Se ne epee eee a 
Ptolemy was not correct in attributing ite apparent size 
simply to its apparent distance, and the effect is not a 
straightforward example of Emmert’s law. For this and 
other reasons I suggested that there is more to constancy 
than apparent distance: that constancy can be set directly 
by th cues which are not always appropriate. Prof. 
Day di what I have called “primary constancy 
scaling!" without which I believe we cannot hope to 
develop a consistent theory of these distortions in terms" 
of depth perception. 

The reported illusions in the tactile modality are cer- 
tainly interesting, but should not be regarded as a straight- 
forward ''oriticiam"', or objection, to a theory of the visual 
illusions in terms of depth. It seems much moro to the 
point to discover more about these tactile illusions—to 
discover how they are related to the visual ones. The 
fact is we know very little about them. Further, it is not 
at all clear why this "criticism" is reinforced by the fact 
that borders and edges are neurally enhanced in both 
touch and vision. Why should the Mach effect be relevant 
to distortion illusions ? 

The discussion of the Zólner, Wundt and Orbison 
illusions is not aimed at my theory, because the essential 
point of primary soeling is omitted. In each case the depth 
features of these figures can be related, by isolating the 
features and measuring the perceived depth of each, with 
the technique described briefly in my reply to Brown and 
Houseiadas*. 

Regarding figural after-effects: the notion that they 
may be due to oonstanoy scaling taking some time to 
recover after prolonged fixation was put forward as a 
suggestion which seems worth following up. It is probably 
consistent with the known facts; but again it must be 
discussed in terms of ‘primary’ scaling. This is set by 
local depth features which may be opposed by other 
features or countermanded by the texture of the back- 
ground. It is not synonymous with apparent distance 
except in the simplest cases, but in all cases it ia possible 
to isolate the depth featurea and measure the primary 
constancy. This can then be directly related to the 
distortion of visual space in the X- and Y-oo-ordinates. 


R. L. Garcory 
Department of Psychology, 
University of Cambridge. 
1 Gregory, R. L., Nature, 199, 678 (1063). 
"Gregory, R. L., Nature, 804, 802 (1004). 


SOIL SCIENCE 


Tracer Technique used in Examination of 
Activity of Roots of Grass Swards 


Tum interpretation of measurements of the uptake by 
plants of tracer isotopes from the soil is complicated by at 
least three factors. First, exchange takes place between the 
added labelled ions and the isotope ions t in the 
soil; the rate of this exchange has been shown to be affected 
by many factors'*. Secondly, continuous exchange occurs 
between the nutrient ions in the roots and those in the 
soil*-*. The factors controlling this exchange are unknown. 
Thirdly, there is the possibility of damage to plant tissues, 
resulting from accumulation of the tracer. Although a 
number of experiments have shown no appreciable effecta 
of radiation in terms of yield of dry matter*-* and up- 
take’, the question of radiation damage to plant tissues 
in long-term uptake experiments remains unsettled. Criti- 
cal studies: have shown that even very low doses of 
radiation may produce some physiological changes in 
plant cells. 

The problems of isotopic exchange make it impossible 
to campare titatively the amounts of tracer found in 


. Plants, at different sampling dates, in experimenta in 
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which labelled isotopes have been placed in the soil on a 
single occasion. Radiation damage to &beorbing cells can 
also invalidate such results, so that this method cannot be 
used to follow changes with time in the uptake of particu- 
lar ions by the roots. These difficulties are minimized if 
uptake can be measured after a few hours only. 

Changes in uptake during a given time period can be 
examined by repeated placement of a standard dose of 
tracer and measurements of the uptake by the planta over 
& fixed short period. Plante to which tracer has not been 
previously supplied are used on each occasion. This tech- 
nee was considered for use in an examination of rooting 

ifferenoes in field swards subjected to progressively dif- 
fering soil moisture conditions. Two aspecta only of the 
technique are presented here, namely, the time interval 
required following placement of "P, for measurable 
amounts to appear in the herbage, and the effect of soil 
moisture content, at the time of placement, on the dis- 
tribution of "P in the soil. In both cases, Italian ryegrass 
(Lolium multiflorum) growing on a coarse sandy loam was 
used. 


In examining the first question, "P was placed at 
different depths on July 19, 1968, when the sward had 
been cut once in the spring and the soil had received no 
fertilizer smoe the preceding barley crop. A }in. steel rod 
was driven into the soil and a polythene tube liner was 
inserted into the hole to reach about } in. from the bot- 
tom. The P solution (25 yo. P carrier free ag ortho- 
phosphate, in 0-4 ml. water) was then placed at the bottom 
of the hole with a surgical syringe fitted with a fine 
delivery tube. The parts of the plants above ground were 
sampled at mtervals ranging from 6 to 72 h after place- 
ment of the tracer. Each sample consisted of the grass on 
& roughly circular area (4 in. diameter), out at 
level around a single placement point. The dried (100° C, 
12 hours) plant samples were ashed by ignition (450° C), 
and taken up in 2 N nitric acid after the method desaribed 
by McAuliffe’; a sample of the solution was counted in a 
Geiger-Müller solution counting tube. 

Sufficient P was taken in the first 6 h after plaoe- 
ment, even from a depth 6 in, to allow satisfactory 
measurement of radioactivity (Table 1). Variability was 
high, but was considerably reduced in subsequent work 
by multiple placement. 

The effect of soil moisture content, at the time of place- 
ment, on the distribution of the tracer was examined on 
a similar sward. In one treatment (dry), the 0-2 in. soil 
horizon contained 5-1 per cent moisture (moisture content 
at 15 atmospheres a3 oent). During the 6 h before 
the tracer was placed, the second treatment (wetted) was 
watered to field capacity (^18 per cent moisture). On 
each plot, *P (25 uo. in 0-4 ml. water) was placed at a 
depth of 1 in. at two pointe spaced 6 in. apart. In order to 
deliver the tracer in the soil at as uniform a rate as pos- 
sible, a standard time of 15 seo was taken to complete 
placement at each point. Each dry matter sample for 
r&dio-assay was a strip of grass 3 in. wide cut at ground 
level between the two pointe of placement. Sampling was 
done exactly 4 h after the tracer had been applied. Iden- 
tical experiments were carried out on two datee—August 
81 and September 5, 1963, each being repeated five times. 

Autoradiographs of vertical oroas-sections from dupli- 
cate soil monoliths show that "P became distributed over 

L Maan Oo ToTAL HNRBAGR DzY MiTTER 


Table GRAN 
(IEUS ASH), SIK HOURS AFTER PLACEMENT OF '*P IN BOLL, CORRECTED FoR 
BAOKGQROUXD 


th of “P Count 
placement in profile (tn) (mean of two) 
174 
129 
45 
16 
GOLNTRIOAL MRANS OF OOUNETR/ALDEYUTR/|GRAM TOTAL HERBAGE 
DRY MATTER (MINUS ASH); OORRBOTED FOR BACKGROUND 


Experment (Dry) (Wetted) SE. 
Ane 31 15 265 12 
Sept. 5 15 167 13 


faim 


Table 2. 


NATURE 


August 21, 1965 VoL. 207 





Fig 1. 


Autoradi 

the distribution of , 

Boll at feld capamty (-c-18-0 per cent moisture) at time of plaoement, 
- B, Boll oontamtng 5-1 per cent moisture at ttme of placement 


of soll monolith vertical cross-sections, showing 
(25 gn. In 0-4 0 0, water) 4h after placement A 


& much greater vertical range, up the sides of the hole, in 
the wetter soil (Fig. 1). Moisture content of the soil had 
therefore a very pronounced effect on the distribution of 
the "P tracer solution. The effect of the treatments on 
the uptake of ^P by the grass is shown in Table 2. 
The result of wetting immediately before placement is 
a very large increase in tracer uptake. This uptake is 
greater than the increased soil distribution of the tracer 
would suggest. However, the amount of root material 
under & sward declines rapidly with increasing depth from 
the surface and, as Fig. 1 shows, the effect of wetting 
before placement is to raise the upper margin of traoer- 
affected soil. It is not surprising that uptake values dif- 
fered so greatly at the two levels of moisture content; 
widely differing amounts of root surface must have been 
exposed to the tracer in the two treatments. In using & 
tracer-solution placement technique to compare uptakes 
by plants which have been grown under different moisture 
régimes, it is therefore to standardize the mois- 
ture content of the soil under the different treatments 
before the tracer is placed; in the fleld this can be done 
only by bringing the soil to field capacity on each sampling 
occasion. 
Increasing the moisture content of the soil on plota 
which have previously been submitted to progreasive dry- 
ing may oe tracer uptake, because of a probable 
increase in the diffusion of ions to absorbing cells, and 
because of & possible increase, even in the few hours 
following re-wetting, in the capacity of the roots for ion 
uptake. However, if the soil moisture condition in the 
preceding period has had pronounced effects on the amount 
and distribution of absorbing roots or on the rate at which 
the root surfaces take up the ion concerned, these will be 
reflected in the recorded. Thus the use of this 
technique in the fleld should demonstrate relative dif- 
ferences in ion upteke of root systems at particular depths 
and as affected by different moisture rógimee. 
M. J. D'AousT 
R. 8. TAYLER 

Department of Agriculture, 

University of Reading. 
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APPLICATIONS OF SCIENCE AND TECHNOLOGY TO DEVELOPMENT 


HE Advisory Committee on the Application of 
Science and Technology to Development was estab- 
lished by the Economic and Social Council of the United 
Nations in January 1964 to follow up the work of the 
conference on the "Application of Science and Technology 
for the Benefit of the Less Developed Countries”, which 
was held in Geneva early in 1963. Ita eighteen members, 
appointed in their personal capacity, include Prof. 8. A. 
Anderson of Denmark (chairman), Dr. P. A. Auger 
(France), Sir Ronald Walker (Australis) Prof. O. L. 
Wilson (United States) and Sir Norman Wright (Great 
Britain). A preliminary report was issued last year, but 
ite seoond report, which represents the main outcome of 
the Committee’s work so far, was issued in May 1965. 
It calls for a concerted attack, using the latest techniques, 
on selected problems which impede social and economic 
problems in the developing countries. Although sub- 
_sequent sections of the report deal with international 
co-operation in science and technology generally, the 
outstanding section is that which outlines in some detail 
major scientific and technical problems in eight selected 
flelds which, the Committee suggests, merit special 
attention and a concerted attack. 

In these eight fields, the acquisition of new knowledge 
is of primary importance, in contrast to the wider and 
more intensive application of existing knowledge, suitably 
adapted to local conditions, which, in the Committeo's 
view, provides the best prospect of securing rapid advance 
in the developing countries. They are: (1) the provision 
of adequate food supplies; (2) the improvement of health; 
(8) the fuller understanding of population problems; 
(4) the most effective exploration and utilization of 
natural resources; (5) industrialization; (6) housing and 
urban planning; (7) improvements in transport; (8) 
education, moluding new educational techniques. These 
problems are, for the most part, of great interest and 
importance to the developed countries also, and this is 
particularly true of the group of problems bearing on 
food supplies, to which about a third of this whole chapter 
of the report is devoted. 

The Committee considers that major improvements in 
the food supplies of the developing countries could be 
made by a concerted attack on four broad groups of 
problems: improvements in water resources; improve- 
ments in some applications of meteorology to agricultural 
production; improvements in the supplies of edible 
proteins; and the prevention of losses of food, as well as 
on one more specialized problem—the control of the teetee 
fly and trypanosomiasis in Africa. While these are nob all 
of particular interest to Britam, those concerning water 
supplies and conservation should be noted. The report 
pointe out, for example, that not only are geological 
appraisals necessary, but also the means of determining the 
velocity and direction of the flow of groundwater and of 
establishing underground connexions between differant 

Zsouroes of water need further elaboration, inoluding 
geophysical and electrical conductivity methods, and the 
extremely useful application of radioactive and stable 
tracers. Oomplementary to such surveys and investiga- 
tions, the collection of hydrological date and their process- 


ing’ by the co-operative use of digital computers would 
be of the greatest value. Construction of underground 
barrages is also a potentially important sequel to such 
surveys, and the importance of the Geological Survey in 
this connexion is not always appreciated. 

With regard to the prevention of water losses, the report 
pointa out that the efficiency of the control of evaporation 
by using monomolecular films is still only at the early 
experimental stage, and seepage control by cheap lining 
is, as yet, imperfect. Both these problems merit much 
more intensive study—the former in particular being of 
importance in conservation of what now in many countries 
is already a limited resource. While the need for more 
intensive investigations of the possibilities of breeding 
improved varieties of plante with minimal requirements 
for water—such as drought-resistant varieties, and of 
salt-resistant varieties capable of growth in braokiah 
water or in brackish water partly diluted with salt- 
free water—may not be directly relevant to problems 
in Britain, it does serve to emphasize the importance of 
more efficient utilization of natural resources. 

Desalination, however, is another matter. The Economic 
and Social Council has particularly stressed the im- 
portance of desalinating brackish and sea-water. The real 
problem still to be faced, and with which the report is 
specially concerned, is the possible use of such water for 
agricultural production. While the Committee recognizes 
that the first priority in this fleld must continue to be the 
provision of freah water for direct human needs, the major 
problem is to find desalination processes capable of 
application in agricultural production and particularly, in 
the longer term, for irrigating staple fleld crops. The 
Committee suggests that special attention should be 
directed to this problem. 

It should be noted that, speakmg in the House of 
Commons on July 14 in the debate on the Ministry of 
Technology, the Minister, Mr. F. Cousins, referred par- 
ticularly to the programme of desalination research on 
which the Atomie Energy Authority was now working 
in collaboration with industry. The programme is 
expected to cost some £1:5 million in the next three years 
and the Minister of Land and Natural Resources, Mr. F. T. 
Willey, has already directed attention to the necessity of 
considermg the use of deealinated water to meet some 
industrial demands. The Water Research Association, 
moreover, is expected to submit an interim report on the 
potentialities of desalmation to the Water Resources 
Board some time this year, and the Association’s staff is 
already working with Government support on & three-year 
feasibility study. 

As regards improvements in the application of 
meteorology, the Committee directed special attention to 
improved weather forecasting and welcomes the initiation 
by the World Meteorological Organization of the World 
Weather Watch as likely to be of outstanding value to the 
developing and developed countries and meriting the 
fullest support. If the full co-operation of all countries 
could be assured, the Committee considers that the World 
Weather Watch would be a most valuable example of the 
benefits to be achieved by a world-wide application of 
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science and technology for the common good. The hope is 
expressed that those countries possessing weather satellites 
will consider favourably the great beneflts which they 
might confer on the developing countries by extending and 
adapting their observations and computations to the 
tropical areas. The Committee recommends that training 
facilities for ecientiste in both developed and developing 
countries should be substantially strengthened and that 
the provision of more adequate moentives to potential 
trainees in this fleld should receive high priority. 

Concerning the future development of ways of modify- 
ing and controlling weather, the Committee agrees 
broadly with the recommendation put forward in a report 
from the National Science Foundation, that there are 
three main goals for this purpose: (1) the attraction of 
new creative talent to research in this fleld and to the 
atmospherio sciences as a whole; (2) a wider attack, by 
means of greater support for theoretical and field research, 
and with fresh emphasis on the long-range investigation 
of the modification of climate and weather, on both 
regional and continental scales; (3) a shortening of the 
time gap between the development of theory and the start 
of field research so that new techniques can be tested as 
soon as a sound theoretical basis is established. A wise 
reservation was expressed, however, that in this fleld 
particularly it is eemential that the most careful study 
should always be made by international study and agree- 
ment of the balance between possible riaks and benefits: 
in this the Committee is fully supported by the whole 
trend of the Commoner Report on the integrity of science 
(Nature, 206, 1277; 1965). 

So far as edible proteins are concerned, one aspect of 
the improvement of supplies appears to be attracting 
attention in Britain, namely, the production of protein 
from fisheries. While this is even more important in 
tropical countries, the Committee suggests that the first 
and ‘basic need is to initiate a world-wide co-ordinated 
survey of fisheries resources. It suggests that, in view of 
the great importance of increasing the supplies of edible 
fish, it is now essential to make such a world-wide effort 
to locate and estimate those resources by international 
co-operation. It also directs attention to the importance 
of the production by industrial processing techniques 
of foods rich in protein. While the technical problems in 
the production of such foods have largely been solved, 
there are two major obstacles: first, a marked resistance 
on the part of consumers to protein-rich foods in the forms 
in which they are at present produced from unconventional 
sources, and, secondly, the reluctance of manufacturers to 
venture into the commercial production of such foods. 
The Committee suggests, therefore, that there is room for 
imaginative developments in producing industrially pro- 
cessed. protein-rich foods, and designing them to meet the 
existing food habite of the developing countries where 
they are to be marketed. The urgency of this need, in the 
Committoe's view, demands that methods in which success 
has already been achieved should be closely studied and, 
if possible, applied on a much larger scale. 

As regards prevention of food losses, what is required, 
the Committee believes, is not a concerted attack in the 
search for basic new scientific principles but rather a 
study of the means by which such principles can be 
applied to particular circumstances in different countries. 
There is & special urgency to determine the best means of 
adapting existing knowledge to small-scale methods of 
storage and preservation, using facilities which can be 
made available within a village community or on an 
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intermediate scale in rural collecting and distributing 
centres. It is suggested that the uso of radiation in tho 
preservation of food and disinfestation of grain has 
shown sufficient promise to justify very careful examina— 
tion. 

With regard to the control of the tsetae fly, the Com- 
mittee urges that high priority should be given to scientific 
studies of trypanosomiasis in Africa and to the measures 
afterwards needed to apply the resulta on a sufficient 
scale. Much closer integration of the different approachos 
to reclamation and rehabilitation of affected areas is 
easential if they are to be applied. Further research on 
both the basic and applied aspects of science relevant to 
trypanosomiasis, on the improvement of methods of 
control by drugs and insecticides, as well as on the ecology 
of the vector itself, is essential if new and more effective 
techniques of controlling the disease are to be achieved. 
The Oommittee hopes that adequate academic and 
financial support will be given to universities and research 
organizations in Africa and elsewhere to encourage them 
to develop training facilities for African workers in this 
fleld. 

This leads the Committee to pass naturally from 
questions of food supply to the consideration of measures 
for the improvement of health. It is here that it emphasizes 


the relation between pure-water supply and water-borne : 


disease, and pointe out that provision of an adequate and 
pure-water supply in the developing countries is a matter 
of the first priority. It does not appear possible, however, 
to define any one water-borne disease on which & break- 
through might be envisaged by concerted attack; the 
Committee suggests that such diseases should be left, as 
hitherto, to the normal programme of the World Health 
Organization. 

On population problems, the Committee’s examination 
of ayailable evidence leads it to the opinion that further 
research on a world-wide scale is desirable on demographio, 
social and economic interrelations; on human reproduc- 
tion and means for ite regulation; and on communications 
in relation to problems of population. The Committee 
recognizes that the intensity of such problems varies 
from country to country and that ultimate solutions 
involve considerations that go far outaide the scope of 
science. It welcomes the arrangements being made for a 
World Population Conference under the sponsorship of 
the United Nations m Belgrade this year, and endorses 
the proposals for co-operation in research in this fleld 
made in a recant memorandum from the Secretary-General 
to the ad hoc Committee of Experts. 

As rogards the exploration and utilization of natural 
resources, it is recommended that more attention should 
be directed to the natural resources of the developing 
countries, especially by scientiflo methods; this is regarded 
as a research area calling for some priority. The Committee 
also considers that more effective measures are still 
required to implement the findings of the United Nations 
conference on ‘New Sources of Energy”, held in August 
1961, both by the countries concerned and by the United 
Nations itself. Besides nuclear power, these possibilities 
include solar energy and geothermal energy, as well as 
tidal energy. While the Committee fully appreciates the 
importance of industrialization in development and has 


$ 


~ 


sought the advice of the United Nations Centre for w 


Industrial Development, it is concerned more especially 
with developments appropriate to the particular conditions 
of the developing countries, through the use, for example, 
of local materials and of an appropriate relative input of 
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labour and capital. The Centre suggested that the main 


~ steps to be taken inotuded the strengthening or establish- 
* ment of appropriate research institutions, together with 


e development of suitable procedures for referrmg 
problems between industry and such institutions, includ- 
ing appropriate government policies. More attention 
should also be directed to the special requirements of the 
developing countries for machinery and equipment. The 
indigenous raw materials of such countries also present 
special technological problems in their processing for 
domestic and export markets. 

In the field of housmg and urban planning, the Com- 
muttee suggests that the migration in the developing 
countries from rural to urban areas offers a problem of 
outstanding importance in settlement as well as an ideal 
opportunity for applying the techniques of operational 
research. The industrialization of buildmg presente a 
further opportunity, calling both for more rapid techniques 
of buildmg than at present exist in the developing 
countries and for further research, not only in science and 
technology but also in design and methods of production. 
Concerted research on a world-wide basis is also recom- 
mended into needs, materials, design and mass production 
and distribution of roofing in tropical areas. With respect 
to transport, the Committee was concerned with the 


~ construction of roads and of vehicles suitable for use in 


the rural areas, though, in view of the increasing im- 
portance of sea transport to the developing countries, it 
suggesta an enquiry into the turn-round of shipping at 
ports to determine more fully the nature of the problem 
and the possibility that research within the Committee’s 
fleld of campetence might sasist. So far as roads are con- 
cerned, research is urgently needed to improve methods 
of soil stabilization and to determine the relative effective- 
ness of different stabilixing aspects with different varieties 
of soil. Better means for undertaking accelerated teste on 
such methods of stabilization would greatly assist such 
investigations. Further investigation of methods of 
devising vehicles specially suitable for use in rural areas 
where road surfaces make transport particularly difficult 
is also regarded as worth while. 

Finally, the Committee recognizes the great obstacle 


M. to development which adult illiteracy presenta in the 


developing countries and the urgent need for rapid 
adoption of means to reduce illiteracy. It suggests that 
the initial step for such countries should be & survey of 
existing needs and resourtes and the development of 
methods and media for adapting and using available 
resources to meet local conditions and needs. It welcomes 
the plans of Unesoo to expand projects in teaching 
physios into those of chemistry and biological science, 
though it believes the scale of expansion is madequate. 
It places the highest priority on measures designed to raise 
educational levels throughout the developing countries, 
and particularly on the initiation, development and 
application of new educational techniques. however novel 
in their conception. 

Although the proposals for new work are concerned 
essentially with the developing countries, it is manifest 
that at several pointe they are in line with developments 
which are already taking place in some developed 
countries. That in itself could facilitate co-operation, and 


ge beyond this the Committee presents its proposals as 


essentially a programme of international co-operation, 
fully in Ime with the present-day scientific and techno- 
logical activities of the United Nations and its related 
agencies. It believes that a new programme of this 
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magnitude is not only. possible but also highly desirable. 
The programme should embrace co-operation in promoting 
education in science and technology and training scientific 
and technical personnel in the developing countries; in 
strengthening the links between universities, research 
institutes and laboratories in developed and in developing 
countries; in studies and research on priority problema; 
and in providing technical assistance to the developing 
countries. 

The Committee considers that more information regard- 
ing particular institutions and forms of co-operation is 
needed as a basis for planning new activities; however, it 
does not think that a new organization for the purpose of 
gaming such information is necessary or desirable. The 
Economic and Social Council would iteelf be the appro- 
priate body, under the authority of the General Assembly, 
to initiate and guide the programme. Nevertheless, in a 
referencs to the availability of manpower and resources 
the Committee puta ita finger on the weak spot. Apart 
from the financial instability or weakness of the United 
Nations, the proposals put a severe burden on the highly 
skilled manpower which is already severely strained in 
the developed countries. The former might be eased— 
given goodwill and acceptance of their full responsibility 
by members of the United Nations. Tho latter is a 
problem that is not easily removed without much oloeer 
attention being paid to the use of scientific and technical 
manpower as well as to ite training. 

Nevertheless, in this report the Committee sounds a 
confident note. It welcomes the constructive self-examina- 
tion already bemg undertaken by the organizations of the 
United Nations. This is an essential first step to expansion 
in flelds where activity is still low, and the Committee 
also emphasizes that evaluation should cover failures as 
well as succeases. It notes the central place which scientific 
policy on the part of Governments must take, and, while 
it weloomes particularly the survey of co-operation 
between universities and scientific and technological 
institutions in different countries which Unesco has 
undertaken, it considers that co-operative links should 
be encouraged and extended to other flelds. Such flelds 
should include, for example, engineering and public utilities, 
and liaison between semi-government and non-government 
agencies concerned with science and technology. It notes 
that even between universities a long-term rather than a 
short-term approach is desirable, and it suggests that 
Unesco should examine tbe demrability and practicability 
of establishing liaison bureaux to facilitate contact between 
institutions in developing and developed countries. 

Given the funds and scientific staff, as well as sufficient 
authority, the Committee believes that it can move ahead 
with confidence along the lines indicated in this report and 
it is proposed that a series of working groups will enable 
the Committee to keep progress under review, handle the 
problem of information, and accelerate the oritical 
programme of education, as well as keeping in touch with 
whatever action ita individual members may take. The 
Teport is now, it is understood, being considered by the 
Economic and Social Council and it is clearly important 
that the Committee’s conclusions and recommendations 
should be widely discussed by scientista and technologista 
throughout the world. Only if such professional opinion 
is wholeheartedly behind the programme can its proposals 
have any hope of real success; but when all allowance is 
made for the present difficulties of the United Nations 
the report presents & challenge which deserves & strong 
and imaginative response. 
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ENRICO FERMI 


Enrico Ferml 

The Man and his Theories. By Pierre de Latil. Translated 
by Len Ortzen. (Profiles in Science.) Pp. 178 4-Illustra- 
tions. (London: Souvenir Preee, Ltd., 1965.) 21s. 


HIS 18 another book in a series of concise works each 

of which deals with the life and work of a scientist. 
Pierre de Latil tells the story of Fermi's life, with ample 
detail to bring the man to life without swamping the 
explanations of the scientist’s achievements. 

As a young Roman student, Fermi began studying when 
the first explanations of the new physics had gained 
acceptance. He was able to build on this work to such 
an extent that he participated in most of the followmg 
stages of the discovery of atomic energy. In partioular, 
he was responsible for the design and construction of the 
first self-sustaining uranium-graphite pile set up under- 
neath the grandstand of the squash court at Stagg Field, 
the University of Chicago Stadium, ın 1942, and he was 
one of the chief figures ın the making of the first atomic 
bomb. 

In the first place he worked as a theoretician, but this 
led him to spend an ever-increasing tıme on experimental 
work. The lack of technical means for continuing his 
experimenta foroed him to become his own engineer. His 
ability in all three fields enabled him to tackle the vast 
problems which he considered. He could have re-organized 
the whole of Itahan physics teachmg, but the Dictatorship 
in his own country was no more tolerant and enlightened 
than that in Germany, and in 1938 he accepted an appoint- 
ment at Columbia University, immediately after his award 
of a Nobel Prize, which actually assisted his escape from 
his native land. The United States, with its vast resources, 
suited his genius, but for a time he was regarded as an 
enemy alien and subjected to security control. Indeed, 
although he entered the United States with a Nobel Prize, 
he was subjected to an infantile examination 1n arithmetic. 
Fermi died philosophically and stoically from internal 
cancer at the age of fifty-three. 

The translation of the book, though it projecte the 
spirit of the original, is sometimes defective; for example, 
fluorine and nitrogen appear as fluor and azote, respec- 
tively. Some surnames, such as those of Wigner and 
Bethe, are misspelt. 

The chronology of some of the events in the history of 
atomic physics 18 open to question. For example, the 
discovery of artificial radioactivity in 1984 is described as 
the ‘first time that man had provoked activities withm 
the nucleus of the atom”. Cockcroft and Walton (1932) 
are not even mentioned, but the transmutation of the 
lithium atom might be regarded as a man-made nuclear 
activity. The discovery of radioactivity by Becquerel 
early in 1896 18 described as “through pure instinct as an 
expermnentel physicist”. It 18 surely well known that 
Becquerel read Rontgen’s X-ray paper of December 1895, 
and this suggested to him an experiment of a complemen- 
tary nature, which, while it did not give the expected 
result, quickly led to the discovery of the phenomenon of 
radioactivity. 

This useful book is well produced and contains many 
good illustrations. W. L. SUMNEB 


WAVE PROPAGATION THROUGH 
THE IONOSPHERE 


Lectures on Modern Magneto-lonic Theory 
By K. G. Budden. (Documents on Modern Physics.) Pp. 
m (London end Glasgow: Blackie and Bon, Ltd., 1964.) 


"puse purpose of this book is to introduce advanoed 
studente to the theory of wave propagation through 
the ionosphere. ‘This transmitting medium is both 
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absorbing and doubly refracting, and ıt often varies with 
distance neither slowly nor quickly compared with a wave- 
length; an understanding of how waves travel through rt 
therefore involves cousideration of several fundamental 
idees of considerable complexity. The book includes, for ~~ 
examplo, discussion of wave packets, group velocity, signal 
veloorty and energy velocity, resolution into angular 
spectra, the relation between ray surfaces and refractive 
index surfaces, the impulse response of transfer functions, 
Sommerfeld precursor waves, reflexion coeffleieite and 
their relation to characteristic edmittances WKB 
solutions, phase integral methods, aud the methods of 
steepest descent. Although the topics discussed are of 
immediate importance for ionospheric theory they are 
treated so generally that they can be applied immediately 
to the pro ation of other kinds of waves. 
udden has not attempted to write a mathematical 

text-book; to some extent he assumes that the basio 
theory has been studied elaewhere and his aim 18 to discuss 
it for the purpose of undarstandmg the physical behaviour 
of the medium and of the waves. His book will help the 
advanced student, for whom it is intended, to realize 
that mathematics 18 not just a substitute for an automatic 
computer which provides the ‘answer’, but if it is followed 
intelligently step by step 1t also provides a precise deeorrp- 
tion of the physical proceases concerned. It 18 a guide 
rather than a text-book and, because it is based on a 
lecture course, it is ideally suited for ita purpose. Dr. 
Budden, well known as a lecturer and a director of research ~= 
Studente, has performed a considerable service in making 
some of his bost lectures available moro widely in this way. 

The book can be recommended. to all those who work in 
the complicated subject of wave propagation through 
magneto-plasma. Beginniners will use it to help them to 
undsrstand text-books end papers: established workers 
will use it to clarify ther ideas; and experts will read it 
to admire the way in which the essentials of & problem 
are exposed in all their simplicity. Those who believe 
they have fully understood a problem when they have 
discussed ıt with the help of s complicated piece of 
mathematics will learn from this book how it 1s poamble 
to acquire an even deeper understanding through a detailed 
discussion of what the analysis means. 

J. A. RATOLIYFE 


3 
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CHEMICAL REACTIONS OF 
POLYMERS 


Chemlcal Reactions of Polymers 

Edited by E. M. Fettes. (High Polymers: a Series of 
Monographs on the Chemistry, Physice, and Technology 
of High Polymeric Substances, Vol. 19.) Pp. xxii + 1304. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1964.) 300s. 


HEMICAL reactions of high polymers are of oon- 
siderable scientific and technological importance. 
Knowledge of reactions that may occur during processing, 
exposure to heat, hght and other forms of radiation, and 
to oxygen or ozone, is essential to an understanding of the 
factors governing polymer stability in different environ- 
ments. Technological applications of high polymers have 
been greatly extended by the use of such reactions as 
those causing cross-linking, the combination of different 
polymers and modification of structure and therefore of 
properties. Although many of theee reactions have been 
known for a long tune and, with others, have been exten- 
sively studied, the general subject of chemical reactions of _ 
polymers has not previously received separate treatment. 
This book, intended for graduates in chemustry and in 
which & knowledge of the structure and properties of 
polymers is assumed, is demgned to give a critical survey 
of the various types of reaction m which at least one re- 
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actant is & high polymer. Forty-seven contributors, 
drawn from the United States, Great Britain and France, 
provide sixteen chapters, each of the latter generally 
covering either a type of reaction common to many 

polymers or reactions of a particular polymer or group of 
polymers. one 

Tho first chapter provides & general discussion of reac- 
tiona and reactivities of polymer functional groups and of 
some of the factors affectmg reactivity. The second deals 
with reactions of unsaturated polymeric hydrocarbons and 
is, perhape inevitably, largely concerned with reactions of 
rubber. Isomerization, cyclization, addition of thiols, 
halogenation, epoxidation and hydrogenation are among 
the topios covered. A shorter chapter on reactions of 
saturated polymeric hydrocarbons includes poly-olefine 
substitution, reactions involving halogens and side-cham 
and nuclear substitution in polyvmyl aromatics. A chap- 
ter concerned with addition polymers containing reactive 
terminal groups deals separately with the production and 
reactions of such polymers produced by free radical and 
ionic mechanisms, consideration of the latter moluding 
‘living’ terminal groupa, 

Two chapters are ted to reactions of natural poly- 
mers. One, dealing with cellulose, gives a useful review of 
degradative and substitution reactions and a brief account 
of cellulose as a substrate for vinyl graft polymerization. 
The other is longer; it is concerned with proteins, and 
deals in some detail with protein structure, reactions of 


^ side-chain and main-chain groups, cross-linking, grafting. 


and the effects of high-energy radiation on proteins. 
Different of interchange reactions of polyesters, 
ailicones and polysulphides form the subject-matter of one 
chapter, and another, on cleavage reactions, deals with 
h lysis of polyesters and polyamides, the thermal 
degradation of polymers generally, and degradation result- 
ing from irradiation and ozonization. Cross-linking is oon- 
sidered in & chapter on intermolecular reactions which 
includes cross-linking by irradiation and by monomers, 
their effects on structure and properties and cross-lmking 
of elastomers. An account of branching reactions covers 
self-branching in the polymerization of ethylene, vinyl 
monomers and dienes and also graft copolymerization m 
some detail. Coupling reactions form the subject of 
another chapter in which polysulphides, epoxides, poly- 
urethanes and related isocyanate polymers are considered. 
A chapter on surface reactions, largely concerned with 
surface grafting, includes a brief account of chemical 
> treatments of polymer surfaces. A short account of oxida- 
tive reactions deals with polymeric hydrocarbons, molu- 
ding oonsideretion of antioxidants, halogen-contaming 
polymers, vinyl and condensation polymers. Mechano- 
chemical reactions are reviewed in & short chapter. The 
last two chapters, dealing with fibre-reactive dyes and 
chemical finishing of cellulosic fibres, are more technolo- 
gical in nature. Extensive bibliographies at the end of 
each chapter generally cover journals, books and patents 
up to 1963 and also provide references to Chemical 
Abstracts for abstracted patents, for most non-American 

references and for other less readily accessible ones. 
Among the factors to be considered in assessing the 
value of a book of this type are the arrangement, balance 
and poasible overlapping of contributions and, in these 
days of an information explosion, the availability of the 
information from other sources. The scope of the book and 
the need of groupings for which suitable contributors 
could be found have led, as the editor pointa out, to a 
hybrid system of t. There are inevitebly dif- 
ferences in style and approech, but variations in level and 
character between different oontributions are not usually 
pvery great. The last two chapters seem rather out of 
keeping with the rest of the book and might perhaps have 
been omitted. Overlapping is not serious and where oer- 
tain topics, such as hydrolysis and grafting, appear in 
more iban one ohapter they usually refer to different 
polymers. A more serious criticism, perhaps, is that some 
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topics, for example the reactions of cellulose and of rubber, 
thermal degradation and mechanochemical reactions, are 
well covered in other books. Their inclusion, in some cases 
as relatively short reviews, may perhaps be justified in 
that it enables -the book to provide a useful survey of the 
principal reactions of high polymers. It should be of con- 
siderable value to both academic and industrial polymer 
chemista although its high price makes it unlikely to be 
included in their personal libraries. W. R. Moorz 


A CLASSICAL BOOK ON ANALYTICAL 


DYNAMICS 
A Treatise on Analytical Dynamics 
By L. A. Pars. Pp. xxi+ 64]. (London: Hoinemann 


Educational Books, Ltd., 1965.) 147s. 


HIS volume representa the distillation of the hfe 

work of a Cambridge mathematician of the old school 
who devoted himself mainly to that realm of science that 
has engaged the attention of great applied mathematicians 
down the ages ever since ita inception by the supreme 
master of them all. The author can well be proud of the 
beautiful achievement that 18 this book. L. A. Pars spent 
his working years as a genuine full-time don, undistracted 
by extramural activities and the anarchic scramble for 
‘Tecognition’; he remained cloisteredly devoted to College 
and Faculty, the latter so much so that he retired from it 
when there began the end of the great traditional standards 
80 oarefully built up and maintained this century past. 

In these days of speculative discovery it is sometimes 
almost forgotten that gravitation remains the principal 
governing force throughout the universe, and that 
accordingly dynamics as such can never lose its importance. 
As I write these lines a space-ship is hurtling towards 
Mars guided on an astronomical course of unerring pre- 
cision by methods that no one would dream of querying, 
so secure is the basis in Newtonian mechanics. That 
dynamics has largely been superseded by relativity as an 
academio subject for study in no way lessens ite mpor- 
tance, and it is far from generally appreciated how little 
is known and how numerous are the unsolved problems in 
the great fleld of celestial mechanics. Moreover, rolativity. 
has yet to provide explicit workable rules remotely oom- 
parable with those of classical mechanics that can actually 
be applied directly to real problems. 

The present volume is a masterpiece of scholarship 
and erudition in which the structural elegance of pure 
mathematics is brought to the presentation of the whole 
realm of classical dynamics. It eminently succeeds in its 
intended objective, which is to give a compact, consistent, 
and reasonably complete account of analytical dynamics 
as that subject now stands. The treatment adopte as its 
fundamental basis the virtual-work equation: 


Eimar — Xr) = 0 

of Lagrange, and developing this into various equivalent 
forms shows how these have their own special utility 
and suitability for particular domains of the theory. 
Pars develops each of these areas with sufficient com- 
pleteness to equip the reader with the fundamental 
ideas and relevant techniques and enable him to proceed 
to further study and research. 

The net result is a massive tome of transcendent worth, 
and though it is so much more than a text-book one must 
hope that present-day students will put themselves in 
the way of benefiting from it. One is reluctant to think 
that it may perhaps be too voluminous to appeal to 
students to-day, when the brief pooket-volume 18 80 much 
more in keeping with the lines along which they are now 
being encouraged in their headlong demand for short-cut 
education. For the same reason, it is perhaps to be 
regretted that sets of illustrative examples do not round 
off the end of each chapter and that comparatively fow 
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worked examples figure in the text, for surely it is only 
by such means that a reader can make certain that he 
understands how to apply the theory, however seamingly 
perfectly and extensively he may be able to reproduce it. 
The book can be unhesitatingly recommended to all— 
student, teacher, research-worker, fessors, and others— 
aud in the hope hat a eodd ediiton i» oaled for soon 
perhaps Mr. Pars oould meanwhile oolleot &nd supply 
some examples further to enhance the value of this 
remarkable book. R. A. LyTrLHTON 


THE BRITISH iSLES 


Field Studies In the British Isles 

Edited by Prof. J. A. Steers. Pp. xxiii+528. (London: 
Thomas Nelson and Sons, Ltd., 1964.) 70s. net. 

The British Isles 

A Systematic Geography. Edited by Prof. J. Wreford 
Watson and Dr. J. B. Sissons. Pp. xii+ 452. (London: 
Thomas Nelson and Sons, Ltd, 1904.) 45s. net. 


the twentieth International Geographical 
Congres was held in the United- Kingdom during 
Peek aes ee ee 
it followed the pattern laid down by the 
grees held in the ftve countries of Norden m 1960. “Tho 
week of main meetings, opened by Her Majesty The 
Queen, accompanied by His Royal Highness Prince 
Philip, in the Albert on July 21, was preceded 
and followed by specialist symposia in different parte 
of the United Kingdom. In this way every university 
and many other institutions in the country had an oppor- 
tunity of playing & part. There were no leas than 33 such 
; Bome were essentially regional—such as the 
meetings in the Channel Isles, the Outer Hebrides, or 
Ulster—others concerned themselves with & definite topic, 
Oe ee Qmd v Se 
logy of Snowdonia, or urban growth in Yorkshire 
, while still others were wide- such 
as geography in the National Parks, or the t-day 
study tours of Ireland and Scotland. 

Field Studies is a substantial well-produced volume of 
528 pages, fully illustrated with maps and diagrams, 
which provides the essential background material to these 
sympoeia and study tours. Whereas previous Congresses 
have issued ‘excursion guides’ of a more or leas ephemeral 
nature, this volume has both a permanent and topical 
value not only because it affords regional descriptions by 
the experts on the t, but also because the itineraries 
followed could be bettered by anyone wishing to 
oe ee ee ts of Britain’s geo- 
graphy. There is one chapter y on London, but the 
varied aspects of Londona geography, seen by many 
during the main are covered in Guide to London 
Hocursions, edited by K. M. Clayton (obtemsble fram the 
London School of Economics, 212.). 

All full members of the Congress were also presented 
with a volume of Abstract Papers (with supplement) 
edited by F. E. Ian Hamilton (now obtamable from 
Geographical Publications, Bude. 7s.) and in due course 
will receivo the Proceedings, but they also received on 
registration The British Isles, a finely produced volume 
to which 28 leading British geographers have contributed. 
Among the standard works already in existence, The 
British Isles, by L. D. Stamp and 8. H. Beaver, now in 
ita fifth edition (Longmans, 1963), covers in the 
varied aspeote of the geography of the British and 
Great Britain: Gecgraphical Hesays, edited by Jean 
Mitchell (Cambridge, 1962), deals with the country by 
regions. tly, the editorial Committee felt that 
the Congrees volume should take up topica in sequence. 
Thus, the senior editor contributes a first chapter on the 
“Individuality of Britain”. and is followed by R. W. Steel 
on “British Geographers”, G. R. Crone on the ‘Mapping of 
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Britain", 8. Gregory on "Climate", W. G. V. Balchin on 


‘Hydrology’, and so on. While there are chapters which .. 


cover the usual—such as ‘Relief and Structure" (G. T. 
Warwick) or “Agriculture” (W. R. Mead)—all have a 
freshness of approach and presentation; other contribu- 
tions reflect new and developing aspects of study, such as 
Emrys Jones on “Cultural Geography”. 

Modern geographers commonly aooept that their study 
is easentially that of the relation between man and his 
environment, & which has undergone & com- 

evolution through the ages sand which projects itself 
into the future in the reahn of physical . Those 
hers who concern themselves with the physical 
und, whether the relief of the land or the vagaries 
of climate, have become in i aware of the im- 
portance of minutiae. This is brought out in d 
three bg iode “Tertiary Landscape Evolution" (D. L 
Linton), Glacial Epoch” (J. B. Sissons) and “The 
Evolution of the Climatic Environment” (G. Manley). 
The essays which follow are nearly all heavily weighted on 
the historioal side—from prehistoric (E. E. Evans), pre- 
and post-industrial revolution (H. C. Darby and R. 
Lawton) to the present-day problems of land use (J. W. 
Birch and J. T. Coppook) or the mineral industry (8. H. 
Beaver) and industry (E. M. Rawston). 
As with all such collections of casa; the specialista 
on their own interesta—aA. E. es on towns, 
A. OQ. O'Dell on transportation, H. Thorpe on rural . 
settlement, and R. H. Osborne on population, but, thanks ™ 
to akilful editing, obvious gaps are few. 

The Congres has thus made & notable contribution to 
geographical thought: it has adequately supplemented, 
rather than works, and Britain is now 
well served by the range of books available. 

L. DUDLEY Sram 


THE FUNGI 
Die Pilze 


Grundzüge ihrer Entwicktungageschichte und Morpho- 
logie. Zweite, umgearbeitete und erweiterte ate 
Von Prof. E. Gatimann. (Reihe der Experimentell 
Biologie, Band IV.) Pp. 541. (Basel und Biabigast: 
Birkhauser Verlag, 1964.) 66 Sw. francs. 


HIS is the second edition of Dis Pilze, first published 


in 1949: and translated into English by Wynd inf 


1952. The second edition is some 120 pages longer than 
the first and contains 170 more illustrations. In content 


the book 18 modelled closely on ita predecessor, but there i 


has been oonsiderable revision of the classification of 
Ascomycetes. The is on morpho- 
logy and life-cycles. Attempts to interpret the probable 
course of evolution to elucidate phylogenetic relationships 
are frequently represented in the form of phylogenetio 
trees. The evidence of such interrelationships is often 
very slight, and although the suggested relationships are 
qualified as conjectural, there is a danger that they will 
become accepted as established. 

Apart from the notable omismon of the Fungi Imper- 
fecti, dimmiseed in little more than a page, and the lichens, 
most groups of fungi have been dealt with. The classifica- 
tion of the ‘Phyoomycetes’ does not reflect recent thinking 
(see, for exemple, the work of Sparrow), and the group 
Archmmycetes is retained for holocarpic zoosporic forme. 
This has the unfortunate effect of separating Olpidsum 
and Synchytrium from the Ohytudialee. The Saproleg- 
niaceas, Peronosporaoeae and mitaceas are treated 


as families of the Oomycetes, while the Muocoraoeae, Encow 


gonaceae and Entomophthoraceas are treated as families of 
the Zygomycetes, instead of being accorded original rank. 

The classification of Ascomycetes has been radically 
revised, with the structure of the ascus wall emphasized 
as & primary criterion of separation. Three sub-classes 
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are proposed: protunicate, unitunicate and bitunicate 
Ascomycetes. The protunicate forms are those in which 
the ascospores are not violently projected, and the 

,-s8008 walla of which break down when the spores are ripe. 
SUE eis, Powel Proponer Dee some merit in that it 
directs attention to ascus wall, it is doubtful if the 
protunicate Áscomyoebes represent & natural assemblage, 
because such diverse groups as the Hndomycetales, 
rd papi Microascales, Coronophorales, Onygenales, 
Meliolales and Laboulbeniales are included. 

Some modification to the classification of Basidiomy- 
oetes has also been made. There are two sub-classes, the 
Holobaaidiomyoetee and Phragmobesidiomycetes. Within 
the Holobssidiomycetes the following groups are included: 
Aphyllophorales, Agaricales, Agaricogastrales, Gastrales, 
Phallales. The account of the Agaricogastrales is especi- 
ally useful. The arrangement of the Phragmobasidiomy- 
oetes is more conventional, embracing Tremellales 
(inclusive of the Dacrymycetacese), Aurioularinlee, Uredin- 
ales (with a masterly account of variation in life-cycles) 
and Ustilaginales. 

Although the second edition is considerably longer than 
the first it is unfortunate that no space has been devoted 
to some recent devel For example, there is no 
reference to the role o Olpidium as a virus vector, and the 
demonstration of heterothalliam in O. brassicas. The 
appearance of new biotypes of Synchytrium endobiotioum 
is ignored. The whole question of physiological special- 
" ization of pathogenic fungi is scarcely mentioned. Very 
lue ee of fungi apart 
from figures of flagella of AUomyces and Saprolegnia. 
oles colar rag tbe wey rpg teenie eet rabies septa, 
haustoria, or o calls. Sansome’s claims that some 
Saprolegnisceae ea: some Pythiacese are diploid are not 

Sexual reproduction in the Mucorales is dealt 
with very briefly, and without reference to the work of 
Banbury and Plempel, or to the variation in content of 
germ. ia in relation to mating type. The relation- 
ship of Endogone to phycomycetoid mycorrhiza is not 
mentioned. In the account of the Entomophthorales 
there is no mention of the variety of methods of conidial 
aaa and only the secondary adhesive conidia of 

asidsobolus are figured. The relationship of certain 
Ascomycetes to their conidial states is treated very 
briefly. Although Cephalosportum and Gliocladium are 
mentioned as conidial states of Hypocrea, there is no 
mention of Trichoderma. It is not made clear that the 
macroconidia of the Hypocreaceae are phislospores, and 
while it is true to say that some Ophtobolus and Lepto- 
ephaeria species have Phama-type pycnidia there are at 
least flve other form-genera known. ‘The genetical 
treatment is weak. There is no mention of heterothalliam 
in yeast, of heterokaryosis and parasexuality in Asper- 
gius and Penioilhum, of the tetrapolar condition or 
multiple alleles m Basidiomycetes. The function of the 
clamp connexion in ensuring redistribution of two oom- 
patible nuclei in a hyphal tip is not expleined. Alternative 
suggestions for the mechanism of besidiospore discharge 
are not discussed, nor are the observations that beaidio- 
spores often carry an electrostatic charge. The significance 
of the divided gill of Schizophyllum is not given. There is 
no account of hyphal structure of polypore fruit bodies. 

Many of the illustrations appeared in the earlier editian, 
copied from other authors. The best of the new figures 
are from the pen of E. Müller illustrating Ascomycetes. 
Although it is liberally illustrated, more half-tone photo- 
graphs, especially of pathogenic fungi, would have 

improved the text. A student would, for example, 
learn little of the habit of Plasmodiophora baseicas, 
k. Phytophthora infestans, Albugo candida, Emtomophthora, 
Taphrina or the Ustilagwnales. An irritating feature is 
the oocasional use of different names for the same 
in figures and text, for example, Pyronema 
and P. confluens, and Ehisina inflata and R. undulata. 
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Ro E M ale NAA and 
Pealliota. 
To sum up, this is not & book for a . It lacks 
excitement and neglects many features of the ‘biology’ of 
i. As a source of ideas on phylogeny it is valuable 
provided that the idees are treated with due caution. 
The style is terse and authoritative, and apart from & 
few minor errors and misprints, ite chief defects are in ite 
amiasiong. It is well produced, but at 66 Swiss francs 
(£5 78. 3d.) it seams rather expensive. JOHN WHBSTHR 


GERMAN AND ENGLISH DICTIONARY 


7 OF PHYSICS 
eee of Pure and Applied rs Physics 
ed by Dr. Louis de . E. Clason. Vol. 1: 
ee —English. Pp. 367. 1968. Vol. 2: English—Ger- 


man. Pp. 341. 1964. (Amsterdam, London and New 
York: Elsevier Publishing Company.) 55s. each volume. 


N these two volumes, two of the leading scientific lexico- 
graphers of the present day have combined their bin 

and produced & compact work of reference giving 
sovereg» of the fn of pure and applied physios 1 
which certainly lacked such a dictionary 
number of terms on each page is 80-100, opcre 
seen that in more than 300 pages & very considerable 
vocabulary is presented. Although this includes words 
such as stehen and «ellen, and phrases such as wis immer, 
the very great majority of the terms belong specifloally to 
the field of physics.  Adjeoctive-noun and most other 
phrases are entered under the first word, which is oonveni- 
ent, although cross-references from the other wards might 
have been worth the extra spaco needed. Entering £u 
stark geddmpft under stark is not likely to be useful (and 
there is no corresponding entry at schwach); is there not & 
case for an indexed thesaurus arrangement rather than an 
alphabetical arrangement in dictionaries such as these ? 

Dr. de Vries’s habit of omitting any distinction of 
meanings, though mitigated by the restriction to physics, 
is still in evidence (‘Hne, Leitung, f, Stromkreis, m, Zeile, 
f, Linie, f, Schirmechrift, f”), although oddly enough there 
is some attempt to make the distinction with non- 
technical words: ‘serious (earnest), ernst"—eerious (grave) 
presumably not being considered worth including, nor is 
it even_given as an equivalent of schwer (‘heavy, stout, 
diee difficult"). 

are not always oorreot; ono page contains 
"hydroryle ions" (the same in the other volume) and “‘shell 
spektrum” (which becomes “shell sprectrum”’ in the other 
volume). American spellings &ppear to be used through- 
out, with no mention of British forms. But British termi- 
nology (for example, valve rather than iube) appears more 
or leas randomly; of the relevant entries with 
Röhre, thirteen use tubs, ten valve, six both (and three 
neither). The compilers do not name their sources, but the 
material thus seams to have been incorporated somewhat 
uncritioally. Moreover, & check of one page taken at 
random in Volume 1 showed that about three-quarters 
of the entries are essentially identical with entries in de 
Vries’s German—Englssh Science Dictionary, third edition, 
which costs about the same, and so anyone who already 
Sagrada E DO K d cue Gedung Urs ERE" 
or his money if he buys Volume 1 of the Dictionary of 
Pure and Applied Physics. 

I am myself concerned almost exclusively with trans- 
lation into English, and the German-English volume has 
been mainly considered, The volume is 
by no means a mere inversion of other, and should be 
equally useful to translators fram English into German; 
but let us hope that these do not include many of the 
“students in science and technology in the United States” 
for whom ( ing to the prefaoe printed in both 
volumes) the dictionary is also intended. J. B. SyrES 
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A SCIENTIST'S PHILOSOPHY 


The Philosophy of Sclence 

A Systematic Account. By Peter Caws. Pp. xi + 854. 
(Princeton, N.J.: D. Van Nostrand Company, Ino.; 
London: D. Van Nostrand Company, Ltd., 1985.) 528. 6d. 


HIS book, as well as bemg attractively produced 

and clearly written, is full of suggestive material for 
instruction within the general range indicated by the 
title. It is indeed ‘a tic account’, but it is a good 
deal more than that, and it is therefore on those additional 
features that the present review will focus attention. 

The author divides his work into four parta: 1, "The 
Discovery of Theory"; 2, “The Structure of Theory"; 
3, “The Validation of Theory"; and 4, “The Spectrum 
of Theory". From this plan, the reader learns quite 
naturally what science is, and to what extent it is oon- 
formable with the remainder of normal living and ex- 
periencing. Then, the pattern of exact thought emerges, 
with the consequent background of organization. After 
that, anybody who asks why it is that scientific method 
engenders confidence will find & good answer, and lastly 
(and more strictly philosophically) what problems have 
been solved, and what remains to be done. All this is 
extremely readable, presented with common sense, but 
without being particularly noteworthy. 

Different in calibre, however, are Chapters 48 and 44, 
which cause the reader to become air-borne, and well 
away to a flying start on themes that really matter, 
especially in the present climate of epistemology. Thus, 
“The Unity and Diversity of Soienoe" (43) and ‘Science 
and the Humanities” (44) are first-class contributions to 
what may stil be called the theory of knowledge. The 
questions which they raise are so important as to warrant 
comment in some detail. 

The initial tenet is that there must be a perpetual 
‘in-phase’ relationship between logical and experimental 
frontiers—a species of mutual feed-back, which is in 
harmony with much of general system theory, as com- 
monly understood. The next step is to realize that tho 
logical and rational element needs a principle of economy 
rather than one of simplicity, leading to a degree of 
austerity closely linked with aesthetic satisfaction. It is 
only too true, as Dr. Caws remarks, that some scientific 
theories give an impression of the baroque (they have, 
one might add, oocamonally become almost rococo). But 
this is largely a matter of touch, itself in need of prudent 
discipline. Practically, however, we must ‘save the 
appearances’, as the Greeks maintained. It is impossible 
to avoid some growth in complexity as knowledge ad- 
vances, or more exactly, as new evidence accumulates. 
The time arrives when expansion becomes coercive. 
Thus, the shift from the simple gas laws to Van der 
Waals's equation 1s mentioned. This 18 a classic instance, 
and much was gained in the process (a refined version of 
the oritical state, for example), but ıt 18 well known that 
a whole host of other formulae—one of them at least 
being & transcendental function—were propounded at 
about the same time, to improve on the unhappy phght 
of PV = RT. That ‘Van der Waals’ survived is as much 
as to say that it was the best ‘fit’, ceteris partbus. Never- 
thelees, it implied a lowering of standards of elegance. 

The quotation from Pascal’s Pensées is apt, namely, 
the difference between ‘esprit de géometrie’ and ‘esprit de 
finesse’.  Adherenta to the former are in safe company 
with the logicians and Cartesians, whereas supporters of 
the latter approach very closely to toying with meta- 
physics, when ıt comes to the point. But “other ways of 
knowing the world”, tiresome as they may be to the 
formalist, have satisfied axiological elemente all through 
the centuries: indeed, they watch with eternal vigilance 
for any vestige of arrogance in scientiflo claims in regions 
wherein other kinds of awareness illuminate the part 
played by value in human life and relationships. 
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Chapter 44 goes to the root of contemporary discom- 
forte in regard to liberal studies. Historically, one may 
still marvel at the virility of Magna Graecia; localized 
seats of learning throwing up important advances all 


along the Mediterranean shores. Concerning experimental 9. 


techniques, it is certain that these were frowned on by 
the scholars, but in & rather subtle way. Seemingly, the 
objection was to application, in contradistinctaon to the 
careful questioning of Nature, with the sole object of 
revealing her seoreta. 

The particular power of Aristotelianiam—at ita beat— 
18 well displayed as a unity of knowledge, be ıt mete- 
physica, drama, or anything in between. The evils, as 
well as the benefits, of specialization were yet unknown. 
But one development, mentioned earlier in the book, 
namely, the philosophical system of 8t. Thomas Aquinas, 
did much more than merely re-edit Aristotle. It largely 
created natural theology, thus adding ita own quota to 
the growing body of erudition, culminating in the renais- 
sance and the gradual acceptance of a worthy standard 
of ‘polite learning’. Dr. Caws is doubtlees aware of the 
revival of Thomism, in twentieth-century form, which 
provides such a marked, if surprising, oharaoteristio of 
much modern philosophy, both in Europe and in the 
United States. 

These pages end on exactly the right note. Skills, be 
they scientific, philosophical, artistic and all the rest, are 
priceless possessions, and there is no need to set up 


rivalries between them. Time was when parti pris gener- à. 


ated considerable heat between the devotees of Newton 
and Goethe. 
entropy, tends to increase. 


Luckily—and on the whole—charity, like 
F. I. G. RAWLINB 


CULTURAL DEVELOPMENT OF MAN 


History of Mankind 

Cultural and Scientific Development. Vol. 2, Part 1, 1200 
B.C. to 500 B.C.: Pp. xxxiv +313; Part 2, From about 
500 B.C. to the Christian Era: Pp. xiii 4-814—064; Part 3, 
From the Beginnings of the Christian Era to About A.D. 
500: Pp. xii+ 655-1048, maps and illustrations. By Profs. 
L. Pareti, P. Brezzi and L. Petech. (Published for the 
International Commission for a History of the Scientific 
and Cultural Development of Mankind by George Allen 
and Unwin Ltd., London, 1965.) 1268. per set of 8 
volumes. 


OLUME 2 of History of Mankind takes the story of 

man’s cultural development from 1,200 5.0. down to 
A.D. 500, 1,700 years that witnessed the fragmentation of 
the widespanned cultural complexes of the second mil- 
lenium 8.0. into small regional cultural groupe, the domi- 
nation of certain political systems, and the emergence of 
great religious beliefa. To understand why this volume 
achieves & measure of both success and failure in its aims, 
we must examine ita own story. The history of the writing 
of this volume is almost as complex as the historical 
events that it documents. Prof. Pareti was initially ap- 
pointed as author-editor, with Prof. Bremi and Prof. 
Petech as assistants. The draft text was finished in 1960, 
and after revision on recommendations from nominated 
specialista, the second draft was circulated and 
additional material moorporated as editorial notes. Later 
gix other authors contributed supplementary matter which 
appears in the text. Although considerable care seems to 
have been taken to preserve the continuity in content and 
style, it has clearly been impossible to eliminate all the 
interruptions where different authore are juxtaposed. 


-= 


4a 
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This presents certain difficulties, but is at the same time -_- 


the main reason for the success of the book because here, 
m one volume, we have the consensus of opinion about 
many problems of long standing, for example, the origin 
of the Etruscans. It is perhaps a comment on tho state of 
our knowledge and understanding of pre- and early 
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historio eventa that such opinions are often so widely 
divergent. 

The volume is divided into three parta: from 1,200 to 
500 5.0., thence to the Christian Era, thence to A.D. 500. 

FEM per P enu O emiak vun. Doni Wiek Bis- 
tori events, and followed by language, technology, 
organization, religion and literature with their related 
topics. From some aspects this arrangement is to be 
disputed, apart from the artificial separation of such 
subjects as politics and economy, because it 18 difficult to 
trace the cultural and scientific developments in any one 
chosen area. Certain aspects of certain areas cannot be 
considered, and America and the Pacific are badly neg- 
lected, but perhaps mevitably when they must compete 
with Greece and Roman Italy, from where much of the 
evidence treated here has been derived. 

The aim of the volume is to present a general impreasion 
of the development of technology, political organization, 
religion and so on, over widespread areas. As a result, the 
facta that oan be given to describe a specific situation in a 
certain region cannot be more than an abbreviated sum- 
mary, and will not be of much use to one who is looking 
for basic factual material, although an extensive biblio- 
graphy of Greek, Roman and Near Eastern literature is 
provided. Nevertheless, it is of the greatest interest and 
value to have oertain aspecte of cultural development 
brought together from different areas for comperison; the 
emergence and dispersal of Indo-European languages is 

-reasonably well known, if not agreed on, but leas so 
the etaa evolution of writing systems. Of particular 
interest, too, may be the evidence presented here 
for the discovery of scientific principles and allied philo- 
sophies. 

In my opinion, the volume falls between two stools; on 
one hand, the purely objective and factual presentation 
with full bibliographical references; on the other, the 
theory of developmental processes throughout the world. 
The book scarcely aims as high as the first, and the nature 
of its production, with many differing opinions and edi- 
torial comments added, interrupta the flow eeeential to the 
second. Nevertheless, it probably comes as close as any 
book could to success in both flelda. J. M. Corns 


SOIL FABRICS 


Fabric and Mineral Analysis of Solls 
*By Dr. Roy Brewer. . xiii+470. (New York and 
London: John Wiley and Sons, Ino., 1904.) 118s. 


Gu are identifled and classified to a great extent by 
characters which are essentially morphological and 
oan be observed in the fleld. The most important morpho- 
logical characteristic is of course the division of the goil 
profile into horizons. Field observations of soil morpho- 
logy even when supplemented by physical and chemical 
analyses do not, however, permit a sufficiently detailed 
and oertain explanation of the processes involved in soil 
formation. 
The need for a more precise analytical approach to 
ology is expressed in the introduction to this book. 
. Brewor directa attention to the soil material rather 
than the soil profile as the unit of study. The purpoee of 
the book is to provide a system of description and classifl- 
cation of the phenomena observed in soils and to demon- 
strate the application of mineral analysis to studies of soil 


genesis. 

Mineral analysis, dealt with in the first section of 
the book, is presented with an intentional geological 
bias and much of the-mformation relating to mineral 
grains, for example the analysis of size and shape, can 
*be found in standard text-books of sedimentary pet- 
rology. 

Caloulations of soil formation are discussed, with em- 
phasis on the use of a stable mineral to estimate gains and 
losses of weight and volume and of & particular constituent 
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during soil formation. The equations proposed to calculate 
these changes in the soil profile seam unnecessarily com- 
plicated and could easily be worked out from first prin- 
ciples. The author argues convincingly in favour of using 
parent rock selected on the basis of mineral analysis of the 
profile as the parent material for evaluating profile 
development. There is no doubt that the present arbitrary 
recognition of weathered rock as parent material leads to 
serious errors. 

The subject of mineral stability and weathering is 
examined on a somewhat empirical basis. Considering the 
significance of plasma in soil fabrice, it is a pity that the 
relations between mineral stability and atomio structure 
were not explored further. One surprising error m this 
chapter is the assertion that “the rate of weathering of 
mineral grains is directly related to surface area of the 
grains, that is, inversely related to size of grains” (p. 74). 
Specific surface must of course be intended. A chapter on 
the classification of rocks as the parent materials of soils, 
completing the section on mineral analysis, is of limited 
value and in some particulars inaccurate. 

The valuable section of this book, making up more than 

of the whole, deals with the structure and 
fabrio analysis of soils with special emphasis on the de- 
scription, classification and, to some extent, the interpre- 
tation of pedological features. Most of the phenomena 
described are best seen in thin section and they are 
particularly woll illustrated with more than one hundred 
photomicrographs. 

Much of the recent research in this field has been 
promoted by Dr. Brewer and his colleagues at the Soils 
Division, C.S.I.R.O., Australia. It is not surprising to find 
that this section is very largely based on their work and 
that several important papers have been included with 
little amendment. As the question might arise as to 
whether specialists would be prepared to pay over £5 for 
the convenience of having these papers in book form it is 
only fair to add that they make up only about one-quarter 
of the section. 

The concepts of structure and fabric are clearly dis- 
cussed with new definitions proposed for terms in common, 
but sometimes vague, use among pedologiste. The follow- 
ing new definition of soil structure is essentially the theme 
of the book: “Boil structure. The physical constitution of 
& soil material as expreeeed by the size, shape and arrange- 
ment of the solid particles and voids, inaluding both 
primary particles to form compound particles and the 
compound particles themselves; fabric is the element of 
structure which deals with arrangement”. 

The main components of soil structure, voids, pedolo- 
gical features such as cutans and orystallaria, the soil 
matrix and peds are clearly described and carefully 
classified. 

It is worth mentioning the author’s proposal that the 
term ‘ped’ be restricted to those tes entirely 
enclosed by natural surfaces. Peds are ibus reoognized by 
their surface characters rather than by the mere pree- 
ence of a population of units of similar size and shape. 
Most field workers would probably support this sugges- 
tion. 

A chapter is devoted to a discussion of the role of fabrio 
&nd mineral analysis in goil scienoe followed by an appendix 
describing the techniques involved. 

This book does not, as suggested on the publishers’ 
jacket, provide a thorough understanding of soil genesis 
and this could not have been the author's intention. It 
cannot be recommended, therefore, to students with only 
& general interest in soil science. The book is the most 
comprehensive treatment of soil fabric analysis at present 
available and, with the reservations here, it 
will be weloomed by pedologists. The fact that the soil 
fabric must be significant in soil/plant relationships will 
mean that reference to this work will benefit research 
workers in a much wider fleld. The book is well bound 
&nd printed. J. L. M. LAMBERT 
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Socletas Sclentlarum Fennica 
Commentationes Humanarum Litterarum, XXXIV, 1: 
Muslim Death and Burial: Arab Customs and Traditaons, 
Studies in & Village in Jordan. By Dr. Hilma Granqvist. 
Pp. 287. (Helsinki: Societas Scientiarum Fennica, 1965.) 
14.80 F. Marks. 

RAB customs in connexion with death and burial is 

the third work of a trilogy by Dr. Hihna Granqvist. 

The other volumes have dealt with Marriage Conditions 
tn a Palestinian Village and Ohldhood Among ihs Arabs. 
It is important that the folklore connected with these 
matters should be collected now before it is too late. 
ee ee ee RM MR Sd 
customs and, rituals are 

Bushes Dash ond Boriol is died thie Gives aliari 
(1) moral: death, burial, after the burial, and un- 
natural deaths; (2) burial and mourning; (8) songs at 
death and burial. Dr. Granqvist lived for vanous periods 
in Palestine, especially at Artas, & village to the south 
of Bethlehem, and there made friends with the people 
end gradually collected the ancient folklore from them. 
While the book is full of stories and customs, it lacks any 
connective thread. However, to collect and preserve the 
folklore has been Dr. Granqvist’s purpose, and in this 
she has succeeded. 

Perhaps one or two examples will illustrate the matter. 
Sou nedum E P n ue. 
created. But it is only a loan from the Earth and re 
ment must be made at the place whence came the dust 
Difficulties thus arise when a man dies far away from 
where he was born. As & man is one of a family, his 
relations must see that his dust.is duly collected and 
returned. Again, & woman who bas lived for a long tame 
in & far-away village, having come there perhaps as a 
str to many, may die in & far country. This is 
explained by the saying, “Her dust drew her’’—implying 
that somehow or other the dust from which sho was 
originally made must have oome from this place. Again, 
& doctor cannot treat & woman unti & formula has 
been pronounced which makes her into his sister. For 
if the man sees merely up to her knees sin has been com- 
mitted. Lf she is his sister this does not matter. 

The account of a burial 1s particularly interesting. No 
unclean woman must take part; indeed, everyone at the 
burial must be ritually clean. Those who have to touch 
the body must have made their &blutions before the 
prayer over the deceased is given. When a dervish goes 
into seclusion he takes with him seven barley loaves 
containing bran, water in a dark blue Gaza jar, and & 


rottle of dates. This is because the demon fears a jar of 


this sort and demons never eat bran. They also fear & 
white cock with ten toes. 

The foregoing short extracts will give an idea as to 
what the work is about. One can only be thankful that 
someone has collected these customs and written them up 
before it is too late. M. C. BURET 


Physikalische Begriffe In der Klinischen Blochemie 

Von Dr. Hans Koblet. Pp. xii+274 (Stuttgart: Georg 
Thieme Verlag, 1964.) 30 DM. 

EDICAL students are on the whole notable for their 
aversion to anything faintly mathematical. Yet 
all lines of research require mathematics as a scientific 
tool and medical science is no exception, and Physikalische 
Begriffe in der Klinischen Biochemie would scarcely have 
been. written had Dr. Koblet not felt that the medical 
research worker needed some special help to overcome his 
The first part of the book deals with basic principles, 
the definition of a molecule, of specific weight and density, 
principles of solutions, titrations, law of mass action and 
chemical ium. Other parta deal with acids ahd 
bases and the laws of thermodynamics. Particular atten- 
tion is directed to enzyme kinetics and the caloulst’on 


NATURE 


August 28, 1965 VOL. 207 


of the Michaelis constant of enzymes. Attention is also 
given to pools and turnover rates, to diffusion and the 


connexion between clearance and elimination constants : 


in the blood stream. There is 6 mathematical appendix. 


in which briefly but very clearly differential calculus and ™ 


integrals are No one can protect the medical 
research worker from the hard work which is required 
if he is to make up for omissions of his student days, 
but this book will help him to fill some of the gaps because 
everything is derived from first principles and no previous 
knowledge is expected. EH. LmHWANN 


Annual Review of Nuclear Sclences 
Vol. 14. Edited by Emilio Segre. Pp. vii 4- 510. (Palo Alto, 
California: Annual Reviews, Ino., 1964.) 8.50 dollars. 
HE volume under review consists, ag is usual in this 
series, of a large number of articles on a wide variety ~ 
of topics. Ten articles are devoted to nuclear and particle 
physics, and to their associated experimental techniques. 
Two articles discuss ‘Breeder Reactors” and ‘Modern 
Techniques in Reactor Design”, one the ‘Chemistry of the 
Actinide Elemente" and one the “Quantitation of Cellular 
Radiobiological Responses”. This volume therefore 
follows ita predecessors in its rather curious mixture of 
contents. 

The nuclear physics articles are concerned with “Alpha 
Decay", “Electromagnetic Momente of Excited N 
States”, “Recent Progress in the Theory of Nuclear 
Matter" and ‘“Nucleon—Two Nucleon Reactions above 
100 MeV”. ‘The first of these concentrates on nuclei 
near lead and those heavier than thorium, with particular 
reference to calculations based on nuclear shell models. 
The article on ‘Electromagnetic Momente" is the longest 
in the volume and aims to be a complete review. That on 
*Nuoleon-Two Nucleon Proceases’’ summarizes in rather 
gloomy fashion the present state of our phenomenology 
and understanding and makes a number of useful sug- 
gestions for further work. 

Short articles on "Spark Chambers", ‘“Dynamic Orienta- 
tion of Nuclei” and “Data Systems for Multiparameter 
Analysis" are well written as introductions to their 
respective subjects. That on “Data Analysis in Particle 
Physics”, however, is aimed at the rimentalist who, 
though already adept at the manipulation of his data, 
has httle or no formal training in probability. 

The article on the ‘Structure of the Proton" is written 
from the experimentalist’s point of view. Though” 
directed ob the expert, miach ab it oan be read with profi 
by the tyro. That on “Symmetries among the strongly 
interacting Particles" appears to me to be strictly for 
the highbrows. 

The fraction of nuclear and particle physics articles in 
this volume is close to the five-year a for this Review. 
One must therefore wonder what is virtue in the 
editorial board’s eyea of a policy of including regular 
articles on such topics as chemistry, reactors, biology, 
etc. They cannot serve as a means of broadening the nuo- 
lear physicists’ interests, for they are written on too high 
& plane and surely are quite likely to be missed by the 


people moet likely to benefit from them. ons 
Yearbook of Astronomy, 1965 
Edited by Patrick Moore. Pp. vi+203. (London: 


Eyre and Spottiswoode (Publishers), Ltd., 1964.) 
net. 

HE ‘Yearbook of Astronomy continues ita well- 

established system of providing month-by-month 
information about the night sky. Some of the articles 
are rather in ing and one of the most pleasant 
that of James Muirden, ‘‘A Cycle of Clusters and Nebulae”, 
which could be sub-titled ''star gazing for pleasure”. 
However, there seems to be a decline in the ity of the 
articles generally which it is hoped will be corrected when 
the next Yeorbook is produced. D. MaNarLv 
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. SUBMARINE FRACTURE ZONES, ASEISMIC RIDGES AND THE 


INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS LINE: 


PROPOSED 


WESTERN MARGIN OF THE EAST PACIFIC RIDGE 


By Pror. J. TUZO WILSON, O.B.E. 
Department of Physics, University of Toronto 


"]|HIS is the fourth of a series of artioles advancing 

the hypothesis that another class of strike-slip faults 
can exist besides transcurrent faulta!*. Transform faults, 
as the class has been called, can only exist, and must 
be expected, if areas of the Earth's crust are being abeorbed 
into the interior m some places and freshly formed 
elsewhere. If they have not attracted much attention 
heretofore, it is because they are largely a feature of the 
ocean. floors and most examples are partly or wholly 
submarine. The fracture zones which B. C. Heezen, E. T. 
Bunce, J. B. Hersey and M. Tharp‘ have recently described 
in the equatorial Atlantic have been cited as examples of 
dextral, ridge-ridge, transform faults related to the 
growth of the Atlantio Ocean, and it has been suggested 
that these fracture zones join points on opposite coasts 
which were once in contact. Such points may be called 
conjugate. 


Three Guides to Reconstructing Continents 


If this is so, three different guides have been proposed - 


for fittmg together the opposite sides of the Atlantic 
Ocean. The feat method Is sell kiona aud. sus asd Dy 
A. Wegener, A. L. Du Toit and E. C. Bullard, J. E. 
Everett and A. G. Smith’. It depends on fitting the topo- 
grapby and matching the geology of opposite coasts. In 
Figs. 1 and 2 this is illustrated diagrammatically by the 
fit in shape of regions 4A and A’. 

A second proposal* pointed out that, where a pair of 
aseismic ridges lead from an active volcanic island on the 
mid-ooean ridge to opposite coasts, the ridges join 
the coasts at conjugate points. For example, the Walvis 
and Rio Grande aseismic ridges join Tristan da Ounha 
Island to conjugate pointe on the ooaste of Africa and 
Bouth America. The ridges from Iceland to Greenland 
and Europe are another example. In Figs. 1 and 2 this 
case is illustrated by the lines Bb and bB'. 

The third method suggested that at least some great 
submarine fracture zones are transform faults and that 
their ends join conjugate pointa!. In Figs. 1 and 2 this is 
illustrated by the transform fault and fracture zone 
Coo C'. 

In the South Atlantic all three methods lead to the same 
result, but at first sight ane aspect is puzzlmg. Both the 
aseismic ridges and the fracture zones are the loci of past 
motions of the arust, but they are not parallel. Since a 
crustal plate cannot move in two directions at once, this 
seams to imply a contradiction. 


Possible Origin of Aselsmic Ridges 

One possible explanation is that different motions have 
been recorded. The fracture zones represent the motion 
of the plates in the crust relative to one another with no 
reference to the deeper mantle. It has been suggested 
eleewhere* that the pairs of aseismic ridges perhaps 
represent the movementa of two crustal plates relative to 
a source in the mantle. Thus the asei&mio ridges are chains 
of volcanoes, now inactive, which grew at a single place 
on the mid-ocean ridge and were then carried away, 
some to one side, some to the other, by streaming motion. 


Their creation has been presumably due to unusually 
large and continuing source of lava in the mantle beneath 
the mid-ooean ridge (for example, Ioeland and Tristan). 
This pushing away of older volcanoes from a continuing 
source on & central rift zone was easentially the explanation 
for the geology of Iceland arrived at by G. Bodvarsson 
and G. P. L. Walker’ as a result of field mapping. This 
lanation may also be extended to include the pair of 
iea. Pom Iceland to Greenland and . These 
ridges lie in the same line, although they get older in 
opposite directions, are normal to the mid-ooean ridge 
and are parallel to the De Geer fracture zone, a transform 
fault lying between Greenland, Spitzbergen and Norway’. 





Vig. 1. Skotoh’map of the Bouth Atlantio. A and A’ are to 
psa wih fifteen, ab and P are the hlo Grando and Waima 
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MID-OCEAN RIDGE 


Tie i. Draam showing ihe Teiationahip of tar cs hin to vaamoate 
at a fracture rone 


This arrangement of features may be interpreted to 

mean that the directions of motion of two crustal plates 
and of flow in the underlying mantle are all parallel with 
each other and normal to the axis of the mid-ocean 
ridge. 
In the South Atlantic, on the other hand, the aseismic 
ridges form a chevron and are not parallel with the frac- 
ture xones of the equatorial Atlantic as Figs. 1 and 2 
show. This has been interpreted to mean that the crustal 
plates are not moving in the same direction as that part 
of the mantle in which the source of the voloano lies. 
Sinoe no method is known for measuring the direotion of 
flow in the mantle directly, this interpretation is hypo- 
thetical, but, as will be shown towards the end of this 
article, 16 18 an interpretation oapeble of further develop- 
ment. 

In Figs. 1 and 2 the fracture zone O ce’ C' is considered 
to represent the loci of relative motion of two crustal 
plates, whereas the two aseismic ridges Bb and bB’ each 
represent the looi of motion of one of the plates relative 
to the mantle beneath. The crustal plates are not oon- 
sidered to be bounded by the Mohorovidié discontinuity, 
but by a zone of mobility in the upper mantle. 


Relationships between Aselsmic Ridges and 
Fracture Zones 


This led me to speculate on what might be expected to 
happen if, during their growth, a pair of aseismic ridges 
came to intersect a fracture rone. This is hard to visualize, 
and indeed most of us are unaccustomed to thinking of 
geology in terms of growing oceans and continental drift 
so that this introduces new and difficult ideas. Simple 
paper and cardboard modols help, and the construction 
of one which enables the properties of ridge—ridge trans- 
form faults to be studied is shown in Fig. 3. 

With the aid of such a model and that of Fig. 4 it can 
be appreciated that on intersecting & transform fault one 
of a pair of aseismic ridges (that one which intersects 
the active part of the fault) is immediately cut of and 
removed laterally away from the source. That aseismic 
ridge must therefore come to an abrupt end against 
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the fault. The other aseismic ridge of any pair is not 
moved laterally, but the central rift in the mid-ocean 
ridge is moved away from it. It is therefore uncertain 


whether this aseismic ridge will end on the fault or con-. 
tinue. If it continues it will no longer touch the mid- ™ 


ocean rift but it will seem to start at a random point. 
Only this member of each pair should still be active. 

Some of the chains of islands in the Paciflo Ocean seem 
to meet well the patterns predicted for pairs of aseismic 
ridges intersected by fracture zones aa is shown in Fig. 5. 
In part, this is copied from Figs. 5.7 and 6.6 in H. W. 
Menard’s book’, which shows three straight and parallel 
chains of volcanic islands (the Nasca, Cocos and Tehuante- 
pee Ridges) each intersecting and apparently terminating 
against a fracture zone. It is particularly significant 
that on the other side of the East Pacific Rise in an 
approximately mirror-image position to the Nasca Ridge 
lie the Austral, Society and Tuamotu-Gambior ridges. 
This that many chains of islands in the Kastern 
Pacifio which are parallel either with the Nasca aseismic 
ridge or the Tuamotu aseismic ridge are associated in 
origin with the East Pacific mid-ocean ridge and that the 
great east-west fracture zones are too. If this is so and if 
the theory of transform faults is correct, then somo very 
specific reletionships can be predicted that should hold 
between the East Pacific Ridge, fracture zones, aseismic 
ridges and the patterns of magnetic anomalies. 

The East Pacific Ridge has been well described by H. W. 


* 


Menard’ and the following account owes much to him ^k 


and especially to his Fig. 6.12. "This has been redrawn 
and modified in Fig. 5, which shows the general shape of 
the ridge. The eastern margin and northern creat have 
been overridden by the Americas. H. H. Hees has given 
me much advice, especially about the western Pacific. 
It would be interesting to identify the remaining, western 
margin of this ridge and important for the present discus- 
sion. 


The ICSU Line, Possible Margin of the East 
Padflc Ridge 


Menard shows the western margin of the East Paciflo 
Ridge crossing the Paciflo Basin. This margin should 
surely be discernible and, in seeking to identify it, other 
known rift margins provide the best possible guide. 
Heezen and Ewing!* have implied that the Lomonosov 


Ridge is such a submarine margin. It may be partly 


volcanic according to Gakkel and partly sedimentary 
according to Ostenso. Elsewhere the Atlantic is bordered 
by continental blocks. Along the coastas are sporadic, 
large outpourings of basalt as in Greenland". The only 
features which lie in the location in the Pacific 
Basin and which appear to have the required properties 
are, from north to south, the Emperor Seamounts, the 
group of very large seamounts at the north-western end 
of the Hawaiian chain, of the western end of the 
Hawaiian Islands, part of tho Mid-Paciflo Mountains, the 
Line Islands Ridge and the eastern edge of the New 
Zealand submarine plateau. Between the last two features 
charting is inadequate, but a few elevations recorded sa 
seamounts may represent crossings of a marginal ridge. 
No other group of features crossing the Pacific is so 
prominent. 

Because many nations have contributed to knowledge 
of this feature and because great progress in oceanography 
resulted from the International Geophysical Year, it 18 
proposed to call this feature the ICSU Line after the 
International Council of Scientific Unions which sponsored 
the International Geophysical Year. 


Relationships of Ridges to Other Features 


There has already been considerable debate about 
whether the fracture zones are genetically related to the 
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Wig. 5. Bketoh map of the Pacific Ocean showing the location of the IOBU Line whieh is the margin of the Hast Pacific Ridge 


East Paciflo Ridge’ or to the Darwin Rise’. On one hand, 


. palaeontologiste find rates of sedimentation of as pru 


as a few tens of metres in the 1 or 1-5 million years 
the Pliooene—Pleistooene bo Pliocene foanile 
over the crest of the East P E 
Miu Todas corks peg an de at a Cee 
fossils in the western Paciflo only. This is all compatible 
with extensive continental movement and growth of the 
East Pacifico Ridge during the Tertiary beside an older 
floor to the west. 

On the other hand, those who do not accept drift are 
embarrassed by the paucity of sediments in the Paoiflo. 
To explain this they have pro either that older 
sediments have been consolidated to form Layer 2 on the 
ocean floor!4, Avus iburpetitdé with Vins God Wilson’ 
interpretation®, or they propose drastically to reduce the 
rate of sedimentation by a factor of as much as 100 
(ref. 15). This leads them to the conclusion that the 
few hundred metres of sediments formed on the East 
Paciflo Ridge must be old and undisturbed. Hence they 
conclude that the East Pacifico Ridge has just formed, is 
not yet rifted and that the fracture zones are related to 
the Darwin Rise. The direct evidence for this is not 
certain. 

In view of this difference of opinion it seams reasonable 


to test the alternatives in relation to the theory of trans- 


form faults and to see whether the ICSU Line has any of 
b EM QE EL E 
ridge. 


Some of these testa and the way in which they apply 
follow. 

(a) Transform faults should only be moving and active 
seismically between intercepts with their related mid- 
ocean. ridge. This is the case for all the great fracture 
zones of the south-eastern and southern Pacifico. It is 
generally considered that these fracture zones are related 
to those in the north-eastern Pacifico Basin, so it can be 
tentatively concluded that all these great Paoiflo fracture 
rones (but not those in the eastern Pacific) are transform 
faults connected with the East Pacifico Ridge. 

(b) The offsets in the crest and in the pattern of mag- 
netio anomalies should be reflected at the margins. Aooord- 
ing to A. D. Raff and R. G. Mason!* there are sinistral 900 
and 210 km offsets in anomaly patterns across the Mendo- 
cino and Pioneer fracture zones. All authorities indicate 
the Mendocino zone to strike towards the south side of the 
large Mellish Bank at 180° long. and the south end of 
the Emperor Seamounts. A sinistral offset of 1,100 km 
would relate the Emperor Seamounte to an area of 
shallower water and seamounts which exfend south to 
western and central parts of the Hawaiian Islands near 
Necker Island. 

The Murray fracture rone which offsets anomalies by 
560 km dextzally!'strikes towards the Necker Ridge which 
has a notably linear topography”. A dextral displacement 
of rather more than 560 km (nearly 700 km) along the 
Necker Ridge seams to be needed to align the south end 
of the ridge discussed in the last paragraph (near Necker 


910 


Island) with the north end of the Line Island mdge (near 
Johnston Island), but the distance cannot be precisely 
measured. According to this interpretation the Hawaiian 
Islands have a composite structure. 

E. H. Hees assures me that there are offsets at the places 
where the Clarion and Olipperton fracture zones probably 
reach the Line Island ridge. They seem to have appro- 
priate directions and lengths. The charting is too uncer- 
tain to draw any conclusions about fracture zones farther 
south. Again the displacementa of the margin appear to 
agree well with theory. 

a” Transform faults should terminate against margins. 

The fracture zones become harder to trace beyond the 
ICSU Line, but the data are insufficient to make this a 
good. teat. 





Crest of mid-ocean mdge 

Ocean trench or mountain system 
Upper limb of convection cell 
Lower Imb of convection ceil 


Relative velocities in em Ayr 


ndge m the southern of asetsmic 
ndges, vif the sources of their volanom lay below the crustal motions 


(d) All the aseismic ridges in the same crustal plate and 
on one side of a mid-ocean ridge should be parallel. On 
the east side of the Hast Pacific Ridge this is true of the 
Tehuantepec, Cocos and Nasca ridges and of the small 
companion ridge to the East (Nasca Two). On the west 
side it is true of the Gulf of Alaska Seamounts, the Hawai- 
ian, Tuamotu-Gambier, Society and Austral Islands’. 

(e) All the aseismic ridges should get younger from the 
margin towards the mid-ocean ridge with which they are 
connected, and so far as is known this ia true of the East 
Pacific Ridge. 

(f) Aseismic ridges should generally begin at a margin. 
The Hawaiian Taumotu-Gambier, Society and Austral 
Islands all seem to start on or near the ICSU Line; the 
Marquesas do not and the older ends of others have been 
over-ridden. 

(g) One should expect to find pairs of aseiamic ridges 
symmetrically arranged in chevron pattern about the 
crest. The Tuamotu-Gambier, Society and Austral 
chains are BO arranged relative to the Nasca and Nasca 
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Two ridges (to the extent that they have not been over- 
ridden). 


(h) The theory predicta that in the Pacific aseimmmio ™ 
ridges should terminate against the eastern end of dextral ~~, 


transform faults (that is, those which paradoxically show 
apparent sinistral offsete) and against the western end of 
sinistral faults. Asemic ridges may cross and be active 
at the other ends of fracture zones. According to Menard’, 
the Mendocino, Pioneer, Molokai, Chpperton and Easter 
fracture zonea show apparent sinistral offsets. As pre- 
dicted the Tehuantepec, Nasca and Nasca Two ridges 
all stop against their eastern ends, and according to Hess!’ 
the Hawaiian Islands crose the western end of the Molokai 
fracture rone and are still active while the Austral Islands 
cross the Easter fracture zone. 

For the other fracture zones the relationships should 
be the reverse, and ıt is true that the Galapagos Islands 
are still active, even if they scarcely cross the Galapagos 
zone. The Hawaiian Islands should not cross the Murray 
zone but appear to do go. This is the only exception, but 
may be due to a greater complexity in the structure of 
the Hawaiian chain than has heretofore been suspected. 

The conclusion is that the fracture zones and aseismic 
ridges are associated with the East Pacific Ridge. The 
oldest rocks reported are Eocene in cores and from 
Makatea Island in the Tuamotu group near the western 
margin™. Rapid spreading and rapid rates of sediments- 


z 


tion are indicated. The orientation of the aseismic ridges . 


that the floor of the Pacific is moving northwards 
like that of the Atlantic Ocean and several southern 
continents. 


Possible Causes of Northward Spreading and 
Orientation of Aselsmic Ridges 


An explanation can readily be offered in terms of the 
possible sub-crustal currentes mentioned earher. On an 
infinite body they might flow aa in Fig. 6 (left), but on a 
sphere they might be constrained to flow as in Fig. 6 
(right). This pattern, like a J folded about the Earth, 
can be taken to be a diagrammatio simplification of the 
real mid-ocean ridge system and can be compared with 
Fig. 10 in my previous article. The stem representa the 
Mid-Atlantac Ridge, the loop the mid-ocean ridge system 
through the Southern Ocean to the West Chile Ridge. 
Antarctica would be in the centre of the loop. 

Because there is no sink within the looped source the 
diameter of the loop itself increases and the surface 
currents move outwards with twice the velocity of the 
deeper oounter-currente. If the sources of volcanoes lie 
in the counter currente (if the convecting system is 
shallow), or within the stagnant cores of convection cells 
(f the system is deep), then the differential in rates of 
flow will produce chevron patterns in the aseismic ridges. 

The northward motion is absorbed in the Alpine 
Himalayan and Circum-Pasific Mountains and henoe has 
not affected the Icelandic ridges. 

Besides Antarctica, another continent, Africa, is ringed 
by mid-ooean ridges on all but the northern side and 
corresponding effects can be detected in the Indian Ocean 


ri 3 

Poula lke to acknowledge that this article could not 
have been written if the oceans had not been so well 
charted by others. I have particularly used mapes by 
H. W. Menard’ and H. H. Hess", and a globe showing 
bathymetry**, but I first noticed the IOSU Line on & 
large new Soviet chart which shows it clearly. 

This article was written while I was & guest in the 


Fm 


Departments of Geodesy and Geophysios and of Geology 3. 


and in Churobill College, University of Cambridge; I 
thank them and particularly B. C. Browne, Bir Edward 
Bullard, H. H. Hees, M. N. Hil, R. G. Mason, D. H. 
Matthews and F. J. Vine for discussions which have been 
invaluable in arriving at these conclusions, though they 
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may not agree with all of them; and I also thank Sue 
Chappell and Sue Vine for their assistance. 
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THE LONDON UNIVERSITY. NUCLEAR REACTOR CONSORT 


i; By Dr. P. J. GRANT 
Department of Mechanical Engineering, City and Gullds College, Impertal College of Science and Technology, London, S.W. | 


June 22 the London University nuclear reactor 
Consort was formally opened by Lord Sherfield, 
chairman of the Governors of the Imperial Coll 
Science and Technology and former chairman of the 
Atomio Energy Authority. The reactor was first made 
oritioal on April 9 and full power was reached on May 18. 
Commissioning was completed by the beginning of 
June. 


Consort is a water-cooled and moderated reactor fuelled 
with enriched uranium (80 per cent **U) and has a power 
of 100 kW (thermal). It was designed jointly by the 
Nuclear Power group of Imperial College and by the 
General Electric Co., Ltd. The instrumentation was 
designed and supplied by Elliott Nucleonics, Ltd., and 
the building, which was designed by W. B. Atkins and 
Partners, was constructed by W. E. Chivers and Sons. 
The whole project was financed by a grant from the 
Department of Scientific and Industrial Research (now 
the Science Research Council. The reactor has been 
constructed and is being operated by erial College on 
behalf of the University at the College Field Station at 
Bilwood Park, near Ascot. 

The University bas also provided funds for a residential 
block of nine study-bedrooms for the use of those carrying 
gut experimenta at the reactor Bite. 

^ The purpose of the reactor is to provide experimental 
facilities for research and training in nuclear engineering 
and applied nuclear science for the University and other 
educational institutions in the London area. Consort has 
therefore been designed to act as a source of neutrons for 
experimental purposes. The essential design feature of a 
neutron-souroe reactor is that the experimental facilities 








Should approach as closely as possible the reactor core 
so that the largest possible external fluxes are available 


reactor core consiste of up to 24 fuel elements, cach 
comprising twelve slightly curved plates of uranium- 
aluminmm alloy clad in high-purity aluminium. The 
core is approximately 15 in. square by 24 in. high and is 
situated in & tank of water about 22 ft. deep and 8 ft. 
9 in. in diameter; at the level of the core the tank is 
narrowed in one direction and has two flat faces where 
the distance between the core and tank is only 3-75 in. 
This water gap is provided to ensure nuclear decoupling 
of the core from any external assembly. 

On GBe OTRA Apt Mons ti cone ee eee 
thermal column to provide horizontal and verti eeds’ 
of thermal neutrons into large external assemblies and to 
provide spaces for the neutron irradiation of samples. On 
the other side is constructed the ‘bare face’ facility; this 
consists of & large cut away in the fixed concrete of 
the biological shield with a short graphite section to lead 
the neutrons into it and to provide mechanical protection 
for the tank wall. In this space assemblies up to 4 ft. 6 in. 
wide and 9 ft. high oan be placed. 

In addition to these large irradiation facilities, twelve 
beam. tubes are provided in which fluxes of between 10° 
and 3 x 104 n/am?/seo are available, and a amall (1 in. 

diam.) tube is provided in the centre of the core in which 
a flux of 2 x 10! n/am*/sec oan be obtained. If 
additional in-core irradiation space can be provided in 
one of the fuel-element positions. 






T OLEE 


Fig. 1. General arrangement of Consort reactor with dual-purpose thermal column. (By courtesy of General Electric Co., Lid., England) 





Fig. t. Consort reactor under construction. 
Electro Oo., Lid., 


By courtesy of General 





8. Oonmsori reactor. 
pies General 


view on completion. (By comrissy of 
Oo., Lid., England) 


T, 2 and 3 show general views of the reactor from 
the face’ side during oonstruotion and after com- 
pletion. Fig. 2 indicates that good use has been made of 
the ibilities for extraction of beams of neutrons. 
eat from the reactor core is removed by natural 
circulation of water withm the tank. At 100 kW power 
the temperature rise of the water passing through the 
core is about 10? O. In order to maintain 6 steady tem- 
, up to 2,000 gallons per hour of water are extracted 
from the tank, passed through an air-oooled radiator in 
an adjoining plant room and returned to the bottom of 
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the tank. 10 per cent of the water flow 1s by-passed 
through an ion-exchange column to maintain a high 
water purity. ^ 

The reactor is controlled by four control rods. Three 
of these, two ‘coarse’ and one ‘safety’, are of cadmium 
clad m stainless steel and eech hae a reactivity worth of 
about 1-5 per cent; the fourth, the ‘fine’ rod, is of stain- 
leas steel and has & worth of 0-5 per cent. All the rods 
move vertically in aluminium shrouds occupying spaces 
between fuel elements. 

The instrumentation for the control and safety of the 
reactor is conventional. It comprises a low-power pulse 
channel using a fission counter and logarithmic d.o., 
linear d.o. and two shut-down channels, all operating from 
ion chambers in the instrument thermal column. Tho 
circuits are arranged so that at least three nucleonic 
safety channels are m operation at any time; initaation 
of a trip sequence by any one of these shuts down the 
reactor. In sddition to the nuoleonio trips, the reactor is 
shut down by failure of any control rod mechanism to 
operate correctly and by any significant rise in the water 
temperature above ita normal value. Besides the trip 
conditions, warnings are sutomati given to the 
control room of nucleonic or physioal failures which do 
not prejudice the safety of the reactor but which might 
prevent ita proper operation. 

The main reactor shield is of monolithic ordmary. 
concrete except where it is cut away for the bare face and 
thermal column facilities. These are shielded by meant 
of concrete blocks. In the vertical direction the core is 
shielded by about 11 ft. 6 in. of water, which ia sufficient 
protection agamst gamma radiation from the oore in the 
shut-down condition, and by two movable concrete slabs 
which are wheeled over the top of the reactor when it 
operates. lInterlooks ensure that the shield doors are in 
position before the reactor can be made oritical. 

Normally, fuel need never be removed from the reactor 
tank. Fuel storage positions are provided at the bottom 
of the tank for fuel elaments which are not required for 
& particular loading or if the core has to be dismantled 
Bo that aooe may be obtained to bare face facility 
without the necessity for working in the gamma-ray back- 


Table L Oonsort REACTOR CORN MAIN PARANUPEERS 


100 KW 
Tue element U.K- A.H.A, standard M.T.E. type 
Plate material Vol alloy ^ 
7 80 = 
No. of plates per element 2 
wt. per element (nominal) 138 g 
Orto] mass 8-045 kg (22-25 elementa) 
mass 3-114 kg AS elements) 
Excess react vity 54% 
M , coolant and Light water 
Control rods and reactivity Invested 
Fine control rod 05% 
Coarse control rods (2) 15% each 
Safety rod (1) 154 
Table 2 
Thermal 
Yachty Dimemmons neutron ftux 
‘Bare face’ Fiux available over area 3 ft. 6510 
pi pe Bpaoo for aes 
: 4 ft. 6 in. 


ft high 
Dual-purpose thermal  Honzontalapnd vertical ‘feeds’ 10° 


5x10 


Between 3:5 x 10'* 
and 1:5 «10% 


dilation bole 7 m. square. All 3 ft. 
Through tube ee fixed graphite 65510" 
near 
Beam tube teminat- Three in. diameter hole in 3-510" at tnpat 
ing m cave In shield graphite near tank leads to end 
Beam AIO in minai diametrat 3 104 (8 tubes), 
tubes (9 in & x 
e potat. morang 8 x10* (6 tubes, 
to 8 m. diameter at step - 
way along 
Verüoaltubeinoentre One in. internal! ter 2x10" 
Verüom| tube temin- 5-3 in. internal diameter 35x10” 
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ground from the shut-down core. Fuel handling is carried 
out by means of & simple hand-operated tool under direct 


e visual control. 


Table 1 lista the main reactor parameters and Table 2 


A summarizes the fluxes available in the experimental 


facilities. 


been heavier than expected. About fifteen proposals have 
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already been authorized by the Reactor Safety Com- 
mittee and nearly half of these are large-scale experiments 
requiring prolonged use of the reactor. Two shert experi- 
menta were completed during the commissioning period. 
Bo far, the majority of the iments have been put 
forward by Imperial College staff, who have been in 
closer contact with reactor progress than other potential 
users, but general demand is expected to grow rapidly 
now that routine operation has . It is clear that 
the reactor 18 meeting & real need, and we look forward 
to & long &nd useful operating life. 


OBITUARIES 


Sir John Gaddum, F.R.S. 


Taa death, on June 30, 1965, of Sir John Gaddum has 
deprived physiology and pharmacology of one of their 
leading personalities. He died after a long illnees, uncom- 
plai borne, at his home m Oambridge at the age of 
sixty-five. Born in Bowdon, Cheshire, he was educated 
at Rugby and at Trinity College, Cambridge. There he 
read mathematics and, in hie last two years, physiology 
as part of the Natural Sciences Tripos. It was later a 
source of merriment to him and of solace to his fellow 
sufferers that he only gained & ‘second class’ in physiology. 


^ From Cambridge he went to University College Hospital, 


London, where he obteined his medical tions in 
1925. For the next two years he worked with J. W. 
Trevan at the Wellcome Physiological Research Labors- 
tories 1n. Beckenham. 

Gaddum’s first paper there on the antagoniam of 
adrenaline and ergotamine on the uterus of the rabbit was 
an indicator of things to come: his interest in drug 
antagonism, his mathematical treatment of biological 
data, the use of smooth muscle as & convenient quanti- 
tative measure of drug action, were indicative of much of 
his later work. The years 1927-34 were t at the 
National Institute for Medical 
under the directorship of H. H. (now Sir Hadry) Dale. 
Many of the papers of these years are exercises in quanti- 
tative pharmacology and have hólped to lay the foundation 
of accurate measurement of drug effects, and of estimation 
of errors due to sampling and other sources. He intro- 


7 duced the ‘normal equivalent deviation’ in the evalua- 


tion of quantal assays. He devised or improved the 
biological essay of substances which occurred in tissues 


r in such emall quantities that their chemical determination 


was le. There was also the discovery, with 
U. 8. v. Euler, of a biologically active polypeptide in 
tissues (‘substance P’), and with H. Schild, of a fluori- 
metric test for adrenaline. However, the investigation he 
most enjoyed during this period was one which led to the 
discovery, with W. Feldberg, that acetylcholine was the 
chemical transmitter at preganglionic autonomic synapses. 

During his stay at Hampstead, Gaddum married & 
former fellow student, Dr. Iris Mary Harmer, with whom 
he shared many interests during their long married life, 
and who now survives him. They had three daughters, 
all of whom are married. 

During 1984-58 Gaddum held chairs in pharmacology 
in the University of Cairo, University College, London, 
the College of the Pharmaceutical Society of Great 
Britain, and Edmburgh. Here he succeeded A. J. Clark 
in 1942 after several war years spent in work for the 
Ministry of Supply, to which he remained an adviser for 


v- many years to come. The release of histamine, the nature 
4- of the transmitter at adrenergic nerve endings, the role 


of 5-hydrorytryptamine in brain activity, and the assay 
of bradykinin were among his interests in the Edinburgh 
years. In two papers he drew attention to the fact 
that many biological phenomena exhibit a lognormal 


distribution. He greatly improved the specificity of bio- 
logical assays. This was done either by the use of specific 
antagoniste, if necessary by desensitizing the tissue with 
a large dose of the substance the presence of which was 
suspected; or unambiguous alues to the identity of the 
unknown material were obtained by measuring its affect 
on many organs in parallel and estimating its potencies 
in relation to known reference substances. To the end of 
his life, Gaddum worked on active substances extractable 
from tissues, but his interest shifted increasingly to the 
search for new transmitters in the central nervous system. 
His last paper, started before he became ill and completed 
during the years of illness, deals with the chemical and 
structural isites of central nervous activity. It is now 
in the press. 1958, Gaddum accepted an offer from, the 
Agricultural Research Council to succeed I. de Burgh 
Daly as director of the Council’s Institute of Animal 
Physiology at Babraham, Cambridge. Always ready for 
new experience, he took up the challenge of learning about 
the needs of the physiology of farm animals and travelled 
all over the world to find out what was done in this fleld 
elsewhere. The growth of the Institute during his director- 
ship is a telling tribute to his success. 

Geddum's singular achievements were due to a com- 
bination of mathematical ability, teobnical inventiveness 
(he constructed many useful research tools, the last one, 
the ‘push-pull cannulae’, in 1961), with an unflmohing 
interest in all biological, in fact all natural, phenomena, 
of which physiology and pharmacology were but one 
section. He had the mind of a naturalist, looking for 
plants and birds on his travels, and an intel- 
lectual curiosity which did not fail him to the end. The 

ity to take interest in new disciplines stood him in 
stead when he gave up his chair to become director 
of the Babraham Institute. 

During the years that Gaddum held professorships he 
had pupils from many lands. These will remember not only 
his brilliant mind but also his complete lack of prejudice, 
his willingness to hear all views, his integrity and sense 
of duty, his kindnees and modesty, and the way in which 
a busy man gave freely of his time to their many needs. 
Geddum considered it a ascientist’s duty to encourage 
international co-operation, and he certainly made an 
outstanding ambassador of good will. 

Among the honours conferred on him was the fellow- 
ship of the Royal Society in 1945, an honorary LL.D. 
from the University of Edinburgh in 1964, and a knight- 
hood in the same year. MaazTHN VoaT 


Dr. H. J. Gough, C.B., M.B.E., F.R.S. 


AFTHB 6 working life devoted to research in engineering 
at the National Physical Laboratory, the War Office, the 
Ministry of Supply and Unilever, Ltd., Dr. H. J. Gough 
for the ten, years had been living in retirement at 
Rotti ; but he had maintained his interest in his 
old pursuits and during his retirement had continued to 
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dure Unosovord] boarda and- òommittoos; He died on 
' Gough will chiefly be remembered for his pioneer 
Investigations into the mechanmiam of the fatigue of 
metals. On joming the staff of the Engineermg Depart- 
ment at the National Physical Laboratory in 1918, Gough 
began his investigation of fatigue under the tutelage of 
pec ee NO He soon made the subject his 
own, after service with the Royal Engineers through- 
out the First World War (in which he gamed PORUM 
from the ranks in the fleld and waa twioe mentioned in 
dispatches) he returned to the National Physmoal Lebor- 
atory to continue his research. His book on The Fatigue 
of Metals was published in 1924, and this book, with the 
book by Moore and Kommers published about the same 
time, remain the basic references on this subject. In the 
1920’s, Gough, with Hanson of the Metallurgy Depart- 
ment at the National Physical Laboratory, began to 
investigate the proceas of fatigue in single arystals of 
metals. In orystals of aluminium he demonstrated that 
under all streas conditions, including alternating torsional 
stresses, plastic deformation occurred by slip on the slip 
planes and in the alip directions subjected to maximum 
ranges of shear stress, and he showed that fatigue cracks 
developed at the pointa of maximum resolved shear stress 
and in regions of heavy bands of massed alip. Afterwards, 
by tests on single crystals of rino, silver, antimony, bis- 
muth and iron, they demonstrated the importance of slip 
88 & precursor of fatigue crackmg im all the truly ductile 
metals, and, also made observations on deformation twin- 
ning and cleavage. By comparative tests on pieces oon- 
taining one or two large crystals, Gough demonstrated 
that the intercrystallme boundary played no essential 
part in the fatigue process: the fatigue crack still de- 
veloped within the arystal grains, and in extending it 
neither avoided nor sought out the crystal boundaries. 

, In 1930 Gough succeeded Sir Thomas Stanton as super- 
intendent of the Engineering Divisi 


In 1988 Gough waa called to the War Office as director 
of scientific research; and in 1942 he was awarded the 
O.B. and became director-general of research and develop- 
ment, Mmistry of Supply. Of the many contributions 
Gough made to the war effort, most were not, of course 
brought to public notice, but the system developed under 
his guidance for rendering mnocuous unexploded bombs 
earned the gratitude of us all. 

After the War, Gough became engineer-in-ohief to 
Unilever, Ltd., and was responsible for buildmg up the 

i i Department of the Company’s advisory 
technical division in London and for oo-ordinating 
engineers’ activities through the organization at home 
end abroad. The work he did in these flelds established 
the importance of good engineering and did much to 
improve the status of the engineer. 

Gough was elected to fellowship of the Royal Society 
in 1938 and was president of the Institution of Mechanical 
Engineers in 1949. During the period 1945-50 he 
played a large part in the establishment of the Mechanical 
Engineering Reesarch Laboratory and in the transfer of 
research in i i from the National Physical 
Laboratory to that establishment (now the National 

i ing Laboratory). In the formative years of the 
National Engmeermg Laboratory, Gough acted as ohair- 
man of the Committee which supervised research there 
into all matters relatmg to strength of materials, and he 
took an active part m the organization of the conference 
on fatigue of metals held at the Institution of Mechanical 
Engineers in co-operation with the American Society of 
Mechanical Engmeers in 1956. H. L. Cox 
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Prof. D. S. Hendrie 


Pror. D. B. Hzx=pni’s death at the early age of fifty- 
six when he was at the height of his powers and when 
assuredly a great future lay ahead of him was a severe 


blow to Scottiah agriculture. One could feel the acute - 


sense of depression that settled over his College when the 
news came through. Although a man of immense ability, 
he had & most becoming modesty and the rare gift of 
making even the moet junior lecturer feel important. Hia 
door was ever open to all callers and he was a ready 
listener to new ideas. He was at his happiest when 
mixing socially with his staff and studenta and he was a 
great champion of students’ righte and privileges. 

In 1954 Donald Hendrie was appointed principal of the 
West of Scotland Agricultural College and first profeasor 
of agriculture in the University of Glasgow. He brought 
with him a freshness of approach stemming, no doubt, 
from the five years he spent in New Zealand, where 
he was agricultural adviser to the High Commissioner 
for the United Kingdom. He was, in a real sense, coming 
home, for he had been a distinguished scholar at both of 
the institutions where he was now to play a leading part. 
He graduated B.Bo. with first-class honours in agricultural 
economics at Glasgow, winning many prizes and attaining 
the hi mark in the examinations for the 
National Diploma of Agriculture. He also held a B.Sc. 
in estate management of the University of London and 
a diploma in agricultural science of the University of 
Cambridge. As recipient of a Ministry of Agriculture 
scholarship, he spent a year at the Ontario Agricultural 
Oollege, Canada. From 1932 until he went to New Zealand 
in 1949 he held a succeasion of posts, first as lecturer in 
the West College and then in Yorkshire with the Ministry 
of Agriculture. 

It is a tribute to Prof. Hendrie’s remarkable versatility 
and adaptability that he was as well thought of by the 
farmers of South-West Scotland as he was by the highest 
academics of the universities. He was as much at home 
in the flelds of his native Ayrshire as be was in the olass- 
rooms and laboratoriee, but it was as a committee man 
and as an administrator that he was supreme. 

The memoranda which flowed regularly from his pen 
were models of clarity, and they produced resulta. The 
complex interrelationshipe between university and college 
were a challenge to his abilities; they were soon sorted 
into satisfactory orderliness. It was also no easy matter 
to administer a College that existed in two parta separated 
by thirty miles, but under Prof. Hendrie’s guidance the 
fusion was complete. 

His talents were early and he was asked 
to advise on the setting up of Faculties of Agriculture in 
two universities in Africa. He was a Governor of the 
Scottish Horticultural Research Institute, and of the 
Gresaland Research Institute, Hurley. The many 
committees on which he served are too numerous to 
mention, but among the more important were the Scottish 
Milk Records Association, the Blackface Sheep Breeders 
Association, the Agricultural Research Council Standing 
Committee on Research ing Planta and Soils, the 
Livestock Records Bureau, and the West of Scotland 
Conservancy of the Forestry Commission. He was a 
member of the Government committee of enquiry into 
grassland farming of the Secretary of Btate's Scottish 
Agricultural Improvement Council, and chairman of ita 
grassland committee. 

He forged close links with industry, recognizing the 
important part that chemical firms have played and are 
playing in the development of agriculture. 

In fine, we could ill afford to loge such a man, but we 
have cause to remember with gratitude his wisdom in 
developing agriculture in this area and his influence in 
wider spheres. He was a strong family man. In all his 
work he was sided and encouraged by his wife Jenny, and 
he leaves a son who is at present studying agriculture. 

W. FLETOHHE 
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Prof. Jacques Bourcart € 


Tum death of Jacques Bourcart on June 24 at the age of 
seventy-three removed from the scene of marine science 
in France a man whose richly varied life embraced very 
much more than great and successful activity applied in 
his own fleld of marine geology. * 

Bourcart was a patriot of iota and it was doubtless 
the extraordinarily robust life which he led in both World 
Wars, inclusive of remarkable service in the Resistance, 
that made of him the man who became established as 
‘Patron’ in the affections of his numerous students at the 
Sorbonne. It was in the field that Bourcart particularly 
excelled, and his detailed &oqugaftenoe with the geology 
of Moroceo and Albania gave him that wide sweep of 
knowledge which drew so many admirable young people 
into hia line of work. It was as an ‘animator’ of students 
that Jacques Bourcart won special fame. Conversation 
with him was not only rewarding and enjoyable; it was 
exhilarating—so buoyant and enthusiastic was he when 
engaged on some topic such as his well-known theory of 
continental flexure! This theory, which held that shore- 
wards of a certain submerged zone elevation had taken 
gine whereas seawards subsidence had oocurred, was 

announced in 1926 as a result of his detailed studies 
of the Moroccan littoral regions. It was indeed a good 
thing that Joubin did when he drew Bourcart into oceano- 
graphy. The theory of continental flexure was applied to 
elucidate many puzzling changes of sea-level in tho 
geological past. 

Bourcart’s thesis for his doctorate in science (1922) 
dealt mainly with the geology and geography of Albania, 
but it was in character that it strayed a good deal into 
discussions of the Albanian people and their language. 
In 1925 he was director of reeearch in dynamical geology 
at the Sorbonne, and, with the passage of the years, he 
turned increasingly to littoral and submarine geology with 
particular attention to di sedimentation and bottom 
topography. His knowl of Arabic led to service in 

on and Syria in the early days of the Second World 

War, but a later stage in that conflict saw him applying 
his vast knowledge of coastal bathymetry and morphology 
to the benefit of-the allied forces. After remarkable 
military services which gained him great honour, Bourcart 
was appointed full profeasor at the Sorbonne in 1950. 
Frve years later came the crowning of his university career 
when he became professor of physical geography and 
dynamical geology in succession to Prof. Lutaud. i^ this 
post he remained until he reached the age limit in. 1961. 
Bourcart was the first in France to have recognized the 


scientific i ce of, and to have foreseen a great 
future for studies of, sea-bed geology and ially of 
abyssal sediments. He was a proliflo writer to him is 


due a fine get of bathymetric charte of the Mediterranean 


`s 
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C.S.1.R.O. Divislon of Blochemistry and General 
Nutrition: Dr. A. T. Dick, O.B.E. 


Dez. A. T. Diox has been appointed chief of the Division 
of Biochemistry and General Nutrition of the Common- 
wealth Scientific and Industrial Research ization of 
Australia. Dr. Dick succeeds Dr. H. R. n, who 
relinquishes his poet at the end of August (Nature, 207, 
465; 1965). He joined the Division of Animal Health 
as a research officer in 1933 and took up duties with 
Dr. A. W. Turner at Townsville, Queensland. There he 
applied his knowledge of chemistry and microbiology to 
some of the animal health problems of the region. In 
1986 he joined Dr. Turner at the Parkville regional 
laboratory of the Division of Animal Health and Nutrition, 
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which delineate those remarkable canyons which he had 
studied in detail, but the nature of which had been kept 
veiled in secrecy during the Second World War. 

It was typical of Bourcart that, when a fund was raised 
to present him with the usual sword on his election to the 
Academy, he chose that the subecriptions should endow an 
academic prize able to pay the travelling expenses of a 
meritorious student wishing to pursue some study in 
physical oceanography. : 

In his later years Bourcart found it poasible to extend 
the range of his busy life enough to include bathyscape 
descents and trips in the ‘Diving Saucer’. The death of 
such a man will be felt far beyond the confines of his own 
country which he served so devotedly alike in the field of 
science and on the field of battle. J. N. CARRUTHERS 


B. M. Kupletsky 


Bonm MIxHAILOVIOR KUPLETSKY,; & prominent Soviot 
petrologist, died on January 14 at the age of seventy-one. 
Kupleteky ia beat known as the pioneer investigator of 
the Kola Peninsula igneous alkaline complexes. He began 
his strenuous field work as a member of A. E. Fersman'a 
‘heroic team’ in 1920. From 1920 until 1930 he was an 
assistant of F. Y. Loewinson-Lessing in the Leningrad 
Polytechnical Institute. His most important works on 
the rocks of the Kola Peninsula are: ‘“Petrography of the 
Khibina Tundra” (1926) and '"Petrography of the Kola 
Peninsula” (1932). Besides descriptive petrology, ore 
letaky published very important works dealing with the 
classification and geneais of various igneous rocks. These 
are: "Nepheline Rooks” (with T. M. Oknova, 1934); 
“Genesis of Alkaline Rocks” (1986); '*Nepheline Syenites 
in the U.8.8.R." (1987); ‘Classification of Granitoids" 
(1939); “Classification of Lemprophyree" (1944). 

B. I. Tomacaiarr 


A. A. Saukov 


ALEXANDER ALHXANDROVIOR SAUKOV, & prominent 
Soviet geochemist, died in Moscow on October 28, 1064. 
He was born on August 15, 1902, and studied under F. Y. 
Loewinson-Lesamg and D. 8. Belyankin in the Leningrad 
Polytechnical Institute, from which he graduated in 1929. 
He began his research on the geochemistry of mercury 
under the guidance of A. E. Farsman. Besides numerous 
papers on various geochemical topics, Baukov published 
an excellent text-book entitled Geochemistry (first edition, 
1950; second edition, 1952), which gained & German 
translation (Geochimie, 1953). His second book bore the 
title Geochemical Methode of Prospecting for Mineral 
Deposits (1963). In 196] Saukov came to Britain at the 
invitation of the Royal Society of London and lectured at 
& number of universities. B. I. ToxxxrzFF 
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where he continued his microbiological studies of the 
causal organism of bovine contagious pleuropneumonia. 
Later in 1986 he took up work on chronic copper poisoning 
in sheep and in 1988 this was extended in a co-operative 
investigation of so-called toxaemic jaundice of sheep, 
which proved to be a pyrrolixidine alkaloidoeis due to the 
consumption of Heliotropium europaeum. The disease 
frequently became manifest as & hepatogenous chronic 
copper poisoning. This led to studies of copper meta- 
boligm in the sheep, and he demonstrated for the first 
time the interactions between molybdenum, inorganic 
sulphate and copper. He has continued experimental 
work on the toxic action of the pyrrolizidine alkaloids 
and on copper metaboliam. He graduated B.Sc. with 
honours in 1982, M.8o. in 1988, and D.Bo. in 1954 from 
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the University of Melbourne. He shared the David Syme 
Research Prize of the University of Melbourne in 1954, 
was elected a Fellow of the Royal Australian Chemical 
Institute in 1952 and a Fellow of the Australian Academy 
of Science in 1964. He was appointed an Officer of the 
Order of the British Empire m 1965 and in the same 
year he was awarded a senior foreign scientist fellowship 
by the National Science Foundation to work at the 
University of Missouri which he will take up in 1966. 
He has held various offices with the Royal Australian 
Chemical Institute, the Institute of Medical Laboratory 
Technology and the Victorian Society of Pathology and 
Experimental Medicine. 


Statistics In the University of Edinburgh: 
Prof. D. J. Finney, F.R.S. 


Pror. D. J. Fi5mmv has been appointed to the newly 
instituted chair of statistics in the University of Edin- 
burgh as from September 1966. Prof. Finney, who is 
well known for his work in stetistioe, is at present profeaeor 
of statistics in the University of Aberdeen. He was born 
in Lancashire and educated at Lymm and Manchester 
Grammar Schools before obtaining an Open Scholarship 
at Olare College, Oambridge, where he ted in 
mathematics in 1937. Ho took his M.A. ın 1041, and a 
D.8e. at Oambridge ın 1947. After two years’ research 
at Cambridge and London, he was from 1989 until 1945 
assistant statistician at Rothamsted Experimental Station 
and, from 1945 until 1954, lecturer in the design and 
analysis of scientific equipment at the Univermty of 
Oxford. In 1954 he moved to Aberdeen as reader in 
statistics, and director of the Agricultural Research 
Council Unit of Statistics. He was appointed to the chair 
of statistics in Aberdeen in 1963. addition he has 
acted as consultant statistician to numerous institutions; 
he was visiting professor at the University of North 
Carolina in 1949, and at Harvard in 1962-63. Since 
1961 he has been honorary director of the Research 
Group in Biometric Medicine of the Boottish Hospitals 
Endowments Research Trust, and since 1963 & member 
of the Adverse Reactions Sub-Committee of the Com- 
mittee on the Safety of Drugs. He 18 a vice-president 
and past-preaident of the Biometric Society, a former 
vice-president of the Royal Statistical Society, and a 
member of numerous other societies in the flelds of statis- 
tios and genetics. Although originally a mathematician, 
Prof. Finney is primarily interested ın the application of 
statistical methods to biology, including agriculture and 
medicine. His research has been particularly concerned 
with statistical eatumation, biological assay, experrmentel 
design, human genetics, screenmg and selection, and 
forest sampling. 


Bland-Sutton Institute of Pathology: 
Prof. R. W. Scarff 


Pror. R. W. Saanrr, who retires this month, has for 
the past seventeen years been director of the Bland- 
Button Institute of Pathology at the Middlesex Hospital 
Medical School and responsible for all the teaching, 
research and routine hospital pathological investigations 
carried out there. Himself a student of the Middlesex, he 
jomed the staff of the Bland-Sutton Institute in 1024 
shortly after qualifying. The title of professor of morbid 
anatomy and histology was conferred on him in 1946, 
and two years later he succeeded Prof. J. McIntosh as 
director and profeasor of pathology. The Bland-Button 
hes always had & reputation for cancer research, and 
Prof. Soarff has done much to enhance this. He has for 
long been closely connected with the Britiah Empire 
Oanoer Campaign for Research, having been appointed 
secretary of ite Soientiflo Advisory Committee in 1985, 
a post he held until 1954 when he became honorary 
secretary. Nearly twenty years ago, sensing the need 
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for & new publication to deal with the rapidly increasing 
number of papers on cancer research, he started, and 
became editor of, the Brittsh Journal of Cancer, under 
the auspices of the British Empire Cancer Campaign for 
Research 


. This new Journal he developed along the same ~ 


lines as the Brish Journal of Hapsrwmental Pathology, 
which he was already editing at that time. A highhght 
in his career was the 1958 Internatıonal Cancer Congress 
held in London, for the great success of which he was, 
as secretary-general, largely responsible. Prof. Soarft’s 
personal research work has covered a variety of subjects 
through the years, but has mainly been connected with 

i t disease, and in 1958 he was appointed head 
of a World Health Organization International Reference 
Centre for the study of mammary tumours. Since 1960 
he has been consultant adviser in pathology to the 
Ministry of Health, while among his increasing inter- 
national activities has been his appointment as secretary 
and treasurer of the International Council of Societies of 
Pathology, in the formation of which body he played a 


leading part. 


Prof. G. Dick 


Pror. G. Dick has been appointed to succeed Prof. 
R. W. Scarff as from Aprl 1, 1966. Prof. Dick will 
direct the Bland-Sutton Institute and head the Depart- 
ment of Medical Microbiology. After graduating M.B., 
Ch.B. at the University of Edinburgh in 1938 and 
B.Bo. with first-class honours in pathology in 1939, 
he served as pathologist in the Royal Army Medical 
Corps in Africa during the Second World War. In 1946 
he joined the Colonial Medical Research Service and 
worked in Uganda on the natural history of yellow fever 
and other arboviruses. He was awarded a Rookefeller 
Foundation fellowship in 1948 and worked in New York 
and Baltimore on the relationship of Mengo virus to 
enoephalomyooarditis virus and on methods of preparing 
inactivated poliovirus vaccines. In 1949 he graduated 
M.P.H. at Johns Hopkins University. In 1951 he became 
a member of the scientific staff of the Medical Research 
Council and worked st Mill Hill on the aetiology of mouse 
hepatitis. Since 1955 he has held the chair of microbiology 
at the Queen’s University, Belfast. During this period he 
has worked on the development and evaluation of polio- 
virus vaccines. He has served on several Medical Resaarch 
Council and Ministry of Health committees concerned 
with problems of immunization agamst virus diseases. 
Prof. Dick graduated M.D. in 1949 and D.So. in 1958. He 
was awarded the Singapore Gold Medal on both occasions. 
He was admitted M.R.O.P.(Edin.) in 1953 and elected 
Fellow in 1955, and was admitted M.R.O.P.(Lond.) m 
1960 and F.C.Peth. in 1904. 


Zoology and Comparatlve Physlology in the University 
of Birmingham : Prof. L. H. Finlayson 


Dez. L. H. FrNLAY805, senior lecturer in the Department 
of Zoology and Comparative Physiology in the Univergity 
of Birmingham, has been appointed to the second chair 
in the Department of Zoology and Comparative Physiology 
in that University. Dr. Finlayson was educated at 
Kilmarnock Academy and the University of Glasgow, 
where he obtained a first-class honours degree in zoology 
in 1945. Having served for & year in the Pest Infestation 
Laboratory at Slough, he was appointed to the steff of 
the Department of Zoology at Birmingham, where he became 
senior lecturer in 1960. In 1852-53 he held a Rockefeller 
Foundation fellowship at Harvard, and in 1964-65 he was 
temporarily seconded to the Medical School of the 
University College of Southern Rhodesia and Nyasaland 
to fill the place of reader in be A sciences. Dr. 
Finlayson has worked in various fields of experimental 
entomology and is internationally known for his work on 
the fate of certain insect muscles durmg metamorphosis 


Lj 


‚a 


No'sooo August 28, 1965 


and on stretch receptors associated with the insect body- 
musculature.: During his stay im Africa, Dr. Fmlayson 
'o up new aspects of research into the metamorphosis 
of the tsetse fly. In the fleld of higher education he took 
an active part in the modernisation of biological teaching 
both in the grammar school and in the university. The 
new biology buildmg at Birmingham owes much to his 
untiring participation in its planning and equipping. 
Royal Armament Research and Development Establish- 
ment: r. R. H. Barker 


Dr. Rowatp BazxuHR has been appointed the second 
deputy director of the Royal Armament Research and 
Development Establishment. Born in Dublin in 1915, 
Dr. Barker was educated at University Oollege, Hull, 
where he obtained the London B.Bo. honours degree in 
physics in 1988. He was awarded a Ph.D. in 1945 for 
research on digital servo . Dr. Barker started his 
career with the Standard Telephone and Cable. Co., at 
Woolwich, with whom he spent three years. In 1941 
he entered the Civil Service, and joined the Signals 
Research and Development Establishment of the Ministry 
of Supply, where he was promoted to senior principal 
scientiflo offloer in 1954. His interests there included the 
digital transmission of flre-oontrol date and telemetry for 
guided weapons. In 1954 he attended the thirteenth 
course at the Joint Services Staff College and, on com- 

„pletion of this course, he was appointed assistant director 
electronics research and development (air) at the Ministry 
of Supply headquarters, with special responsibility for 
airborne radar, air communications and navigation aids. 
In 1957 he returned to the Signals Research and Develop- 
ment Establishment as superintendent of research. He 
left the Civil Service in 1959 to become deputy director 
of the Oentral Electricity Generating Board’s laboratory 
at Leatherhead, where he remained for two years. In 
1961 he joined the board of R. B. Pullin and Co., Ltd., 
which later became part of the Rank Organization, and 
it was from this firm that he rejoined the Scientific Civil 
Service to take up his present post. In his new appoint- 
ment, Dr. Barker has direct reeponsibility for two Divi- 
sions of the Establishment dealing respectively with 
basio techniques and the applications of explosives. 


Physics In the University of Manchester: 
Prof. P. G. Murphy 


Dr. P. G. Murnpry, who has been appointed to the 
newly established additional chair of physics at the 
University of Manchester, is at present a senior member 
of the research staff of the Rutherford High Energy 
Laboratory ab Ohilton, Berkshire. A Cambridge graduate, 
Dr. Murphy gained his Ph.D. at the University of Chicago, 
where he studied problems in atomic and nuclear physica 
under Prof. 8. K. Allison. He was for several years an 
I.O.I. Fellow in the University of Liverpool, working 
with Prof. J. M. Cassels in high-energy physioe research 
at the 156-m. synchrocyclotron. In 1960 he took a 
fixed-term research appointment at the Rutherford 
Laboratory, and spent the next eighteen months on 
detached duty at the University of California at Berkeley, 
where he carried out several experimenta at the 6-Ge 
Bevatron accelerator as a member of the group led by 
Drs. E. J. Lofgren, B. Cork and W. A. Wenzel. This 
group developed the first spark chamber to be used in a 
high-energy physics experiment, and studied K-meson 
scattering, and polarization effects in x-meeon scattering 
and in A and Èt hyperon decays. Since the autumn of 
1061 Dr. Murphy has worked in the Nimrod research 

rogramme, as joint leader of the resident counter group. 

e and his colleagues have completed experiments at 
Nimrod on the scattering of x+ and m- mesons by liquid 
hydrogen and by a polarized proton target which they 
and Dr. H. H. Atkinson develo He gave & course 
of lectures at the University of Reading on symmetry 
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properties in elementary particle physica. He was 


promoted to senior principal scientist in 1064. 


Physical Chemistry in the University College of Swansea: 
Prof. J. H. Purnell 


of Trinity Hall, has been & 
lished chair of physical 

College of Swansea. He will therefore be returning to 
South Wales, of which he is a native, having taken his 
first degree at the University College of Cardiff in 1946. 
Following this he was successively assistant lecturer and 
lecturer at Cardiff, during which period he was awarded 
the Ph.D. degree of the University of Wales. In 1952 
he migrated to Cambridge in order to work with Prof. 
R. G. W. Norrish; there he obtained a second Ph.D. in 
1955. In the same year he was appointed demonstrator 
in physical chemistry at Cambridge, becoming lecturer 
in 1960; he became a Fellow of Trinity Hall in 1958. 
His work has been mainly concerned with the kinetics 
of pyrolysis of hydrocarbons and metal alkyls, and 
related such as inhibition. It has been dis- 
tinguished by the application of gas chromatography to 
the analysis of ucts, which has made possible a more 
detailed and insight into the mechaniams of 
reactions than was possible previously. Dr. Purnell’s 
interest in gas chromatography has resulted in his becom- 
ing a pioneer not only in its application but also in the 
PORE J of the basic physical chemistry of the 
technique. Ít has led him into thermodynamic ocon- 
siderations and the extension of the general techniques 
to solution and adsorption studies, liquid surface proper- 
ties and the measurement of molecular weights. He is the 


author of & distingui monograph on the subject of gas 
chroma; hy. At present he has an active school of 
research at ridge with interests in photolysis at low 


temperatures, the pyrolysis of olefines, and the simulation 
of complex chemical reactions by computer techniques. 
He may be expected to pursue these lines of work, among 
others, at Swansea. 


British Electrica] Power Convention 


Tus seventeenth British Electrical Power Convention 
was held at the Dome, Brighton, during June 21—24, 1965, 
and records of the i have recently been made 
available by the officer of the Electrical Develop- 
ment Association in London. The idential address on 
“Electricity and Economic Policy” was delivered by Bir 
Ronald Edwards, chairman of the Electricity Counoil; 
his theme was the planning of the electricity apply 
industry to meet a maximum demand of 54,000 in 
1970 (compared with 30,000 MW in 1964) and the eoono- 
mic and technical factors in such planning; he had 
much to say on competition in the field of fuel and power, 
particularly the future of the gas industry which “. . . will, 
as goon as it can, turn its back on coal and rebuild its 
future on oil and natural gas”. The Citrine Lecture was 
presented by Lord Hinton of Bankside, former chairman 
of the Oentral Electricity Generating Board, and entitled 
“The Future of Power Technology’; he considered that 
future trends of technology in the energy industries 
depend on & combination of economic, social and com- 
mercial factors, remarking that '. . . the future of the 
coal industry depends on electricity and the future of 
gas is part of the future of the oil industry”. On the 
subject of nuclear power, Lord Hinton said that it '*. . . was 
certainly emerging from its expensive adolescence and 
should be able to compete commercially with conventional 
power in favourable conditions before 1975”. ‘“The Future 
of Gas” was the subject of a paper by Sir Henry Jones, 
chairman of the Gas Council; commenting on the com- 
parative efficiency of gas and electricity production, 
he said that an engineer may still “question a system 
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which involves the loss at the 
and cooling water of two-thi 
The gas industry uses: uction processes in which 
roughly a tenth of the in the feedstock is used. 
Up to 92 per cent of the heat value in the raw material 
is available in the gas produped". Mr. John Davies, vioe- 
chairman of Shell-Mex and B.P., Ltd., read a on 
“The Future of Oil" in which he prophesied that ' 
years from now the U.K. will be using 200 million tons of 
prona compared with the 61 million tons of today”. 
is was a paper of most exciting forecasts for the oil 
industry in the years ahead. The picture of the coal 
industry, as now phased and evolving, was presented by 
Lord Robens, chairman of the National Coal Board, in 
his paper on '*The Future of Coal” ; he said that there was 
great potential for increasing productivity in the ooal 
Industry; that the task of rationalization should be 
completed by 1970; and that a completely new approach 
to mining techniques, elimination of uneconomic capacity 
and increased output from profitable pita were among the 
modern develo ta to be reckoned with. “The goal 
of cheap and idem dant supplies of electricity for British 
homes ...to be achieved much sooner than most people 
thought” was the subject of a joint paper ‘‘Electricity’s 
Future in the Home—The Complete and Competitive 
Bervioe" by E. G. Plucknett (Tube Investmente, Ltd.) 
and 8. F. Bieward (British Electrical and Allied Manu- 
facturers’ Association). 


station in flue gases 
of the heat in the fuel. 


Engineering Manpower !n Profile 


AN intensive investigation of contemporary American 
engineering manpower, not without interest and signific- 
ance in comparable disciplines in the United Kingdom, 
has resulted in a report from the National Engineers 
Register, based on responses to a detailed questionnaire 
sent to a cross-section of engineers in the United States 
by the Engineers Joint Council, made possible through a 
contract with the National Soience Foundation, entitled 

Manpower in Profile (Pp. 30. New York: 
Joint Oouncil, 845 East 47th Street, 1965. 
l dollar). More than 57,000 individuals representative 
of the membership of 41 leading engineering societies 
returned the required information, revealed by an ex- 
haustive questionnaire (reproduced in this report). 
“The nation's engineer is a man, median age 41, who works 
in industry or is self-employed, and, though he leans 
towards electronics and work management, may be 
employed in any of 115 areas of technology. In addition, 
he and his fellow engineers tend to concentrate in New 
York and California.” Among the t findings of 
this survey, it is established that: 71 per cent are 
employed in mdustry or self-employed; another 6 per 
cent work for educational and non-profit institutions; 
15 per cent are employed by government; more than 1 
out of every 5 engineers possess a doctorate or master’s 
degree; only one-half of one per cent of responding 
engineers are women; about 42 cent of the respon- 
denta are receiving some degree of eu support or sponsorship 
from Federal programmes; and the profeasion is charac- 
terized by ita great variety of specialities. The survey 
has further demonstrated that there is a growing realiza- 
tion that engineering is ''. . . the vital element in trans- 
lating far-ranging scientific discoveries into practical use”. 
This report provides the factual information latterly 
demanded by industries, educational institutions and 
Congressional groups in the United States and it is certain 
to provide a strong basis for guiding and executing many 
plans and projects now in contemplation in the engineer- 
ing fleld in that country. 


German Ald to Developing Countries 

Tus Overseas Development Institute has published a 
survey of the sources, policy and structure of German aid 
to developing countries, aimed at promoting economic 
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development in those countries (German Aid: a Survey 
of the Sources, Policy and Structure of German Aid. By 
John White. Pp. 221. London: The Overseas Develop- 
ment Institute, Ltd., 1965. 20s.). Successive chapters of 
the survey describe the growth and volume of the aid 
programme, its administrative structure, sources of funds 
and general policy. Other chapters deal with classification 
and terminology, bilateral financial assistance, the 
relations between and other donor countries, 
problems of private investment, trade, technical assistance 
in developing countries, and technical and academio 
programmes in Germany. There are two chapters dealing 
with technical assistance by non-Government organiza- 
tions, and with public opmion in Germany. -Of 920 
German experts overseas on December 31, 1968, 81 were 
in Europe, 298 in Africa, 439 in Asia and 102 in Latin 
America. Of the 6,228 technical trainees financed from 
Federal or Lander funds up to December 31, 1968, 507 
were from , 3,277 from Africa north of the Sahara, 
1,029 from Africa south of the Sabara, 289 fram the 
Middle Kast, 414 from Southern Asia, 307 from the Far 
East, 118 from Latin America and 229 from South 
America. Of 5,649 Government-sponsored technical 
trainees up to September 30, 1903, 529 were senior staff, 
8,505 engineers, 409 foremen and 1,206 skilled workmen. 
At the end of the summer term, 1963, there were 27,000 
foreign studenta in Germany, including 18,000 from 
developing countries, out of a total EINER body of 
370,000. 


Institute of Blology Examinations. 


Tua Council of the Institute of Biology has approved 
proposals concerning the examination for 
(Institute of Biology Journal, 2, No. 4; 1964). Courses 
are designed to last for threo years of part-time study and 
assume a Higher National Certificate m applied biology 
as the entry requirement. At the end of one year’s study 
Part 1 examination will be taken in the principal subject, 
a cognate subject and pri lee of biology. The 
two years of the course be deo do Mis aco 
subject, and lead to the Part 2 examination. The special 
subjeote so far approved are biochemistry, entomology, 
microbiology, pharmacology and plant pathology. Courses 
are expected to commence in 1965. It is also 
reported that, in the summer of 1964, examinations for 
the Ordinary Endorsed Certifloate in Biology were held 
in 21 centres in England and Wales and Northern Ireland. 
There were 210 candidates, of whom 156 passed, 36 failed 
and 18 were réferred in one subject. Ten students who 
had been referred in the Higher Endorsed Certificate in 1968 
succeeded in passing the examination in 1964. The first 
ME for the Higher National Certiflcato in 
oo ed Biology were held at 12 colleges in England and 
There were 106 candidates, of wham 86 passed, 
6 with distinction. One student was referred and 19 
failed. In Scotland, courses for the Ordinary National 
Certificate were offered by five coll 83 candidates 
produced 58 passes, 19 failures and 6 referrals. Six 
students received distinction or special mention. Two 
colleges presented candidates for the Higher National 
Certificate. Of the 25 entrants, 17 passed, 3 failed and 5 
were referred. Three studente attempted to add a supple- 
mentary subject to their Higher National Certificate, but 
only one succeeded. 


Bee-keepIng by John Evelyn 

Ovmr many years John Evelyn (1620-1706) worked at 
a book treating every aspect of gardens and 
with the title Elysium Britanntoum. ‘At the time of his 
death this work was neither flnished nor published and 
the manuscript has since lain in Ohrjst Church, Oxford. 
One section of this manuscript, probably written in the 
1080's, deals with bees and apiarieg, and has now been 
reproduced in full, together with facaimiles of some of the 
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rough illustrations, in the journal of the Bee Research 
Association: Bes World (46, No. 2, 48; 1965). While 
* this compilation does not add to our present knowledge 
of the honey-bee, it does contain much that is of interest, 
F such as his clearly illustrated account of several types of 
sectional hives and how to use them, and a description of 


the She eas Hives” in the apiary of the ‘most 
ingenious . Mewes’. The wasteful methods of the 
housewife who kills the bees to get the honey are roundly 
condemned. An interpolation by another hand on ‘The 
Method to govern Bees” contains advice on which colonies 
to keep over the winter and which to destroy. This 
includes the sound phymological obeervation that “a 
poor or small swarm will require more feeding and 
tendance than & great swarm; the reason is, that a hive 
full of Bees keep a heat within which is nourishing; for 
the stomach requires least meat in hot weather”. The 
dancing of the scout bees and the guiding of the colony 
to their new quarters are well described. A scout brings 
the tidings and gives notice “by a certain touch which 
he imparts to the out guards that by a kind of shivering 
motion communicate it to the whole swarm and centre 
bees in a moment"— which then disperse and fly imme- 
diately to the new home. 


Countryside In Wales 


Tan twentieth annual report of the Caernarvonshire 
,. Branch of the Council for the Protection of Rural Wales 
covers the year April 1964—March 1965 . 28. Bangor: 
H. W. Owen, Honorary , 202 Street, 1965). 
While affirming the Counoil's belief that rightly sited and 
designed, development is possible with acceptable loss to 
the landscape, the Council holds that a heavier toll than 
ever before has been taken during the year in Caernarvon- 
shire, mainly through the 400-kV line across south 
Oeernarvonahire. The Council is unimpressed by the 
purely economic argument of the Central Electricity 
i and pointe out that on the Northern 
route of the 400-kV line the Board oould still meet the 
wishes of the Counail and of the County Planning Authority 
by taking a lower-sited line from Bwlch-y-Deufaen and 
a shorter oromsing of the Conway Valley, with oertain 
existing cables placed und. The Council ahares 
the oonoern of the National Parks Commission as to the 
intrusion of mass recreational facilities and im all that is 
left of “Wilder Wales” urges that the em is should be 
> on low-cost maintenance conservation. It also welcomes 
the ‘Operation Neptune’ of the National Trust, and 
questions the Minister's decision to & ve & new chalet 
' town adjoining the sandhills at Morfa Bychan. It aaks 
for priority in designating the Coed Helen Estate and 
the adjoining coastal area to Llandwrog as an ‘Area of 
Outstanding Natural Beauty’. 


International Commission on Zoological Nomenclature 


Normos is hereby given of the possible use by the 
International Oommission on Zoological Nomenclature 
of ita plonary in connexion with the following 
caseg, de of which will be found in the Bulletin 
of Zoological Nomenclature (22, Part 2; May 18, 1965): 
(1) Designation of a ies for Lwnacia Miller, 


1781 (Gastropoda). Z.N.(S.) 1665. (2) Designation of & 


type-species for Leuctra Stephens, 1885 (Insecta, Pleoop- 
tera). Z.N.(S.) 1071. (8) Designation of a type-species 
for Nupedia Karl, 1930 (Insecta, Diptera). Z.N.(S.) 1691. 
(4) Designation of a type-species for Heteropirypa Nichol- 
son, 1879 (Bryozoa, Trepostomata).  Z.N.(S.) 1693. 
(5) Designation of a type-species for Peronopora Nicholson, 
- 1881 (Bryozoa, Trepostomata). Z.N.(S.) 1693. (6) Desig- 


nation of a species for Bastts [Leach, 1815] (Insecte, 
Ephemeroptera). Z.N.(S.) 1620. (7) Buppreesion of tho 
specific name bioculata Linnaeus, 1758 (Insecta, 
Ephemeroptera). 2Z.N.(S.) 1620. Any zoologist who 


wishes to comment on any of the foregoing cases should 
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do- 80 in writing to the Secretary, International Com- 
misdion on Zoological Nomenclature, o/o British Museum 
(Natural History) Cromwell Road, London, 8.W.7, 
before November 18, 1965. 


Mycobacterlal Skin Ulcers 


Pybad cad re eee a Ad 
bacterial skin ulcers have been seen and treated at the 
Medical Research Centre, Bulawayo. Drs. P. J. Barnard 
and L. Jacobson suggest (Cent. Afr. J. Med., 11, No. 5; 
1965) that this entity begins as a phlegmon in the sub- 
cutaneous tissues with peripheral spread causing pressure 
necrosis of overlying skin, thus forming an ulcer. The 
ulcer is associated with wide undermining of skin edges 
and induration of the surrounding skin. Diagnosis has 
been made by history and clinical appearance, by taking 
& smear from underneath the edges of the uloer, and 
staining for acid-fast bacilli, and by biopsy of the ulcer 
edges, especially the gelatinous material. The only 
effective treatment has been wide excision of the involved 
tissue followed later by split-thickneas skin grafts. Much 
remains to be done to determine the epidemiology of this 
uloerans is a soil saprop ; others feel that certain fish 
may act as a reservoir of infection. 


Venereal Infections 

Tua dramatic decline in the incidence of 
venereal syphilis and gonorrhoea in many countries 
between the late nineteon-forties and the early nineteen- 
fifties, following the introduction of penicillin and other 
antibiotics, was a landmark im the history of public 
health. Unfortunately, in both these diseases, a persist- 
ently rising incidence has been noted in many countries 
after an all-time low in and around the mid-nineteen- 
fifties. The reasons for this disturbing trend are analysed 
in & comprehensive report on the World Health Organira- 
tion’s programme in the endemic treponematoees and 
venereal diseases, originally submitted to the thirty-fourth 
session of the WHO Executive Board, in May 1964 
(International Work in Endemic and 
Venereal Infections, 1948-1963. Pp. 47. Geneva: WHO; 
London: H.M.8.0., 1965. 2 Sw. francs; 89. 6d.). It is 
streesed that the public health methods available for the 
control of venereal syphilis are as effective to-day as they 
were before the recrudescence of the disease became 
apparent in many countries a few years ago, but that 
there is an urgent need for a more determined application 
of present-day knowledge in public health pomana in 
this field. In gonorrhoea, on the other , there is 
increasing evidence of resistance to one or more of the 
antibiotics at present in use, though this is a localized 
rather than a general phenomenon. The chief difficulty 
is that of bringing cases and contacta to treatment 
quickly to overtake the rapid spread of the 
infection in community, and it seems unlikely that 
the disease can ultimately be controlled except by masa 
treatment or some form of immunoprophylaris. In the 
endemic treponematoses of childhood, striking pro 
has been made—thanks in large part to the work o the 
World Health Organization in this field. In most coun- 
tries where mass campaigns against these discases have 
been carried out, the prevalence among rural populations 
has rapidly regressed to a fraction of 1 per cent. Some 
50-60 million people, however, still live in areas of 
medium or low prevalence where no intensive effort has 
been. made to control these diseases. It is also hoped that 
it will now be possible to accelerate their elimination in 
these areas by means of selective, multi-purpose, or 
integrated campaigns. In the light of this report, tho 
WHO executive board urged member States “to exert a 
determined effort to maintain adequate and effective 
measures to reduce incidence of the endemic 
toses, particularly those of childhood, and the venereal 
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diseases and, where indicated, to increase their efforta to 
combat, at the national level, the recrudescence of these 
infections". 


Psychlatry In General Practice 


A PRIOB has to be paid for every advance in medicine. 
With mental disease, for example, an i burden 
is laid on the family doctor by the policy of the ‘open 
door’. The wisdom or oharity of this new concept of 
retaining the mentally disturbed patient in. the com- 
munity is generally accepted, although the family doctor 
may wonder whether the enthusiastic progenitors of the 
concept have ever realized what it means to him. He is 
willing to cope with the mtuation to the best of his ability, 
and the aim of a symposium in The Practitioner (194, 


No. 1168; 1965) is to help him in his onerous task. In 
the available only a few aspects of the subject are 
considered. included have been selected either 


because they represent conditions commonly encountered, 
such as depresstve illneas which, as Dr. J. Pollitt pointe 
out, is the commonest psychiatric condition in general 
practice, or deal with new developments in thia fleld such 
as therapeutic communities. The symposium concludes 
with an article on ‘The Neurotic in General Practice”, 
which epitomizes one of the most worrying problems 
facing the family doctor at the present moment. Dr. N. 
Keesel notes that “Until the theoretical understanding of 
how to treat neurosis is achieved, until there is consider- 
ably more money to within the N.H.8. [National 
Health Service], the problem of how to manage the mass 
of neurotic patients known to their doctors cannot be 
satisfactorily solved”. This gloomy outlook is relieved by 
the evidence that ''there is a high proportion of spon- 
taneous remissions’. In other words, ‘‘most neurotic 
patients get better". 

The International Hydrological Decade 


Ix November 1961, on the authority of the U.8. Depart- 
ment of State, a resolution was tendered to the Executive 
Board of Unesco “'. . . calling attention to the importance 
of scientific hydrology and recommending that a meeting 
of experte should be convened, to examine the proposition 
to institute an international pia for hydrology, 
epe i over a ten-year period". General Confer- 
ence of Unesco, in November 1964, red the 
pre by meetings of theee experte for an seen 
national Hy drologioel Decade, to start in Jaune 1965. 
The eventa leading up to this decision have been recorded 
by R. L. Nace in a ‘paper entitled ‘The International 
Hydrological Decade” (Trans. Amer. Geopkys. Union, 45, 
418; 1964) ; & later and succinct account of the whole 
aser e is contained in an article similarly titled by 

(Austral. J. Soi, 27, 10; pril 1965). 
This seta forth the main objectives of the scheme, which 
Ee summarised as follows: (a) appraisal of the state 
owledge of world hydrology and identification of 
F principal gaps in that knowledge; (b) standardization 
of instruments, observations, techniques snd termin- 
ologies used for compilation and reporting of data; (c) 
establishment of basic networks and improvements of 
existing networks to provide fandamental data on hydro- 
logical systems covering small watersheds to the world as 
a whole; (d) research on hydrological systems in selected 
environments, called ‘representative basins’; (6) research 
on specific hydrological problems the urgency and 
ial ngtureof which demand action atinternational level; 
ia theoretical and practical training in hydrology and 
related subjects; (g) systematic exchange of information. 
E. 8. Hills is chairman of the Australia-Unescoo Committee 
for the International Hydrological Decade and in his 
article he gives a brief account of Australian participation 
in this laudable and vital scheme. This is followed in 
the same issue of the Journal by an important paper 
entitled ‘“Water—Hesential Factor of Eoonomio Develop- 
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ment”, by R. L. Nace (U.S. Geological Survey), reproduced 
from Impact (14; 1964); much of the background, 
both theoretical and technical, of the International ^ 
Hydrological Decade is disclosed in this essay. The 
German version of this 
“Die Internationale 
by U. de Haar, Bad Godesberg 
und Technik, Frankfurt/M, 14; July 1965); this includes 
@ novel diagram in colour depicting the incidence and 

of rainfall in its circulation on and below the 
surface of the Earth, what is lost, what ia used, and how 
the inevitable water-cycle is completed. 


History under the Sea 

Tas Smithsonian Institution has provided a very 
useful compendium of the rapidly growing work of under- 
water exploration in & book, History under the Sea, 
by Mendel Peterson (Pp. wiii+ 108+ 56 plates, publica- 
tion 4538. Washington, D.O.: Smithsonian Institution, 
1965). The subject is treated from all aspects and even 
discusses modern methods of spotting underwater wreoks 
by magnetometers and induction detectors. <A useful 
section is devoted to the preservation of materials re- 
covered from the water, both as regards first-aid work in 
the field and subsequent treatment in the laboratory. 
A selected bibliography and illustrations of typical 
finds complete this eminently worth-while publication. 


Dekade (IHD)" 


Photography and the Graphic Arts 

THER are many publications catermg for the interests 
of photo both amateur and professional, but one 
entitled Visual is perhaps not so widely known as it 
deserves to be. Visual is the house organ of Ilford Ltd. 
(FE. House, 15-17 Marylebone Road, London, 
N.W.1) and appears three times annually. Two recent 
copies (2, No. 3; 1964, and 8, No. 1; 1965) are notable 
both for contents and certainly for the excellence of the 
black-and-white and colour illustrations generously 
distributed throughout the texte, as one would naturally 
expect from this ioular firm. Among tho titles in the 
former issue is t Tokyo", depicting briefly, in 
colour, contemporary life in this modern J apanese city; 
an account of the activities of the Institute of Incorporated 
Photographers; papers on ‘Photographic Paper Base", 
‘Medical Photography", and ‘“The Production of Photo- 
litho Printing Surfaces for Offset Printing". In the more 


recent issue there are articles on ‘The Polytechniot 


Contribution to the Development of Photography"; " 
"Printing and Publishmg—15 Years Hence P”; “Photo- 
graphio Chemioals". The journal also includes 
an article entatled ‘“‘Profile: Douglas F. Lawson’, dealing 
with this internationally recognized authority on photo- 
micrography; the colour illustrations to this are quite 
outstanding, ranging in subject from aspirin orystels, 
marine-floor foraminifera, natural onyx stone, section of a 
cat’s tongue showing the surface hairs, and the eggs of a 
moth, to a section of fused phloridzin, and a repro- 
duction of a slide of Amphioxus, part colour, which 
demonstrates the value of annotated drawings to accom- 
pany D RE Incidentally, as mentioned in 
this article, D. F is the author of the well-known 
Technique of Photomiorography ; his wor . has been 
reproduced in hundreds of publioetions in many parts of 
the world, and used in educational erie des pi 
Visual is yet another example of a high house 

ine wherein &dvertisement is relegated to a modest 
beokground (a brief section entitled ''Ilfordi&") and the 
major wi edid ant ser dicunt ed quality of ita 
contents, by its inviting format, and especially by ite 
beautiful iThustrations. 


Creep and Shrinkage of Concrete 


ABTIOLES, papers and books dealing with the subject of 
creep and shrinkage of concrete, held by the library of 
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the Cement and Concrete Association, are the basis of a 


recent publication entitled Annotated on the 
and ` of Oonorste (Pp. 88. London: 
' Cement and Concrete Association, 1965. 20s.). This 


rderives from an extensive literature search on the factors 
influencing creep and shrinkage and the effect of these 
functions on concrete as a structural material. The 
resulta of this search are presented in three perte: an 
annotated bibliography of 68 publications; an Appendix 
(1) comprising a bibliography of more than 800 references 
to the subject; and an author index (Appendix 2), which 
greatly facilitates reference to the previous items where 
their names sre known. In the annotated section, the 
covered are from 1964 to 1907 (in that order); 
similarly in Appendix 1, from 1964 to 1868. The scope 
of this Bibliography is, of course, international, and for 
architects, civil engineers, cement and concrete tech- 
nologists, and research students concerned with these 
problems, its posseasion will prove not only an invaluable 
guide to a widely scattered literature, but also a certain 
time-saver when it comes to reference work. - 


Anglo-Icelandic Fleld Research Group 
Tus AÁnglo-Ioelandio Field Research Group was formed 
in 1961 to aid and oo-ordinate field research in Iceland 
by specialista, by amateurs and by expeditions. A oom- 
mittee of specialists in geology, botany, ornithology, 
glaciology and so on deals with requests for information, 
"bibliographies, ions for projeote, or oriticism of 
lans made. ormal contacts are maintained with 
landic scientists, and otherwise elusive Icelandic 
scientific periodicals are subscribed to, thus allowing the 
most up-to-date information to be given at all times. The 
Group publishes a Bulletin, of which the third issue, just 
published, contains news of field work planned for the 
1965 and 1966 seasons, brief notes on the progrees of work 
undertaken in 1964, and a comprehensive review of recent 
scientific literature concerning Icelandio field research 
topics. Further items in the current issue include a 
comprehensive general bibliography, notes on information 
sources and a suggested itinerary for geologista visiting 
the important volcanic district of Myvatn in north-east 
Iceland. Further information oan be obtained from the 
secretary of the Group, Mr. P. W. Sowan, 161 Piccadilly, 

London, W.1. 


“University News: Bristol 


Dr. L. E. Hawxae has been appointed to the chair of 
mycology. Dr. I. M. Ward has been appointed senior 
‘ lecturer in the physics of materials in the Department of 
Physics. The following lecturers have also been appointed : 
Dr. W. H. H. Banks (mathematios); Dr. B. M. H. Bush 
arra physiology in the pon: of Zoology); 


Fitt (mechanical engineering); Dr. H. À. Osmaston 
(geography). 

Southampton 

De. M. H. QuasNoUILLH has been appointed to the 

chair of gtatistios in the Department of bios. Dr. 


L. E. Tavener has been appointed reader in geography. 
The following lecturers have also been appointed: P. W. 
Fortescue (&erongutios and astronautios); P. O. Ryall 
(civil engineering); O. B. Chapman (econometrics); Dr. 
A. G. Bailey and Dr. J. A. Coekin (electronics); 
J. H. Dunmore (mechanical engineering); Dr. P. J. 
Wiliams (oceanography); Dr. N. Maclean and Dr. A. E. 
Wild (roology). 


Swansea 


Dr. J. H. PuzNAaLL has been appointed professor of 
physical chemistry. Dr. T. O. Jeffries has been appointed 
to the newly esteblished chair of industrial engineering. 
The folowing appointments have also been made: Senior 
Lectureships, Dr. E. G. Brown and G. T. Goodman 


c 


NATURE. 


921 


(botany); Dr. J. D. Davies and H. W. Goaling (engmeer- 
ing); Dr. H. E. Hallam (abemistry); Dr. C. N. Linden 
(pure mathematics); T. 8. Walters (applied mathematics) ; 
Lectureships, T. H. Walton (pure msathamatios); Dr. 
J. T. Davies and Dr. R. Phythian (physics); Dr. J. H. 
Williams (chemistry); Dr. D. T. Herbert (geography) ; 
Dr. J. 8. Ryland (marine biology in the Department of 
Zoology); Dr. R. A. E. Timey-Baasett (genetios in the 
Department of Zoology). 


Announcements 


Dr. J. W. Cornforth and Dr. G. J. Popjak, of the 
Milstead Laboratory of Chemical Enzymology, Shell 
Research Ltd., have been jointly awarded the first 
OIBA Medal of the Biochemical Society for their funda- 
mental work on the biosynthesis of cholesterol and the 
stereospecificity of enzymatic reactions. The Medal will 
be awarded annually in recognition of outstanding 
research. 


Tue next awards of the Ethel Behrens Fund of the 
Chemical Society are to be made m connexion with their 
anniversary meetings to be held in Oxford in March 1966. 
This fund provides granta towards travelling and main- 
tenance expenses to help Fellows of the Society studying 
for a degree at & British university or technical college to 
attend the anniversary meetings of the society. Applica- 
tion forms and further information can be obtained from 
the General Secretary, the Chemical Society, Burlington 
House, London, W.1. 


THs autumn meeting of the Chemical Society will be 
held in the University of Nottingham during September 
21-22. Further information can be obtained from the 
General Secretary, the Chemical Society, Burlington 
House, London, W.1. 


A BYMPOSIUM on “Reservoir Yield”, organized by the 
Water Research Association, will be held at the University 
of Oxford during September 21-23. Further information 
can be obtamed from the Water Research Association, 
Medmenham, Marlow, Bucks. 


A OONFHRENOH on ‘The Fundamentals, Production and 
Applications of Hard Magnetic Materiale" will be held 
in Vienna during September 21-24. Further information 
can be obtained from Verein Deutscher Eisenhüttenleute, 
4 Düsseldorf, Breite Strasse 27. 


A BYXPOSIUM on ‘Food Science Research in the United 
Kingdom” wil be held at the School of Pharmacy, 
University of London, on September 22. Further informa- 
tion can be obtamed from the Assistant Secretary, Society 
of Chemical Industry, 14 Belgrave Square, London, 
8.W.1. 


A symposium on ‘Modern Trends in Space Physics’, 
organized by the British Interplanetary Society, will be 
held at University College, London, on September 28. 
Further information can be obtained from the Executive 
Secretary, the British Interplanetary Society, 12 Bes- 
borough Gardens, London, 8.W.1. 


A TWO-WHHX summer school on ‘Methods of Numerical 
Approximation”’, organized by the University of Oxford 
Computing Labcratory and the Delegaoy for Extra-mural 
Studies, will be held in Oxford during September 20- 
October 1. Further information oan be obtamed from 
the Secretary, Delegacy for Extra-mural Studies, Rewley 
House, Wellington Square, Oxford. 


Tzs fifth international Aerosol Congress and the third 
International Aerosol Exhibition, organised by the Italian 
Aerosol Association on behalf of the Federation of Euro- 

Aerosol Associations, will be held in Milan during 

21-26. Further information can be obtained 

from the British Aerosol Manufacturers’ Association, Cecil 
Chambers, 86 Strand, London, W.C.2. 
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FEDERATION OF EUROPEAN BIOCHEMICAL SOCIETIES 


By Dr. J. R. VILLANUEVA 
Instituto de Blologra Celular, C.S.LC., Madrid 


d Res Federation of European Biochemical Societies 
was founded in 1964 to promote contacts and the 
interchange of information between European biochemusta. 
It now comprises twenty-one Societies. Much of the 
work of the Federation is concentrated on & com: tively 
few clear-cut projects including organization of meetings 
-and courses in advanced research techniques. Meetings 
are held every year at some centre of reesarch where 


symposia are held and & number of papers dealing with . 


the most recent research topics are delivered. Two 
meetings have been organized; the first in London in 
1964 and the second in Vienna in 1965. The third Federa- 
tion meeting will be held in Warsaw in April 1966. 

Organized by the Bocióté Belge de Biochimie, the first 
summer course of the Federation of European Biochemical 
Societies was held at the Catholio University of Louvain 
during June 8-18; the subject was '*Oentrifugal Fractiona- 
tion of Animal Cells: Theoretical Basis and Practical 
Procedures”. The course, which was organized in detail 
by the Department of Physiological Chemistry, Institute 
of Physiology, gave a very wide view of the problem 
through lectures and practical demonstrations. It was 
Po by the Federation of European Biochemical 

ieties and the International Cell Research Organization 
of Unesco, which provided grants covering half the e 
of all the participanta, who numbered about 20 and repre- 
sented more than 15 nationalities; the places had been 
selected from a large number of applications. English 
was the official language of the course. 

To comment on the importance of selecting the topic 
of separation of macromolecules and particles, it should be 
remembered that it is significant that some of the most 
remarkable recent advances in biochemistry have de- 
ded on new and improved separation proceduros. 
dings on the behaviour of a component in & separation 
prooees dependent, for example, on sedimentation velocity, 
provide & convenient basis for preliminary quantitative 
characterization. If such work is done systematically 
in correlation with investigations of biochemical function 
and with electron microscopy studies it may provide very 
interesting information which would have been difficult 
to obtain by other means. 

Prof. C. de Duve (Department of Physiological Chemis- 
try, University of Louvain, and Rockefeller Institute, New 
York) was the chairman of the course. Specialista will not 
need to be told that the science of centrifugation has made 
considerable progress during the past decade and that the 
Louvain group has made important contributions in this 
field. 


Prof. de Duve described the general principles of oentri- 
fugal fractionstion, theory of sedimentation, analysis of 
sub-cellular fractions, differential centrifugation in homo- 
geneous medium, density gradient, ieopyonio centrifuga- 
tion, and the calculation, presentation and interpretation 
of resulta. Prof. J. Berthet (Department of Physiological 
Chemistry, Louvain), who was responsible for the internal 
and soientiflo organization of the course, together with Drs. 
H. Beeufay and P. J es, gave lectures on homogeniza- 
tion, centrifugation equipment, density gradient oentrifu- 
gation, practical procedures, density gradient differential 
centrifugation and density gradient centrifugation 
for analysis of macromolecules. Prof. Drochmans 
(Department of Experimental Cytology, Institut Bordet, 
University of Brussels) gave a lecture and practical 
demonstration of the preparation of particulate glycogen ; 
Dr. D. B. Roodyn (Department of Biochemistry, Univer- 
sity College, London) described methods of dares 
nuolei, and Prof. E. Schram (Department of Animal 


Morphology, University of Brussels) gave a lecture on 
density gradient differential centrifugation and analysis 
of ribosomes and polysomes, followed by & very fascinating 


demonstration. 

Practical i ts and demonstrations were also 
supervised by Berthet and H. Beaufay, Drs. P. 
Jacques, A. Trouet, G. Vaca, M. Robb and Thinàe-Bempoux 
(Department of Physiological Chemistry of Louvain), 
Drs. A. Burny, G. Huex and G. Marbaix t of 
Biological Chemistry, University of Brussels) and Prof. R. 
Wattiaux (Department of Physiological Chemistry, 
Namur), and took place in the laboratories of the Depart- 
ment of Physiological Chemistry of the Institute of 
Physiology. Fundamentally, the practical work oom- 
prised the preparation of gradients and a general but very 
detailed survey of the techniques of centrifugal fractions- 
tion, in which cells were disrupted in a homogenizer and 
then spun in a centrifuge at successively higher speeds to 
yield a number of fractions containing organelles of differ- 
ent types. The organelles were then explored by means of 
biochemical methods determining the association of a 
number of ensymes with the cellular structures. The 


4 
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importance of this systematized technique has been ~~ 


dramatically emphasized in recent years by the isolation 
of & new oell organelle, the lysosome, which has 

been shown to have fundamental importance for cell 
biology. 

The organization of the course was well carried out. 
Equipment was of & high order and very specialized, and 
a team of expert assistants helped so that participants 
were able to obtain the maximum advantage. This 
report would be incomplete without recording the appre- 
ciation of the icipants for the excellent arrangements 
made by Prof. H. G. Hers, who assumed the administrative 

ibility of the course with meticulous attention to 
detail, and for the hospitality extended to them. 

Mention must be made of the enthusiasm of Prof. O. 
Li , secretary of the Société Belge de Biochimie in 
pe ing Prof. de Duve to start a new line for the 
Federation of European Biochemical Societies with this 
course and in particular for the Society’s ready willingness 
at all times to co-operate with the scientific staff and 
participants in providing the required facilities. 

To sum up the course, Prof. O. de Duve’s group 
puis er puis alui a aps en 
overall and consistent picture of the succession of processes 
constituting a mechanism of separation of sub-cellular 
pue The participante of the course were given every 
acility to appreciate the methods developed by these 
skilled iali and the progress which can result from 
detailed analysis of the enzymatic properties of sub-cellular 
particles separated by differential and density gradient 
centrifugation and from the characterization of the various 

icles. The course, which was much appreciated 
those present, ended with a general discussion of the 
practical results. 

This first summer school of the Federation brought 
together biochemists of many different specialities. 
Throughout the course an atmosphere of the greatest 
cordiality and friendship prevailed. Many problems of 
common interest were discussed, and evening meals at 
the Faoulty Club of the University, a beautiful and 
modern building, kept members gathered together after 
the laboratory work. The course in fact performed two 
interesting functions: one European and the other scienti- 
fic. An official dinner was held on June 11, and presided 
over by Prof. C. de Duve. A succession of national toaste 
was offered by the participants to the staff of the Depart- 


ax 
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ment and the organizers, one representative of each ooun- 
try thanking in his own language the staff and all the 
' people collaborating in the success of the course. In reply, 
Prof. de Duve thanked all the participants for their oo- 
"operation and expressed his satisfaction with the result of 
this first summer school; he the conviction that 
this would be the starting point for a series of similar 
courses for which interest was amply evident. 
The Federation of European Biochemical Societies 
is to be congratulated on organizing courses of such quality. 
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The general nature of this kind of course will ensure ite 
future success, and there is clearly no shortage of sub- 
jects. The importance of ensuring conditions that will 
facilitate free international co-operation and interchange 
in any fleld of scientific endeavour ia not small, and the 
organization of this course is an important new landmark 
in the development of relations among scientists of differ- 
ent countries. We are sure that in the very near future 
similar meetings will be held in other biochemical in- 
stitutes. 


BIOCHEMISTRY IN MAGDEBURG 


have recently returned from a short visit to East 
Germany, where we were invited, as guests of the 
G.D.R. Government, to participate in the second annual 
conference of the Biochemical ion of the Society for 
Experimental Medicine of the G.D.R. held at Magdeburg 
during June 24-26. 

The conference was held at the Medical Academy in 
Magdeburg under the presidency of Prof. K. Lohmann. 
It was attended by about $00 biochemiste, including a 
notable group from the Federal Republic of Germany and 
representatives of many countries of Eastern and Western, 
Europe. Prof. Eberhard Hofmann, of burg, in his 
organization of the conference, followed oe traditions 
of international scientiflo meetings. 

The meeting centred about three symposia: (a) '"Funo- 
tional Biochemistry of Cell Membranes and Mitochondria” ; 
(b) “Problems of the Regulation of Glycolysis and Fermen- 
tation” ; (o) “Aspects of the Training of Biochamista”. There 
were alao seasions where short communications were read. 
In all, about 100 papers were heard. 

By far the most interesting event was the symposium 
on glycolysis and fermentetion. This session, conducted 
admirably by Prof. H. Frunder, of Jena, was introduced 
by Prof. Benno Hees, Dortmund. In his exposition, Hess 
centred his arguments on mathematical models of glyoo- 
lysis and on the oscillatory behaviour of metabolites under 
transitional conditions in living yeast and in yeast prees 
juice. The importance of phosphofructokmase in regu- 
latory mechanisms was emphasized in many contributions. 

«hus Hommes (Nijmegen) described a number of phospho- 
fructokinases in different yeaste which were all inhibited by 
ATP. The phoephofruoctokinasee from yeasts that showed 
an aperiodic change in pyridme nucleotide levels after 

‘anaerobiosis were activated by fructose-6-phosphate and 
not by AMP, while the enzymes from ‘asymptotio’ yeasts 
were activated by neither of these Osoil- 
latory’ yeasts had phosphofructokinases which were 
inhibited by ATP and activated by fruotoee-0-phoephate 
and AMP.  Freyer and Kopperschlager (Magdeburg) 


suggested that the high serobic glycolysis of ascites tumour 
ocells could be explained by the insensitivity to ATP of the 
phoephofruotokinase, together with the low pyruvate 
utilization and the limited power of the mitochondria to 
oxidize cytoplasmic NADH. The inhibition of glycolysis 
in ascites tumour ocells by alkylating cytostatic agents 
appears to be due to an activation of NAD-splitting 
enzymes (Grunicke, Richter and Holger, Freiburg). 
Lamprecht (Munich) discussed the regulation of glyco- 
lysis in human heart muscle. i 
sidered the regulatory significance in erythrocytes of an 
NADP-dependent lactate debydrogenase and, in ascites 
tumour ocells, of a lactate oxidase not requiring a pyridine 
nuoleotide. 

In the 1 on the training of biochemiste, we 
learned from Prof. Hofmann’s introductory remarks that 
courses for biochemiste in the Faculty of Science existed 
in only two German universities: Tübingen in the West 
and the Humboldt University in East Berlin. Hofmann 
emphasized the need for additional courses of this kind. 
We had the opportunity of describing the existing courses 
in London and some of the proposed developments in 
Britain’s new universities. Prof. Bücher (Munich) expressed 
enthusiasm for the relative brevity of degree courses in 
Britain and was joined by Prof. Rapoport (Humboldt Uni- 
versity, Berlin) in a plea for the elimination of the time-oon- 
suming medical course as a prerequisite for a biochemical 
career in Germany. It was evident that these matters 
were of vital interest to the younger members of the 
conference. 

We were impressed by the high quality of the scientiflo 
work as it was described in the communications and by the 
evident desire of our East German colleagues to improve 
their contacts with the countries of the West. It ia deeply 
disturbing that the absurdities of politios make it difficult 
for us to contribute to this improvement and to make a 
full return for the hospitality which we received. 

D. F. OmesusxAN 
J. R. LAGNADO 


INDUSTRIAL FEEDING AND CANTEEN MANAGEMENT 


B ks report on the joint symposium on ‘Industrial 
Feeding and Canteen. mt in Europe”, held 
in Rome during September 2-7, 1063, has now been 
published under the auspices of the Food and Agriculture 
Organization, the International Labour Organiz ation, and 
the World Health Organization *. After explaining the 
reasons for the interest of these organizations in the 
subject, the report summarizes the situation to-day in 
‘various European countries and suggests some steps to 


* Food and the United Nations FAO 


Agriculture Organization of 
Nuizfdon Meetings Heport Series, 20. 36: ride inky a ag on 
porche Toe 4. Cinna Wood per i barons, Home, ice ET 
United Wadons London: H.M S.O., 1905) P ed. 60 ones 


be taken if these specialized agencies are to assist member 
countries to solve their more urgent blems. 

In most E countries industrial feeding is 
regarded aa an integral pert of the facilities of the 
factory, even though the provision of food to workers is 
frequently not required by law. The determining factor 
in provision of a canteen and in the of service offered 
is usually the demand and need of the workers. The use 
of canteen services varies in different countries and is 
often disappointingly small. The effect of nutrition on 
occupational health and on working efficiency and such 
matters as food supply, levels of food consumption and 
food habite, as well as the problems encountered in pro- 


924 


moting acceptance of improved diete, are dealt with in 
successive chapters. 

The symposium agreed that the newer knowledge 
derived from research in the behavioural sciences must 
be taken into account when planning for the educational 
aspects of canteen operation. It was suggested that much 
more attention should be directed to scientific research 
on food habits and food preferences among specific 
groups of workers in particular areas, on rates and 
channels of change in nutritional and diet practices, the 
effectiveness of different types of activities, and the 
resulta of educational methods and materials used. It 
was considered that carefully planned traming in educa- 
tional methods of techniques, as well as in relation to the 
psyoho-social and cultural determmante of human behav- 
iour about nutrition, ahould be included in all professional 
courses for people who would be responsible at a relatively 

igh level for the management of industrial canteens. 

articipanta at the symposium urged the need for more 
exchange of information and better distribution of current 
literature. A suggestion was strongly supported that an 
international organization, possibly the Food and Agri- 
culture Organization, should establish a clearing house 
for ourrent literature, research and information on the 
nutrition of workers. It was also recommended that & 
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joint study group of specialista in industrial feeding and 
canteen management should be sponsored by the three 
Specialized Agencies. Such & study group, meeting at » 
regular intervals, could co-ordinate and, where necessary, 
sponsor investigations and 1esearch in industrial feeding 
and suggest suitable planning and methods of research 
into the various aspects of industrial feeding. These- 
might include food consumption and nutritional status of 
workers; times and amounts of food required by workers 
in relation to the type of work and the work environment ; 
the influence of time-intervals between meals, length of 
meel periods and amount of food consumed on workers’ 
efficiency; the psycho-social, socio-economic and cultural 
patterns that lead to the use or disuse of industrial feeding 
unite; new foods and food processing methods; kitchen 
planning and lay-out in relation to work efficiency, quality 
of food and economic produetion; kitchen equipment, its 
use and upkeep; training and education of managers, 

ervisors and workers; education in nutrition for 
industrial workers. Jt was also suggested that the grou 
could study with specialists, the Governments ected 
and organizations of employers and workers any additional 
problems related to dustrial feeding and encourage the 
development of a uniform system of terminology to 
facilitate exchange of information in this field. 


NATIONAL COAL BOARD MINING RESEARCH ESTABLISHMENT 


HE Mining Research Establhshment held open days 

during July 19-23, of which three days were reserved 
for overseas delegates to the fourth International Mining 
Congress and two days for visitors from Greet Britain. 
The demonstrations illustrated the wide application of the 
research results to mining problems. 

Much effort has been put into supporting the National 
Coal Board’s drive to offset by instrumentation the reduc- 
tions in manpower expected in the future. On the coal 
face, automatic steering of the getting machine to keep it 
in the ooal poses problems analogous to those met in the 
guided-missile field. Information as to the position of the 
machine is supplied by & nucleonic device that measures 
the thickness of coal left above or below the machine in 
terms of the back-scatter of gamma rays directed into the 
floor or roof from a radioactive source. The vertical 
orientation of the machine is given by a tilt transducer, and 
the two signals are fed into an electronic control unit 
operating the steering jacks. The actual system required 
dépends on the delays inherent in the input and output 
sides and on the geometry of the machine, characteristios 
which vary with each type of machine. A certain amount 
of information has to be obtained from full-scale fleld 
observation, but the amount of fleld work is kept within 
practical bounds by simulating transducer outputs and 
machine performance on an analogue computer. 

Remote-control techniques have already been success- 
fully applied expermentally on the coal face to control 
both getting machine and roof supports, and the Mining 
Research Establishment is heavily involved in the exten- 
sion at Bevercotes Oolliery of analogous techniques to 
give remote control of other sectors of the mine and to 
communicate production mformation to central pointe 
underground and on the surface as an aid to management. 

Almost all underground instrumentation, whether for 
remote control, monitoring or research, must be intrin- 
sically safo, that is, incapable under any conditions of 
operation or failure of producing & spark of energy 
sufficient to ignite a methane-air mixture. Research at 
the Mining Research Establishment on inductive break- 
sparks has shown that ignition can be brought about at an 
energy-level one-fifth of that hitherto accepted as the 
minimum and of the same order as that previously 8580- 


ciated only with capacitative orrouite. This lends support 
to the minimum energy concept of ignition which can be 
applied to the design of intrinsically safe circuits. Two 
new protective devices, the Zener diode and the surge 
arreator, have been introduced into this fleld. 

Experimente on the mode of breakage of rock and ooal 
under simple forces or when attacked by tools have led to 
a theory of breakage based on brittle fracture. The 
deductions have led to & rataonahzation of the design of 
mining tools and machinery to grve faster production for 
lea power with the added benefits of a larger product and 
less dispersion of respirable dust and firedamp. Systematic 
study of the forces and movements around mine workings 
is suggesting improvements in the design and use of 
supports. Comparison of resulta obtained with those 
reported elsewhere indicates that many of the basic 
phenomena follow the same laws in all coal-flelds of the 
world. 

A considerable amount of research is directed to increas- 7^ 
ing the safety of the atmosphere in the mine by reducing 
the from firedamp accumulations and from the 
respirable (1-5) dust which causes pneumoconiosis. 
Airflow near the coal face is studied using scale models ın 
which the flow patterns are made visible by 1lluminating 
tracer particles suspended in water. Results have been 
verified underground by ventilation surveys and by the 
use of tracer gases and smoke. Tracer gas is also one of 
the means used for studying the dispersion of firedamp 
from the coal seam. The Mining Research Establishment 
has pioneered the development of instruments for sampling 
respirable dust. The ‘long-running thermal precipitator' 
samples the respirable fraction of the dust in the air 
during a full shift. The sample 18 usually evaluated by 
counting, but an optical densitometer has been designed 
which givee a rapid evaluation either in number of particles 
or mass. A gravimetric dust sampler oollecte a sample, 
agam during a whole shift, on a fibreglass filter. Accuracy .. 
of evaluation 18 considerably higher than that with the * 
‘long-running thermal precipitator’ and mass is probably — 
a more im t parameter clinically than particle count. 
Research on dust dispersion and suppression has shown 
the overriding importance of good design, maintenance 
and use of machinery so as to minimize dust formation and 
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dispersion. The most effective ways of using water for dust 
suppression have been demonstrated and the use of 
exhaust ventilation with filtration is being studied. 
' Each year the National Coal Board spends something 
p-like £100 million on metal producta: working out proper 
specifications of the materials involved is an important 
part of the work at the Mining Research Establishment. 
Of equal importance are investigations to ensure that 
advances in metallurgical science are applied to modern 
mining techniques. Corrosion can cause serious losses and 
mine waters vary widely in pH and salinity. Research 
into the resistance of different steels to the various con- 
teminations and the protection afforded by metallic and 
other coatings is aimed at minimizing corrosion losses. 
Oil-in-water and invert emulsions are being introduced 
underground as fire-resistant substitutes for hydraulic oils. 
The stability and corrosion-inhibitmg properties of these 
fluids are therefore being studied in addition to the 
relationship between their physical properties and per- 
formance. Aqueous glycols DOE MO aid aces esters are also 
being examined in this context 
A requirement peculiar to steels for mine supporta is 
that they shall withstand repeated slow plastic bending; 
safety demands that neither initially nor after such treat- 
ment shall they be liable to brittle fracture. The value in 
these conditions of heat-treated carbon manganese steels 
has been established and means are being sought of further 
increasing without embrittlement in a continual 
effort to reduce the size and weight of mining equipment. 
The advantages and possible dangers of the use of high- 
strength steels, including steels, are being studied 
with the same objective. fatigue properties of alloy 
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steels for suspension gear have been determined with and 
without stres raisers. From this work the degree of 
advantage of alloy steels over manganese steel as used at 
present has been determined. 

Cemented carbides and other hard facmgs are being 
studied to establish the best compromises for different 
mining tools between abrasion- and chipping-reaistance. 
An electron microscope is being used to further this work. 
Methods of braxing the carbide tips on to the tools are 
included in the stady. 

Nearly 8 million yards of conveyor belting is used 
in British collieries and specification teste have been 
evolved for fire-resistant belting. The tests include not 
only fire resistance and performance but also surface 
electrical resistance in order to ensure that static charges 
do not build up on the surface of the plastic (polyvinyl- 
chloride), which has replaced flammable rubber in under- 
ground belting. The same problemas of fire-resistant and 
anti-static properties arise with all plastics used under- 
ground and there is & steady stream of articles arriving at 
the Mining Research Establishment for examination as 
underground applications are found for these new materials. 

Conveyor belting has improved enormously in strength 
over recent years; it has been necessary to improve 
methods of jointing. A new of fastener has been 
devised at the Mining Establishment which 
gives & performance several times better than fasteners at 
present in use, and work is continuing further to improve 
Jointing methods. Simultaneously the fastener-holding 
properties of belts are being examined and the effect of 
varying the fabric in the carcass is bemg determined. 

C. B. MaxowH&g 


DEFORMATION OF SOLIDS BY THE IMPACT OF LIQUIDS, AND ITS 
RELATION TO RAIN DAMAGE IN AIRCRAFT AND MISSILES, TO BLADE 
EROSION IN STEAM TURBINES, AND TO CAVITATION EROSION 


By Da. J. H. BRUNTON, Dr J. E. FIELD and G. P. THOMAS 
Physics and Chemistry of Solids, Cavendish Laboratory, Cambridge 


DISCUSSION on “The Deformation of Solids by 
SSA. the of Liquide" was held by the Royal 
Society on May 27. In his opening remarks, Dr. F. P. 
Bowden, who had organized the discussion, stated that 
. the meeting would begin by considering the physica of 
liquid impact and the nature, magnitude and duration of 
the stresses which are produced when a solid is struck by a 
drop of liquid. Even with moderate impact velocities the 
pressures develo in the solid are considerable, and at 
high velocities shock pressures are very great indeed 
and are sufficient to produce deformation of the strongest 
solids. These observations have a bearing on three tech- 
nical problems which are of considerable importance at 
the present time. The first is the damage caused to a 
ee O aih WEE Mtis Beene 
The second is the erosion of turbine blades rotating at 
high speed in wet steam. The third is the damage pro- 
duced by ‘cavitation’ in liquids. There is now evidence 
that the stress due to liquid impact is a common factor 
in all three of these processes. One interesting develop- 
ment of this work is that liquid impact is being used as & 
practical method for ‘cutting’ or fracturing solids. 
In the section on the physics of impact, by Dr. 
, J. H. Brunton and Dr. J. E. Field (Cavendi Ta bcratdey. 
_Oambridge) described ORE of the high-speed 
` impact of cylindrical and spherical drops on hard surfaces. 
At velocities in the region of 1,000 m/sec, they found that 
the impact pressures reached values of about 370 kg'mm', 
& figure appreciably greater than the strength of many 


common structural materials. They found that the 
behaviour of the drop on impact was adequately described 
by the ‘water-hammer’ equation. The main character- 
istics of this behaviour were an initial short duration 
(1-2 psec) water-hammer pressure and a high-speed flow 
from under the impacting drop. The large magnitude 
oe short duration pressure peak gave the drop impact 
loeive' character and the high-flow velocities led 

ta erottaa sistas Lanina M the target specimen. 
In brittle materials the impact characteristics gave rise 
to ring fracture and in metals to amooth depres- 
sions with eroded edges. In thin. specimens ‘scab- 
bing’ opas Oed a a ice Gree the oc 
ion wave was reflected. The influence of surface 

ws on failure in brittle materials was described. 

An interesting acoount of the high-speed jets which 
arise when concave liquid surfaces collapse under pressure 
from behind was given by Dr. F. P. Bowden (Cavendish 
Laboratory, Cambridge). Examples were shown of liquid 
Munroe jets, and of jets formed in collapsing cavities and 
between coalescing drops. The implications of jet forma- 
tion in cavitation were discussed in a later paper by Dr. 
T. a M E A. T. Ellis. 

ir Geoffrey Taylor (Cavendish Laboratory, Cambridge) 
Pie an investigation of the problem of the oblique 
impact of & liquid jet on & plane surface. The trans- 
formation of the jet into a thin sheet was examined and 
compared with experiment. The maximum steady-state 
pressure was always the stagnation pressure, but it 
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seemed that much higher pressures were possible if the 
jet was moved sideways during impact. 

A useful method for investigating the impact force 
produced by a liquid drop using a dislocation etch-pit 
technique was described by Dr. K. H. Jolliffe (Central 
Electricity Research Laboratories, Leatherhead). The 
method depended on comparing the sixe of the etch-pit 
‘rosettes’ uoed by a steel ball, for which the streases 
can be calculated, with the size of the rosettes produced 
by the impact of a liquid drop. 

ee impact expermmente were described in papers 
by Mr. G. P. Thomas (Cavendish Laboratory, Cambridge), 
and by Dr. J. B. Marriott and Dr. G. Rowden (English 
Electric Oo., Ltd., Whetstone). In Mr. Thomas’s experi- 
mente the initial stages of deformation were examined 
for very low impact velocities, and at stresses well below 
the yield strength of the metals used. It was observed 
that the metal deformed initially only in «mall ‘weak’ 
areas (approximately ly in diameter) forming depressions. 
Some depressions grew and eventually metal was eroded 
either by ductile or brittle failure in these larger depres- 
sions. In the by Drs. Marriott and Rowden the 
specimens were co based stellitee eroded at high-impact 
velocities. They found general deformation by slip in the 
softer matrix at an early stage and observed fissuring and 
pitting at phase boundaries. Erosion occurred as a result 
of cracking at the carbide‘matrix boundaries. 

When the discussion turned to the rain erosion of air- 
craft the problem was reviewed by Mr. A. A. Fyall (Royal 
Aircraft lishment, Farnborough). Factors including 
component design, velocity of flight and rain intensity 
were discussed, together with their significance in practice. 

ibility of rain at 
quite high altitudes (> 30,000 ft.). However, commenting 
on this, Mr. R. F. Jones (Meteorological Offics) said that 
the probability, although not negligible, was very small. 
Droplets would only form in association with vigorous 
convection currents and over limited horizontal distances ; 
when they did oocur they should be detectable by radar. 

The possibility of rain droplets being disintegrated by 
the shock waves travelling ahead of fast-moving bodies 
was considered in a paper by Mr. D. O. Jenkins (Royal 
Aircraft Establishment, Farnborough). It was shown that 
although the droplets do start to break up in the shock 
the process takes & finite time. A combination of experi- 
ment and theory has enabled Mr. Jenkins to evolve an 
equation relating the time of break-up to the drop 
diameter and the velocity of the airstream. 

Work in progress in Germany was reported by Dr. H. 
Busch (Dornier-System G.m.b.H., Friedrichschafen, Ger- 
many). A considerable achievement in their experimental 
programme has been the successful design of a rotating 
arm apparatus capable of reaching velocities of Mach 1:5. 
By operating the device in an atmosphere of simulated 
rain, & wide range of materials had been tested for their 
erosion resistance. High-speed photographs showed that 
during impact the water droplets disintegrated into a fine 
spray which quickly evaporated; this ‘mechanical vapor- 
ization’, under some conditions, caused cooling of the 
solid surface, a result of some relevance in the problem 
of the ioing-up of aircraft. 

ee ee UE Um Mud Caldwell (English 
Electric Oo., Ltd., Rugby) described the damage found 
on steam turbine blading, and discussed the effect it had 
on the design and efficiency of turbines. Attempts at 
removing the water, shielding parts of the blade with more 
resistant material and increasing the spacing between 
roteting and stationary blades had achieved partial 
success. 

Dr. T. Broom (Central Electricity Research Labor- 
atories, Leatherhead) presented a paper by Dr. D. G. 
Christie and Mr. G. W. Haywood (Oentral Electricity 
Generating Board) on the formation of the water droplets 
which cause erosion in steam turbine. A film of the con- 
ditions inside a turbine was presented which showed how 
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water collected in large quantities on the stationary blades 
and was then afterwards swept off by the steam into the 
path of the rotating blades. Steam tunnel experiments 
were also described, and films showed the size, velocities 
and behaviour of drops ın the steam flow. 

In a paper by Mr. b. 

Generating Board, South-east Region), Dr. K. H. Jolliffe 
and Mr. D. Pearson (Central Electricity Generating Board, 
Marchwood), the form and microstructural characteristios 
of erosion damage in turbine blade materials were de- 
scribed. The progress of the damage waa illustrated and 
& relation for the erosion resistance of a material wes 
given. This relation was interpreted in terms of a fatigue 
mechanism of damage. 

The session on cavitation was opened by Dr. T. Brooke 
Benjamin (Department of Applied Mathematics, Oam- 
bridge), who presented a paper by himself and Prof. A. T. 
Ellis (California Institute SE Teohinology, Pasadena), and 
also one by Prof. M. 8. Pleeset (California Institute of 
Technology, Pasadena), who could not attend. The papers 
were .concerned with the collapse of cavitation bubbles 
and the preesures produced. A particularly interesting 
point which emerged was that there is now considerable 
theoretical and experimental evidence to show that a 
cavity collapsing near a solid boundary may develop a 
jet of liquid by involution of ita far side. This high-speed 
jet then through the cavity and may strike the 
solid boundary. Although the contribution of this 


~ 


W. O. Baker (Central Electricity "Y 
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phenomenon to cavitation damage has yet to be estab- , 


lished, it seems likely that it will prove important. 
Prof. F. G. Hammitt (University of Michigan, Ann 
Arbor) was primarily concerned with the damage in 
materials caused by cavitating flow. The observed pitting 
was & mixture of randomly located symmetrical pite, 
resumably the result of single events, and irregular 
igue-type failures. There were interesting similarities 
between some of the pita illustrated by Prof. Hammitt 
and those shown earlier for droplet erosion damage. The 
closeness With which cavitation and liquid impact erosion 
are linked was emphasized in the contribution of Dr. 
J. M. Hobbs (National Engineering Laboratory, East 
Kilbride) on the practical aspects of cavitation ; one of the 
accelerated tests used by Dr. Hobbs for evaluation of 
cavitation erosion resistance was, in fact, a drop impact 
apparatus. Dr. Hobbs found that in this teet the velocity 
of collision and the jet diameter had significant effecta. 
These observations agree well with the present picture o 


=, 


f 
the ‘athe of the impact process, since the magnitude of 
the - 


hammer’ pressure depends on the velocity of 
Ey and ite duration on the jet diameter. 

e final paper, by Dr. 8. J. Leach and Dr. G. L. 
Walker (Safety in Mines Research Establishment, Shef- 
fleld), considered the application of high-speed liquid jets 
to cutting. Fine jets had been produced at velocities up 
to 1,000 m/sec; the maximum velocity being produced 
by pressures of 5,000 atm. A detailed study of nozzle 
design, and of the preesuree produced by the impacting 
liquid, had been made. Optical and X-ray photography 
demonstrated that the jet was by no means completely 
atomized at the nozzle, but had a central coherent core. 
Although the full potentialities of this method have yet 
to be evaluated, it is hoped that this form of cuttmg will 
prove useful in mining where frictional heating from 
more conventional cutting appliances can cause ignition 
of methane gas. 

Prof. K. K. Shalnev (Institute of Mechanica, Moscow), 
who had & paper on scale effects in cavitation, 
was unable to be present, but his contribution, together 
with the other papers and discussion, will be publiahed 


~ 


in the Proceedengs of the Royal Society dealing with the 4i 


meeting. The meeting was attended by some 150 physi- 
cists and engineers from different countries. 

In his closing remarks the president, Lord Florey, 
emphasized the importance which the Society attached 
to this interplay between science and technology. 


in] 
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GEOMAGNETIC DEPTH-SOUNDING AND CORRELATION WITH OTHER 


GEOPHYSICAL DATA IN WESTERN NORTH AMERICA 


By B. CANER 
Victoria Magnetic Observatory, Dominion Astrophysical Observatory, Victoria, Canada 
AND 
W. H. CANNON 
Department of Geophysics, University of British Columbia, Vancouver, British Columbia, Canada 


HE geomagnetic depth-sounding method is based 
on the comparison of variations in the natural 
geomagnetic fleld recorded at different locations. The 
vertical component in particular reflects the distribution 
of electrical conductivity at the d where the bulk 
of tho induced currents flow. For fluctuations of inter- 
mediate iod (500—1,000 sec) the penetration depth is 
sufficiently large to it use of the method for upper 
mantle research. method is as yet insufficiently 
developed to it direct quantitative mterpretation ; 
but it oan provide a very powerful tool if used in conjuno- 
tion with other geophysical mformation. A possible 
correlation between the geomagnetic ‘coast effect’ and 
discontinuities in the seiamic low S-velocity layer has 
bean 18, The apparent coincidence between 
seiamic low P-velocity zones and some inland anomalies*:4 
haa also been pointed out. 

*« The present communication presente the application 
Sn ee eee ne Dereon ee ee 
ticular case of western North America. The available 
geomagnetic data*-' are summarized in Fig. 1. The ratio 
I = [AZ|/[(AD)* + (AH) (ratio of vertioal to hori- 
zontal component amplitudes) is derived from -to- 
peak amplitudes of fluctuations in the range of periods 
10-120 min. It is a somewhat crude parameter, and 
cannot be readily interpreted in the immediate vicinity 
of lateral discontinuities. However, it is very useful for 
comparisons between ‘normal’ stations (that is, over 
horizontally stratified distributions in conductivity) at 
roughly similar geomagnetio latitudes. Consistently lower 
I-reiios at any group of stations indicate that the external 
vertioal component is baing compensated more effectively 
by induced internal contributions, that is, that the highly 
conducting layers lie nearer to the surface than at other 
stations with higher I-ratios. In this particular case the 
. contrasts in J-ratios are sufficiently large (changes by 

factors of 2-3 over distances of 100—200 km) to permit 

valid comparison of the 1esulta without more sophisticated 
analysis. At anomalous stations (shown circled) the 
recorded ftuotuations differ significantly from those 
recorded at stations on either side; they can be assumed 
to be within 50-100 km of major lateral discontinuities. 

As Schmucker? pointed out, only these stations can be 

considered truly ‘anomalous’; all others (whatever their 

I-ratios) are ‘normal’ for the particular horizontally 

stratified conductivity structure of the region. The 

anomalous stations shown near the coast represent the 
geomagnetic ‘coast affect/* 5 and are not 
to the present investigation. 

Some of the available seiamio results have also been 
summarized on Fig. 1. Those in the south-western United 

States are sufficiently dense to permit Pn velocity con- 

tours to be drawn'; the results m the north-west are as 

yet too sparse for reliable contouring, but tentative 
jresulis indicate that the structure turns 
-north-west from about lat. 48° N. (ref. 15). In both cases 
the edge of the seismio low Pn velocity zone is roughly 
oorrelated with the edge of the geomagnetio low-I xone, 
in location ae well as strike. Exact spatial correlation 
cannot be expected, since seimmio Pn data represent 


» 





direotly relevant 


average values over fairly long distances; also the relevant 
‘edge’ would be a transition band between about 7-8 and 
8-1 km/sec, rather than the 8 km/seo contour. 

The foregomg comparison demonstrates the possible 
value of geomagnetic depth-soundmg as a complementary 
method to seimmic refraction work. Large areas can be 
economically surveyed by geomagnetic depth-sounding 
to find the location (and possibly the strike) of lateral 
discontinuities. These can then be investigated quanti- 
tatively by parallel seismic profiles on either side. Apart 
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from this practical aspect of geographical delineation, the 
correlation between seismic low-velooity and geomagnetic 
low-I xones carries implications about the nature of these 
zones. Since the electrical conductivity at upper mantle 
depths is primarily & function of tem , the oor- 
relation lends strong support to the hypothesis that the 
low P velocities are caused primarily by increased tem- 
peratures rather than by changes in composition. The 
low Pn velocity zone in California has generally been 
interpreted on the basis of composition changes. In at 
least one case, however?’, it was that increased, 
temperatures (by about 200° C at depth 30 km) oould 
improve the consistency between gravity data and seismic 
P delays. This suggestion is strongly supported by the 
existence of major geomagnetic anomalies associated with 
the low P-velocity zones. 

Indirect support for this hypothesis of Increased upper 
mantle temperatures under western North America comes 
from the pattern of heat flow observationg!'-!! shown in 
Fig. 1, and from the suggested continuation of the East 
Paciflo Oceanio rise under the continent™. The East 
Pacific rige is characterized by a broad belt (about 200— 
1,000 km wide) of moderately high (more than 1:2 micro- 
cal/om* seo) heet-flow, with e narrower band (about 
100-200 km wide) of very high (more than 8 microcal/cm?* 
sec) heat flow at the crest. Low seiamic Pn velocities have 
been observed associated with the crest’. Menard" sug- 
pe e D m E Al ie 

ulf of California; this is strongly supported by the 
extremely high heat flows observed in the Gulf’. The 
continental continuation is not clearly delmeated, but it 
is generally aocepted™-™ that the crest leaves the ocon- 
tinent at about latitude 40° N. and continues as shown in 
Fig. 1. This assumed continuation is besed primarily on 
the distribution of shallow earthquakes, without definite 
confirmation by high heat flow observations. Recent 
work on earthquakes off western Canada™ indicates that 
the distribution of maximum strain-energy release (rather 
than the frequency of occurrence) runs closer to Vancouver 
Taland. It is therefore possible that the ‘crest’ is located 
farther east—perhaps even as far as the aro of recent 
and Pleistocene voloances which parallels the west coast 
about 150 km inland?**. This suggestion is based on the 
admittedly tenuous assumptions that: (a) the continental 
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continuation of the East Pacific rise i8 
delineated by the geomagnetic low-I and 
seimmio low Pn-velocity rone; (b) the 
‘crest’ (here defined as the narrow band of 


of continental heat flow data, this extra- 
polation of oceanio rise properties to its 
assumed contmental continuation remains 
speculative. However, the proposed model 
shown in Fig. 2 is at least compatible with 
all the available geophysical information. 
The model is shown in detail with an ex- 
panded vertical scale, and also to scale in 
order to demonstrate the geometrical 
plausibility of the proposed upwelling. A 
discussion of the mechanisms responsible 
for the qor isotherm upwelling is 
beyond Boope of this article, but the 
model is fully compatible with suggested 
mantle convection theories'* 17, 
Whatever the validity of some of the 
speculations presented in this artiole, it 
is clear that in some cases geomagnetic 
depth-sounding can serve as a powerful 
tool for upper mantle research, provided 
that ita limitations are recognized and that 
it is used in conjunction with other geo- 
physical methods. Even though it cannot 





impose useful restraints on choice of 
models as well as geographical delineation of anomalous 
zones. Surveys in the different branches (seiamology, 
geomagnetiam, magneto-tellurics, heet-flow) will be 
carried out in western Canada over the next few years 
by various Government and university research groups. 
Although there is as yet little active co-ordination 
between the different disorplines, the sum total of the 
data which will become available should permit verifica- 
tion of our hypothesis in so far as western Canada is 
concerned. Some magnetic depth-sounding will also 
be carried out in New Mexico by the Department of 
Geophysics of the University of British Columbia, 
to investigate a suggestion made by Slawson (private 
communication) that the geomagnetic anomalies of 
Schmucker? may correlate with a pattern of lead isotope 
ab 
for this region, the proposed correlation should be easy to - 
verify, 


A major uncertainty is presented by the region between 
latitude 86° and 46° N.; at present low Pn velocities 
are the only support for our assumption of a continuous 
structure (rather than just two localized upwellings, in the 
south-western United States and in western Canada). 
Further work in this region will be required to verify this 
assumption. 

We thank Dr. J. A. Jacobs, head of the Department of 
Geophysics in the University of British Columbia, for his 

rt, Dr. W. G. Milne and Dr. W. R. H. White, of 
the Observatory’s Division of Seismology at Victoria, for 
their advice, and Dr. A. M. Jessop, of the Dominion 
Observatory, Ottawa, for supplying unpublished heat-flow 
date. This work has been supported by the National 
Research Council of Canada. 
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LAYERING IN THE GALWAY GRANITE 


By J. W. AUCOTT 
Department of Geology, University of Bristol 


HE Galway Granite, western Ireland, is about 400 

square miles in extent and is intruded into acid and 
basic migmatites and Dalradian metasedimenta. Accoord- 
ing to Giletti, Moorbath and Lambert} the last major 
metamorphiam of the Dalradian was 470 my. while 
the age of the Galway Granite ia given as 365 m.y.; thus 
it is about Middle Devonian. 

The present investigation in the SHeve Moidaun area 
between Invermore and Carna was started during the 
summer of 1963 and several mappable granite types were 
recognized, but no contacts between the different granites 
were found. The commonest granite consists of a rather 
variable porphymitic adamellite which is similar to the 
Errisbeg Townland Granite of Wager*. From the coast, 
this extends about 2 miles northwards towards the contact 
with the migmatites, but between a quarter and half a 
mile from the contact the phenocrysts diminish in sire 
and eventually disappear. This non-porphyritic granite 
resembles, both in chemical composition and texture, the 
Murvey Granite also described by Wager", though it may 
contain a little more biotite. When traced westwards 
granite merges into a lighter, biotite- 
poor granite which is similar to the Gametiferous Murvey 
Granite of Murvey, except that it is slightly coarser and 
does not contain garnets. The transition tone is about 
100 ft. wide. 

During the summer of 1964 a portable scintillation rate- 
meter (Type 14184) was used to the -radia- 
tion of the area. This has a lj-in.-diameter 1-in.-thick 


&, thallium-activated sodium iodide arystal coupled to an 


EMI. photomultiplier tube. The meter ia of the direot- 
m ee a 
are four scales to read from; the one moet used 
when working on granites gives a full-soale deflexion of 
0-060 mr./h. The instrument is fully transistorired and 
runs off 1:5-V batteries and weighs about 9-25 lb. 
It is easily carried in & rucksack. - 
When using the instrument, a base station is set up and 
& routine check, which includes background, is carried out 
twioe daily, the first reading in the morning and the last 
reading at night. The values are averaged and the field 
readings adjusted accordingly. During June—Septem- 
ber the base station readings varied between 0-010 and 
0-012 mr./h. Some field positions were checked three or 
more times on different days; the greatest variation was 
0-001 mr./h. In Fig. 1, the values quoted included cosmic 
radiation as well. This is 0-003 mr./h when it is measured 
over deep open water. When taking fleld measurements 
the scintillation counter was placed on an open, lichen-free, 
rain-washed rook surface, which was as fiat as possible. 
No readings were taken in hollows or gullies, or on narrow 
ridges, as anomalous values would have been obtained due 
to the solid-angle affect. The instrument is very sensitive 
localities aa close as 3—4 ft. When taking readings at each 
station there was a random fluctuation which, at ita worst, 
was +0-005 mr./h. If fluctuations were great, three or 
more readings were taken at the one station and the values 





averaged. During this radiometric survey, over continuous 
exposures a 100-yd. grid was maintained where possible, 
except when contacta were present and closer readings 


Fig. 1. Geological sketoh map, 
activity, and 


the relationainp between geology, 
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A gamma-isorad map is shown in Fig. 1. The contours 
are drawn ignoring the faults, as ıt is difficult to estimate 
displacements within a granite. It can be seen that values 
rango from 0-014 to 0-032 mr./h in the granite. 

Slieve Moidaun rises to just more than 1,000 ft. and 
extends parallel to the coast in an east- north-easterly 
direction. To the north and south of Slieve Moidaun the 
isorads aro wide apart, while to the east they sweep around 
the hill. The steeper face shows the isorads to be set very 
close together, and generally trending east-northeast to 
west-south-west and consisting of a series of highs and 
lows. To explain the geometry of the orad map, coupled 
with field evidence, it is proposed that the granite is 
disposed in layers which dip to the north or north-west. 
The north to south isorad anomaly weet of Lough Aliggan 
near the contact comcides with the transition between the 
two types of Murvey-like granite. 

The granite exposed on Slieve Moidaun and on the 
coastal flat to the south 1s usually a porphyritic adamellite 
varying from a coarse-grained good porphyritic adamellite 
with euhedral potash felapar phenocrysts to a poorly 
porphyritic adamellite with subhedral phenocrysts. Some- 
times the adamellite 18 coarse grained and non-porphyritao. 
The layered di ition of the granite is ahown by the 
wider, more uniform nature of the rock when exposed on 
the coastal flat south of Blieve Moidaun and on the low 
dipping north side. The steep south face of Slieve Moidaun 
shows tho widest variety o granite typos as osed in 
‘strike’ soction. There is & distinct zone varying een 
10 and 60 ft. thick where the porphyritio adamellite 
diminishes in grain mre, upwards, becoming granitic and 
often aplitio and showing a sharp contact with normal 
coarse-grained adamellite above it. The contact is oon- 
sidered to be unchilled and can be traced for more than 
0.26 mile. Biotite layers may occur along this contact 
and when seen they strike north-east to south-west and 
dip north-west. Biotite layers are common in the adamel- 
lite and also strike north-east to south-west with a dip 
which varies from 10° to 50° north-west. Some of the 
biotite layers show orystal settling with sharp bases 
grading upwards into more felsio material. The biotite 
layers may also out one another similar to the mafio 
layering in the Alangorssuaq area in Greenland, as 
described by Harry and Emeleus*. Basic xenoliths oocur 
throughout the area and their long axes trend north-east 
to south-west or east-west dipping either vertically or 
northwards towards the contact. The contact between the 
_ finer granite and the overlying coarse adamellite dips 

north-west between 5° and 25°, and is always sharp. It is 
usually straight, but in some places small irregular lobes 
protrude upwards into the coarse adamellite. This contact 
is consistent along the Jength so far examined, with the 
granite above always i of a coarse-grained 
inequigranular hypidiomorphio adamellite with subhedral 
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to euhedral potash felspar phenooryste. In one or two 
localities the potassium felspar phenocrysts are orientated 
parallel to the contact just below. A slight foliation may 
also be developed in the adamellite above the contact. 

Below the contact, the granite is fine-grained, sometimes 
granophyrio, increasing in grain-size downwards until the 
normal porphyritio adamellite is reached. This zone, in 
which the transition occurs between the porphyritio 
adamellite and the contact, is variable in thickness. At 
point A it is 70 ft., at point B it 18 26 ft., while at point C 
the only evidence of the transition and contact is a 3-in. 
band of fine-grained granite in the porphyritio adamellite. 
The top of the zone is always sharp with the porphyritio 
adamellite above, but the granite below can also consist 
of a layered zone up to 20 ft. thick, consisting of fine- 
and coarse-grained granite intermingling. Because of the 
variability of the zone below the contact as regards the 
thicknoes of the finer-grained granite, the layers are 
thought to be lensoidal. This is supported to a certain 
extent by the radiometric evidence as the gamma-isorads 
close as they are traced along the strike. Above the 
contact differently textured porphyritic adamellites strike 
east-north-east and several zones of porphyritio adamellite 
with good euhedral potash felspar phenocrysts merge 
laterally into a porphyritio &damellite with anhedral 

The radiometric evidence and the fleld evidence sug- 
gest that the porphyritic adamellite is layered and is not 
a uniform granite as it has been considered. Possible 
minor differentiating cycles in the sequence could be 
indicated by the increase of -radiation from 
0-024 mr./h in the adamellite to 0-082 mr./h in the more 
&cid granite just below the contect with the overlying 
adamellite. This adamellite gives a much lower reading 
of 0-026—0-028 mr./h. 

Tho layered nature of the intrusion is indicated by the 
work of Wright‘, who mapped five distinct granite types in 
the Oarna area, just to the west of the present investiga- 
tion. He indicated that the.v&arious granite types were 
intruded as sub-horizontal lacoliths which also dip north- 
wards towards the contact with the country rocks. Further 
geochemical work is bemg undertaken, the radiometric 
survey is being extended westwards and it ia hoped to 
present more information in due course. 

I thank Mr. 8. H. U. Bowie and the Atomio Energy 
Division of the United Kingdom Geological Survey for 
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EVOLUTION OF THE OCEANS AND THE ORIGIN OF FINE-GRAINED 
DOLOMITES 


By Paor. JON N. WEBER 
Department of Geochemistry and Mineralogy, Pennsylvania State University, Pennsylvanta 


ONTROVERSY has arisen oon the origin of 
cortain flne-grained, so-called ee dolamites 
which are widespread in nature’. One of the major 
aoe involved is whether the dolomite side sr icm 
y from sea-water or instead rep sediments 
composed of calcium carbonate. Much geological evidence 


dica direct chemical precipitation in marine evaporite 
basins, yet no one has been able to demonstrate experi- 


mentally such a process, and modern sediments com- 
parable to the extensive strata of high-purity dolomite 
have not been observed. If, on the other hand, the 
dolomite is a diagenetic replacement of 
calcite, the cause and the mechanism of the alteration 
process remain to be explained. 

Recently, some very important work of Epstem et al." 
has opened up a new approach to the problem. Hydro- 


, 
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thermal i t& by those authors, and isotopio 
analyses of bigh- -temperature, natural quartz-calcite and 
. quariz-dolomite pairs by Clayton and Epstein’, indicate 
" that isotopic equilibration of calaite and dolomite at Earth 
tures should result in oxygen-18 enrich- 
ment in dolomite (with respect to the coexisting calcite) 
of 5-8 per mil‘. Even under hydrothermal conditions, 
dolomite is difficult to crystallize, and Epstein e al. 
concluded that in some i calcite formed first. 
This mineral was then replaced by dolomite by some 
mechaniam in which magnesium was incorporated in the 
solid phase without alteration of the !*O/!*O ratio of the 
carbonate ion of the original calcite. The bearing on the 
dolomite problem is immediately obvious; if the explana- 
tuon of the i tal data is valid, and if natural 
‘dolostones’ were formed by diagenetic replacement of 
pre-existing calcite, then examination of sedimentary 
rooks containing coexisting calcite and dolomite should 
show no fractionation of oxygen isotopes between these 
two minerals. Thus a good case for secondary dolomite 
might be established. 

However, if dolomite were found to have a higher 
140/10 ratio than coexisting calcite, could this observa- 
tion be used as proof for primary chemical precipitation 
of the dolomite ? Unfortunately, the answer is negative 
since such resaltas cannot be interpreted uniquely. Possible 


. explanations are: (1) the dolomite is primary and both 


calcite and dolomite were p m. isotopic equilib- 


„rium with sea-water; (2) the dolomite is a late diagenetic 


“complication requires some discussion: 


K 


replacement produot, but during dolomitization, isotopio 
equilibration occurred ; (3) the dolomite formed authigenio- 
ally very soon after deposition of the calcite, before 
lithifidation, and the slow authigenio alteration of calcite 
permitted isotopic equilibration (that is, replacement 
may have involved a solution-reorystallization mechanism 
rather than one of solid-state diffusion); (4) dolomite 

laced p isting calcite without any change in the 

[tO ratio, but subsequent contact with intrastratal 
fluids and formation waters (usually enriched with 
oxygen-16) involved exchange of oxygen isotopes with 
calcite but not with the lees-soluble and less-reactive 
dolomite. Each of these explanations could aooount for 
oxygen-18 enrichment of dolomite with respect to calcite 
in ancient sedimentary rocks. Before reviewing data 
available at the present time concerning Oe and 8040) 
and before evaluating each of these ETO o e a further 
has the 0/0 
ratio for sea-water changed with time ? 

The precipitation of both silica and calcium carbonate 
from sea-water involves fractionation of the oxygen 
isotopes so that the solid phase is enriched in oxygen-18. 
Silverman’ noted that there is a net scoumulation of 
these deposita with time, D AME 
ferentially extracted from sea-water in 
menta and chert, the 1*0/1*O ratio of sea-water must have 
decreased with time, so that the 10/110 ratio of the 

resent oceans is lower than that of Cambrian sea-water. 
Degens* and others have expanded this argument. 

I have criticized’ this hypothesis on the besis of evidence 
to be discussed later, and have proposed the argument 
that the !*0/1*O ratio of sea-water has increased with 
time. If the oceans have evolved by degassing of the 
Earth throughout logical history*, the addition of 
juvenile water to ihe oopand may have influenced the 
isotopic composition of sea-water. Juvenile or magmatic 
water is extremely elusive, and both the rate of escape 
from the Earth’s interior and the isotopic ition are 
difficult to determine. Using the most reliable estimates’ 
it is possible to construct a masse balance equation whereby 
the oxygen-18 content of the present oceans must equal 


that of the ancient oceans, lees the oxygen-18 extracted 


by carbonate and non-detritel siliceous sediments, plus 
the oxygen-18 added by juvenile water. Imprecision 
of the estimates involved does not permit calculation of 
the 1*0/1*O ratio of Cambrian sea-water, but it is found 
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that the estimated oxygen-18 contribution of juvenile 
water is of sufficient magnitude to influence the !*O/1*O 
ratio of sea-water. 

There are, therefore, two opposing hypotheses concern- 
ing the oxygen isotopic composition of ancient sea-water. 
It will be shown that 31O pues red cts Bao QUA 
dolomite pairs in sedimentary rocks may be used to 
in farther this problem. 

(1) Caloris lémestones. It has been known for some time 
that the older carbonate rocks are relatively enriched in 
oxygen-16. Variation of the O/O ratio with time 
was suggested by the early analyses’, but the trend was 
not well defined until & large number of rooks had been 
analysed. Keith and Weber” reported 3!*O analyses for 
more than 600 specimens ranging in age from Cambrian 
to the present. These samples varied widely in geo- 
graphic locality, and since the depositional environment 
exerts some influence on the 1*O0/1*O ratio of the carbonate, 
only limestones containing marine fossils were included. 
Mean values for each age category are: (Precambrian, 
—11:38); Oambrian, — 9:72; Lower Palaeoroio, — 0-65; 
Upper Palaeozoic, — 4-95; Jurassic, — 4°98; Cretaceous, 
—4-18; Tertiary, — 2-38; Quaternary, — 1-18, relative to 
the PDB standard CO, (expressed as the oxygen-18 
difference, in parts per mil, between the sample and the 
PDB standard carbon dioxide by the relation: 


140 1€0apl — 100 /1¢Oatd 
OP Onta ) ant 


Three explanations might be advanced to account for 
these data: (i) Since the fractionation factor, a= 
D*Of'Og,o][*Of'Og], is temperature dependent, a 

in the mean annual of sea-water may 
be responsible. The inadequacy of this explanation is 
immediately evident since temperatures calculated from 
the 10/10 ratio of Cambrian carbonates are much 
above the maximum ture tolerated by living 
organisms. (ii) 8ea-water has become enriched in oxygen- 
18 with time by the addition of juvenile water. (iii) 
Ancient calcites have partially equilibrated with formation 
waters, and the degree to which oxygen isotopes have 
reached a state of equilibrium is more or lees a function 
of the age of the limestone. 

(2) Dolomitio limestones. Degens and Epstein“ exam- 
ined a “wide range of carbonate specimens representing a 
variety of genetic types’, and “care was taken that the 
selection included representative dolomites of recent and 
ancient, continental and marine, and synsedimentary 
and late diagenio origin". Their resulta for ancient rocks 
indicate that dolomite is enriched with oxygen-18 with 
respect to coexisting calcite, but the data are too few to 
demonstrate that 3**Oqg, is proportional to the age of the 
sample, or that 31!*0a4g — 3'*Og varies with time. On 
the basis of the hydrothermal experiments of Epstein et 
al., and the fact that and Epstein observed no 
fractionation of oxygen isotopes between calcite and 
dolomite from relatively recent sediments in the Bahamas, 
Florida and the Coorong of Australia, Degens and Epstein 
concluded that: (a) all dolomites are derived by meta- 
somatic replacement of calcite or aragonite; (b) ancient 
calcite is depleted in oxygen-18 with respect to associated 
dolomite because of oxygen isotope equilibration of the 
calcite with sub-surface watera. 

The argument that observed differences in the 1*O/1*O 
ratio of ancient coexisting calcite and dolomite are evidence 
of primary precipitation of the dolomite can probably be 
dismissed on the grounds that this hypothesis contradicts 
&n enormous amount of experimental work directed 
toward precipitating dolomite from solution under condi- 
tions encom ing those in Nature. The alternatives 
are: (1) equilibration of dolomite, calcite and fluid oocurred 
during dolomitisation, or (2) dolomitization occurred 
without alteration of the 1*0/!*O ratio, but the calcite 
later exchanged oxygen isotopes with sub-surface water. 
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[n the first case, the 3!*0g and Odo would be equi- 
hnbrium values; in the latter they may not. 

I suggest that the dolomite and calcite may have 
differed in isotopic composition before lithification, at 
least so far as the fine-grained, so-called “syngenctic 
dolomitic limestones” are concernéd, and that subsequent 
equilibration with formation waters is not a major factor. 
One approach to this problem is the exammation of fine- 
grained dolomitio limestones of freshwater origin. If the 
interpretation of Degens and Epstein 1s correct, then 
dolomite replacing freshwater calcite should have an 
isotopic composition similar to modern or Tertiary fresh- 
water calcites. Associated calcite would be relatively 
enriched in oxygen-16 if equilibration with sub-surface 
waters took place. If, on the other hand, such dolomites 
show 10/10 ratios significantly higher than modern 
freshwater calcites, early equilibration of calcite and 
dolomite might be indicated. Two such freshwater 
deposits have been studied: the Palaeooene—Eooene Flag- 
staff formation! (central Utah) where 3'*O¢ = — 9 to 
— 10 per mil, and 3"*Ogq_ = — 3 to — 4 per mil, and 
the Upper Carboniferous Freeport formation’ (central 
Pennsylvania), where 3!*0g = — 7.87 per mil, and 
&i*O0qg = — 3:04 per mil. These values may be compared 
with 8110 analyses of eleven freshwater calcium carbonates 
of Quaternary age!’ (mean —815 per mil, standard 
deviation 2-08) and 63 of Tertiary age (mean — 9-65, 
S.D. 448). The data are difficult to acquire and are 
therefore few in number at the present time. There 18 
insufficient information to characterize variation or ‘noise’, 
and the influence of poemble variation of the !*O['*O 
ratio of sea-water with time must be taken into account 
since the oxygen-18 content of freshwater is to some 
extent related in the oxygen-18 content of the oceans. 
The preliminary data appear encouraging and further 
investigation is warranted. 

The fundamental questions are: (1) Has the 110/10 
ratio of sea-water with time or not ? (2) Is oxygen- 
isotope equilibration of dolomite and calcite in ““syngenetic 
limestones’? common or not? (3) Is post-deposmtional 
oxygen-isotope equilibration of calcite and sub-surface 
water a common phenomenon or not ? With sufficient data 
some of these questions may be answered. Models for 
the three major cases may be constructed (see Figs. 1-8). 
In Fig. 1, the 1*O/1*O ratio of sea-water 1s assumed to have 
increased with time, according to the hypothesis of 
Weber’. Two extreme sub-cases involve ‘early eyngenetio' 
dolomitization and late diagenetic dolomitization; there 
appear to be petrographical and lithological criteria to 
distinguish these varieties in many cases. For each 
sub-case, there are two further possibilities: either 1*O/1*O 
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CASE II — DECREASE IN SEAWATER 0870 WITH TIME 
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Fig. 2 models, similar to Fig 1, where the !*0/!*0 rato of 
to decrease with time 
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Fig. 8. Generalized models, similar to Fig. 1, where the !*0/1*0 ratio of 
soa-waior 1s assumed emmenüally constant tbe O&mbrian to the 
present 
exchange between caloite and formation waters was sub- 
stantial, or it was not. 
Fig. 2 representa analogous categories in Case II, where 
the !*0/!*O ratio of sea-water 18 assumed to have decreased 
with tame, according to the hypothesis of Silverman’, 


Degens’ and others. Case OT, shown in Fig. 3, is included - 


for completeness; the 1*0/1*O ratio of sea-water 18 assumed 
to have remained constant. It is possible, of course, that 
major changes in the isotopic composition of the oceans 
may be cyclic or even random, but no evidence of this 
has appeared and no hypotheses concerning such pheno- 
mena have been advanced. In each model, the ed 
line represents the isotopic composition of modern marine 
calcites. 

In model a (Fig. 1), calcite has been precipitated from 
sea-water becoming inoreasingly enriched in oxygen-18. 
Syngenetic dolomite is heavier than the associated calcite 
and ita 180topio composition is represented by a line located 
above that for calcite. Originally the two lines would have 
been parallel. Oxygen isotope exchange between sub- 
surface water and calcite, however, will shift the slope 
of the line so that 8*Ogq — 3**Og is greater for more 
ancient carbonates, ing that the extent of equilibra- 
tion is proportional to the time available for the process. 

Model c is equivalent to model a except that equilibra- 
tion of calcite and formation waters has not been signifi- 
cant. 

In model 6, ancient calcite was enriched with oxygen-18 
with respect to later calcites. Dolomite was enriched with 
oxygen-18 with respect to the associated calcite. Equili- 








^ 
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bration of calcite with sub-surface water would shift the 

line representing the 31!*O of calcite to a ition some- 

_ where within the zigzag area. Model g is identical with e 

^ exoept that the calcite isotopic composition has remained 
z unaltered since deposition. 

If sea-water 140/10 has remained constant (Fig: 8), 
$'Oag should be greater than 3}*O, but neither should 
vary with time if equilibration of fluids and calcite is 
insignificant (model k). With oxygen-18 — oxygen-16 

between sub-surface water and calcite, 31O 
for ancient calcites should be leas than that for more 
recent specimens, but 3!*Oag would remain unchanged 
(model 1). 

Similar argumenta can be applied to situations where 
dolomitization occurred without alteration of the 40/1*O 
ratio of the calcite, as by Degens and Epstein. 
In Oase I, where the '*O/!*O ratio of sea-water has increased 
with time, the line representing the &'*O of calcite alopes 
to the left. With no ional oxygen isotope 
exchange between calcite and sub-surface water (model d) 
304 — 2*Ogi = zero for ocoexsting pairs. With 
equilibration (model b), the isotopic composition of the 
dolomite will vary much more than that of the calcite, 
sinoe the value of 3*Og i depends not only on the age of 
the calcite but also on the length of the time-interval 
between precipitation of the calcite and dolomitization. 

. For example, if dolomitization of a Cambrian limestone 
occurred soon after lithifloation, 3!*Og gq would be similar 
— to the isotopic composition of calcites in Cambrian time. 
If dolomitixation of the same limestone occurred long after 
lithifüloation, for example, in Mesoxoic time, the 1*0/1*O 
ratio of the dolomite would be much lower than that of 
the calcite in Cambrian time because in the time-interval 
separating the Cambrian from the Mesozoic, the calcite 
would have been enriched in oxygen-16 as a result of 
equilibration with sub-surface waters. With sufficient 
date, perhaps many hundreds of samples, variation about 
the line representing 31*044 should be significantly greater 
than variation about the line for 31*O,,. This is repre- 
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sented by a zigzag curve in model b. With this explanation, 
models f, A, j and l require no further elucidation. 

With present information, which models appear 
plausible ? The trend of 3*O 4 with time is fairly well 
known from the analysis of more than 500 specimens of 
carefully selected limeetonee!*. On this basis, models 
g, h, k and | are eliminated. 

The isotopic data for coexisting calcite and dolomite 
from Degens and Epstem™ indicate that for ancient 
dolomitic limestones, 3"*Og | is greater than 80g, &nd 
3!*Oag is leas than the 31*0, of modern marine calcites 
(dashed line, Figs. 1-8). Models d, e, f, g, ^, i, k and I 
&re therefore unlikely. 

ining &re models a, b, o and j. The available data 
are insufficient to evaluate further these models since 
background noise arising from other variables is high 
enough to camouflage any 8!*O4,) -time trend. 

Further investigation of ‘syngenetic’ dolomitic lime- 
stones may provide & basis for choosing one of the remain- 
ing models. If this is possible, the rewards are enormous; 
the use of oxygen isotope ratios for palaeotemperature 
determination and for environmental analysis may be 
extended far past the Mesozoic. 


! For reviews of the dolomite seo Bonnenfeld, P ienr aso 
Geol., 18, 101 (1904), W., In Røpionai A me wer 
Econ. Paleo. 125 (1967), and 
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NICKEL CONTENT OF PACIFIC OCEAN CORES 


"s By Pror. FRANCIS T. BONNER* and ALZIRA SOARES LOURENCOt 
Department of Chemistry, State Untversity of New York at Stony Brook, Long Island, New York 


+ IGH nickel content in central Pacific sediment cores, 
relative to continental rocks and sediments, was 
reported by Pettersson and Rotechi!, who advanced the 
hypothesis that meteoritic dust settling on the Earth's 
surface is the origin of a nickel surplus. Their examination 
of three long cores indicated significant variation of nickel 
concentration with depth, but an abundance everywhere 
greater than the estimated average crustal value of 0-008 
per cent**, Smales and Wiseman‘ conchided that meteori- 
tic material contributes little to the content of deep-sea 
sedimenta, on the basis of comparisons of nickel-cobalt, 
nickel-copper and oopper-oobalt ratios in Pacific red clays 
and in meteorites. Their interpretation of these ratios has 
been challenged by Öpik (as reported by Pettersson‘). 
Extensive neutron activation investigations of terrestrial 
and oceanic rocks, marine sediments and meteorites* were 
taken to provide general apperent support to the findings 
of Smalea and Wiseman but without elimination of pos- 
, æble local meteoritic influence. It was shown in 1958 that 
^ spherules magnetically separated from desp-sea sediments 
^ are similar in composition to iron meteorites’, although it 
had previously been reported that the content of magneti- 
cally separable spherules in & core of high nickel content 
“Research collaborator, Brookhaven National Laboratory. 
t Follow of the Organization of Amertoan States, 1902-04, 


appeared too low to contribute significantly to the ob- 
served bulk content of that element’. Petterseon'!*, 
nevertheless, estimated a value for the rate of extra- 
terrestrial nickel accretion, on the basis of particles 
captured by atmospheric filtration at high altitude, which 
is within an order of magnitude of his previous estimate 
based on an assumed extra-terrestrial origin of nickel 
excess in deep-sea cores. Turekian™ estimated an accre- 
tion rate similar to Petterseon’s, by combining carbon-14 
sedimentation rate data and nickel analyses for an 
Atlantic equatorial core. He does not consider this a 
corroboration of the extra-terrestrial origin hypothesis, 
however, on the ground that accumulation rates of other 
elements such as copper and lead were high in the parti- 
cular core examined. 

While strong evidence of cosmic origin for the magnetic 
spherules has &oorued':!1:1*, the origin of the apparent high- 
bulk nickel content of Pacific sediments seems to remain 
unresolved. There can be no doubt that a portion at 
least of this nickel is of terrestrial origm; but one could 
still assume an increment of nickel resulting from a steady 
influx and settling of fine coamic dust, generally similar to 
meteorites in composition and either non-magnetio or, if 
vip UAE too amall in icle gize for efficient separation 

the usual magnetic device. If such & dust does, in fact, 
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contribute signifloantly to the content of pelagic sedimenta, 
broad oorrelations in nickel content between separate cores 
should be observable, although local meteoritic evente 
would of course still be expected to cause local fluctuations. 
In the work recorded here profiles of nickel content of two 
Pacific cores have been obtained and com: 

Samples of the two deep-sea cores V18-3806 (07° 20 8.; 
188° 09^ W.; depth 4,401 m) and V18-807 (06° 82-8’ 8.; 
181° 57’ W.; depth 4,711 m) were obtained from the 
Lamont Geological Observatory of Columbia University. 
The region involved is far removed from major land masses ; 
we assume the rate of sedimentation to be low, probebly 
of the order of millimetres per thousand years, as reported 
for another core taken at mmilar latitude!*. The two cores 
were collected on successive days of the 1962 voyage of the 
Vora thus providing material from separate localities of 
the same general region. In addition to the core samples, 
sediment material dredged from the south Pacific ocean 
bottom has been made available to us. 

Gross samples weighing 1-2 g were taken from regions 
centred about the positions of core depth chosen for 
analysis. Theee were leached to remove all water-soluble 
material. In order to achieve high sensitivity over a wide 
range of nickel concentration in small sizes of oe 
method of neutron activation analysis was used. Th 
procedure app egaki do thet of Salen cha ir 
its wet ahenea] aspects, but included additional chromas- 
tographio and electrochemical stages. The usual sample 
size was 100 mg of dry sediment; each such sample, along 
with & PN sup Pc one and d qaae 
was irradiated for 1 h at a flux of ut 10? neutrons 
om~ sec? in the Brookhaven graphite reactor. After 
dissolving the sample and addition of inactive nickel and 
appropriate holdback carriers, radiochemical purification 
was achieved by successive precipitations of nickel di- 
methylglyoxime and manganese dioxide, passage in 9N 
hydrochloric acid through a ‘Dowex 1X-4' anion 
column, and final preparation for counting by electro- 
deposition of the nickel on one side of a disk. 
Chemical yield was determined by the weight of nickel 
deposited. An aliquot of the irradiated nickel standard 
was simultaneously deposited on a separate copper disk, 
with carrier added so that standard and sample deposits 
were of approximately equal thickness. The quantities of 
**Ni B activity in standard and sample were compared by 
proportional counting, continued over several half-lives of 
the nuclide. In view of the close coincidence in the half- 
lives of “Ni (2-56 h) and the possible contaminant nuclide 
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V Mn (2-58 h), y-ray spectrometry was used to monitor the 
efficacy of manganese decontamination. Samples taken 
from regions of very high manganese concentration were 
found to ire one or more additional MnO, precipita- 
tions. Co: 
its application to National Bureau of Standards basic open- 
hearth steel samples. Analyses were performed on whole 
sediment, with only water-soluble constituents removed. 
Inorganic carbonate content was determined separately. 
Assuming all carbonate present to be CaCO,, the date have 
been corrected to a CaCO,-free basis. Carbonate content 
was generally signifloant only in the uppermost layera of 
thése cores. 

The nickel concentration profiles obtained for the two 
cores are shown graphically in Fig. 1. Results of replicate 
analyses are shown in Fig. 1 for material at several 
depths. Although our with standard steels 
indicated a reproducibility to within about 2 per cent, 
there are several instances of greater dispersion in the 
resulta of replicate sediment sample analyses, as shown. 
Seven measurements on dredged sediment material gave a 
mean value of 270 p.p.m., with minimum and maximum 
values of 218 and 802 p.p.m. respectively. We believe that 
heterogeneity of the sediment materials, with respect to 
nickel, is indicated. 

Within the limitation already described here, we note 
the following features of the two profiles: 

(1) The observed nickel concentration is everywhere 
greater than the average crustal rock value? of 0-008 per 
cent, although at some points not significantly so; it is 
also nearly everywhere greater than the basalt average of 
150 p.p.m. given by Taylor* from the date of Turekian". 

(2) The values are in the samo general range as those 

by Pettersson and Rotachi’. 

(8) Both cores exhibit broad maxima in the upper 
regions, that in 807 being more pronounced and somewhat 
displaced toward increased depth, with reepeot to 306. 

(4) In both oores the observed broad maxima are 
followed by broad minima again more pronounoed in 
the case of 307. 

The broad features described here may be considered 
consistent with the hypothesis of extra-terrestrial origin if 
one assumes & roughly constant influx of meteoritic nickel 
during the total period of sedimentation involved and a 
rate of total sedimentation that fluctuates with climatic 
conditions. Thus the higher nickel concentration of recent 


oe in the analytical method was gained by... 


a 


deposit, observed in both cores, may be attributable to a ye 


lowered rate af arrival of sediment of continental origin in 
this during recent glaciation. This is at variance 
with view expressed by Turekian™ that terrestrial 
contro] of supply is indicated by climatic variation in the 
rate of accumulation of nickel. The sedimentation rates 
in the Atlantic equatorial core he investigated are very 
large, however, and the average nickel contenta exceed- 
ingly low. Under these conditions the measurements may 
well have lacked sensitivity to any possible increment 
above the undisputed terrestrial supply.  Áooounte of 


single ‘average’ values over extended intervals of core - 


material may be misleading in the search for an incre- 
mental concentration, particularly when the values are as 
low (18 and 17 p.p.m.) as those reported!!. Finally, given 
the high groes sedimentation rates involved, we do not 
believe Turekian’s observation of high rates of accumu- 
lation of copper and lead to be necessarily meaningful to 
the question at issue. 

Assuming the top 200 cm of the cores investigated here 
to represent a total time spen of 10* yeara, and an average 
of 200 p.p.m. of total nickel to be in excess of normal 
terrestrial supply, we estimate an annual accumulation of 
extra vepcontrin nickel forte Marth eua whola cae Te 

value, based on a generous allowance for ni o 
RN origin, is in agreement with the estimate of 
Pettersson’ of 8-510" g based on atmospheric particle 
collection. Our evidence of m nickel con- 
centration supports the idea that at least some of the high 


j x 


I 
Pa 
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nickel content found in these cores is present in particulate 
form. 

Our observations do not constitute a ‘proof in any 
sense.of the hypothesis of extra-terrestrial origin of a 
DUM DN We do maintain that the 

consonance in nickel concentration pro- 
flles in two cores, separate in space within a region far 
removed from major land masses in which the rate of 
sedimentation has been low, is consistent with that hypo- 
thesis, and that the questian cannot be regarded as settled. 
Correlations between cores, as in the present investigation, 
oo-ordinated with measurements of rates of sedimentation 
should assist materially in further pursuit of the issue. 

We thank Prof. Maurice for making the deep-sea, 
core materials available to us; the Brookhaven National 
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Y for providing reactor irradiation services; Dr. 
R. Christman for carbonate analyses; and Dr. O. A. 
Scheffer for his advioe. 
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DISTRIBUTION OF NEWLY FORMED SOLUBLE SULPHATE DURING 
THE FIRING OF A RADIOACTIVE-LABELLED BRICK 


By Dr. R. A. LLOYD and D. B. REES-EVANS 
Department of Scientific and Industrial Research Radlolsotope Applications Unit, Wantage, Berkshire 
AND 
. L. FREEMAN and L. W. BALDWIN 
Bullding Resserch Station, Garston, Watford, Hertfordshire 


peor balding bee scot 


hate oocurs!. 
phate s 
with sulphur-85 in the E di, vii wie a Weald 
clay containing some organic matter and sulphide. It was 
remarked that the redistribution was surprising in 
view of the fact that calcium sulphate is relatively in- 
soluble and thermally stable; hence one would not expect 
sulphate migration to occur during the drying of the moist 
b nor any appreciable thermal breakdown to occur at 

the firing temperatures used. The results showed that 
there was a loss of activity to-the atmosphere during firing, 


A uc ede ee 
Also, the redistribution af ] sulphate oocurred in 


^N n aday shied Abo entre d Che brink was ainoot dendia 
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of sulphate, whereas just below the surface the peak oon- 
centration exceeded the original mean concentration of 
sulphate put into the clay. This was taken as evidence for 
a zone of re-concentration of sulphate just below the sur- 
face, for such a distributian cannot be obtained simply by 
a loss of active gaseous sulphur, in whatever chemical form 
it may exist. 

The assays of water-soluble sulphate were both made 
radiometrically and gravimetrically, and it was noted that 
there was some discrepancy near the peak of the distribu- 
tion curve. This has now been shown to be due to oxida- 
tion of sulphide in the unfired clay, with the consequent 
formation of new soluble sulphate. This newly formed 
soluble sulphate does not affect the radiometric assay, but 
obviously increases the gravimetric assay, and henoe 
caused the puzzling drop in speciflo activity which had 
already been noted. 

The results shown in Fig. 1 were obtained from samples 
taken from the brick 31 days after manufacture. The 
Se a crn ne normal to the: Shi x 
2j in. face ae rough tab centre plane, 24 in. from 
the surface. upper curve shows the variation in total 
`. water soluble sulphate assayed gravimetrically by barium 

ie precipitation. The peak in this curve occurs 

tly more than 0-5 in. below the surface, and ita level 

is far in exoees of the mean concentration of labelled 
sulphate added to the unfired clay. The intermediate 
curve shows the variation in water-soluble radioactive 
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sulphate assayed radiometrically by a liquid scintillation 
counting technique’. The peak is slightly nearer the 
surface (0-5 in.) and is approximately at the same level 
as the incorporated radioactive sulphate. (The initial 
sampling immediately after firing the brick showed that 
this peak had exceeded the level of added radioactive 
sulphate.) The two upper curves are widely divergent 
near their peaks but agree reasonably well near the central 
plane, which mdicates that the divergence is not due to 
systematic errors in analysis. The lower curve is obtained 
by telung the difference between the two upper curves, 
and must represent newly formed sulphate which has 
appeared during the firing of the brick. This also shows & 
peak about 0-5 in. below the surface, and is practically 
rero at the centre of the brick. This non-radioactive sul- 
phate was not present in the origmal unftred clay, which 
i & water-soluble sulphate content of 0-07 per cent as 

3: 

It was presumed that the source of the newly formed 
sulphate was msoluble sulphide present in the unfired olay, 
and subsequent analyms has proved this to be correct. 
The unfired clay was assayed in both our laboratories for 
total sulphur by four different methods; peroxide fusion, 
carbonate nitrate fusion, Br/CCL/HNO, oxidation and 
Br/H,O/HCIl oxidation. The mean total sulphur content 
was 1:00 per cent as 8SO,. In the fired brick, moet of the 
sulphur was present as soluble sulphate, the residual 
insoluble hur content being only 0:11 +0-04 per cent 
aa 80,, of which 40+ 11 per cent was radioactive. Henoe 
the total sulphur available for oxidation was 1:06 — 0-07 — 
0:909 per cent as SO,. The mean level of newly formed 
sulphate, obtained by numerical integration throughout 
the volume of the brick, was 1-06 per cent as SO;, which 
is in reasonable agreement. This has been confirmed by 
analysis of a further series of drillings from the radioactive 
brick and by measurements on non-radioactive bricks 
constructed in an identical manner. 

It is reasonably certain that the sulphur in the unfired 
clay existe as some form of the very insoluble sulphide 
FeS, for the acid volatile sulphide content is very low. 
If all the iron sulphide had uniformly oxidized to sulphate 
the constant level throughout the brick would havo been 
1:06 per cent as SO, whereas in fact there is a peak of 
newly formed sulphate which exceeds this by about 30 per 
cent. These results show that the newly formed sulphate 
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behaves in & similar manner to the incorporated sulphate, 

and supports the former conclusion that there 18 & zone of 

Rupee reconcentration just below the surface of the 
rick. 

The mechanism whereby sulphate is broken down and 
formed during the firing of the brick is still a matter for 
conjecture. The brick, for example, can be regarded as an 
Inert porous matrix in which the following series of solid- 
state reactions are possible: 


sulphide 
EJ NS 
EL aN 
sulphate*— oxide + gaseous sulphur (oxides) 





The sulphate — sulphide part of the reaction if it existe 
is very small, because of the low residual sulphide content. 
The sulphate — oxide part of the reaction and the omde 
— sulphate part do not necessarily occur at the same site; 
the latter reaction could well be responsible for the zone of 
reoonoentration just below the surface. 

It is still not clear why, in the cantre of the brick, both 
sulphide and sulphate disappear, for the first requires 
oxidizing conditions while the second is known to require 
reducing conditions. (Gypsum heated in & reducing 
atmosphere with silica and alumina is a commercial source 
of SO,.) It is possible, of course, that the two reactions 
are not independent. For example, the dissociation tem- 
perature of sulphate is lowered by the presence of BiO, or 
Fe40, (ref. 3) and presumably the dissociation temperature 
of CaSO, could be lowered by the presence of Fe8O,. 
Another possibility is that the heated sulphide eliminates 
sulphur in the elemental form, which afterwards oxidizes 
after diffusion nearer to the surface. A further possibility 
is the formation of hydrogen sulphide by reaction of the 
heated sulphide with water from the clay mineral; there 
is an unmistakable smell of hydrogen sulphide from the 
oentre of the freshly opened brick. However, apart from 
the mechanisms of the reaction, it is now apparent that 
newly formed sulphate distributes iteelf in the same way 
as added sulphate. 

7 LL, Baldwin, L. W., Lloyd, R. A , and Rees-Evans, D. B , Trens. 

Bru. Soc. (m the press). 

1 Lloyd, R. å., and Rees-Hvans, D. B., J. App. Red. Isot. (in the press). 


* Lundell, G. H. F. H. À., and H J L, m Apphed Inorpencs 
Anakins, edit, by Peebrand, W. F., 680 (Wiley and Sons, 1058). 


ELECTRICAL POTENTIAL AT AN OIL/WATER INTERFACE 


By GIUSEPPE COLACICCO* 
Amerlcan-Standard Research Division, New Brunswick, New Jersey 


ANY reports are available! about the electrical 
potential of the oil membrane, which consists of an 
‘oil’ (pentenol, nitrobenzene, eto.) between two water 
layers; very little, however, is known sbout the nature 
of the potential. The importance long attached to the 
oil/water interface as a model system of biological interest 
is especially obvious when the oil contains, or is in contact 
with, biologically important materials such as phospho- 
lipids’, proteins and others. 

The extensive work on the oil/water potentials oulmin- 
ated in the controversy between Beutner and Baur. 
Beutner' mamtamed that the electrical potential is 
generated by a partition equilibrium of the ions between 
oil and water; Baur‘ held that the observed potentials 
are produced by the selective adsorption of the ions into 
& double layer at the oil/water interface. Notwithstanding 
Baur's admission that Beutner was right and the assurance 
given by Adam that really both parties were mght in the 


* Present addrem: De of Biochemistry, Albert Manstein College 
of Wettolne, New York 61, Now York. 


circumstances’, the conceptual differences between the 
two pointe of view remain so powerful as to prompt 
re-investigation of the problem. 

In the accepted approach’, the electrical potential of 
the oil cell was & fuaction of the diffusion of the ions 
(&mall?:* and large!) under a concentration gradient and 
was described variously as & diffusion’, concentration or 
distribution potential by the Nerost and Henderson 
equations, which are stil bemg used^'. On the other 
hand, the armplified AV -log c plot of the Gouy equation!" 
for charged monolayers carries the lunitetions of the 
Gouy potential, whioh is restricted to the ideal (mono- 
valent: NaCl, KCl) dilute electrolyte and ignores the 
speorfic interactions between ions (includmg sodium and 
potassium) and charged interface. These interactions. aa 
described by the Freundhch and Langmuir isothermsa*'*, 
must be as fundamental to the structure and function of 
biological colloids as they are to mineral oolloids*. The 
fixed-charge theory!" had not been applied to the oil 
membrane; interestingly, however, the Donnan term was 


fy 


pr 
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shown to be identical with the Gouy 
obviously could not aocount for i 
(ref. 8, p. 176). 

With oogent arguments, which were neither rebuffed to 
satisfaction nor explored further, Ehrensvard and 
Sillen” provided momentum and clarity to the Beutner- 
Baur controversy. They" pointed out the inconsistencies 
and inadequacy of the distribution and Henderson 
pun and proposed an equation containing the 

ngmuur isotherm in two terms, one of which is a modifled 
Gouy potential. The new equation, vindicating Baur, 
brings forth the concept of the adsorption; however, 
neither theory nor experiment with this!*:1* and the other 
equations explained the role of the fixed head 
in the origin of the potential. The practical AV-log o 
plot of all these equations has the form of the Nernst, 
concentration, diffusion, distribution and Henderson 
potentials, all of which look alike, put the emphasis on 
the electrolyte and tend to make one lose sight of the 
charged componente of the membrane. In the present 
article I shift the emphasis from the mobile ions to the 
charged interface, and develop the concept that the 
membrane potentials are caused by the appearance and 
disappearance of the fixed head charges of the amphi- 
pathio molecules of phospholipids and other surfactanta 
orientated at the oi interface. 

The experiments were performed at 25° C in a modifica- 
tion of the ‘hanging drop’ cell described by Dean! and 
similar to the cells used by Beutner? and Baar‘. A layer 
of water-saturated: pentenol separated two electrolyte 
solutions at the lower (A) and upper (B) interfaces (Fig. 1). 
Two saturated calomel electrodes connected the lower 
and upper electrolytes respectively to the positive and 
negative poles of a high impedance electrometer, Keithley 
model 610A. The electrolyte solutions were prepared 
by dissolving the salts in pentanol-saturated water, which 
was glase-distilled and had a speciflo resistance of a 
megohm om before shaking with the aloohol. Diameter 
of the oiroular interface was 2-5 am. 


ULE 


Fig. 1. Relation of sign of AV to sign of head charge of surfactant 


tential! and 
interactiong 


The change of potential at a given interface was studied 
by injecting given quantities of surfactant at that inter- 
face without disturbing the other interface. It is expected’ 
that the amphipathic molecules at the interface orientate 
themselves with the head charges in the water and the non- 
polar chains in the oil. The potential was measured 
immediately before and after the injection, and the 
difference AV was calculated. A sudden change of 
potential ensued on injection, and the new potential 
decayed at a rate depending largely on the surfactant's 
solubility and disappearance from the interface. 

In brief (Fig. 1), & negative head charge at the lower 
interface A or a positive head charge at the upper interface 
B produced & positive change of potential (+a, +d); 
conversely, & pone head charge at the lower interface 
ot & negative hoad charge at the upper interface caused a 
negative change of potential (—b, —c). Conclusively, the 
sign of the potential was determined by the sign of the 
fixed head charges of the amphi io molecules’ as 
appeared at the oi/water in . Baur* claimed that 

sign of the charged interface determinee the sign of 
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the potential; but no evidence was given for it before these 
experiments. : 

The size of the potential changes varied with tbe con- 
centration of the electrolyte* in line with the Gouy 
equation':’ and with the equation and date of Ehrensvard 
and Sillen!?4, Typically (Table 1), the change of poten- 
tial was smallest in 1 M potasetum chloride and increased 
with decreasing electrolyte concentration. As expected, 
the absence of electrolyte causes expansion of the double 
layer, which then shows & conspicuous head charge and a 
large potential; conversely, & large salt concentration 

resses the double layer with consequent masking of 
the head charges and decrease of the potential. Similarly, 
the presence of polyvalent ions (calcium, magnesium, 
sulphate) m the kid) aee: caused changes of potential 
consistent with the rption of the counter-ions and 
masking of the head charges. 


Table 1. HFFEOT OF HLEOTXOLYTR OONCENTRATION ON THE O ATER 


PoTNNTIALS OF TYPIOAL AXIONIO (BODIUM DECYL 8 AND 
GaTIOXIO (OETYILTRIMETHYLAXXONIUM BROMIDE, OTAB) SURFACTANTS 
Potentials in mV x $ 
Burfactant BD8 Oephalin 
ala Ka 1 KA X480, Ka ORCI, 
10 89 22 —40 — 0 — 
01 65 48 —e6t -8 3 — 
001 110 70 —84 —18 e3 3 
0-001 140 109 — 150 -%0 108 6 
Water 158 — —220 — 180 — 


A solution of 0-001 M KOI was kept at terface B, while 1 «mole &D8 or 
Un fa O1 mi Water mel copháltn 1n ee 

with a micropipette at Interface A an 
concentration. Membrane thickness: 10 


As predicted by Fig. 1, the largest potentials were 
obtained when charges of opposite sign lined the opposing 
interfaces (+a +d; and —b —c), where no difference in 
electrolyte concentration was required. These potentials, 
obviously, increased with decreasing electrolyte concentra- 
tions and became largest on water. On injection of SD8 
and CTAB on water at A and B respectively, AV reached 
the value of 370 mV. Wilbrandt!* obtained these large 
‘asymmetry’ potentials with oollodion membranes and 
used them as the strongest argument against the assump- 
tion that they were diffusion potentials. 

By comparison with the anionic SDS and the cationic 
CTAB (Table I), a preparation of animal oephalin! aa 
well a8 certain preparations of synthetic phosphatidyl- 
ethanolamine and phosphatidyloholine (Nutritional Bio- 
chemical Corp.) behaved like anionio surfactants. Thin- 
layer chromatography of these preparations showed the 
presence of ae quantities of acidic componente, which 
would account for the appreciable size of the anionio-type 
potential on water; under the same conditions, chromato- 
graphically homogeneous egg lecithin produced a zero 
change of potential. 

In similar experiments (Table 2), a solution of surfactant 
in pentanol separated a solution of 1 M potassium chloride 
at interface B and solutions of variable electrolyte con- 
centration at mterface A. 

Table 2. HrFBOT OF HLBCTROLYTE CONCENTRATION ON THE HLBOTEIOAL 
POTENTIAL OF ANIORIO AWD CATIOKIO OIL MEMBRANES 
Potential in mV 3 


At A Acetyl 
ka 8D8 OTAB eboline 
(M) ehlonde bromide 
01 40 —48 -bi —15 
001 91 — 08 -%8 -%0 
0 001 125 —141 -l —49 


The &nionio membrane of sodium decyl sulphate refleota 
the combination of events +a and —b of Fig. 1. The 
positive AV is the sum of a large positive potential of the 
anionic head charge im dilute potassium chloride at 
interface A and a much smaller negative potential of the 
same head charge in concentrated potassium chloride at 
interface B. Conversely, the negative AV of the cationic 
membranes of CTAB, myristoylcholine chloride and 
acetylcholine bromide is the combination of a large 
negative potential (—c) of a cationic surfactant in dilute 
potassium chloride at A and & smaller positive (+d) 
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potential of the same cationic in concentrated potassium 
chloride at B. As the shorter the chain of the 
amphipathic molecule (acetyicholme versus CTAB) the 
gmaller the ial, or the longer the chain the more 
stable the interfacial fllm. i , injection of 
acetylcholine bromide on 0-01 M chloride at 
interface A caused a potential e of —15 mV, which 
vanished in 2—8 seo; whereas produced —82 mV, 
which decayed only 5 mV in the first minute. 

The potentials in Tables 1 and 2 were independent of 
the type of eleotrode pair used: that is, saturated calomel, 
Ag/AgCl in 4 M. potassium chloride, copper or platinum 
in 4 M potessium chloride. These electrodes are not 
suitable to measure concentration potentials of either the 
small (potassium chloride) electrolyte or the surfactant 
in bulk; and, i , the electrodes had no contact 
with the surfactant. With thet in mind, the observed oil/ 
water potentials cannot ibly be concentration or 
distribution potentials, both of wbich are electrode poten- 
tials, are irrelevant and (Baart) “do not exist" ae mem- 
brane potentials. 

The electrical model of the oil membrane is not yeb 
available. The foregoing date, however, indicate that this 
type of membrane has two properties (sign and electrolyte 
dependency of the potential) which distinguish it sharply 
from the ordinary ion exchange membrane. When I used 
cationic and anionic ‘Amphion 0-60 and A-60’ (American. 
Machinery and Foundry Company) solid membranes in 
place of the oil membrane in Fig. 1, the resulting poten- 
tials had signe opposite to those in Tables 1 and 2 and 
increased with i ing electrolyte (potassium chloride) 
concentrations. Similarly, the electrical potential of the 
anionic olay membrane’ as calculated from the fixed 
charge theory! and as measured in the laboratory?’ 
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increased, with the electrolyte concentration, whereas the 
potential of the oil membrane decreased with moreasing 
concentration of potassium chloride.  Hemnoeforth, the 
electrolyte does not play a direct part in the origin of 
the potential of the oil membrane except for masking and 
unmaaking the head charges at the interface. Polyvalent 
ions (calcium, magnesium, sulphate) and all kinds of long- 
chain ions, which are known to be preferably adsorbed on 
charged colloids, were particularly effective in depressing 
the oil/water potentials, which in that respect resemble the 
electrokmetio or rete tials’. Once the interfacial 
charge is destroyed the membrane potential vanishes; 
and that is true also for ordinary ion exchange mem- 
branes. The cited differences and similarities between 
the two types of membranes and biological membranes 
remain. to be investigated. 
? Dupeyrat, M., J. Ohim. Phys., 61, 806 (1964). 

Joladoso, Ga ana oe J. HL, Abu. Firm Intern. Biophys. Congr., 
1 Beutner, R., Z. Biskirochem , 34, 94 (1918). 

. Pleni. Chem., 98, 81 (1917). 

Canad. J. Chem., 88, 047 (1955). 
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NEW PYRETHRIN-LIKE ESTERS WITH HIGH 
INSECTICIDAL ACTIVITY 


By Dx. M. ELLIOTT, Da N. F. JANES, 


K. A. JEFFS, P. H. NEEDHAM, and Da R. M. SAWICKI 


Department of Insecticides and Fungicides, Rothamsted Experimental Station, Harpenden, Hertfordshire 


NE eaters of chrysanthemio acid have been prepared 
with highly specific insecticidal action. Two of the 
new compounds are more toxic to some insect species 
than the natural pyrethrins or allethrin, and are more 
stable than the natural i 

Several non-ketonio esters of chrysanthemio acid (I), 
such as dimethrin (from 2,4-dimethylbenzyl aloohol, lla) 
and barthrin (from 6-chloropiperonyl alcohol), have useful 
insecticidal activity? but aro less toxic to many insect 
species than are esters from pyrethrolone (a), cinerolone 
(IIb), and allethrolone ) In 2,4-dimethylbenzyl 
aloohol (IIa), the 4-methyl group is held by the benzene 
ring in a sterio relation:to the H—O bond of the aloohol 
similar to that between the side-chain CH,X and the 
HO link in the oyolopentenclones (III). Unsaturated 
side-chains CH,X in the chrysanthemates of the ketols 
(III) sre important for insecticidal activity", 80 
4-alkenylbenzyl ohrysanthemates were examined for 
To adult female Musos domestica L. (house-flies), 
treated topically with measured drops of solutions in 
acetone’, 4-allylbenryl (-+)-rans-chrysanthemate (from 
(IIb)) was approximately four times, and the ( + )-ote-trans- 
chrysanthemate twice, as toxic as the mixture of esters of 
the natural pyrethrins. By this method the mixed 
pyrethrins, allathrin (from IIc), and pure pyrethrin I 
(ref. 5) were equitoxio and 4-allyl-benxyl (+)-cis-trans- 
chrysanthemate (ABO) was seven times more toxio than 


dimethrin. ((-+)-Otsrans esters were prepared from the 
commercially available ethyl ester, which contained 
approximately 30 per cent cis-isomers; (+ )-frans- 
ehrysanthemio acid was naturally derived.) But to adult 
Phaedon cochlearias Fab (mustard beetles), treated simi- 
larly, allethrin was twice as toxic as dimethrin and six 
times more toxic than ABO. (Relative toxicities are ex- 
pressed as inverse ratios of median lethal doses, LD,,.) 
Methyl groupe on the benreno ring of ABO increased. tox- 
icity to mustard beetles considerably. Thus, 4-allyl-2,6- 


and 4-allylbenxyl (+)- tone tea were more 
toxio to house-flies than was any other pyrethrin-like 
ester, natural or synthetic; also with other insect i 
(for example, Tribolium oastaneum (Herbst.), Bni 
americana (L.), Aphis fabae, Scop., and the red spider 
mite Tetranychus telarius (L.), both in laboratory tests and 
conditions nearer to practical use, the 2,0-dimethyl com- 
pound MABO) was as toxic or more so than allethrin. 
e insecticidal activity of a film of DM ABO, irradiated 
with ultra-violet light, persisted longer than that of 
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one oe haa ce a[iStrn 6r tho nbfasel pyrethriga: 
relationship between toxicity to house-flies and 
mustard beetles and chemical structure in esters related 
to the allyl compounds already mentioned was examined 
in detail. To both species, esters were more 
toxio than 4-n-propyl compounds; similarly, allethrin was 
more active than its n-propyl analogue’. 4-Allylbenzyl 
esters were about ten times more active than 8-allyl 
compounds and 1 esters gave no kill at the 
largest doses. This showed that it was important to 
maintain the appropriate steric relation between the 
unsaturated side-chain of the aloohol and the linkage to 
the acid portion of the molecule. Esters in which the 
side-chain double bond was conjugated with the benzene 
ring (from 4-vinyl and 4-propenylbenryl alcohols, IId 
and lle, respectively) did not kill mustard beetles and 
were only slightly toxic to house-flies. The ester from the 
enyne alcohol (IV) (ref. 6) in whioh an acetylenic link 
maintained a sterio relation between the hydroxyl and 
allyl groups similar to that in alcohol was 
not toxic either to mustard beetles or house-fliea, so this 
sterio relation on ita own was insufficient to give inseoti- 


OH,OH—OH, 
o 
HO.OH,0«0.0H,CH—CH, H 
o 
(IV) (V) 


Most of the alcohols formed more toxic chrysanthemates 
when the hydrogen atoms ortho to the CH,OH group 
(LL, E: and R*) were replaced with methyl groupe. The 
4-aIly1-2,0-dimethyl ester was the most toxic compound 
to mustard beetles, but to both species the ester from 
4-allyltetramethyIbenryl alcohol (Of) was lees toxio than 
the 2,0-dimethyl compound. The 4-irans-orotylbenzyl- 
alcohol (lig) gave esters lees toxio to both species than 


esters of 4-allylbenzyl aloohol (IIb) but, to mustard ` 


beetles only, the ester from 4-(2’-methallyl) benzyl alcohol 
(11A) was better than that from 4-allylbenryl alcohol. 
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The ester from the readily acceasible 4-trans-sorbylbenry1 
alcohol (IIs) was only one-twentieth as toxic as the 4-allyl 
compound to house-flies and one-tenth as toxic to mustard 
beetles. 

2-, 3- or 4-Allyloxybenrzyl chrysanthemates had little 
insecticidal activity, leas than that of the corresponding 
methoxy compounds. Free hydroxyl groups suppressed 
toxicity; the ester from the alcohol (V), easily made from 
O-allyl kojio acid’, was not insecticidal. Methoxyl groups 
at any position on the ring decreased the toxioity of 
otherwise active compounds. Thus, Barthel e£ al.* made 
3-allyl-4-methoxy- and 4-ethoxybenryl chrysanthemates, 
and we made 3-allyl-4-methoxy- and 4-allyl-8-methoxy- 

1 chrysanthemates; but all were much leas effective 
than the related unmethoxylated allyl benzyl esters. 

The high toxicity of the 4-alkenylbenzyl chrysanthe- 
mates led to an investigation of methylbenzyl compounds. 
The 2,4-, 3,4- and 2,5-dimethyl esters had already been 
tested}. 2,4,6-Trimethylbenzyl (+ )-cts-trans-chryszanthe- 
mate (from Lj) was approximately one-third as toxic as 
DMABO to house-flies and about twice as toxic as 
dimethrin to house-flies and mustard beetles.  Penta- 
methylbenzyl (+ )-ofs-trons-chryeanthemate (from Ik) 
was signi tly more toxic than the 2,4,6-trimethyl ester 
to mustard beetles, but leas active to house-flies. 2,4,6- 
Triethyl benzyl alcohol (IIJ) gave a non-toxic ester. Other 
dimethyl esters were leas toxic than the 2,4 and 3,4- 
dimethyl oompounds. 2,4- and 3$,4-Dichlorobenryl 
chrysanthemates were leas toxio than the correspondmg 
dimethyl compounds. f 

Thus, those benzyl alcohols the structures of which 
relate them most closely to pyrethrolone, oinerolone, etc. 
(LIT), give the most toxic chrysanthemates. 4-Allylphenyl 
and 4-allyl-2,6-dimethylphenyl chrysanthemates, which 
have some structural features in common with the benxyl 
esters but differ stereochemically, had no insecticidal 
activity; this indicated that there must be a specific and 
appropriate stereochemical relationship between the 
acidic and alooholio perte of the esters. The 4-allyl-2,6- 
dimethylanilide of ( + )-cis-trans-chrysanthemic acid differs 
little from DMABO stereochemioally but obviously lacks 
the requisite chemical properties, for it was not toxic. 

Molecular models show that, when the ally! groups in 
allethrin and in 4allyl-2,6-dimethylbenzyl ohrysanthe- 
mates are orientated similarly relative to the chry- 
santhemic acid parts of the molecules, one of the 
2,6-dimethyl groupe in the benzyl ester occupies a position 
equivalent to that of the methyl group on the oyclo- 
pentenolone ring; & possible explanation for the lack of 
toxicity of 2,4,0-triethylbenzyl chrysanthemate is that 
here there is no room for an ethyl group to be similarly 
accommodated. ^ Additional evidence that the 
insecticidal activity of the 4-allyl and 4-allyl-2,6-dimethyl- 
benzyl esters is associated with their similarity in molecular 
shape to the natural esters and allethrin is that (+)-trans- 
ehrysanthemio acid gives esters approximately twice as 
toxic to house-flies as those from the (E) ots ans acid, 
and that, to house-flies and mustard beetles, the 2,4,6- 
trimethylbensyl ester of (+ )-irans-chrysanthemic acid is 
much more active than that from ( — )-irans-ohrysanthemio 
acid. Analogous results were obtained with oyclopenteno- 
lone esters of (+), (—), and (+)-cistrans acids**. The 
resulte support an earlier suggestion’ that the insecticidal 
activity af the pyrethrins and related compounds depends 
partly on the oyolopentenolone ring acting as a planar 
activating nucleus to hold the unsaturated side-chain in 
an appropriate stereochemical relationship to the alcoholic 
link and thence to the acid. In these benzyl esters the 
benzene ring fulfils this role. 

Neither ABO nor DMABO was well synergized by 
piperonyl butoxide in activity against house-flies. 

Details of the synthesis of the new compounds and 
of the biological date will be published. 

This work formed part of a project supported by the 
National Research Development Corporation. We thank 
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Mr. F. P. W. Winteringham for a helpful discussion 
at an early stage in this work and Dr. C. Potter for his 
help and advice. 
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STEREOSPECIFICITY OF CERTAIN SOLUBLE AND PARTICULATE 
PREPARATIONS OF MITOCHONDRIAL REDUCED NICOTINAMIDE- 
ADENINE DINUCLEOTIDE DEHYDROGENASE FROM BEEF HEART 


By Da: LARS ERNSTER*, Paor. HENRY D. HOBERMANT, ROBERT L. HOWARD}, Pror TSOO E. KING, 
Dr CHUAN-PU LEE§, Dk. BRUCE MACKLER|, and Dr. GIANLUIGI SOTTOCASAG 
Wenner-Gren Institute, University of Stockholm, Sweden 


recent years several preparations of soluble and 
particulate NADH dehydrogenase have been described, 
and the question, whether any or all of these are deriva- 
tives of the mitochondrial, respiratory chain-linked 
NADH dehydrogenase, has been the subject of mtense 
investigations and disousgions!. Recently, it has been 
established that the respiratory chain-lmked NADH 
dehydrogenase reaction involves the 4B atom 
of NADH, as revealed by studies with submitochondrial 
particles from beef heart!!! and rat liver*. Simultaneously 
it was found that a number of other NADH-oridizing 
including pyridine nucleotide transhydro- 
genase”, DT diaphorase’, the microsomal NADH- 
cytochrome o reductase‘:‘, as well as a liver-mitochondrial 
NADH-cytochrome c reductase catalyzing the oxidation 
of extramitochondrial NADH‘, are 4A-speciflo with regard. 
to NADH. From these results it appeared that determina- 
tion of the stereospecificity with regard to NADH might 
be a useful tool in characterizing various purifled prepara- 
tions of NADH dehydrogenase. This article presents 
resulta regarding the stereospecificity of samples of soluble 
NADH dehydrogenase prepared from beef heart according 
to various current procedures. Results are also presented 
regardi the i of NADH oxidation as 
catal by the Keilin-Hartree heart-muscle preparation’, 
as well as a purified preparation of Straub’s diaphorase® 
(a-lipoyl dehydrogenase’). As will be shown, the NADH 
deh reaction catalysed by all these prepara- 
tions involves the 4B hydrogen atom of NADH. 

NADH dehydrogenase of King and Howard’ was 
prepared as described by these authors, except that 
fractions were isolated using narrower outs. e pre- 
paration was free of FAD. Singer’s' NADH debydrogen- 
ase was prepared according to the improved procedure 
described by Cremona and Keeiney!*. The purification 
was pursued until the before the centrifugation on & 
sucrose gradient. er's!* procedure for preparing 
NADH dehydrogenase was followed precisely as des- 
cribed. «-Lipoyl dehydrogenase was purified essentially 
as described by Massey’. The tion contained no 
FMN. Heart-musole preparation was made by Keilin and 
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Hartree’s’ method as adapted by King!*. The p tion 
was slightly deficient in cytochrome c. NADH-44-*H 
and NADH-4B-*H were prepared from NAD+-4-"H by 
reduction with unlabelled UDPG+UDPG dehydrogenase 
and with unlabelled ethanol + alcohol dehydrogen- 
ase, Tespectively, as previously described’. NAD+-4-7H 
(specific activity 0-7 mo.fmmole) was prepared by the 
method of Krakow e£ al.!*. 

All enzyme preparations were assayed in the presenoe of 
NADH-AA-H or -4B-H, under two sete of conditions: 
(1) with an excess of ferricyanide as the electron acceptor ; 
(3) in the absence of electron soceptor. In the former 
case, the reaction was followed by measuring the reduc- 
tion of ferricyanide at 420 my in a Beckman DK-2 record- 
ing spectrophotometer; the exact conditions and the 
reaction rates measured are stated in Table 1. When 
virtually all NADH was oxidized (after about 2-3 min), 
the samples were frozen in a dry ice-acetone mixture, and 
water was isolated by sublimation as previo described". 
A portion of the isolated water was used for counting 
radioactivity with a Packard model 314 EX 'Tri-Carb' 
liquid scintillation counter. In the absence of added 
electron acceptor the incubstion mixture was the same 
as when acceptor was present except that larger amounts 
of enzyme were used (compare Table 2) and the time of 
incubation was 5 min. The Keilin—Hartree heart-muscle 
preparation was also assayed with respect to NADH 
oxidase activity by following the aerobic oxidation of 
NADH at 340 mp. Again the reaction was followed until 
virtually all NADH was oxidized. The tritium in water 
was determined as already described here. 

The resulta are summarized in Tables 1 and 2. Both in 
the presence (Table 1) and in the absence (Table 2) of a 
terminal electron acceptor, there occurred a substantial 


Table 1. STERBOSPEOIFIOITY OT NADH OXIDATION BY DIFFERENT MNIYMS 
PREPARATIONS FROM BREF HEART 


Activity, Per oent "H in 
Terminal Tw after oxida. 
Preparation electron ADH of H 
acoeptor oxidised/min/ NADH- NADH- 
mg potan 44 (43-4 
(1) 2) Keilin-Hariree prep. Oxygen 0 15 0 100 
alim Hartree prep. Ferncyankde 47 i 53 
(2) ADH DeHpdtugenue 
ic King and Howard"? Ferrloyanide — $33 82 
Cremona and 
1 Feerncyanide 48-2 0 91 
(o) resort um Fernoyankde 390 0 69 
(3) a-Lipoyl dehydrogenase  Ferricyanide 17-8 8 72 


mii NADH, 8 2M trel0t, 0-1 M. phosphate H T5 
pl T 
enzyme protean, (1b CITM NADE: ferrioyanide, 6 mM lir 
buffer, *5, and 0-072 enzyme protein; (24 mM AD 
peep Tercer amies B mu trie HOS 01M buffer, pH 7-5, and 
, (2b) 0 2 mM KADH, 1 fi 
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Tabie f. BTERBOMPROIFIOITY OF HIOHANGE OF HYDROGEN ATOMS BETWENN 
NADH AKD WATER, CATALYSED BY DIFFERENT DOTEE PREPARATIONS 


FROM BEEF 

Per œt "H in H,0 
Pre NADH+44"H NADH-4B—H 

a Hartree prep. (+ 4«M. rotenone) 4 06 

NADH aoo, to: 

£) Kmg and 1 11 75 

Cremona and Kearney!* 4 94. 

Mackier“ 10 99 

(3) a- dehydrogenase 4 92 
electron was added, amounts pro were 
as Tales. D 037, a) OTe: (88) C3; Qo) 0 18, (8) O OBd. The samples 

were tnonbated at for 5 min 


detritiation of NADH-4B-*H, and essentially no detritia- 
tion of NADH-44-*H, with all the enzyme preparetions 
tested. Thus, all preparations contamed almost exclusively 
4B-specific NADH dehydrogenase, snd catalysed also 
an exchange of hydro atoms between NADH and 
water. The NADH oxi activity of the Keilin—Hartree 
preparation was likewise 4B-speciflo (Table 1), as expected 
on the basis of earlier resulta". The finding that the detri- 
tiation was not complete in the samples containing ferri- 
cyanide (Table 1), in spite of virtually complete oxidation 
of NADH (as assessed spectrophotometrically), is appar- 
ently due to an isotope effect, indicating that the actual 
transfer of hydrogen from NADH to the enzymes was rate- 
limiti Complete detritiation occurred, m fact, in the 
NADH oxidase reaction of the Keilin-Hartree preparation, 
the rate of which was much lower than that of the corre- 
sponding ferricyanide reduction, that is, the rate-limiting 
step apparently was on the acceptor side of the NADH 
. Rotenone, which blocked the NADH 
oxi reaction of the Keilin—Hartree preparation but 
not the reduction of ferricyanide with any of the pre- 
tions tested, had no effect on the rate of detritiation. 
ig finding, in accord with previous resultat, indicates 
that rotenone does not block the transfer of hydrogen 
from NADH to NADH dehydrogenase with any of the 
preparations studied. 

Table 8 is a summary of previous and present conclu- 
sions regarding the stereochemical properties of various 
enrymes oatelysing the oxidation of reduced pyridine 
nucleotides. The respiratory chain-lmked NADH deh 
genase and the a-lipoyl dehydrogenase are specific for 
the 4B hydrogen atom of NADH. The soluble NADH 


Table 3. STEREOCHEMICAL PROFNHRTIBS OF 5OWE HNIYMES CATALYEDIG 
THE OXIDATION OF REDUCED PYRIDIWM NUGLBOTIDES 
Hnxyme Btereogpeciti MON Ref. 
a 
NADH NADP water 
+ 2, 8, 


NADH dehydrogenase (mitoohon- B 
drial, ohain-linked) . 


æ B + This paper 
(miorosomal) A - 4,6 
NADH dehydrogenase (iver-mito- A — 4 
NADH RA DPH A B - 2,3,6 
(om oy ena 
non-energy- 
DT dlaphorase A A - 2 
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dehydrogenase of King and Howard?*, Binger, and 
Mackler™ are 4B iflo. Bmoe these preparations were 
free of FAD and/or of a-lipoyl debydrogenase activity, 
they most probebly represent derivatives of the NADH 
dehydrogenase of the respiratory cham. A similar con- 
clusion may hold for Mahler's! enzyme, the stereo- 
specificity of which haa been determined by Drysdale and 
Cohn!*. In cantrast to these enzymes are the microsomal 
NADH-cytochrome ct or -cytochrome b, reductase’, tho 
‘external’ NADH-sytochrome c reductase of liver mito- 
chondria‘, DT diaphorase’, and the pyridine nucleotide 
tranghydrogenase**:5, which are specifle for the 4A 
hydrogen atom of NADH; interestingly, the transhydro- 
genase is 4B-specifio with regard to NADPH, whereas 
DT diaphorase is 44-specific. Another interesting feature 
is that the two 4B-specifló NADH-oxidizing enzymes, 
NADH dehydrogenase and a-lipoyl dehydrogenase, cata- 
lyse a ready exchange of hydrogen atoms between NADH 
and water, whereas the 4A-specific NADH-oxidizing 
enzymes seem to be devoid of this capacity. These and 
further aspects of the stereochemistry of enzymes cata- 
lysing the oxidation of reduced pyridine nucleotides may 
be of value for the study of their reaction mechanism and 
metabolio functian. 
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AMINO-ACIDS AND PEPTIDES IN HUMAN GASTRIC JUICE WITH 
PARTICULAR REFERENCE TO PERNICIOUS ANAEMIA: A REVIEW 


By Da J. G. HEATHCOTE and R. J. WASHINGTON 
Royal College of Advanced Technology, Salford 


Nee investigations have been carried out, in 
the past, on the gastric juice of both normal subjecta 
and pernicious anaemia patients. In the main, these 
researches have been concerned with the protein fraction 
of gastric juice, often in an endeavour to isolate the 
'"intrinmio factor’ first proposed by Castle!. This factor, 
which has never been isolated, has been assumed to be 
protein in nature since the work of Ternberg and Eakin! 
and of Glass et al. Much of this research has been well 
described in reviews*-!*, and a good deal of knowledge of 


the proteins of gastric juice has accrued from the search 
for this elusive factor. Lees information seams to be 
available concerning the non-protein nitrogenous fraction 
of human gastric Juice, and the present review i8 an 
attempt to summarize our existing knowledge of this 
fraction. 

The earlier investigations!!-3 on protein-free gastric 
Juice were inconclusive and it was not until 198] that 
Martin™ carried out the first meaningful examination. Ho 
precipitated the protein by means of sodium tungstate and, 
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after filtration, analysed the filtrates for nitrogen by the 
method of Folin and Wu!*. The non-protein nitrogen in 
normal samples was found to vary over the range of 20- 
48 mg/100 ml. gastric juice. In ample achlorhydria, the 
range was 30-90 mg per cent, while in pernicious anaemia, 
it was 60-150 mg per cent. Martin also observed that the 
volume of gastric juice produced by the fasting pernicious 
anaemia patient was very small when compared with that 
produced by a fasting normal subject. 

In a further eile nant carried out two years later, 
Martin showed that the amino-acid-nitrogen and 
the non-protein—nitrogen were twice as great as the normal 
values in cases of benign achlorhydris and three times as 
great in pernicious anaemia. Martin's investigations were 
carried out before the advent of paper chromatography, 
and he obtained no details of the individual amino-acids 
which were present. In the next section, we shall examine 
resulta which have been obtained in more recent studies 
on normal gastric juice. 

Amino-acids in Normal Gastric Juice. Cagianut, Zehn- 
der and Nager!’ precipitated the proteins from normal 
gastric juice by the addition of excess aloohol and ex- 
amined the protem-free solution, after centrifugation, by 
They found small 


lysis. On examination of the 
authors found alanine, aspartic acid, glycine, valine and 
the leucines (not separated) to be present in all cases In 
addition y-amino-butyrio acid, glutamio acid, glutamine 
and tyrosine were often present; other amino-acids oc- 
curred on rare occasions. The dialysates and alooholio 
filtrates proved to be almost identical m amino-acid com- 
position, and the leucines, valine and alanine accounted 
for two-thirds of the total concentration of the free amino- 
acids. The individual amino-acids were estimated by 
visual comparison of the colour produced by ninbydrin 
with that produced by standard amounts of each acid. 
Merlevede, Pottiez and Verhelle!*, in 1955, precipitated 
the proteins of gastric juice with trichloroacetic acid (20 
cent), removed them by filtration, and then deminera- 
fred tho filtrate by passing it through a column of resin 
(‘Amberlite IR-120’). The amino-acids were eluted by 
means of ammonia, and the eluate was concentrated in 


were found in every case. In a few samples ornithine, 
threonine, aspartic acid, proline and methionine were also 
found. The reported presence of ornithine and citrullme 
was rather surprising. 

Chiba and Ishikawa!’ deproteinized 
normal gastric juice by heating to 80° with perahlorio acid 
(8-6 per cant) and then filtering. Paper diga, de a 
showed the presence of aspartic acid, cystine, 7 


histidine, valine and/or methionine, leucine and/or iso- - 


leucine. Some of these amino-acids may possibly have 
been produced by partial hydrolysis of peptide links 
during the preparation of the protein-free filtrate using 

hot perthloric acid. : ; 
Shimiru* examined seven samples of gastric juice from 
ients with non-gastrio disease. He deproteinised the 
juice by alooholic precipitation and then examined. the 
filtrates by chromatography. Valine, leucine, alanine, 
serine and ine were present in all cases. This was in 
t with the results obtained by Merlevede e£ al. 

already mentioned. MD 
After removal of the protein in their samples by dialysis, 
Bouda and Vesely" used paper omis and paper 
chromatography to seperate the amino-acids in the fil- 
trates. In six samples of normal fasting juice which they 
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ined, histidine, iz 
lanine, 


arginine, serine, tyrosine, phenyla- 
ic acid and glutamic acid were found. Bouda 
and Vesely that Hais and Macek™ found the 
same amino-acids as Gilligan e£ al.1", and in addition they 
found serine and threonine to be present. 

The technique of adsorption on to & column of ‘Dowex- 
50’ reain was used by Borkowski™ to examine a series of 
filtrates of normal fasting gastric juice, after the protein 
had been removed by means of alochol. The amino-acids 
were then eluted with dilute ammonia and identified by 
paper chromatography in the usual way. Borkowski 
found altogether some 17 amino-acids of which ten were 
always present. These were leucine, valine, glycine, ala- 
nine, glutamic acid, serine, lysine, threonine, aspartic acid 
and tyrosine. A titative estimation was possible for 
eight of these (Table 1). He found no histidine or citrul- 
line, in contrast to^ Merlevede et al.1*, but claimed the 
additional presence of glutamine, arginine, f-amino- 
isobutyric acid, phenylalanine, proline, ornithine and 
hydroxyproline in this decreasing order of occurrence. 


Table 1. THE CONCENTRATION OF AMINO-ACIDS IN NORMAL GASTRIO JUICE — 


(Bogxowsxr, 1960) 


Amino-sald Concentration (mg/100 mL) 

Aspartic anid 064 
Gliyane 0-53 
Glutamio acid 047 
Lysine 0-46 
Arme a 

0-34 
Threonine 0-27 
Bertne 0-26 


Fucik and Bolková** investigated normal gastric juice 
for amino-acids and peptides The juice was first treated 
with a mixture of aloohol and aoetone, and the protein-free 
filtrate was examined by paper chromatography and 
electrophoresis. 


the free amino-acids in the dialysates of the gastric Juice 
of ftve normal subjects and several patients suffering from 
diseases of the stomach. Two of the patienta with gastritis 
had atrophy of the gastric mucosa which may well have 
been incipient pernicious anaemia. The samples of dialy- 
sate were concentrated over phosphorus pentoxide and 
then examined by peper chromatography. 

Qualitetively, they found little difference between the 
amino-acids of normal gastric juice and those of the 
patients. In all cases they found serine phosphoric acid, 
aspartic acid, serjne, glutamic acid, glycine, lysine, threo- 
nine, alanine, arginine, valine, and leucine. There was an 
estimated increase in the concentration of amino-acids in 
the two cases of gastric atrophy; but, unfortunately, it 
was not possible to determine quantitatively the small 
amount of amino-acids present m normal juice. The 
values which these authors quoted for the concentrations 
of the amino-acids in the cases of gastric atrophy were 
about one-fiftieth of the concentrations reported by 
Washington?! for the amino-acids present in pernicious 
anaemia (see following). 

ive i igation of the tem-free fil- 


Ina in 
m pernioious 


and y-amino-butyrio acid were leas frequent. 

The gastric juice of pernicious anssmia (and of gastric 

cancer) contained greater numbers of amino-acids than 

normal gastric juice. The amino-acids were also present 
in increased concentration. 

In 1960, Bouda and Vesely, using the same techniques 

as before", carried out a direct comparison between the 


by 


JA 
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gastric juice of normal subjects and of patienta suffering 
from gastric atrophy. In normal juice, they found most 
of the amino-acids reported by Norpoth ef al. and in 
addition methionine, tyrosine, serine, glycine and arginine. 
w In diseases associated with gastric atrophy, such as cancer 
and pernicious anaemia, both the number and oonoentra- 
tion of free amino-acids were increased. 

Washington*’ has recently examined the non-protein 
fraction of two samples of pooled normal human gastric 
Juice and compared his results with those obtained from 
& few (individual) samples of juice from pernicious anaemia 
patients. All samples were of fasting juice and, except in 
the case of one sample of pernicious anaemia, were taken 
without any artificial stimulation such as histamine or 
aleohol Washington deproteinized the gastric juice from 
normal subjects by three different methods, namely, 
dialysis, precipitation with trichloroacetic acid, and pre- 
cipitation with ethanol. On paper chromatography and 
staining with ninhydrin the protein-free filtrates, however 
prepared, produced a prolonged streak which was inter- 
spersed with regions of increased intensity. The streaking 
waa eventually shown to be due to the presence of a pep- 
tide which was causing the individual amino-acids to bond 
together and to be in pert, to atypical 
positions along the line of the chromatogram. The regions 
of increased intensity represented the true main positions 


solvent 
second. tograms were eluted and concentrated as 
before, and chroma i i i 


The gastric juice from patiente with pernicious anaemia 
proved to be more easily analysed owing to the absence of 
peptide and, in this case, it was poenible to carry out two- 
ep erica UA ef bain oa e lantas of the 


The main findings are summarized briefly in Table 2, 
"from which it can be seen that the sample of pernicious 
anaemia ic juice has an overall concentration of 
amin: ids which was almost five times as great as that 
of the average sample of normal gastric juice. Individual 
. samples of juice, of either kind, contained other amino- 
acids such as methionine or phenylalanine, but Washington 
found no trace of ornithine or of citrulline. 

Alcohol-stimulation of the production of gastrio juice in 
one pernicious anaemia patient was found to increase the 
concentration of the amino-acids in the non-protein filtrate 
above the value obtained without such stimulation. 

Only a few samples were examined by Washington, but 
the quantitative recovery of the amounts of amino-acids 
which are present, in non-stimulated normal gastric Juice, 
was good. Furthermore, the values which he obtained, for 
the overall concentration, were within the ranges quoted 
by earlier workers in the field (Table 8). There is every 
reason to believe that the resulta which were obtained in 
the pernicious anaemia juice were, if anything, even more 
reliable, owing to the larger concentrations of amino-acids 
present and the relative simplicity of the analysis. 

Peptides in Gastric Juice. On hydrolysis of the non- 

„protein filtrates of normal gastric juice, Gilligan ef a[.!! 
‘observed that the concentration of the amino-acids in- 
,oreased ten-fold and this seamed to indicate that many of 
the amino-acids were present combined in peptide chains. 
In their examination of the alcoholic filtrates and dialy- 
sates of normal juice, they claimed that a peptide waa often 
present which migrated faster than leucine in chromato- 
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Table 2. YXEER ANIEO-AGLDS IX Faustina GAgTEIO JUICH 
(WAsuniaTON, 1064) 
concen gastino juices 
(mg/100 mL) 
Amtno-acld Ratio of PA/ 
Pay Normalt 

Argis 4 13 38 
rere add 41 0-4 102 
m crei add ite 1 Os 45 
2-7 02s 13-5 
add 35 0-5 70 
n Ho R HW 

Leucine plus isoleucine 64 10 0 
Prolme 1-3 0-30 4:3 
Serine 41 12 84 
= So R g 
vine 39 0-7 5-6 
Total 60-0 143 42 

* Average value derived from three individual samples, t where 


marked s. 
t Average value derived from two pooled samples, exoept where marked s. 
Table 3. OONONETRATIOE OF a-ÀAMIKO-ETTEOQNE IX NORMAL GASTEIO JUICE 


Anthor a-Amtno-nf 
(mg/100 ml. of ) 

Bor! 04 
Martin (1931) 06 

Moor and Warren (1984) 0-9 

931 72 
Obibe and wa (1055) 175 
Washington (1004 145 


* Obtained from the figure quoted for the amino-acids by amummg a value 
of 120 for the average mol. wt. 


graphic solvents, and which they called the ‘high streak’ 
peptide. 

Norpoth, Surmann and Clóeges*?! also reported the 
incidence of a similar ‘high streak’ peptide. 

Bouda and Vesely, in 1960, described the presence of 
"peptide streaks” in some experiments with normal 
gastric juice, but these were not in i further. 
These workers also found that the juice of patients suf- 
fering from ipiis aed (either pernicious anaemia or 
cancer) rarely contai peptides. 

In 1060 also, Brummer and Kulonen”, after precipita- 
tion of the proteins of gastric juice, found a spot to be 
present on paper chromatograms of all alooholio filtrates 
pce PE oT We Beso quie was below 10. This 
Spot, which they call epot “A”, migrated faster than 
leucine, but could not be i tely In the 
next year, Brummer, Seppala and Kulonen™, by means of 
column chromatography, separated spot “A” from other 
components and then examined it by means of 
chromatography. They found “A” to consist two 
components—a weakly-staining, slow-moving spot and a 
much more strongly staining fast-moving one. After acid 
hydrolysis of the ‘fast’ spot, the following amino-acids 
were identified: aspartic acid, glutamic acid, serine, gly- 
cine, alanine, valine, leucine and isoleucine. The leucines 
were present in the highest concentration. 

An anacid gastric juice from which spot “4A” was absent 
was adjusted to pH 2-0 with dilute hydrochloric acid. 
After this mixture had been allowed to stand at room 
temperature for 15 min, spot “A” appeared as a trace on 
staining. The spot achieved maximum staining intensity 
within 1 h. Brummer & al. suggested that spot “A” was 
connected with the conversion af pepsinogen to pepsin and 
this they confirmed with pure hog pepsinogen. 

Brummer, Seppala and Kulonen?* also found a strong 
spot, which they again called “4A”, in sir out of eight 
patients suffering from pernicious anaemia, after acidifi- 
cation of their gastric juices with dilute hydrochlorio acid. 
They recognized, however, that the stomach in pernicious 
ansemia would be very unlikely to contain more pep- 
sinogen than either the normal subject or the patients 
with simple achlorhydria. They could only suggest, there- 
fore, that the spot obtained after the acidifloation of 


„pernicious anaemia gastric juice, although chromatogra- 


Phically identical with spot ' A", was due to another 
polypeptide. 

The enigma of the existance of spot “A” in pernicious 
anaemia gastric juioe was re-examined by Brummer and 
Seppala in 1963", using eight patients with pernicious 


044 


anaemia, and seven patiente with histamine-fast achlor- 
hydria. Each sample of gastric juice was dialysed and the 
non-dialysable fraction was subjected to paper electro- 
phoresis. On staining, bands were found which corres- 
ponded to four mam protein fractions which were 
designated: albumin, M, M,, M, and in addition there 
were some vague bands due to peptides. After acidifica- 
tion of these anacid juices, followed by electrophoresis, 
they found that the fraction M, had disappeered and the 
peptide bands had increased in intensity. They concluded 
that the spot “4A”, which they had noticed previously in 
pernicious anaemia ic Juice, was probably due to 
polypeptides which had been freed from the albumm and 
mucous substances when the gastric juice had been 

Heathcote and Washington?! have reported recently the 
isolation of a peptide, from two pooled samples of normal 
human gastric juice, which was completely absent from 
the individual samples of pernicious anaemia juice which 
they examined. The peptide had a low Rr value in the 
usual chromatographic solvent systems for amino-acids 
and there was no evidence for the existence of a ‘high 
streak’ peptide such as was reported by Brummer and 
Seppala. The presence of the peptide in normal gastric 
juice causes marked streaking on paper chromatograms of 
the protein-free filtrates or dialyBatee. It gave & single 
peak in the analytical ultracentrifuge which corresponded 
with a molecular weight of about 1,000. Prelminary ana- 
lysea indicated an amino-acid composition which was 
similar to, though not identical with, that of the faster 
moving component of Brummer e£ al.**. Washington has 
since reported the presence of this peptide in a third sample 
of normal gastric juice. 


Discussion 


The results which have been obtained for the conoen- 
trations of the amino-acids in gastric juice can now be 
summarized. We must keep in mind, however, that in 
addition to the usual biological variation there are two 
other variables. These are, first, that the concentration 
may alter according to the method of production of the 
jwoe, that 1s, whether stimulated artificially or not, and 
secondly, that the method of deproteinization may affect, 
appreciably, the resulta of the &nalysig!':?*. 

Qualitatively, it would seem that almost all the common 
naturally occurring amino-acids which one might expect 
have been reported to exist in normal human gastric juice, 
although not always in the same sample. Taurine, ortrul- 
line and ornithine have also been reported to occur on 
occasions. The total amount of amino-acid nitrogen which 
is present 1n normal gastric juice has been reported to vary 
between 0-4 and 17:6 mg per 100 ml. 

With regard to the gastric juice of pernicious anaemia 
patienta, there are only eight reporta extant and most of 
these refer to only a few patients. The four qualitative 
studies all agree on the morease in number of the amino- 
acids when compared with normal juice. Of the four 
quantitative studies, two*-1* indicate a three-fold increase 
in the value of total amino-acids over the normal value; 
the third, by Hiller and Bischof", gave individual conocen- 
trations which were about one hundred times lower than 
the values reported for normal gastric juice by other 
workers and must, therefore, be presumed to be erroneous; 
finally, the most recent investigation?’ indicates an in- 
crease of between four and five times the concentration of 
amino-acids in pernicious anaemia gastric juice over the 
normal value. 

Normal gastrio juice, when administered together with 
eyanooobalamin, orally to pernicious anaemia patient, 
caused remission of the symptoms* and the question is 
still open as to how this effect could have arisen. Could it 
be due, for example, to the presence of certain amino-acids 
in normal gastric juice, which are absent from, or present 
only in amall amounts in, pernicious anaemia gastric juice ? 
Simple mixtures of glutamic acid and cobalamin have 
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indeed been shown to be more effective than cobalamin 
alone". At first sight, this would not seem to be a 
likely explanation for the rmproved activity because the 
concentration of amino-acids is greater in the pernicious 
anaemia juice. However, according to Ihre™, the volume 
of fasting juice in the normal subject may be fifteen times 
the volume in the pernicious anaemia patient and, acoor- 
dingly, the amounts of many amino-acids, including gluta- 
mic acid, are quite likely to be present in much greater 
overall amount in normal gastric juice. 

A further possible explanation for the improved thera- 
peutio effect of a mixture of normal juice and cyanoooba- 
lamin could be the presence of some low molecular weight 
peptide Heathoote and Mooney***4!, and Withey, Jones 
and Kilpatrick’, have reported therapeutic success in 

cious anaemia with low molecular weight peptides 
derived from fermentation sources. The recent discovery 
by Washington of a peptide in normal human gastro 
juice, which was found to be absent from the gastric juice 
of the pernicious anaemia patiente examined, would seem 
to be of possible significance in this connexion. It would 
seem quite possible that such a peptide, with ite strong 
ability to bind amino-acids, could be involved in the 
increase in therapeutic value of oral vitamin B,, when 
administered with normal gastric juice. However, irre- 
spective of the significance of these recent resulta in relation 
to the fraction of gastric juice which may be responsible 
for the enhanced therapeutic activity of oral vitamin B, 
it is hoped that this review will be of interest to all oon- 
cerned with the secretions, and pathology, of the stomach. 

We thank Dr. F. 8. Mooney, consultant pathologist, 
St. Helens Hospital, St. Helens, for his co-operation and 
provision of samples. 
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of the problems during investigations of human 
haemoglobin mutants has been the difficulty of 
separating the « and B chains in a pure form from small 
quantities of starting material. While chain separation 
18 not a pre-requisite for all chemical mvestigations, such 
work can be carried out more easily on the isolated 
« and B chains. The method for the separation of the 
peptide chams of human haemoglobin desorbed in this 
communication is relatively easy to use and has an advan- 
EI over those previously reported in that ıt will not 

y give separation of the « and B chams, but is also 
capable of resolvmg a charged mutant chain from the 
normal, thus enabling the globm of a heterozygous 
charged mutant to be fractionated mto all 1t& component 
chams. 

A second diffoulty usually encountered 1s the familiar 
one of incomplete digestion of proteins by proteolytio 
enzymes. Digestion of human a and B haemoglobin chains 
with trypsin normally leaves a trypsin-resistant ‘core’ 
with the result that a region conmsting of about 30 per 
cent of the molecule cannot easily be examined by finger- 
printing. However, conversion of the cysteine residues 
of the « and f chains to aminoethyl-cysteine by reaction 
with ethylenermine! has been shown by Jones? to give 
derivatives which no longer contain the trypain-resistant 
region. Thus, fingerprints of aminoethylated a and p 
chains show all the expected trypsin peptides plus addi- 
tional ones due to splits at aminoethyl-cysteine. 

The combination of a high-reeolution chromatographic 
separation of the « and B chains and the conversion of the 
separated chains into aminoethyl derivatives susceptible 
to trypsin! affords procedure considerably more rapid 
and more sensitive than any previously available for 
studying haemoglobin mutants. With the technique 
described here, recoveries of the separated a and B chains 
are quantitative and sufficient material for amino- 
cthylation and subsequent fingerprmtmg can be obtamed 
from as httle as 10 mg of starting globin. In addition, 
quantitative amino-acid analyses of peptides eluted from 
fingerprints of 2 mg of the digested chains have been 
routinely achieved. 

Isolation and characterization of the B chatn of haemo- 
glottn N (Baltimore). An 8-month-old Negro female was 
found to have two haemoglobins by routine electrophoretic 
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screening. Apart from & mild iron deficiency there were 
no significant haematological abnormalities either ın the 
child or in the mother, who also carried the abnormal 
variant. The relevant haematological values and the 
proportions of normal and abnormal haemoglobins are 
summarized in Table 1. On starch-gel electrophoresis 
at pH 8-6 (Fig. 1) the abnormal haemoglobin migrated 


Table 1. HANMATOLOGICAL AXD HLBCTROPHORETIO DATA 
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Fig. 2. Gradient e ling ee i yg wel ne aaa 


faster than haemoglobin J (Baltimore)* but slower than 
haemoglobin H. ‘These electrophoretic characteristics 
are similar to those previously described for haemoglobin 
N* and the variant has therefore been i 


phoresis 
mutants suggested that ab pH 8-6 haemoglobin N (Balti- 
an a four more negative es per 68,000 

weight than does haemoglobin Hybridixza- 
tion with canine haemoglobin indicated that the abnor- 
mality in haemoglobin N (Baltimore) was in the B chain. 
Fingerprint of tryptio digesta of whole haemoglobin N 
(Baltimore) or of isolated p* Sawm» chain showed no 
detectable differences from those of haemoglobin A or 
normal $ chain. 


20 mg of the child's globm, prepared by 2 per cent acid- 
acetone ipitation of a whole red lysate, was dis- 
solved in 2 of & buffer consisting of 8 M urea, 0:05 M 


$-meroaptoethanol and 0-005 M Na,HPO, adjusted to 
pH 6-7 with phosphoric acid. The solution was dialysed 
at room temperature against three changes of a 50-fold 
excess of the same buffer for a total of 2-5 h and then 


a l om x 10 om column of carboxymethyl- 


ied to 

Sues (0-7 m.equiv. g) equilibrated against 
the same buffer. After the column had been "hall 
washed to remove any unretarded material 2 
des d pen were eluted at a flow 
rate of 1 ml/min by means of a linear 
Nat-ion gradient made by mixing 100 ml. of 
starting buffer with 100 ml. of a buffer 
consisting of 8 M urea, 0-05 M. 2-mercapto- 
ethanol, and 0:08 M Na&,HPO,, adj to 
pH 6-7 with phosphoric acid. The column 
effluent was monitored continuously at 
280 my and the resulting chromatogram is 
shown in Fig. 2. Of the three peaks obtained, 
two were found at the expected elution 
volumes of normal a and f chains, while 
the third emerged much earlier than 
normal 8 chain, indicating the presence of a 
more acidic B chain. This confirmed the 
findings of the hybridization experiments. 

The fractions oo ing to the two 
B chains were collected and solid arts added 
to each solution to give & concentration of 
1M. After the pH of the solutions had been 
adjusted to 9-2 with concentrated HCl, 
ethyleneimine was added to a final concen- 
tration of 0-5 M (that is, a 10-fold molar 
exceas over the 2-mereaptoethanol). The 
aminoethylation reactions were then allowed 
to proceed at room temperature until no 
free sulphydryl groupe were detectable by 
the nitropruaside teet! (usually after about 
3-5 h) The pH was then adjusted to 3 
with concentrated HCI and the solutions 
passed through a ‘Sephadex G-26' column 
equilibrated with 0-5 per cent formic 
acid, in order to remove urea, salts, eto. 
Finally, the recovered protein fractions were 
freeze dried. 


NATURE 


Fig. 3. Fingerprints of tryptlo digesta of A RÁNOtiore (above) and normal AWS chatna (below) 
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Tryptic digesta of amounts of protein greater than 10 
mg were carried out at pH 9-0 for 2 h at room temperature 
in a radiometer pH-stat. Digestion was terminated 
by adjusting the to 4-7 and freeze-drying the solution. 
Ib was preferable to digest amaller amounts of pro- 
tein in 1 per cent NH,HOCO,, pH 8-2 (the amounts 
of salt introduced by the automatic procedure being 
sufficient to cause mmeezing of peptide spots when it was 
necessary to apply all the digest to a amgle fingerprint). 
After digestion was complete, the NH,HCO, was removed 
by repeated freeze-drying. For all the digestions the 
trypein/proteim weight ratio was 1/100. The dried di 
were dissolved in pH 4-7 buffer (1-25 per oent pyridi 
1-26 per cent acetic acid) and aliquote corresponding 
to 2 mg of the original proteins were subjected to electro- 
phoresis in this buffer on 108 am x 57 am sheets of What- 
man No. 3 MM paper for 3-25 h at $8 V/am in a ‘Varsol’- 
cooled tank. After drying, the were chromato- 
graphed overnight i acetic acid, water, 
pyridine (15: 3:12:10) (ref. 6). The resultmg finger- 


int of the mutent B cham is characterized 
by the absence of peptides BTp10 and BTpll and by the 
a of a new peptide which has a distinctive 
S os kis Since BTp10 also gives a yellow colour with 


ninhydrin, these observations suggest that the mutant 
peptide is a combination of BTp10 and BTpll. (No 
tryptic cleavage at the i 1 Ine residue in 


S 
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reported by Jones'.) The peptides to be analysed were 
cut from the fingerprints and eluted with 6 N HCl into 
100 ul. capillary disposable pipettes by the method 
described by Sanger and Tuppy*. Collection of 80—40 pl. 
was sufficient to ensure complete removal of the peptide 
from the paper. The tubes were then sealed, and heated. 
ab 105° for 18 h. After is, the contents of the 
tubes were washed into 0-5 ml. of distilled water and 
applied directly to a “Techniocon’ 5-column amino-acid. 
analyser. This made it unnecessary to dry down the 
hydrolysates, & procedure which has been shown to reduce 
the yield of amino-acids, possibly because of further 
reaction with ninhydrin’. Table 2 gives the amino-acid 
analysis and composition of the mutant tide. From 
this it is apparent that the lysine residue (95) of BTp.0 
has been replaced by glutamic acid (or glutamine), with 
the result that a conjugate peptide, B"Tp10—11, is formed 
by tryptic digestion of the mutant p=" chain. The 
evidence for a lysine to glutamic acid (rather than glut- 
amine) change at position 95 in the haemoglobin N 
(Baltimore) B chain is ‘vided by the starch-gel electro- 
phoresis findings of a difference of four negative charges 
between haemoglobin N (Baltimore) and haemoglobin A. 
It explains why the mutant tide B^Tp10—11, occurring 
as it does in the 'oore' region of the B chain, was not 
detected on the original fingerprints of tryptic digesta of 
haemoglobin N (Baltimore) or of the isolated p» Gamer 
ohain whioh had not been reacted with ethyleneimine. 


Tablo 2. AXINO-AOID ANALYSIS AKD COMPOSITIONS OY AW OAO PEPTIDES 


A JA Paltimore) AHA (ref. 7) 
PERA pamo) T5 10-11 »igs P^Tp10 + 
10 
d X Ipu pipil 
Found Reai- whole  Hxpeectei Mxpected Jirpected 
(moke) — dues residue 

Lys = — — 1 = 1 
His 0-043 146 2 1 1 2 
Arg 0-028 10 1 — 1 1 
Asp 0 078 2:8 3 1 2 3 
Thr 0 061 18 2 2 — 1 
Ber 0-033 12 1 1 — 1 
Glu 0 085 30 3 1 1 2 
Pro 0 02$ 09 1 — 1 1 
Œy 0 026 0-9 1 1 — 1 
Ala 0 030 11 1 1 — 1 
Val 0-028 1-0 1 — 1 1 
AH-O3 0032 11 1 1 — 1 
Met — — — — — — 
Tlea — — — — — — 
Leu 0-076 27 3 2 1 3 
Tyr — P = ie = a 
Phe 0-047 17 1 1 1 2 
Tryp — — — — — — 


Overall recovery af AH(Palt»ore) [510-11 was 24 per cent of amount 
originaHy applied to the fingerprint. 


In &ooordanoe with the recommended nomenclature’, 
haemoglobin N (Baltimore) is designated as agp Oe, 
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The procedure outlined in this article has the following 
advantages over those previously described: 

(1) The chromatographic system enables globin from 
8 heterozygous charged mutent to be resolved quantita- 
tively into all its component chains, thus spt ae 
subsequent chemical investigations. In addition, high 
resolution achieved durmg chromatography eliminates 
the need for hybridization experiments to determine in 
which cham an ammo-scid substitution is located. (It 
ahould be mentioned that the pH of the chromatographic 

is not critical and can be varied from at least 
pH 6-5 to 7-2, the actual choice depending largely on the 
nature of the mutant globin to be fractionated and the 
degree of resolution i As an example of this 
flexibility, Fig. 4 shows & separation of 11 mg of sickle- 
trait globin into £4, 8* and a componente at pH 7-2.) 

(2) All the tryptic peptides of the amimo-ethylated 
a and B chains can be resolved by fingerprmtmg. 

(8) titative amino-acid analysis of these peptides 
can be determined on samples obtained by elution from 
a ninhydrin-stamed fingerprint of ae little as 2 mg of 
digested cham. 


O.D. 280 mu 





100 


150 


0 50 
Hffüiuent volume (ml) 
Fig. 4. Chromatography at pH 7-2 of globin from haemogiobm 8 hetero- 
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A MODIFIED ‘ASEPTIC ADDITION’ ASSAY PROCEDURE FOR THE 
MEASUREMENT OF SERUM 'FOLIC-ACID' ACTIVITY 


By T. A. HARPER* 
Department of Pathology, Wythenshawe Hospital, Manchester 


HE ‘folic-acid’ activity of serum is now recognized 
88 & reliable index of the folate state of an individual 
and is measured by a mioro-biologioal asssy technique 


“ with the organiam, Lastobacillus casei. A reliable and 


accurate method, which is not tim^-oonsuming, is neces- 


" sary because the investigation is now no longer restricted 


to the elucidation of the aetiology of a mogaloblastic 


* Address from 18, 1965: mt of Pa f - 
thats ‘aL September 18, Departmen thology, Bt. Cather. 


ansemia and is being applied to patients suffering from a 
variety of diseases. 

The 'aseptio addition method’ of Herbert and Zalusky! 
fulfils the foregomg criteria. In this method, serum 
extraction is not used and the serum is added directly to 
the prepared assay tubes immediately before inoculation 
with the organism. However, further simplification of 
this technique is possible without detracting from the 
value of the test. 
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, The Purpose of this article is to describe a modified 
aseptic on’ assay procedure for i th 
ee activity of oh DU MN 

ethod. The assay medium is the double-strength ases; 
medium of Waters and Mollin! with additional PD 
p Ge mg/100 mL). 

‘he stock solution (0-4 mg/ml.) of pteroyl-glutamio 
(folic) acid in 20 per cent A AE oes cd da: 
bottle in the refrigerator. It is used to prepare the 


Serum, without added ascorbic acid and ın which no 
haemolysis i8 evident, ia stored at — 20? C. 

Ascorbic acid (2 mg/ml.) is dissolved in water just before 
use, to provide ‘ascorbate water’. 

, De-ionized water from an ‘Elgastat’ de-ionizer is used 
in the preparation of all solutions. 

Lactobacillus cases (ATCC 7469, NOLB 8010) is main- 
tained as a stab culture in micro-culture agar (Difco) and 
sub-cultured weekly. The inoculum is prepared &ooording 
to the method of Ohanarin and Berry*, but sterile physio- 
logical saline is used instead of single-strength assay 
medium to wash the bacterial d it. 

The stock pteroyi-glutamio acid solution is diluted in 
water to a working solution of 0-4 mug/ml. i i 
before use. A duplicate sot of tubes (2 ml. in each) oon- 
taming 0-0, 0-1, 0-2, 0-4 and 0-8 mug of folio acid is 
prepared from the working solution; 2 ml. of double- 
strength assay medium is added to each tube and tho 
tubes are olosed with aluminium caps. ‘The final folio 
acid concentrations are 0-0, 0-025, 0-05, 0-1 and 0-2 
hem The tubes are autoclaved at 10 lb./in.! for 

min. 

For each serum to be assayed, 1:96 mL of ascorbate 
water is added to each of two tubes containing 2 ml. of 
double-strength assay medium. After closing the tubes 
with aluminium oape, they are autoclaved at 10 Ib./in.! 
for 10 min. On cooli 0-04 ml. of serum is added to 
each of the two tubes (the serum dilution is 1 : 100). All 
the tubes, including those of the standard, curve, are 
inoculated with one drop of the L. casei inoculum and 
then incubated at 37° C for 18 h. 

The turbidities are measured in a photo-electric colori- 
meter (A = 510-590). A mixture of the duplicate 0-0 
tubes of the standard curve is used to ‘zero’ the instrument. 
(An uninoculated serum blank tube is nob necessary.) 

Peas pelea of the folio acid standard curve are 
plo on arithmetic graph paper against the oonoen- 
tration of folic acid in inan The 'folio-&cid' activity 
of the serum is oaloulated from the resultant curve, taking 
into consideration the serum dilution. For greater 
&ocur&cy, gera with ‘folio-acid’ activities below 2-6 mpyg/ml. 
and above 20 mughml. are re-aegayed at lower and higher 
serum dilutions, i : 

Effect of ascorbic aoid on the growth of L. casei. Two seta 
of the standard curve were set up in duplicate; one set 
was prepared in water and the other set in ascorbate 
water (2 mg/ml.). After being autoclaved, the tubes were 
inoculated with the L. caset inoculum and then incubated 
at 37° C. The turbidities were measured using & ‘medium 
blank’, an uninoculated single-strength assay medium, to 
‘zero’ the instrument. 


Table 1. Hreot Of ÀABOORBIO ACID ON GROWTH OF L. es» 


Folie acid in mag/tube 
Standard curve 00 01 02 04 0-8 
Turbidities In water 45 60 70 85 96 
Turbidides in ascorbete water 44 58 73 6B 5 99 


Instrument set with 'medium blank’, 


The resulte are indicated in Table 1. They show that, 
at the concentration used, the ascorbic acid has no effect, 
either stimulant or depressant, on the growth of L. cases. 

Effect of phosphate buffer on the growth of L. casei. 
Water and phosphate buffer (0-1 M; pH 6-1) were first 
autoclaved at 10 Ib./m.* for 10 mim. (A) Three seta of 
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Table 2. HrTROT OF PHOSPHATE BUFFER ON THE GROWTH OF L. owe 
A. Tubes containing no folio aad 


Water 2-0 mL 1:6 mL 0-0 mI 
Phosphate buffer 0-0 04 2-0 
Assay medium 2-0 2-0 2-0 
thes 55 65 
Instrument set with ‘medium blank’. 
B. The standard curve 
Tolo acid in mæg/tube 
Standard curve 0-0 0-1 02 0-4 08 
Turbidtiies In water 45 60 70 85 
— 15 £5 40 50 
Turbidities In buffer 65 78 86 103 117 
— 13 21 38 52 


Instrument set with ‘medium blank’. ) 


five tubes were set up. 2 ml. water was added to each 
tube of the first set; 1:6 ml. water and 0-4 ml. buffer was 
added to each tube of the second set; 2 ml. buffer was 
added to each tube of the third set. 2 ml. double-strength 
assay medium was then pipetted into all the tubes. 
(By ewe scis of tha ‘standard curve ware’ Imepdred in 
duplicate; water was used for one set and the buffer for 
the second set. All the tubes of ‘4’ and ‘B’ were capped, 


The resulte are given in Table 3 ‘A’ and ‘B’. They 


demonstrate that there is increased growth of L. caset in X 


the of phosphate buffer and that the molusion 
of an inoculated ‘buffer blank’ tube is necessary. , 

The L. casei actiotty of stored serum. The L. case 
activity of four sera, without and with ascorbic acid 
(5 mgfml.), which had been in storage at — 20° O for 
more than 3 months, was studied. The modified ‘aseptic 
addition’ method was used with and without the ascorbate 
water. 

The resulta are given in Table 8. They show that the 
L. caset activity of the ‘stored serum without ascorbic 
acid’ was similar to that of the ‘stored serum with ascorbic 
acid’ when ascorbate water was used, but was leas when 
water replaced the ascorbate water in the assay procedure. 


Table 8. „L. oasi ACTIVITY OF STORED SERUM 


Mod. ‘As. Ad. With ascorbic acid Without ascorbic acid 
method uing Water Ascorbate water Water Ascorbate water 
1 48 47 t8 51 
2 107 106 85 104 
3 97 94 70 98 
4 75 70 60 71 


Comparison of the L. casei actieity of serum measured by 
the method of Waters and Molin? and the modified ‘aseptic 
addition’ method. Twenty paired sera, that is, sera with 
and without ascorbic acid, were used. The assay pro- 
cedure of Waters and Mollim* was used on the serum 
containing ascorbic acid (5 mg/ml.); an inoculated ‘buffer 
blank’ tube, containing an equivalent amount of auto- 
claved ascorbate phosphate buffer, was included for the 
purpose of setting the instrument when the turbidities of 
these tubes were measured. The modifled ‘aseptic 
addition’ method was used on the sera not containing 
ascorbic acid; an inoculated ‘water blank’ tube, smgle- 
strength aey medium in water, was included with these 
tubes to set the instrument for measuring the turbidities. 

The resultant turbidities of the corresponding sera are 
given in Table 4. They show that the L. caset activity of 
the oo i 


MODIFIED ADDITION METHOD AND THE METHOD OF VATERS 
- AXD MOLLIK 

Mod. 'As. Ad.' method 123 49 46 112 75 74 59 160 30 55 

Waters and Molin 127 53 42 109 70 77 56 145 35 5? 

Mod. ‘As. Ad’ method 91 88 115 77 58 M 40 38 60 

Waters and Molin method 65 92 85 109 81 62 90 45 39 55 


Discussion. The modifled ‘aseptic addition’ method 
described in this article differs in certain respecte from 


^ 


y! 
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that of Herbert and Zalusky:. The assay medium of 
Waters and Mollin’ with additional L-tryptophan is used 
instead of the assay medium of Herbert‘; the final volume 


c in each assay tube is reduced from 10 ml. to 4 ml; 


™ buffer (10 mg/ml.; p 


S 


ascorbate water (2 mg/ml.) replaces ascorbate phosphate 
6-1). 

A number of factora mfluenced the decision to use a 
final volume of 4 ml. in each assay tube. The most 
important was that with this volume it was possible to 
measure the 'folio/acid' activity on a very small sample 
of serum (0-04 mL) without loss of accuracy which would 
have been the case with the high dilution necessary with 
a final volume of 10 ml. The use of a small volume of 
serum is particularly of great value in paediatric cases 
and in those adults in whom venepuncture is difficult. 

Herbert* found that ascorbic acid and phosphate buffer 
stimulated the growth of L. casei and consequently used 
ascorbate phosphate buffer in the preparation of both the 
serum tubes and tbe standard curve tubes. Waters and 
Mollin* demonstrated that ascorbate phosphate buffer 
had no effect on the growth density of the organism. 
Ball and Giles‘, using the method of Waters and Mollin 
for measuring serum L. cases activity, added ascorbic acid 
(1 mg/ml.) as a routine to the double-strength assay 
medium in order to stimulate the growth of the organism 
and to stabilize the relationship between the serum tubes 
and the standard curve tubes. The investigations reported 


— here showed that, whereas the growth of L. casei was 


increased in the presence of phosphate buffer, ascorbio 
acid in the concentration used had no effect. 

The phosphate buffer solution was eliminated from the 
modifled ‘aseptic addition’ method because the buffermg 
capacity of the assay medium was considered ad 
and consequently ite inclusion in the serum tubes and the 
standard curve tubes was regarded as superfluous. 

In view cf the finding that ascorbic acid, in the oon- 
centration used, has no effect on the growth of the organ- 
ism, the ascorbate water is not ugzed in the preparation of 
the standard curve.’ Its use in the serum tubes is essential 
because ascorbic acid 18 not added to serum either before 
or after storage. However, those who prefer to add 
ascorbic acid (5 mg/ml.) to the serum prior to storage 
may do so without affecting the eventual result, for the 
amount of ascorbio acid in the assay tube is still insufficient 
to destroy folate. Usiag the method as described, the 
tedium of weighing our ascorbic acid for each serum 


“ sample received, and the storage of the samples ás 


sera, were avoided. The concentration of ascorbic acid was 
reduood to 2 mg/ml, for even at this concentration 
sufficient remains after autoclaving to restore any L. casei 
activity ‘lost’ in the stored serum. 
The lability of the L. casei activity of serum is an 
Gee ee fact, as is the value of ascorbic acid in respec- 
venting and protecting its decline and destruc- 
ur erbert*, however, considered that the activity was 
stable in the frozen state. On the other hand, the results 
of an investigation by Waters and Mollm’, which were 
substantiated by Ohanarin and Berry’, clearly demon- 
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strated a declme in the activity in serum stored without 
added ascorbic acid at —20° C; they also showed that 
the ‘lost’ activity could be restored by the addition of 
ascorbic acid (5-15 mg/ml.) to the serum after storage. 
The resulte of the investigation reported in this article 
showed that with the modified ‘aseptic addition’ method 
there was no difference in the activity of serum stored 
with or without ascorbic acid if ascorbate water was 
used in the serum assay tubes, but that there was 4 
difference if the ascorbate water was replaced by water. 
An ‘aseptic addition’ method, using ascorbic &aid in the 
serum sesay tubes, thus masks any decline of L. cases 
activity which may have occurred in the serum during 
storage at — 20? C, by restoring it to its original level 
during the assay iteelf. 

Herbert* emphasized that stringent aseptic techniques 
were not easential when handling the serum. He did not 
regard bacterial contamination as a problem because of 
the rapid growth of L. oaset and the quantity of lactic 
acid produced during the assay. His experience was oon- 
firmed in this laboratory by sub-eulturing on to blood 
ager plates a number of the serum assay tubes before the 
measurement of their turbidities; these sub-cultures were 
incubated at $7? O and examined after 18 h; they revealed 
no contamination with other organisms. 

Before ad it waa essential to evaluate the modifiod. 
‘aseptic addition’ method, especially with the view of de- 
ciding on the necessity of de the normal range 
of serum ‘folic-acid’ activity for the method. Comparison 
of L. casei growth densities obtained by the modifled 
‘aseptio addition’ method and the method of Waters and 
Mollin on paired sera showed that the resulta were com- 
parable ; 'bert* observed a similarity between his resulte 
and those of Waters and Molin. Because of these 
observations and findings, the figures reported by Herbert 
and 1 are accepted for the modified ‘aseptic 
addition’ assay pq ene bb. of serum. 'folio-acid' 


activity below 8 uen regarded as ostio of 
folate deficiency, w. PR ee 3 and 4:9 myg/ml. 
are strongly suggestive; levels between 5 and Tane. 


are considered to be equivocal and the normal range 18 
given as 7-16 mug/ml. 

The modifled ‘aseptic addition’ assay procedure is less 
time-consuming than other methods; a small volume of 
serum only is required and this enables the technique to 
be applied to paediatric cases, without the necessity of 
regorting, to venepuncture.  LactoLacillus caset is an 
organism which is sensitive to many antibiotics in vitro, 
including the anti-tuberculous drugs, and consequently it 
is advisable not to carry out tbe assay on patients 
receiving antibiotics. 

1l thank Dr. K. V. Lodge for her advice and belp. 
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MECHANISM OF INTESTINAL ABSORPTION IN MAN 


By |. McCOLL and Dr J. A. NISSIM 


Departments of Surgery and scien t er Guy's Hospital Medical School, 
London 


BOUT six years ago, a new kind of inhibitor of 
intestinal ebeorption wes discovered, namely, 
oetrimide!. This substance blocked the absorption of & 
variety of nutrients, but it also caused reversal of flow of 
glucose, from the blood to the mtestmal lumen. In the 


rabbit and guinea-pig, this reversal occurred at & oon- 
centration of the drug which left the absorption of methio- 
nine and butyrate undiminished, thus indicating direct 
interference with the active transport of glucose. The 
examination of the mode of sotion of this and other 
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compounds resulted in a new theory of the mechanism of 
rxbestina] &bearption, the main features of which were 
summarized reoently*. In the course of these investiga- 
tions, ing species and stram variations came to light, 
aad, henoe, it appeared particularly important to find 
out what actions the various intestinal inhibitors possessed 
ii man, and whether the new concepts regarding the 
mechaniem of intestinal absorption applied to our species 
with perallel validity. Experimente were planned along 
Imes indicated by these previous studies in animals, and a 
preliminary account of the results is given in this article. 

The experiments were carried out with complete safety 
on volunteers undergoing abdominal operations for & 
variety of reasons. After washing through a length of 
Jejunum, beginning si & point 15 om distal to the duodeno- 
EO with 0-9 per cent (w'y) saline at 37? C, four 
segmenta, om in length each, were firmly but gently 
clamped off, forming four letely isolated saoe. 
Into ‘these sacs were injected 50 ml. of saline-nutrient 
solutions, containing 0-9 per oent sodium chloride and 
0-2 per cent (w/v) of D-glucose, sodium butyrate and 
DI- ionine, and the effect of different concentrations 
of the drugs (0-5 x 104 — 8 x 10+) waa investigated. 
In most experimenta, the four saos contained oetrimide, 
phloridzin, cetrimide + phloridzin and & control solution 
without drug. The order of sacs in relation to the drug 
used was varied, so ae to isolate the effect of distance 
from the duodeno-jejunal flexure on absorption by an 
Table 1. MEAN PERCOEFTAGR ABSORPTION OF GLUCOSE IN MAX TROM 12-0M 
XJUNAL OOFTAIKIXG OON CEN TR ATI 


BEGTS ONS OF ONTEINID 
PHLORIDXIN, AMD ONTRIMIDE + PALORIDIIN * 


Values represent mean + S.E. of four experiments, except where number ls 
1ndyoated in parentheses 


Ooneenitration Oetrimide 

of drug Oetrimide Phioridxin + phiorkdzin 
0-0 (controls) 52-46 + 2-27 (56) 
08x 107 52-3180 4191+78 41-2452 
1x107 601+ 4-1 (10) 38-5 8-7 (7) 40-2 + 4-6 (5) 
2x10 442475 36-1454 33-1462 
4x10 48:3434 48-6445 331477 
8x10" 31-1440 27-1442 2129 181 

Mean of group for all 
4 37-0 41 


Sere pees col eta 


In the lest column, the figures E represent the 

calculated values from curves 

for oetrimide and respectively, on the basis logarithmie 

Ooneen Oeirimide 
of drug Oetrtmide Phloridxin + phioridzin 
0-5x 10^ —4975 — 1-600 6 060 ( — 4-90) 
1x10 — 4-906 6 443 5:400 (0-99) 
(19) (0) (5) 

2x10 1-300 10-425 13-450 (11:15) 
4x103 7:825 12 525 23-050 (20-60) 
B x 107 14-250 20-725 24-950 (28 16) 


Tablo 3. ANALYEIS OF VARNE, DOSA-ÀEGPONSS LIKES, DIFTEEENCNS 

ENXTWHEN BLOPES, AND POTENOY RATIOS FOR ONTRINIDB, , ÀAKD 

ONTEDXIDE--PHLORIDXIN IN 5-MIN ABSORPTION in wi», 
FROM 12-Om JXJUNAL SEGMENTS IN MAX 


eae ry iride d) 
C phloridzin (e 
Analyus ef variance 
Bouree of variation 
regression P«0001 P<0001 P<001 
Deviatzon from regression P»02 P>O2 P>02 
Dose-response formula y= 21-389 y=-16-630 y=18-703 
(w= log cane. +6) — 26-27 —1174 —9-92 
Cambtned analysis of variance Between Between Between, 
group 
Bouroe of variation (aFand (5) (aJ and (o) (b) and (0) 
Between, drugs P«0-001 P«0001 P«01»006 
Between intestinal seg- P5023 P>02 P>02 
ments 
Between doses P«0001 P0001 P<001 
Difference between slopes 4-75 2-68 207 
P«05»04  P«08»07 P<08>07 
Potency ratio 2:87 447 178 
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analysis of variance. Tho solutions were withdrawn after 
an &beorption interval of 6 min, the volume measured, 
and estimations carried out on glucose, butyrate and 
methionine &s previously’. The percentage absorption of 
the nutrients was calculated from the amount of nutrient 
recovered out of the total 100 mg put m. During the 
experiment, the segmenta wero kept as close to normal 
body temperature as possible. The duration of the wholo 
experiment averaged 11 min. The injection tracks were 
scaled with flbrin foam at the end. We shall confine 
ourselves to an analysis of the effecta of the drugs on 
glucose absorption and some comments on the absorption 
of butyrate and methionine. A more detailed acoount will 
follow elsewhere. 

The mean psroentage absorption, + S.E., for glucose, 
butyrate and methionine in 36 control s&oe was 52:46 + 
2-27, 44-27 + 2-37, and 40-17 + 1-92 i ; 
design of the experiment, and the inclusion of a control 
gao 1n each subject, was fully justified by the results. As 
anticipated, the variation between experiments om differ- 
ent individuals was such as to preclude the establishment 
of any particular effect at a satisfactory significance 
level, from & small number of experiments. This is 
evident from Table 1, whero the mean percentage absorp- 
tion values of glucose are shown for different concentra- 
tions of the drugs. There is probable stimulation of 
absorption at 10+ oetrimide, and imbibition et larger 
doses. From the bottom line, which gives the mean 
percentage absorption for each column, one may conclude 
greater inhibitory effect for phloridzin than for cetrimide, 
and synargistic inhibition when the drugs were combined. 
It is clear that no satisfactory mgnificance for regreasion 
of dose on response would emerge from these date, nor 
for any of the other usual analytio comparisons. On 

ing the resulta as the difference in the percentage 
absorption for each sac from ita control value on the same 
subject, however, we obtain a i different picture 
(Table 2 and Fig. 1). We are now able to demonstrate 
linear regression and draw other conclusions with a high 
order of certainty. The importance of this experimental 
design in our study is thus established with little doubt. 

The resulta of an analysis of variance for the three 
dose-response lines of oetrimido, phloridzin, and cetri- 
mide + phloridzin are given in Table 3, together with the 
dose-response formulae. Deviation from regreasion was 
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not significant for any of the lines, nor was the difference 
between slopes. The potency ratios showed the inhibitory 
effect of phloridxm to be 2-87 times that of oetrimide, 
though this difference must be exaggerated by the 
stimulating effect of cetrimide at low concentrations. The 
effect of the two drugs together was greater by & factor of 
4-47 as compared with the effect of oetrimide alone, and 
by 1-78 as compared with phloridzin. All the differences 
mentioned showed & high order of signifloanoe except the 
latter, that is, the difference in potency between phloridzin 
and cetrimide + phloridzin, for which P was only just 
smaller than 0-1. However, the parallel greater activity 
of the mixture, which was also obtemed with regard 
to butyrate and methionine absorption, lends greater 
signifloance to this result. Further, Table 3 shows no 
significance for order of segment on intestinal absorption. 
Increased absorption of glucose was obtained at the 
lower concentrations of oetrimide, 0:5 x 104 &nd 10-5. This 
is in agreement with the resulta obtained previously in 
animals!3, §inoe regression evidently stops at 10-* 
oetrimide, the lower concentration of 0-5 x 10-5 was not 
included in the calculation of the dose-response formule, 
nor in the analysis of variance. A ‘# test carried out 
for the mean difference of these two groups (23 expe.) 
from their control established stimulation at the lower 
doses of oetzrimide with a P= 0-001. A similar increase 
of butyrate absorption at these doses occurred with a 
mean of 4:8 (= 1l per cent), which gave a ‘t’ test with 
P < 0-05, but the difference was smaller for methionine 
absorption with a mean of 2-2 (= 5-5 per cent), for which 
no statistical significance was obteined. 
sang of Oc 10 oe lege, Dae erate of tina lonas 
8 x 10+ or lese, but in spite of this limitation, 
lineer regreesion with dose waa obtained for 
Si thre ied of ee Cr: The results in man reinforce 


stimulation of Pie qui na ite absorption with low 
doses of cetrimide was parallel to the stimulation previ- 
ously demonstrated with the same substance in the mouse 
and rat, and may be concluded to have the same signific- 
anoe, namely, that it is the result of the combination of 
cetrimide with mobile intracellular protems acting as 
carriers for the different nutrients. This conclusion 
follows from the analysis of the stimulant effect of mbibi- 
tors at low concentrations, previously shown!:" to require 
several mobile protein carriers, which can only be &ooom- 
modated in the intracellular plasma. Presuming that, as 
in the mouse and rat, phloridzm acte primarily on a first 

in relation to & portal of entry through the cell 
membrane, the site of action of cetrimide would constitute 
the second receptor in this mechanism of 
intestinal absorption. Withm the present dose range, no 
stimulation of glucoee absorption was obtained with low 
concentrations of phloridzm, though this may be demon- 
strated at still lower concentrations, if phloridzin exhibits 
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affinity for the second receptor as in the mouse. Signa 
tion of the absorption of butyrate of about 10 pues 

and of methionine of about 15 per oent, was, itt 
obteined with phloridzin, so that combination with the 
protein carriers of butyrate and methionine may be 


As in the mouse and rat, and contrary to ite effect in 
the rabbit and guinea-pig, phloridzin showed greater 
potency in man than did cetrimide. On the other hand, 
the synergistic effect exhibited when the two drugs were 
combined was of a much smaller order than that obtained 
in the mouse and rat. In these two species, synergiam was 
shown to require conservation of phloridzin from silent 
receptors through displacement by cetrimide, in addition 
to logarithmic synergism through action on two distinct 
reoeptors in saries. The weaker synergism obtained in 
man suggested at first that only logarithmic synergiam 
may be involved, due to the combmed action of phloridzin 
at the first receptor and of oetrimide at the second recep- 
tor. A theoretical curve based on & hypothesis of logaritb.- 
mic synergiam can be constructed from the two dose- 
response formulae for phloridzin and oetrimide. The 
results give reasonable agreement with t for 
the three highest doses of the combined drugs, but show 
striking deviation at the lowest doses, where logarithmic 
synergiam gives stimulation of absorption (Table 3). 
Furthermore, no stimulant effect was obtained when the 
two drugs were used together at the lower concentrations 
of any of the three nutrients. This suggests strongly that 
conservation of phloridzin from silent receptors must still 
be a factor to be reckoned with, in addition to the expected 
logarithmic synergism, though this conservation must be 
of considerably smaller value than in the mouse, and 
assumes importance only at lower concentrations of the 
drugs. 

In summary, the present investigation of the effect of 
oetrimide and phloridzin on intestinal abeorption in man 
suggests that these compounds have activities similar to 
those already demonstrated in the mouse and rat. Both 
the stimulation at lower doses of cetrimide and the poten- 
tiation between oetrimide and phloridzin that the 
theory previously advanced for the mechanism of absorp- 
tion in the lower species also holds in man. Besides & 
portal of entry, which in the case of glucose and butyrate 
is blocked by phloridzin, the function of active transport 
against a gradient is vested with a spectrum of intracellular 
proteins, which have overlapping but distinctive affinitiee. 
Hence, detailed study of these proteins, involving their 
affinities to nutrients and drugs and their fractionation 
and identification, constitutes the logical next in the 
further elucidation of the mechanism of absorption. 


J.A. Ni 222 (1960); 187, 308 (19600 148 (1004); Brit. 
ers P Bc coe teta qutt e 


2 Hart, 8. L., and J. AL, J. Physiol., 169, 119P (1063); Nature, 204, 51 
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NOREPINEPHRINE METABOLISM IN HYPERTROPHIED RAT HEARTS 


By Dr JOSEF E. FISCHER, W. DALE HORST and IRWIN J. KOPIN 


National Institute of Mental Health, National! Institutes of Health, U.S. Department of Health, Education and Welfare, 
Bethesda, Maryland 


Cree norepinephrine is initially inactivated 
ey by eee and bound in sympathetic 
nerve endings’. In oertain pathological conditions euch as 
sensitivity to norepine- 

been suggested on clinical grounds. It has 
been shown that, in hyperthyroid rate, 

because of blood flow a greater portion of intra- 
venously administered lamina retaken the erilaried 


hearts of hyperthyroid animals, but the hypertrophied 
myocardium is not able to bind more administered nor- 
epinephrine than normal hearts’. There probably is no 
increase in sympathetic nerve supply as the heart hyper- 
trophies. It was therefore Joguei that the net decrease 
in density of these important catecholamine-inaotivating 
structures was the reason that leas norepinephrine is 
bound per gram of heart muscle in hyperthyroidism’ * and 
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that this contributes to the supersensitivity to catechol- 

Cardiac hypertrophy accompanies a variety of clinical 
entities. The sympathetic nervous system is thought to 
play an important part in cardiovascular physiology but 
presumably is anatomically. unaltered in cardiac hyper- 
trophy. It was therefore desirable to study the effects of 
cardiac hypertrophy on the disposition of no 
Eu absence of the hypermetabolio state P 
Toi 

Male Sprague-Dawley rats, weighing 140-160 g, were 
anaesthetized with ether, and the abdominal aortae con- 
stricted above the superior mesenteric artery with a single 
No. 40 ootton ligature. The ligature was tightened while 
a 20-gauge hypodermic needle was held adjacent to the 
aprta, to obtain consistency in the degree of constriction. 

Two months later, a similar procedure was performed 
on litter mates of the first group. Operative mortality was 
5-10 per cent. In another group of rata the ligature was 
tightened over a 28-gauge needle, but only a small number 
of rats survived this severe degree of aortic per paare, 

Sham-operated animals of the same age and 
served as controls. Animals were weighed * 
and any animals with evidenoe of infection 
gain) were discarded. 

In the following experiments, 
endogenous and administered 
labelled norepinephrine in the 
myocardium, as well as the frac- 
tion of the cardiac output perfus- 
ing the heart, were estimated in. 
each animal. Blood flow was 
estimated using the “K tech- 
nique of Sapirstein‘. 

Two or four months after 
aortic constriction, the experi- 
mental animals and their sham- 
operated controls each received 
90 po. d,1-7-norepinephrine-H* (20 
mo./mg, New England Nuclear 
Oorp.) intravenously and were 
killed by decapitation 2 min, or 
1, 6, or 24h later. Twenty seconds 
before decapitation, I uo. **K (as 
KOl, adjusted to 4 m.equiv./ml.) 
was injected intravenously. Hearta work 0278 
were rapidly removed, cooled on 0€ of rat 48 
ioe, weighed, and assayed for **K in 
a gemma (y) well counter. A “K 
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reret ne eee and: the anmials killed B CHO. TH. @ h, or 24 t after Adern HOT of ttig labeled 





L orepspbrne coii of normal and byprzoped a 
ne (left histogram 


standard representing 1 per cent of the injected dose was Ix 


assayed periodically to correct for *fK decay. Hearts were 


then homogenized in 10 volumes of cold 0-4 N perchlome ™ 


acid and assayed for tritiated’ as well as endogenous 
norepinephrine. The 5 animals which survived aortic 
constriction to the diameter of a 23-gauge needle con- 
stituted a single group killed 2 min after intravenous 
injection of *H-norepinephrine. 

Cardiac weights of the animals with aortic constriction 
to a 20-gauge needle (1,284--24 mg) were significantly 
greater (P<0-001)- than those of the sham-operated 
controls (984 +9 mg). 

None of the hearts of the sham-operated animals ex- 
ceeded 1 g. The hearta of animals with aortic constriction 
(over a 20-gauge needle) were divided into two groups on 
the basis of weight. Hearts weighing between 1 and 1-25 g 
were classified as mildly hypertrophied, and those weighing 
1:25-1:50 g as moderately hypertrophied. Severe cardiac 
hypertrophy (> 1-50 g) was seen only in rate with marked 
(28-gauge needle) aortic constriction. 


The body weight of rata with aortic constriction (849+ d» 


18 g) was not greater than the sham-operated controls 
(358 +16 g). There was no evidence of congestive heart 
failure, pulmonary congestion, hepatomegaly, effusions, 
cyanosis, or oedema in any of the animals. 
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M oonoentration of norepinephrine was dimi- 
nished in hypertrophied hearta, but with mild or moderate 
cardiac h phy the total norepinephrine content was 
unaltered (Fig. 1). This is consistent with the view that 
norepinephrine is largely oonfined to the sympathetic- 
nervous tissue and that this tissue is unaltered with 
myocardial hypertrophy. When the heart was markedly 
hypertrophied, the total norepinephrine content, as well 
as concentration, was diminished. 

The total content of *H-norepinsphrine two minutes 
after administration of the labelled catecholamine was not 
altered in mildly or moderately hypertrophied hearts, but 
was decreased in markedly hypertrophied hearts (Table 1); 
the concentration waa, however, reduced in all cases and 
was inversely related to the degree of hypertrophy. 

When “K is injected intravenously, the labelled ion 
reaches the various organs in proportion to the percentage 
of the cardiac output ing the organ. Although there 
is not complete extraction of K by the tissue, a large 
portion delivered to each organ remains there, presumably 
because of the large intracellular store of potassium and 
the rapid equilibrium of intracellular and circulating potas- 
sium. The tage of injected **K found in an organ 
bas been used to estimate the propartion of cardiac output 
perfusing the organ‘. 

With myocardial hypertrophy subeequent to abdominal 
aortic stenosis the proportion of injected “K found in the 


P ed and presumably the proportion of the cardiac out- 


na quence of marked sympa 


this organ, increases (Table 1) so that no 
ead was found in the proportion of cardiac 
output each gram of normal or hypertrophied 
heart. The proportion of administered norepinephrine-*H 
delivered to normal and h hied hearta would be 
expected to parallel the uptake of “K. Thus, although 
each gram of hypertrophied myocardium received about 
the same amount of injeoted norepmephrine-"H as did 
normal heart muscle, two minutes later there was a lower 
concentration of the tritiated catecholamine in the 
moderately and markedly hypertrophied hearts.  , 
Initially the total amount of tritiated norepinephrine 
present in moderately hypertrophied hearts was the same 
as in hearts of normal animals, but leas of the labelled 
catecholamine was present 6 or 24 h later (Table 2). 
These results suggest that there is a more rapid rate of 
turnover of norepinephrine in this group. The increased 
turnover rate in hypertrophied hearts may be the conse- 
thatio overactivity or diminished 
ability to retain catecholamines. Since the norepinephrine 
concentration is unaltered in moderate hypertrophy (Fig. 
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1), it appears that replacement can keep pace with in- 
creased net loss of catecholamine and implies an increased 
rate of norepinephriné synthesis. With marked hyper- 
trophy (Fig. 1) or cardiac failure’, the ous nor- 
epinephrine content of the left ventricle is diminished. The 
diminished norepinephrine content indicates that replace- 
ment no longer keeps pace with loss. This may be & 
00: uence of further increase in logs of norepinephrine 
or a diminished rate of synthesis. Further increase in loss 
of norepinephrine could be a consequence of further 
increase in sympathetic nerve activity, or diminiahed 
rebinding of norepinephrme. The data suggest that the 
second mechanism may be operative, for in severely 
hypertrophied hearts there is a decrease in take of 
tritiated norepinephrine not related to blood flow (Table 1). 

Only about 20 per cent of the norepinephrine content of 
the heart is derived from the tion*. Thus, while 
decreased uptake could account for a small portion of the 
diminished catecholamine content, this could not account 
for the observed 35 per cent decrease in total norepine- 
phrine content of markedly hypertrophied hearts. 

When norepinephrine is released from sympathetic 
nerve a large portion of the neurotransmitter is 
being re-bound in the nerve ending. This 
conserves norepinephrine and diminishes the need for 
syntheeis in maintenance of the catecholamine stores. If 
the mechanism for binding of norepinephrine were im- 


Basan the net rate of norepinephrine loss would be in- 


y if increased sympathetic nerve activity 
acest e diminished uptake of exogenous norepine- 
phrine suggesta an impaired binding mechanimn, and this 
may partially explain the increased norepinephrine loss. 

With moderate hypertrophy an in rate of syn- 
thesis might keep pace with the increased logs associated 
with the more rapid turnover rate that has been demon- 
strated. With severe hypertrophy or cardiac failure, 
however, metabolic derangements might prevent the 
maintenance of a balance between synthesis and loss, 
resulting in & diminished store of norepinephrine. 
` Hertüng, G., Axelrod, J., Kopin, I. J., and Whitby, D. G., Nature, 199, 66 
1 Wurtman, R. J., Kopin, I. J., and Axelrod, J., Endocrinology, 78, 63 (1963). 
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POST-NATAL ORIGIN OF MICRONEURONES IN THE RAT BRAIN 


By Pror. JOSEPH ALTMAN and Dr. GOPAL D. DAS 
Psychophyslologkcal Laboratory, Massachusetts Institute of Technology, Cambridge, Massachusetts 


ITOTIC neurones are seldom, if ever, seen after birth 

in the brains of mammals, from which it is com- 
monly concluded that neurogenesis is & pre-natal pheno- 
menon. This conclusion is not often questioned, even 
though post-natal neurogenesis in some brain structures 
has been well established for some time. Thus it was 
recognized in the nineteenth century’ that a class of 
emall nerve cells, the granule cells, shows a high rate of 
proliferative activity in the cerebellar cortex in young 
animals. Likewise, good quantitative evidence was 
obtained some time ago‘ of an increase in the total number 
of nerve cells in the cerebral cartex of rata up to the 20th 
day after birth. In this article we shall describe recent 
autoradiographic evidence from our laboratory which 
shows clearly that & large proportion of the short-axoned 
neurones present in various brain structures are formed 
after birth in the rat. 


In these investigations we injected rate systemically 
with tritiated thymidine. Thymidine 1s & specific pre- 
cursor of chromosomal DNA and it is in rated into 
cell nuclei only when new DNA is formed by cells preparing 
for multiplication’. When animals are injected with 
tritiated thymidine, the cells proliferating at the time of 
injection tend to incorporate the admunistered radio- 
chemical and they thus become ‘tagged’. The radio- 
actively labelled cells are then easily identafied with fine- 
resolution autoradiography. Moreover, by killing animals 
after varying periods of survival following the injection, 
a time-lapse record may be obtained of the fate of the 

labelled cells, such as the kinetics of their 
re-multiplication, and their migration and transformation. 

In a pilot study* we made stereotaxic leaions in the 
lateral geniculate body in rats and then injected a small 
dose of tritiated thymidine into the lesion area. The 
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Fig. 1. Low- er photonu aph of a go autoradiogram of a brain seoton from a rat injected with tnttated 
thymidine at tics nd killed A dentate 


of 6 hand 24h 


Black 
hippooampt, P, choroid plexus, T, 


animals were allowed to survive for different periods after 
the injection and the utibzation of the injected tritiated 
thymidine was examined by autoradiography. We found 
that numerous glia cells were labelled ın brain regions 
structurally or functionally associated with the lesion 
site. This indicated induced proliferation of glia cells by 
the brain lesion. However, we found labelled gla nuclei 
in smaller numbers in areas which could not be related to 
the traumatized brain area, suggesting the poembility 
of glial multiplication as a normal phenomenon. In & 
subsequont study’ we injected tritiated thymidine system- 
ically into normal adult rate and intraventricularly into 
adult cate. The examination of this material showed that 
glia cells proliferate at a low but significant rate in virtu- 
ally all parte of the normal, adult mammalian brain. 

A more surprising finding was that not only the nuolei 
of glia cells but also the nuclei of occasional neurones 
were labelled in the brains of adult rate and cate’. We 
were particularly impressed by the labelling of granular 
nerve cells in the dentate gyrus of the hippocampus’. In 
all the animals (mature adulte included) and all the sections 
examined a few labelled granule cells were always en- 
countered. Since the granular layer of the dentate gyrus 


dots are the labelled cells 4, Ammon's horn, 
thalamus; F, lateral ventricle. (x68) 


C, oortex, D, gyrus; F, imbris 


is eaeentially devoid of the nuclei of glia oellg, the labelling 
in this region could be attributed only to uptake of thymi- 
dine by the nuolei of the granule oells. 

Aooordingly, in our next inveetigation!? we undertook 
to investigate in detail the nature and significance of 
DNA metabolism in the dentate gyrus of the hippocampus. 
Rate of varying ages (from neonates to adults) were 
injected systemically with tritiated thymidine and tho 
animals were permitted to survive for selected periods 
after the injoction. In addition, to obtain collateral 
material for histological evaluation the brains of a large 
series of non-injected rata of different ages were prepared 
for microscopy. 

This study showed that the number of labelled cells in 
the dentate gyrus is very high in neonates and infante, 
and declines to a low but appreciable level in adults. 
Cell counting in collateral matorial showed that the 
number of differentiated granule cells in homologous 
sections increases six-fold from birth to 3 months of ago, 
suggesting that the autoradiographic evidence may have 
reflected hip ems. Counter-indicating 
this conclusion was the fast that mitotic cells were seldom 
enoountered in the dentate gyrus. In further examination 
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è: ı e VENTRICLE, LATERAL 
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Fig. 2  Peroentage of labelled cells in the germmdal lateral ventrieie and 
10 the dentate gyrus as a function of survival time after injection 


of this material we were impressed by the fact that in the 
* brams of neonate and infant rata there is an extenmve 
„ ependymal and sub-ependymal germinal matrix around 
the lateral ventricle, composed of cells with darkly 
stauung nuclei and occasional mitotic ones. Such darkly 
staining cells were also sean in the fimbra, and they 
were particularly numerous in the dentate gyrus in the 
brains of the younger animals. Quantitative work showed 
that the number of cells and the areal extent of the lateral 


NATURE 





955 


ventricle dechned rapidly after birth, with a transient riso 
at about l5idays. A delayed, rapid rise could also be 
seen in the number of small cells in the dentate gyrus, 
showing a decline also at 15 days of age. The decline 
in the latter was accompanied by & corresponding increase 
in the number of differentiated granule cells with & peak 
at about 8 months of age. On the basis of these observa- 
tions we ted that undifferentiated cells or neuroblasts 
multiply at the lateral ventricle, migrate from there by 
way of the fibrous tracte of the hippocampus to the 
dentate gyrus and become differentiated there in the 
course of development into granule cells. 

The hypothesis of the previous investigation was con- 
firmed in an extensive subsequent series of experiments 
in which groups of neonate, infant, adolescent and adult 
rata were injected systemically with tritiated thymidine 
(10 po./g body-wt.; specific activity 6-7 c./mmole; radio- 
chemical dissolved 1 mo./ml. in isotonic saline). The 
animals wore allowed to survive for 6h, 1, 8, 6, 12, (15), 
20, 30, 60, 120 and 180 days after the injection. In this 
article we shall deal merely with some of the results 
obtained in the rate injected as neonates, particularly 
at 2 days of age. (A detailed evaluation of the entire 
experimental material is in preparation.) 

In neonates injected with tntieted thymidine (Fig. 3} 
35—40 per cent of the cells in the ependymal and sub- 
ependymal layers of the lateral ventricle were labelled 
in the animals killed 6 h after the injoction. The rate 
of cell labelling, with concomitant dilution of labelling 
within cells, roge to about 60 per cent 24 h after the injeo- 
tion. With prolonged survival after injection there was 
a considerable dilution of the label within the cell nuclei 
and, after 6 days of survival, a reduction in the total 
number of labelled cells. This suggested a continucd 
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Fig 3. High-power photomicrograph of a gallocyanin-ohromalume-stained autoradiogram of granule nerve cells tn the nular layer of the dentate 
gyrus. The animal was injected with tritiated thymidine at 2 days of age and survived for 20 days after e injection. (x 880) 
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multiplication of the initially labelled cella and their 
migration to other brain regions. Cell labelling was 
initially low in the dentate gyrus (less than 10 per cent), 
io D E a Eral Gee: EnlocHOn 

eee ad small cells with darkly staining 
oe situa in the plexiform layers surrounding the 
ill-developed granular layer. The number of labelled 
cells increased to about 45-50 per cent by the 12th day 
after injection, by which time the majority of labelled 
cells have migrated into the thickening and e 
granular layer, and many of the labelled cells had the 
ap of differentiated granule cells. 

e distribution and differentiation of labelled cells in 
the granular layer followed & regular pattern. In animals 
killed 20.days after the injection, the top row of cells in 
the granular layer (the cells in i repu contact with the 
superficial plexiform layer) ae unlabelled. 
These we consider the ‘oldest’ or earliest-differentiating 
cells of the dentate gyrus; derived from cells which multi- 
et before the administered thymidine became available. 

low this row of unlabelled calls were many intensely 
labelled oells. Absence of appreciable label dilution 
indicated that these cells ceased to multiply soon after 
the injection; that is, they represent the ‘oldest’ of the 
post-riatally formed cells. Moving from the superficial 
to the besal rows of-granule cells intensity of cell labelling 
decreased gradually, with many unlabelled cells to be found 
in the basal rows of cells; the latter represent the ‘youngest’ 
of the granule cells. Cell size and cellular differentiation 
showed the reverse pattern. The cells in the superficial 
row tended to differentiate first and were among the 
largest; the basal cells were amaller and often undifferonti- 
ated. 

The post-natal genesis of granule cells is ut an exclusive 
characteristic of the dentate gyrus of the hippocampus. 
Our resulta show olearly that the bulk of the granule cells 
in the granular, mitral and glomerular cell layers of the 
olfactory bulb are formed post-natally. In this ion 
neuroblasts proliferate at a tick rate around the of 
the olfactory ventricle (Fig. 4), then move out and invade 

gradually the layers of the olfactory bulb, where they 
presumably differentiate. A large proportion of the 
granule oells of the internal granular layer of the cerebellar 
cortex. (and to a leaser extent the Golgi cells and basket 
cells) are formed poet-nstally. This occurs both by local 
multiplication and through the migrafion of cells multi- 
plying in the external granular layer (which is & 

matrix that disappears in the rat at about 20 days of age) 
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Burvtval after injeotion (days) 
Fig. 5. Percentage of labelled cells in the external and interna! granular 

layers of the cerebellum 


into the internal granular layer (Fig. 5). Similarly, the 
granule oells of the granular layer of the ventral cochlear 
nucleus are largely formed poet-natally through migration 
of cells multiplying in the lateral receas of the fourth 
ventricle. It is very likely, though not oonolusively 
proved, that many of the granular or stellate cells of the 
cerebral cortex also are of post-natal origin. 

In the same structures in which a large proportion of the 
granule cella became labelled with tritiated thymidine, 
the nuolei of neighbourmg large neurones remained 
typically unlabelled. The large mitral oella in the olfactory 
bulb were never seen with labelled nuclei, nor were the 
nuolei of the polymorph oells of the dentate gyrus, of the 
pyramidal oells of Ammon’s horn, or the Purkinje cells 
of the cerebellum ever labelled. In general, large or long- 
axoned neurones (occasional ones in the cortex excepted) 
do not incorporate tritiated thymidine injected into 
neonates, whereas a considerable number of neuroblasts 
which afterwards differentiate into small, short-axoned 
neurones predictably utilize tritiated thymidine. From 
these findings we may conclude that thero is a radical 
difference, from the developmental point of view, between ^ 
the short-axroned neurones or mioroneurones* of the 
central nervous system and the long-axoned neurones or 
macroneurones. - We shall not speculate here about the 
possible functional significance of the post-natal origin 
of the majority of mioroneurones. Elsewhere” we have 
made the suggestion that the pre-natally formed afferent, 
relay aud efferent macroneurones represent the invariant 
or fixed compononts of the central nervous system, where- 
as the interposed microneurones, which develop post- 
natally as the animal comes to face and respond to ite 
varied external environment, could be ite modulatory 
and plastic elements. 

This work was supported by the U.8. Atomic Energy 
Commission. We thank Elizabeth C. Altman and William 
J. Anderson for their assistance. 
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PROPRIOCEPTIVE INFLUENCE IN VOLITIONAL CONTROL OF 
INDIVIDUAL MOTOR UNITS 


By Dr IRVING H. WAGMAN* and DONALD S. PIERCE} 


Bromechanics Laboratory and Departman af O 
y San Francisco Medi 


Ic Surgery, University of Californie. 
Center 


AND 


Dr. RAY E. BURGER 


Blomechanics Laboratory, University of California Sen Francisco Medical Center, 
and Department of Animal Phystology, University of California, 
Davls 


ARRISON and Mortensen’? recently showed that 
remarkably fine control over individual motor unite 
was quickly established when auditory and visual cues 
to thar activation were presented. Basmajian* confirmed 
these findings and also obeerved that such unite could be 
recalled into activity without cues after ining. He 
suggested that single anterior horn cells could be brought 
under conscious control by the training of descending path- 
ways, and stated that the process by which such control 
is established may have a bearing on the general problem 
of learning. 

These reporte did not mention the possible role of the 
proprioceptive system, although it has long been recog- 
nized that such sensory information is essential for the 
co-ordination of motor performance‘. It has also been 
shown’ that the results of stimulation of the motor 
cortex of the cat can be influenced. by changing the 
appropriate input from the limb. 

In the course of our work with tungsten microelectrodes 
(ref. 8 and unpublished observations), we noted that 
proprioception was important in volitional activation of 
individual motor units. This consideration prompted 
. us to re-examine the question of motor-unit control in 
the human in relation to knowledge of sensorimotor 
integration. 

In the present investigation we used both our own type 
of microelectrodes and electrodes similar to those de- 
seribed by Basmajian. In 10 subjects, a number of 
different muscles were studied in minimal to moderate 
contraction, and tho activity was recorded from one or 
two tungsten microelectrodes inserted into one muscle. 
A silver disk used as a reference electrode wes placed on 
the skin over the tendon of the appropriate muscle. Tho 
electrodes were prepared from 10-mil straight tungsten 
wire by electrolytic etching until the tip was about Ip 
in diameter. The entre electrode except for the tip was 
insulated with either ‘Formvar’ or 'Epoxylite'*. Before 
use, these electrodes, aa well aa the bipolar wire electrodes 
described below, were mounted in a special holder along 
with all &ooeseory equipment and were sterilized in 
ethylene oxide. 

The microelectrode was inserted into anaesthetized 
skin by placing if darefully either in a specially prepared 
mserter* or in a 22-gauge needle. After insertion in the 
muscle the carrier was gently withdrawn, leaving the 
electrode in place. Manipulation of the electrode was 
possible without bending or damage to the tip. The 
electrode was then oannected to the recording apparatus 
by a fine wire lead soldered to a 1-om length of 22-gauge 

"Present address: National 


stainless steel tubing. With this type of electrode & unit 
was easily located when the muscle was minimally 
contracted. 

The seoond type was a brpolar electrode made and 
inserted in a manner similar to that described by Basma- 
jian?. Two 2-mil wires (either copper with ‘Formvar’ 
insulation or W. B. Driver Company’s ‘Evanohm’ with 
nylon covering), the tips of which were bared of insulation 
for 1 mm, were inserted in a 22- or 24-gauge hypodermic 
needle so that their ends were bent back over the bevel 
of the needle about 4 mm from ther tips. Afber insertion 
into the muscle (after sterilization) to an estimated appro- 
priate depth, the needle was gently withdrawn, leaving 
the hooked wires in place. The separation of the tips 
of the wires was between 1:5 and 2:5 mm. The subject 
was rarely aware of any sensation attendant on the 
presence of these wires, even say eae Rd vigorous 
contraction of the muscle. This b electrode was 
used to sample only minimal raoun in the abductor 
policis brevis, flexor pollicis brevis, and opponens pollicis 
in three experienced subjects (ourselves). 

Both types of electrodes were connected to a remote 
cathode follower stage of a conventional R-C preamplifier. 
The output of the preamplifier was led into a cathode-ray 
oscilloscope and an audio system. The subject was 
comfortably seated facing the oscilloscope, so that he 
could both see and hear the activity. Even a naive subject 
quickly learned to identify single unite and to distinguish 
one from others. We found, as did Harrison and Morten- 
sen, that all subjects relied more on auditory than on visual 
cues. 

In the course of the microelectrode ts in thè 
present investigation, it was found that factors other than 
auditory or visual*cues played a part in the conscious 
activation of some individual motor units. Such units 
could often be followed with microelectrodes for as long 
as 15 min when the limb was held rigidly within a cast‘. 
However, when no cast was worn individual unite would 
often disappear when the subject changed his position 
slightly; there was generally no evidence in the traces 
that this could be due to damage to any unit caused by 
movement of the electrodes within the muscle. Oocasion- 
ally, the same units would appear later if the electrode 
had not been moved. Little importance was attached to 
theee observations until one subject pointed out that he 
could activate one specific gastrocnemius unit under 
study only if his ankle was maintained in plantar flexion. 
Fig. 1 is a recording from two such unite in the gastroc- 
nemius which showed & marked sensitivity to dorsiflexion 
of the ankle joint. The first pert of bóth tracings shows 
the activation of these unita under minimal contraction. 
However, when the foot was passively dorsifiexed only 














the foot was docmflexed 3° neither larger unit could be activated 


3° (as measured with & protractor) relative to the original 
position and held there and the gastrocnemius again 
contracted, these unite were quiescent although the muscle 
was active. It was quickly established that m this and 
other subjects activation of these motor unite depended 
on the reatmg length of the muscle, the position of the 
jomt members in space, and the iflo function that 
the muscle was called on to orm. Harrison and 
Mortensen made apparently somewhat similar observa- 
tions, but did not point out the possible mgnifloance of 
theese interactions mnce they only stated, in passing, that 
"glight changes in the position of the foot or leg were 
sometimes effective". From these experimente, which 
bring out the importance of the sensory system in the 
volitional activation of motor units, it was concluded 
that the neuromuscular system cannot be regarded as a 
eimple hierarchy of motor unite with thresholds of re- 
eponse graded acoordmg to the degree of contraction, 
as has often been suggested. 

When these studies were extended to experimenta with 
bipolar wire electrodes in the abductor pollicis brevis, 
it was found that because of the larger area of pick-up 
of the bipolar electrodes, & subject would invariably 
activate many unite simultaneously when he contracted 
the musole at the beginning of a session. In confirmation 
of Basmajian’s report, it was found possible to gain control 

i over individual motor unita singled out with the 
aid, auditory and visual oues. It was found even 
more clearly than in the experiments using microelectrodes 
that & unit that was singled out was highly dependent for 
ita activation. on the position of the thumb. In order to 
gain simultaneous control over more than one unit with 
the digit i the same position, an extended period of 
practice was essential. When such control was finally 
gained, the activation of each unit could be brought about 
without any detectable movement of the thumb, but the 
subject reported that the activation depended on recall 
of the original position and contraction effort necessary 
for activation. 

Fig. 2 shows two units, each of which originally could 
be activated only when the thumb was in a markedly 
different position. After training, both unite could be 
fired from one position; one unit could be stopped and 
the other activated discretely, within 100 mseo; the 
necessary change in actual tion of the thumb at this 
time was almost imperceptible, evan to the subject. 
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The followmg additional observations were made in 
the course of these studies using minimal contractions. 
(1) When the thumb was immobilized by conscious effort 
with use of other muscles or by & cast, different unite in 
the muscle under study could still be activated by altera- 
tion of contraction of the other muscles needed to stabilize 
the thumb. For example, different unita in the abductor 
pollicis brevis could be activated by oontraction of the 
opponens pollicis &nd'or the flexor digitorum longus. 
(2) The importance of peripheral input m establishing 
control over individual unite was further emphasized by 
experiments in which tho thumb and forearm were im- 
mobilized by & full forearm cast. The subject quickly 
learned to utilize the added sensation produced by 
pressure on the skin from the side of the cast as an aid in 
reproducing the state of muscle contraction under which 
the unit was originally anglod out. (8) During any single 
traming period, less and lesa effort from other muscles 
was necessary to activate speciflo units which were 
originally dependent in part on contraction of those 
other muscles. (4) As the ability of & subject to control 
motor units became progrossively refined and accurate, 
he was &ble to activate certain higher-threshold unite 
by using lees tension than had originally beon required 
to activate the lowest-threshold units. 


— € nsr 
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ee a more eae af the the 
his attempt to In this unit than is the marker, 
he rarely synchronized exactly with such an a t 


It appears from these observations that, without train- 
ing, volitional activation. of descending pathways does not 
result in invariable responses of specifico motor cells. 
Otherwise, the response of particular motor unite would 
not be dependent on maintenance of certain positions 
of the limb or reproduction of & certain pattern of muscle 
oontraotion. ing minimal or moderate contractions, 
the action of the descending pathways is modified, and 
perhaps controlled, probably in the anterior born of the 
spinal cord, by peripheral input—proprioception, muscle 
contraction, or cutaneous stimuli. Appropriate sensory 
information, therefore, must be present for volitional 
activation of specific motor unite. However, after an 
intensive period of training, precise conscious control 
over motor unite can be ostablished, with a lessened 
influenoe of peripheral stimuli. 

This work was supported by National Institutes of 
Health research grant GM-—08013. One of us (R. E. B.) 
held & special fellowship in neurophysiology from the 
National Institute of Neurological Diseases and Blindness, 
1 Fll NB 1271-01 NSRB. 
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KINETICS OF ELIMINATION OF DRUGS POSSESSING HIGH 
AFFINITY FOR THE PLASMA PROTEINS 


By Dr B. K. MARTIN 
Nicholas Research Institute, Ltd., Slough, Buckinghamshire 


HE classical method of determining the rate of 
elimination of a drug from the body is to examine the 
deoline of the plasma concentration of the drug with 
respect to time. I have pointed out! that this method is 
only valid when throughout the period of investigation 
the plasma contains & constant proportion of the drug in 
the body end that this is not so when the drug is exten- 
sively bound to the plasma proteins. The application of 
the foregoing method to such drugs is therefore funda- 
mentally unsound, and the values reported for the elimina- 
tion rate or half-life of certain drugs, as determined from 
rane data, may underestimate the rate of elminstion. 
factors operate which can cause the plot of log 
plasma drug concentration against time to be approxim- 
ately linear and this has no doubt falsely encouraged 
belief 1n the validity of this method. 

This article provides a theoretical consideration of the 
kinetios of elimination of a number of model drugs which 
have a high affinity for plaama proteins. A detailed 
analysis of the kinetics is complex, only & simple treatment 
1s given here and the method of calculation cannot be 
regarded as mathematically exact. 

In the previous work!, calculations were made relating 
to the distribution. of a series of model drugs possessing 
different association constanta (Kap) for a plasma protein, 
with the limitation that negligible binding of drug occurs 
in other tissues. Graphs were presented relating the 
amount of free drug in the body, and the amount of drug 
in plasma, to the total quantity of drug in the body. 
Using these data, the calculations are now extended to 
include the kinetios of elimination of these model drugs. 
For a given dose the amount of free drug in the body 
can be determined from the graph, and if an elimination 
rate constant applicable to the drug is specified, the 
amount eliminated in 1 h can be calculated on the basis 
that the rate of elimination is proportional to the con- 
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Log amount of drug (m moles) 
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centration of free . The amount eliminated is then 
subtracted from the original total to obtain the amount 
of total drug remaining and the amount of free drug again 
determined graphically; this process 1s repeated for each 
hour to construct the pattern of elimination over several 
hours. The corresponding amount of drug in the plasma 
at each stage of the elimination process is determined from 
the appropriate graph. Data relating to total drug 
decline, plasma drug dechne and urinary excretion rate 
from two such calculations are plotted in Figs. le and b. 

If D, = concentration of free (non-bound) drug in body 
water, D, = concentration of bound drug in plasma, 
V, = plasma volume, V: = volume of total body water, 
then: total drug in body (D) = D;Vi+ D»Vp; free 
drug in body (Dr) = D;/V:; bound drug in body (Ds) = 
DyV5; total drug ın plasma (Dp) = (Dr + Dy) Vy. 

The model system may be represented as: 


Dy =—— Ds 
|x» 
Dr 


where Dx is the amount of drug eliminated. 

In the process of drug elimination, the decline in Dr 
is the net effect of loss of free drug by elimination and of 
gain of free drug arising from the dissociation of Dg. 


(1) 


If the loss of drug by elimination is proportional to 
Dr, then: 
dD 
— di = KrDr (2) 
where Kr is a first-order elimination rate constant applio- 
able to the amount of free drug in the body. Dr is nota 
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drug in the body (mmoles), 
(ig x10! (Fig 15 


drug in plasma (m.rnolea), and log rate of elimmation (; 
1 eitmmaton 
Data calculated for a 70-kg man on the bans 


af a rate of 30 per cent/h of the amoun fres (non-bound) drug. 
previously desanbed! (P=5 x10 M, #=1, Vp=3 L, V:=42 L) 
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constant fraction of D, (Dr/D) diminiahes and elimination 
becomes relatively slower as it proceeds. Neither the 
decline of drug nor the decline in the rate of elimination 
is first order. 

In respect of the decline of drug in plasma, the decrease 
in (Dr[D) aa elimination proceeds is partly compensated 
by the increase in (Dp/D), and the rate of decline of drug 
in plasma consequently underestimates the rate of drug 
elimination. This is particularly marked at high dosage. 
The variation of (Dr/D) and (Dp/D) for the model drug of 
Kap = 1 x 10 ia such that the plot of log Dp against t 
is curved, but closely approximates to two linear sections 
of different slope, at first showing a gentle deolme and then 
a steeper decline (Fig. 1a). The decline in log plasma drug 
concentration not only underestimates the rate of drug 
decline at high levels but later also gives the false impres- 
sion that the log rate of elimination has increased, whereas 
elimination becomes relatively slower, rather than faster, 
at low drug concentrations, - 

These calculations relate to model drugs which exhibit 
no appreciable binding in other tissues. Several 
will consequently: show departures from this idealized 
behaviour, but probably in no instance can the rate of 
decline of high plasma drug concentrations be accepted 
as & valid indication of the rate of drug decline. 

An increase in slope of the log plasma drug conoentra- 
tion as elimination proceeds has been reported for pro- 
benecid!, streptomycin’, dicoumarol‘, ethyl biscoumace- 
tate’ and phenylbutazone’, all of which are bound to the 
plasma proteins. This has been interpreted in terms.of 
relatively slower elimmation at higher doses. This may 
well be so—it ia with salicylic acid‘—but in the absence of 
additional evidence, the present considerations indicate 
that such & deduction 18 not justified and that the change 
in slope of the log plasma drug decline can arise simply as 
a consequence of the interaction of the drug with plaama 
proteins. 

The rate of decline of drug in the body can be assessed 
from urinary excretion data by constructing the pattern 
of decline of that fraction of the dose which is excreted 
unchanged, that is, by a plot of log (Dy — Dy) against 
i, where Dy is the amount of unchanged drug ultimately 
recovered in the urine, and Dy; is the cumulative amount 
recovered to time # The interpretation of data, which 
includes the excretion of drug metabolites, is complicated 
by the process of metabolite accrual’. A 

It is frequently eaked, what is the effect of protein- 
binding on the rate of drug elimination? It has been 
suggested! that this depends not only on certain factors 
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which remain constant, but also on the amount of drug 
Present in the body, and the magnitude of the effect will 
Increase as elimination proceeds. There is therefore no 
simple answer, although the maximum potential effect 
can be stated. Alternatively, what would be the elimina- 
tion rate constant of the drug if it exhibited no interaction 
with plasma protein ? This theoretical concept has been 
introduced and the relevant rate constant (K p) is identified 
in equation (2). For certain drugs it may prove possible to 
estimate Kp directly from urinary excretion data only. 
If a drug has & high Ksp and 1ta therapeutic dose is such 
that after one or more doses the plasma protem closely 
approaches saturation with drug, then limited elimination 
of drug can take place without appreciable change in 
Ds. If Dg — constant, dDp/di — 0, then from equations 
(1) and (2): : 
= d = — = = KrDr = KrDy,o-Art 


hence: 
dD 
in (— A) =h DK, — Kri ^" (3) 
In terms of urinary excretion data’: 
dD 
in(- AE) = — Krt + constant (4) 


A plot of the log amount of unchanged drug excreted in a 
series of equal intervals of time (dDy/dt) is almost linear 
over this limited period and Kp can be assessed from ita 
slope (Fig. la). This plot afterwards becomes dis- 
tinctly curved and it is also at this time that the log drug 
plasma plot exhibits a marked change in slope. 

Two well-known methods for the treatment of urinary 
excretion data have been utilized in this work. In this 
instance they yield entirely different mformation, 
(Due — Dut) ie used to assess the decline of total 
drug, while (dDyg/dt) is proportional to the amount of 
free drug. ^ 
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LIGHT-INDUCED STOMATAL -OPENING AND THE POSTULATED ROLE 
OF GLYCOLLIC ACID 


By Pror. O. V. S. HEATH, F.R.S., Dr T. A. MANSHELD* and Dr HANS MEIDNER 
Unlversity of Reading Horticultural Research Laboratories, Shinfleld, Berkshire 


HE history of investigation of the physiology of sto- 

mata has been one of succeasive hypotheses, usually 
based on one aspect only of the evidence, each attempting 
to explain in terms of a single relatively simple mechanism 
the way in which changes in environmental factors affect 
guard cell turgor and produce stomatal movement. 
Frencis Darwin! himself accumulated enough experimental 
evidence of the complexity of stomatal behaviour in res- 
ponse to various stimuli to show that no very simple single 
explanation of the stomatal mechaniam was to be expected, 
and of recent years this has been made even more apparent 
by the resulta of much experimentation under more rigidly 
controlled conditions. A new hypothesis, largely based 


* Present address: Department of Biology, Untverzity of Lancaster. 


on observed affects of metabolo inhibitors on stomatal 
aperture, has now suggested that the photosynthetic pro- 
duction of glyoollie acid plays a major part in the stomatal 
mechaniam*. : 

In this article we discuss the complexity of the effect of 
light on stomatal movementa, ing some new findings 
concerning an effect of blue light which is apperently 
independent of carbon dioxide, and show, with some 
experimental evidence relating to the effects of metabolio 
inhibitors, the inadequate nature of the new hypothesis. 

Metebolio inhibitors have proved most valuable in plant 
physiology when used in conjunction with measurements 
of the rate of a metabolic process, notably respiration, or 
photosynthesis as carried out by isolated chloroplasta or 
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even unicellular algae. When the process measured is the 
resultant of a large number of simultancous complex 
biochemical and physical processes, an exclusive re- 
liance on metabolic inhibitors can sometimes result in 
“confusion worse confounded”, for so-called specific 
inhibitors are seldom as specific as therr users would like 
to think. The number of compounds whioh will, for 
example, inhibit growth of coleoptile sections, even when 
in low concentration, is legion. The finding that a 
‘specific’ inhibitor for & particular enzyme will ev or 
reduce growth does not necessarily show that mecha- 
niam of growth is entirely, or even mainly, explicable in 
terms of that enzyme system. 

A somewhat similar situation holds for stomatal move- 
ments. There is evidence, referred to here, that at least 
three light-operated mechanisms are involved in stomatal 
opening, one acting through the carbon dioxide oonoen- 
tration in stomatal guard cells, the second causing stomatal 
opening independently of carbon dioxide and the third 
controlling the phase of endogenous rhythms. 

The first-mentioned mechanism is controlled partly by 
photosynthesis in the guard cells themselves’ and partly 
by that in the meeophyll*. The photosynthetic produc- 
tion of osmotically active substances in the guard cells 
may be expected to assist opening but is of minor impor- 
tance compared with the effect of photosynthesis in 
reducing the carbon dioxide concentration; this is shown 
by the facts that in light, increasing the ambient carbon 
dioxide concentration does not cause opening but partial 
olosure*;' and that wide stomatal opening can be brought 
about in the dark by exposing leaves to air free of carbon 
dioxide’. The hydrolysis of guard oell starch is much 
affected by carbon dioxide ooncentration, but not 
by light per se’, with the possible exception of blue 
light. 

Secondly, stomatal opening due to an effect of light an 
the guard cells operating independently of carbon dioxide 
concentration was postulated by Heath and Russell, who 
found stomatal responses in wheat to changes in light 
intensity while the intercellular carbon dioxide oonoentra- 
tion was kept between zero and 0-01 per cent; in that 
range, wheat stomata were found not to respond 
appreciably to changes in the carbon dioxide concentra- 
tion*'. The resulta of Mouravieff!* later implied that if 
there was a carbon dioxide-mdependent effect of light on 
stomatal guard cells, this effect was probably due to short 
wave-lengths in the blue region. Recently we have tested 
stomatal responses to blue and red light, and have 
confirmed that in blue light stomate open further than in 
red light even when the intercellular carbon dioxide 
concentration in blue light is higher in red. Leaves 
of Xanihium pennsyloantocun Wall. were illuminated in 
a closed system and allowed to establish I', the minimum 
intercellular space carbon dioxide concentration“. When 
red or blue light (from broad-band sources, practically 
free of far- and infra-red) was applied so that the incident 
quantum supply was i the same in each 
wave band, , 8, ergs/om*/sec of red and 4,550 
ergs/cm*/sec of blue, I' remained more or less constant at 
127 p.p.m. of carbon dioxide (average for 8 leaves). How- 
ever, in red light log stomatal resistances (measured in 
log Gregory and Pearse units)! were on average 1-22 
whereas in blue light they were 1-34 for the same leaf area. 
In another experiment we have shown that with blue 
light at lower intensities than red, the former can still 

uce wider stomatal opening, in spite of a larger 

-value, that is with a higher carbon dioxide concentra- 
tion within and surrounding the leaf. In these experimenta 
light-induced stomatal opening from darkness occurred 
with an output of carbon dioxide from the leaf mto 
initially carbon dioxide-free air. Thus there could have 
been no net gain of photosynthate and the postulated 
production of new carbohydrate’, whether via glyoollio 
acid or by any other peth, could not have occurred. 
These findings will be reported mare fully elsewhere. 
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Thirdly, the light effect controlling the phase of the 
rhythm which proceeds in darkness has been shown 
elsewhere!* to be brought about by wave-lengths in the 
neighbourhood of 700 mp. This light effect is 1 
fram those more directly concerned with stomatal opening 
both by the action and the fact that the intensity 
required to elicit a phase shift (< 100 ergs/cm*/sec) is well 
below that required for the production of detectable 
opening. The endogenous rhythm in darkness oan oon- 
siderably modify the re-opening in high-intensity light™, 
and consequently the light reaction which affects the 
phase of this rhythm may make a significant contribution 
to regulation of the opening response to light. — 

The foregoing complexities have been listed with refer- 
ence to effects on guard cells alone, but it was first postu- 
lated by von Mohl" and demonstrated experimentally by 
Heath!* that the degree of stomatal opening depends on 
the turgor difference between the guard cells and the 
neighbouring epidermal or subsidiary ocells. A further 
physical complexity is added by the different types of 
thickening of the guard oell walls so extensively studied 
by Schwendener!’. : 

With such a system it is naive to look for a single all- 
embracing explanation of stomatal movement, or even of 
stomatal responses to light. It is not surprising that a 
great many chemical agents damage one component or 
another sufficiently to cause stomatal closure or pee 
opening. A great deal of early work showed that bathing 
isolated epidermis, portions of leaf or intact leaves with 
various buffer solutions at the same or different pH 
values, or various acids, alkalis and neutral salt solutions 
had complex effecta on stomatal aperture and stomatal 
starch content!*. More recently, Zelitch? listed eighteen 
compounds (mainly inhibitors, plant growth substances 
or chelating agents) which partially or completely pre- 
vented opening of the stomata on tobacco leaf disks floated 
on solutions of 10-? M or lower concentration (this list 
included glyoollio acid—see below). à 
listed a further thirteen compounds which partially 
prevented opening in concentrations between 5 x 10* M 
and 8 x 1023 M and truly remarked “the wide range of 
compounds that influence stomatal movements suggests 
that there are many sites at which the opening of stomata 
may be interfered with to cause closing”. Since the 
relaxed position of the guard cells results in stomatal 
closure, substances causing opening are more unusual and 
likely to be of more potential interest, though here also 
there is a danger of misinterpretation as toxio effects may 
act differentially on the neighbouring epidermal cells 
which are in general more easily damaged than the guard 
cells; loss of turgor by the epidermal cells tends to cause 
stomatal opening. This has been avoided by 
Mouravieff*, who works mainly with isolated stomata. 

Zelitch* has produced a scheme, based mainly an the 
results of studies with inhibitors, to account for both light- 
induced stomatal opening and carbon dioxide-induoed 
stomatal closure. It is assumed that in the main light- 
induced stomatal opening is due to the photosynthetic for- 
mation in the guard cells of glycolic acid and ite further 
metabolism to glyoxylic acid and thence to carbohydrate, 
resulting in an increase of osmotic pressure. The inhibitors 
used in the investigations leading to the formulation of 
this scheme were a-hydroxysulphonates, and their action 
has been explained in terms of their effect on glyoollio 
acid oxidase, so that it is not here the synthesis of glycollic 
acid but ite further metabolism which is affeoted!*. 
Glyoollio acid is said to accumulate rapidly in the leaf if 
these inhibitors are present; within thirty minutes it may 
accumulate twenty-fold!*. The closing effect of high 
carbon dioxide concentration, on the other hand, is 
supposedly due to inhibition of photosynthetic formation 
of glyoollate*. 

Zelitch has also speculated that stomatal opening may 
require adenosine triphosphate produced by photo- 
synthetic phosphorylation and that a glyoolhe acid— 
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glyoxylio acid shuttle may be involved. (We have dis- 
cussed this elsewhere™, but it is not incorporated in his 
main scheme?*.) 

We have recently studied the effects of a-hydroxy- 
sulphonate inhibitors on stomatal behaviour in Xanthium 
pennsyloanioum. Although our resulte fully confirm that 
these substances cause stomatal closure, we have also 
observed that the closing effecta can be quickly and oom- 
pletely reversed by flushing the leaf with air free of carbon 
dioxide. A typical result from a series of experiments is 
shown in Fig. 1. This observation is open to two possible 
explanstions, neither of which appears compatible with 
the glycollic hypothesis posed*-5. One possibility is 
hut ibis tho glyoollio acid init cocuriidasing ja the tire 
(due to inhibition of its t metabolism) that 
causes the closure. Flushing the leaf with air free of carbon 
dioxide would reduce photosynthetic production to a 
minimum and stop further accumulation of the acid. 
That already accumulated might then be removed if 
glyoollio acid oxidase were not completely blocked. 
Zelitoh's own observations (ref. 2, Table 2) have shown 
that glyoollio acid at a concentration of 10-* M causes 26—50 
per cent stomatal closure. However, results of recent 
experiments, to be published elsewhere, have shown that 
glycollate accumulation per se causes neither stomatal 
closure nor reduction in photosynthetic rate. The most 
likely possibility is that the inhibitor reduces photosyn- 
thetic rate, resulting in an increase in the mtercellular 
space carbon dioxide concentration and thereby inducing 
stomatal closure. Asada and Kasai" have shown ın barley, 
tobacco and Chlorella that 10-* M a-hydroxysulphonate 
severely affects the rate of photosynthetic carbon dioxide 
uptake. Zelitch!* considers that it is stomatal closure that 
causes reduced photosynthetic rate, but in view of the fact 
that photosynthesis in Chlorella was similarly affected this 
is most unlikely. The simplest explanation of our obeerva- 
tion (Fig. 1) is that flushing the intercellular spaces with 
air free of carbon dioxide removes the respiratory carbon 
dioxide which is accumulating due to & reduction in 
photosynthetic rate. The normal sensitivity of the 
stomata to carbon dioxide does not appear to be affected 
by the inhibitor. 

Zelitch* has proposed that stomatal closure in high 
carbon dioxide concentratians is caused by the inhibition 
of carbohydrate formation via the glycollate pathway. 
One would expect more carbohydrate to be formed at 
such concentrations, even if not by that pathway, but 
the observed effects of carbon dioxide on stomatal 
movement do not in any event support the hypothesis. 
Pritchard, Griffin and Whittingham**! have shown for 
Chlorella that glycollate excretion into the medium is 
maximal with 0-1 per cent carbon dioxide in the gas phase 
‘and decreases both above and below this concentration. 
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At zero carbon dioxide concentration there can be little, 
if any, photosynthetic formation of glycollate, and on 
Zelitch’s hypothesis illuminated stomata should therefore 
show closure in carbon dioxide-free air; they should open 
to & maximum valve as the carbon dioxide concentration 


with the 
first small increase of concentration (to about 0-01 per 
cent for wheat’) and then decreases to approach a steady 
value ,8t a concentration which depends on the light 
intensity, but up to 800 ft.-candles is in the range of physio- 
logically high ooneentrations from 0-05 to 0-08 per cents. 
Concentrations of 1-8 or 0-5 per oent, as used by Zelitch, 
are far outside the physiological range. There thus appears 
no better evidence that reduction in the rate of glyoollate 
synthesis accounts for the closing responses of stomata to 
carbon dioxide than there is that the further metaboliam 
of glyoollio acid to carbohydrate accounta for their 
ing response to light. 

Opemng due to removal of carbon dioride. All wave- 
lengths of light in which photosynthetic uptake of carbon 
dioxide occurs will produce opening. This effect can be 
stmulated in darkness by flushing the leaf with air free of 
carbon dioxide“ and it may, therefore, be said to be 
non-photoeynthetio since it does not necessarily depend 
either on light or on carbon dioxide fixation; the role of 
photosynthesis is an indirect one. 

Opening component independent of carbon dioxide. We 
have shown above that this is brought about by blue light. 
The opening ccourred in a system in which there could be 
no net photosynthetic carbon dioxide uptake. 

Low-intensity light effect. Light of very low intensity 
(most effective at 700 my wave-length) can alter the 
phase of a rhythm of ‘o ability’ proceeding in 
darkness and so control the rate of light-induced opening 
in high light intensity. 

Mechanisms of light effects. It seems most improbable 
that there is much in common between the unknown 
mechaniams by which the foregoing three light effects 
control guard cell turgor and hence stomatal opening. 

Role of gi ic acid. Stomatal opening occurred in 
either red or blue light with no net carbon dioxide fixation 
and hence no production of osmotically active photo- 
synthates via glyoollate or by any other path Appreciable 
formation of glyoollate is not therefore essential for light- 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


A Sensitive Test for the Presence of Atomic 
Hydrogen In Intergalactic Space 

Fap! has streased, the importance of the scattering of 
Lyman-« quanta on hydrogen atoms m determinmg the 
spin temperature of intergalactic hydrogen. The purpose 
of this communication is to point out that the scattering 
iteelf provides an extraordinarily sensitive indication of 
the presence of atomic hydrogen. 

Acoording to Field! (equation 11) radiation emitted at 
wave-lengths shorter than Lyman-« is scattered: 

N = 2-4 x 10!* ng 

times while it is red-shifted through the Lyman-« line. 
(Field assumed. that Hubble’s constant is 180 km/sec 
Mpo, but the order of magnitude of N should be correct 
in any case.) Thus, with a typical ‘cosmological’ density 
of ng = 10° atoms om”, a quantum emitted with a 
wave-length shorter than Lyman-« is scattered 10* times, 
and has a negligible chance of continuing in its initial 
direction. Even a density of 10-* atoms om would very 
effectively scatter such radiation. Thus, if any radiation 
is observed from a discrete extragalactio source in the 
range of wave-lengths between the local and the red- 
shifted Lyman-« wave-lengths, the density of hydrogen 
atoms in intergalactio space is < 10-* am~. 

Ultra-violet spectroscopy by rocket or satellite-borne 
telescopes cannot, ae yet, reach the galaxies one would 
wish to examine. However, Sohmidt* has shown that the 
optical object associated with the radio source 80 9 has 
& red-shift s = 2-012, and ite Lyman-a emission line is 
red-shifted into the visible . Schmidt's 
1s colos nod oily with the two emisión hes of MO B, 
and there is no explicit mention of & contmuum. The 
Lyman-a line is some tens of A unite wide, and the fact 
that the centre of the line is not noticeably displacod 
might already be considered as evidence that there is no 
noticeable scattering within the first Mpc around 80 9. 
However, it is quite possible that 30 9 has & peculiar 
velocity of a few 100 km/sec, and it 18 also possible that 
intergalactic hydrogen in the vicinity of 30 9 is exoeption- 
ally highly ionized. Thus & decision must await a new 
examination of Sohmidt's spectrum. 

If the scattering were iable, then the radiation 
emitted at & particular ency would be scattered 
from a spherical shell around the source, the radius of 
which is proportional to the differance between the 
emitted wave-length and Lyman-a. Observation of such 
scattered light would, in principle, yield Hubble’s ‘constant’ 
as & function of s, and hence provide a history of the 
expansion of space. Unfortunately, the detection of such 
faint radiation distributed over disks many minutes of 
aro in diameter is beyond the reach of observation. 

If it turns out that 30 9 has a continuum below 3660 
A, then either the mean density of hydrogen is exceed- 
ingly low, or ita ionization is very complete. The condi- 
tions required to produce such camplete ionization will be 
examined elsewhere. A third possibility, that the red- 
shift of 3C 9 is not ooemologioel*, cannot be ruled out at 
present. 

Note added tn proof. I understand from Dr. Schmidt 
that work on the lines suggested in the foregoing letter 
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has been carried out independently by Gunn and Peterson 
(Astrophys. J., in the press). 
P. A. G. Soneume 


Mullard Radio Astronomy Obeervatory, 
Cavendish Laboratory, 
Cambridge. 

1 Yyold, G. B., Astrophys. J., 189, 536 (1960). 


*Sobmidt, ML, Astrepkys. J., 141, 1296 (1065). 
* Terrell, J., Soience, 145, 918 (1964). 


RADIOPHYSICS 


Ordinary Mode Whistiers observed In 
Satellites 

SsarH ei al.! recently published dynamic spectra of a 
very interesting phenomenon observed in the satellites 
Alouetis I and Injun III. One of these is reprinted here 
as Fig. LA. This shows & whistler En falling part) 
produced by (extraordinary mode) dispersion of an 
herio p: upwards to the satellite. The 
whistler is followed by a rising trace which flattens out at 
a frequency which could oorrespond to the ion gyro- 


Although such a sequence of events may suggest a 
‘triggering’ process for the rising trace’, I would like to 
show that the (frequency-time) shapes of both 
traces can be closely matched if both are interpreted as 
dispersed forms (‘whistlers’) of the original atmospheric. 
Thus the falling trace is an extraordinary mode whistler 
and the rising part an ordinary mode whistler. 
te only below the 10n 

cies very much lees 

than the electron gyrofrequency, the refractive indices 
(for longitudinal propagation) become": 


nt = alg tf) 


where g is the proton gyrofrequency, f the wave frequency, 
and a the scale frequency (ratio of plasma frequency 
aquared to the gyrofrequency, for either protons or 


electrons). The plus and minus signs correspond to the 
i and ordinary modes respectively (f«g for 
the latter). I have assumed a neutral plasma of electrons 


and protons only. The group refractive indices are then 
(signs as above): 
fe = ag t tf) 9 t f)?? 

The travel times of waves in the two modes can bo 
calculated from this with an appropriate model. Fig. LB 
shows the result of such & calculation using parameters 
(Eg ond a aaa AT a 
in 

Th agr agreement for both modes is quite reasonable. 
Effectively only two independent parameters can be 
chosen to obtain a fit. These determine the time and 
frequency scale. The shape is mainly determined by the 
refractive index expression given here and only alightly 
by the model or form of the plasma density and magnetio 
field variation. The effects of other ions do not appear 
to be important. 

Jacobs and Watanabe! have suggested that certain 
types of micropulsations which have dynamic 

like the rane part shown in Fig. LA might be 

aie He whistlers (they used the term 





. L A, reont observed I III (after Bmith e al’). 
Diois. Brent ee By Taa te ths portions actually 


‘micropulsation whistlers’). This adds considerable weight 
to their theory and is perhaps the first direct evidence 
that theee can be initiated by an atmospheric impulse. 
Note added in proof. Since this letter was submitted 
the same idea has been presented by Gurnett et al.t -` 


R. L. DowpzEx 


Physics Department, a 
University of Tasmania, 
Australia. 
a Bree, N. M., Katwufrakis, J. . À., Shawhen, 8 D, 
dioe d 8., Re Aitea, R A, aere, Ei (1064). 


1 Dowden, E. L,'Miorogulsaton Meds’ Propagation in the Magnetoephers (to 
be publiahed). 


* Jacobs, J. A., and Watanabe, T., J. Atmos Terr. Pkye., 28, 885 (1964). 


1 Garnett, D. A., Shawhan, 8 D., Brice, N M., and Bmith, R L,J Geophys. 
Res , 70, 1665 (1905). 


The Appleton Anomaly 
Iw recent oommunications!? and an earlier letter? 
various workers have shown that electrodynamic drift 


(that is, magnetohydrodynamio motion of the magnetic 
field lines) in the F2 layer would give rise to s phenomenon 
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similar to the observed Appleton anomaly. However, 
the required drift speeds are much smaller than the 20 
m/seo or more predicted by dynarno theory**. 

Meanwhile, work in progrees eleswhere* bas suggested 
that the topside F2 layer is in diffusive or hydrostatio 
equilibrium. In fact, when the possible effects of electro- 
dynamic drift are considered above the peak’ ?*, it is 
found, that even drifta of the order of 10 m/sec should 

In view of this apparent discrepancy between what the 
drift shovld be, and what it actually is, we have investi- 
gated & possible explanation in terms of horizontal motion 
of the neutral air caused by ion drag. Earlier workers'!-1* 
have previously discussed the effeote of such motion at 
moderate latitudes, and have shown that the apparent 
vertical electrodynamic drift is reduced by such motion. 
and the apparent horizontal drift is incroased. In the case 
when the horizontal motion of the neutral air exactly 
matches the horizontal velocity of the ions we find™ that 
in the absence of electrodynamic drift there is a deep 
equatorial trough in Na of about the same depth as the 
trough in the observed Appleton anomaly. However, the 
latitudinal maxima of Nm occur at the approximate 
latitudes of 10°. 


o 
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In the case of perfectly matched horizontal veloorties, 
the apparent vertical drift is cancelled, and the horizontal 
‘drift is enhanced. It seems olear, therefore, that this 
horizontal drift, when included, would move the maxima 
outward to latitudes of 15°, as in the actual anomaly. 
Although we have not considered the dynamios of such 
horizontal circulation, other wor. 18 have discussed the 
principal operative forces. . 

In view of this, it seems a reasonable conjecture that the 
complete description of the equatorial P2 layer may lie 
somewhere between these extremes. Account may have to 
be taken of production!*, loss’, diffusion!*:!*, electro- 
dynamic drift**, horizontal air motions and temperature 
variations" (see also ref. 22) in assessing quantitatively the 
grosser features of the F2 layer at low latitudes. 

Other possibilities include electric currenta along the 
magnetic fleld lines between conjugate pointe of the 
dynamo region™, and electrio fleld effects associated with 
‘the necessity for the electric field to be irrotational™. 
However, the possible importance of these further effects 
has not yet been investigated. 

This work was supported by U.S. Air Force Cambridge 
Research Center, contract HOAR 64-74. 

P. O. KENDALL * 
National Aeronautios and Administration, 
Goddard Flight Center, 
Planetary lonospheres Bra&nab. 
D. W. WISDILE 
Department of Applied Mathematics, 
University of Sheffield. 
* MASA—WMatlonal Academy of Sciences senior research associate 
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PHYSICS 
Lorenz Number of Plutonium Metai 


Racunt work on the thermal conductivity (k) and 
electrical conductivity (c) of pure a-phase plutonium 
revives the question of the magnitude of the Lorenz 
number [{= b/oT). 

The early work of Sandenaw and Gibney! gave L at 
20° O between 3:96 and 4-41 x 104 Y deg., very 
much in exoess of the theoretically expected value 
(2-45 x 10-* V! deg. at a tem above the Debye 
temperature, the latter being 192° K for plutonium). It 
is unlikely that the difference could be wholly accounted 
for by & lattioe contribution to the thermal conductivity. 
However, their thermal conductivity value (0-020 cal 
om-} seo? ?(-1) was not confirmed by the later work of 
either Lee and Mardon* (k between 0-008 and 0-010 cal 
am~! seo! ?O-!) or myself’ (b = 0:0098 oal am-! seo-! 
?O-1). These lower values have now been confirmed by 
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a measurement of the room-temperature thermal diffusiv- 
ity* as 0-02 am sec! which, using tho specific heat data of 
Kay and Loesby* (0.084 cal g% °C-1) and a density of 
19-6 g om, g a thermal conductivity of 0-013 cal 
om~ geo-! °C-1, The problem now arises that using 
theee lower values of 0-01 for k and 142 x 10-* ohm-cm 
as the room-temperature electrical resistivity*, L is reduced. 
to about 2-0 V! deg.-?, nearly 20 per cent lower than the 
theoretical value and clearly not to be explained by the 
presence of any additional conduction mechanism. 

Linde* seams to have been the first to point out the low 
v&lues of L given by a number of pure metals and suggested 
that an additional term should be moluded by splitting 
the total thermal resistance of & metal into two compon- 
ents, one determined by impurities and lattice defecta and 
hence independent of temperature, the other determined 
by lattice vibrations. This is an obvious thermal analogy 
to Matthieasen’s rule for electrical resistivity. Linde’s 
theory was extended by Backlund’, who removed Linde’s 
restriction that the resistivity temperature ourve had to 
be lmear and suggested the amended form of the Weide- 
mann-Frans law: 


k(o + Pe) c 
T = 


where p is the electrical resistivity and p, the interoept 
obtamed by extrapolating back the linear low temperature 
part of the resistivity-temperature curve to zero tempers- 
ture. Applying this to the foregomg values of k and the 
recent reaistivity data of Meeden’, & value of 2-48 x 10> 
V? deg. is obtained for L. This close agreement with the 
theoretical Lorenz number would appear to be & vindica- 
tion of the Bácklund theory. However, recent papers by 
King e al.' and Wigley!* show that Matthieeeen's rule 
fails completely for plutonium at low temperature due 
to the additional ture-dependent resistivity caused 
by self-irrediation. It remains to be shown whether the 
thermal resistivity is similarly affected by self-irradiation. 
A theoretical justifloation for the applicabilty of an 
argument similar to B&cklund’s for the various electron 
seattermg mechanisms awaits a fuller understanding of 
a peculiar behaviour of the electrical rosistivity of 
plutonium". 

The value of p, for uranium from Meaden’s reeulte* 
&mounte to only 8 per cent of the room temperature 
resistivity, & variation insignifloant compared with the 
range of values of L consequent on the various available 
experimental values of k. 


Department of Physica, 
Royal Militery College of Science, 
Shrivent ; 


R. F. POWELL 


Berkshire. 
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Infra-red Evidence of the Grinding Effect on 
Hydrargillite Single C s 

BmvanRAL investigations of the infra-red spectrum of 
hydrargillite powder have been reported’. However, no 
study of single crystals as yet seems to have been reported. 
In the present investigation, thin plates were out from a 
single arystal of synthetic hydrargillite (product of 
Showa Denko Co.) about 3u thick, some parallel to the 
(001) plane and some nearly perpendicular to the (001) 
plane. The absorption spectra were recorded in the 
region of 4,000~ 450 am-!. The spectra so obtained were 
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compared with the powder spectra and several points of 
difference were found. 

According to the literature], the spectrum of hydrar- 
gillite powder has characteristic OH bands at the following 
wave numbers: 3,617 (or 8,620), 8,520, 3,428 and 8,380 for 
vOH, and 1,080 (occasionally presant)‘, 1,020, 969, 914 
and 560 for 80H (the 560 cm-! band can reasonably be 
assigned to 80H with the deuteration data by Kolesova', 
though no report has appeared on the assignment). 

The powdered aamaple in the present investigations was 
obtained by grinding the crystal, and gave characteristic 
OH absorption bands at the following wave numbers: 
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3,617, 8,520, 3,460, 3,420 and 3,380 for vOH (Fig. LA, curve 
3), and 1,020, 869, 914 and 560 for 30H (Fig. 1B, curve 8). 
The strong 3,460 om- band is believed to correspond to 
the 8,428 cm-! band reported ın the literature due to the 
similarity of shape and intensity. 

The OH absorption bands of the single arystel were 
found at the following wave numbers: 3,617, 3,520, 8,420, 
8,400 and 3,880 for vOH (Fig. LA, curves 1 and 2), and 
1,060, 1,020, 969 and 914 for 30H (Fig. LB, curves 1 and 2). 
Sinoe the 3,420 cm- band is very sharp but not so intense, 
it cannot bo considered to correspond to the very strong 
3,428 am-! band reported in the literature!'!. 

The main difference in the two spectra of the present 
samples occurs at three pointe: First, the mangle crystal 
shows no band at 8,460 cm-! while the powdered sample 
has a strong one. The 3,520 om-! band of the crystal is 
very intense and somewhat broad, while the corresponding 
peak of the powder is r and lower in intensity. 
Secondly, the 1,060 am- band, which is very strong in tho 
spectrum of the crystal, is considerably weakened or 
diminished in the spectrum of the powder. Finally, the 
560 cm-! band is characteristic for the powder, but 
absent in the spectrum of the crystal. 

The dependency of these bands on the period of grindi 
was examined. The intensity ratio of the 3,460 om ban 
to the 8,6520 cm-! band was found to increase as the period 
of grinding increased, while the 1,060 cm~ band was 
extremely weakened. It 1s probable that these powderin 
effeote are not dubio aie a ic tha haste parca) 
group, since this is estimated to be very small compared 
with that of inner lattice sites. It is more likely that 
these effecta are due to crystal deformation by the 
mechanical stress during the grinding. 

We thank A. Kato, of the Science Museum in Tokyo, 
for providing the samples. 

T. TAKAMURA 
J. KoEgrzuEA 


Central Research Laboratory, 
Tokyo Shibaura Electric Co., Ltd., 
Kawasaki, Japan. 
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Variance as a Measure of Line Broadening : 
Particie-size Determination 

Tus X-ray determination of the average particle size 
in & polyorystallme , using the variance aa & 
measure of line breadth, gives two independent estimates 
of the average size'. The variance of the line (corrected 
for the background’) varies Imearly with the range of 
scan in the region where the intensity decreases as the 
inverse square of the range. The slope of this linear 
function, after subtractmg the contribution from the 
emisgion-speotrum variance, is inversely proportional to 
the apparent particle size, provided that the specimen is 
well annealed and free from ‘mistakes’. The apparent 
size calculated from the slope is the same as that determ- 
ined by the Fourier method’, and is the mean thickness 
of the crystallites measured perpendicular to tho reflecting 
planes‘. (The integral broedth, however, gives & slightly 
higher apparent size, this being the volume average of 
the thickness of the crystal, again in the direction normal 
to the reflecting planes*.) The ‘true’ size (the cube root 
of the volume) is the product of the apparent size and the 
appropriate Scherrer constant? ’. 

The intercept of the linear varianoe-range function is 
inversely proportional to the square of what may be 
regarded as another apparent aize. The ratio of the true 
dela eee ee VL, where L is the taper 
parameter’. is & measure of the angularity, or rate of 
taper, of the orystallitoe, and has values in the range 
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0-8 for the regular shapes considered by Wilson!. The 
taper parameter displays a wider variation than the 
Scherrer constant for different Ak! planes, and if the 
intercepts of the variance function are determined for 
several reflexions, information about the shape of the 
crystallites is obtained, as well as the average size. 

The particle size in an annealed nickel powder has been 
measured using the variance method—the linear variance- 
range functions being obtained for the first eight reflexions. 
The intercepts and slopes of these functions were in each 
case corrected for the effect of truncation of the inte- 
grated intensity (ref. 6, equation 8). Thea t size, 
based on the slope, ranges from 77 A to 115 A. For each 
reflexion, the true size can be caloulated on the sasump- 
tion that the shape of the particles is spherical, cubic, 
tetrahedral or octabedral'. This estimate of the size, for 
a particular value of Akl, is to some extent dependent on 
the assumed shape, and in this case the Scherrer constant 
for tetrahedra gi the most consistant value of the true 
size (180+30 A). Since the ‘slope size’ averaged for all 
hkl is relatively independent of the sesumed shape for 
orystallites of the face-centred cubic system, the value of 
180 A is probably close to the actual (average) particle 
sixe. (The standard deviation of 30 A is y 8 measure 
of the experimental error, but it also includes the scatter 
introduced by the aseumption that all particles are of 
the same size and shape.) 

It waa found that the variance-range functions had & 
significant negative intercept for all Akl, and it was 
immediately apparent that the particles are far from 
spherical. The effective apparent size is m the range 
83 A-120 A, and of the foregoing shapes, using the 
appropriate taper parameters, tetrahedra again give the 
most consistent estimate of the true size (140+20 A). 


Unlike the value determined from the slo the ‘mtercept 
sixo’, averaged for all Akl, is ly t on the 
shape, aa is evident from Wilson’s Table 2 (ref. 1). The 


low average value obtained from the interoepte in fact 
indicates that the crystallites taper more rapidly (that 
is, aro more angular) than tetrahedra. 

An average size of 220 A was obtained by direct 
measurament from electron micrographs, which agrees 
well with the sire determined by X-ray methods. The 
arystallites were also observed to be angular and irregular. 
However, the assumption of a regular shape for the 
purpose of calculating the average size gives a reasonable 
estimate of the actual value. 

I thank Prof. A. J. C. Wilson for his assistance and 
Mr. G. K. Rickards, of the Central Electricity Generatmg 
Board Nuclear Laboratory, Berkeley, for providing the 
electron micrographs. 
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Travel-time Tables for the Selsmic Wave 
PKP 


RaoENTLY I published some contributions! on the 
problem of the structure of the Earth's core. In the 
course of this work a considerable amount of observa- 
tional material on the seiamic core phase PK P was exem- 
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ined and empirical seiamological travel-time tables for 
two branches of the PEP curve were derived from the 
observations. A number of seiamologists have suggested 
that it would be useful to them if such tables were pub- 
lished. f 

Revised PKP travel-times are required for two mam 
purposes: in order to derive the structural detail within 
the oore, and in routine computer location of hypooentres 
of earthquakes. In the latter problem, because of the 
relatively small gradient of the travel-time curve, PEP 
observations provide a valuable constraint on origin-time 
and fooal-depth. 

In this communication my present estimates of the 
average-travel-times of PKP are tabulated in Table 1. 
The general level of the curves is tied to the P travel- 
time tables of Jeffreys and Bullen’. This standardization 
is achieved for each earth by adjusting the observed 
PEP times by the mean residual 3 from the Jeffreys- 
Bullen tables for P observations at distances of 40° < A < 


105°. This ure minimizes errors in the estimation 
of focal-d and relates Table 1 directly to the standard 
spherical model with & continental crust of 33 km. 
Table 1. Tuya- ruwas OF PEP 

4 DEF a GH branch 

deg (m) ($ (m) (9 

110 D18 350 

115 44-6 

110 [721 

125 19 £7 G8 41-7) 

180 13-3 18 556 

135 11-8 19 92 

140 (19 88-1) 19 22-9 

145 (19 40-8) 19 364 

150 49-8 (later than DEF) 

155 55-0 

160 20 020 

165 06-9 

170 104 

175 1244 


180 F2 180 


The listed times are for the two branches of the PKP 
curve denoted by DHF and GH (Fig. 2, ref. 2). DEF 
gives the times for the longitudinal waves PKIKP 
which penetrate the te ial inner core. The branch 
GH has been interpreted! as arising from longitudmal 
waves PKHK P, which are refracted into an intermediate 
shell which separates the liquid outer core from the solid 
inner oore. 

Values are given at intervals of 5° allowing i lation. 
from the first differences only. Adjustments for focal 
depth are, of course, identical with those given in the 
Jeffreys-Bullen tables. The times in parentheses are not 
directly from observations in the corresponding distance 
range but are interpolations. At distances greater than 
150°, PKHKP arrives later than the PKIKP phase; 
the material used to derive Table 1 did not yield usefully 
precise values for this portion of the GH curve. 

The PKP curves were derived as follows : 

The branch DEF. In the range 110° < A « 140°, the 
times in Table 1 are means of threo independent seta of 
measurements. (1) Times of PKIKP to North American 
and European stations from 24 selected earthquakes in 
southern Asia and the Pacific provide the most numerous 
material‘. Al analysis of theee date led to & 
linear relation with a gradient of 1-02 seo/deg ın the entire 
distance range and & standard error for one observation, 
c, equal to 2-4 seo. (2) A series of shallow-focus Aleutian 
earthquakes in 1957 provided a lmear equation for the 
PEP times to African observatories‘ in the range 126° < 
A < 187°. The gradient was 1:90 sec/deg anda = 2-0 seo; 
the maximum time difference between this solution and 
the one for the Pacific earthquakes was 0-6 sec. 

At distances between 140° and 150°, the branches AB 
(this branch is generated by the PK P, waves), DEF and 
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Table 2. PAdo NUOLIAR BIXPLOSIONS YIELDING RECORDED PAP 



































































Hi of Number of 
Shot name Date Time Oo-ordinates Hepar Shot podton FKP tones 
h) (m) (s) (ft) and souroe 
Hike Oot. 31, 1952 19 14 59-4 11-28 N, 162-20 H 20 Tower 4 ISS 
Bravo Feb. 28, 1964 18 45 000 11-69 N, 165-27 H Surface 4 BOIS 
Romeo Mar. 26, 1964 18 90 00-4 11-69 N, 165-27 8 Barge 5 BOIS 
Unton April 28, 1064 18 10 006 11-67 N, 106-39 H Barge 3 BOIS 
Yankee y 4, 1084 18 10 001 a Bargo 5 BOIS 
Wigwam May 14, 1055 20 00 000 wW — 2,000 U: water 1I 
Zani May 27, 1056 17 56 00-3 4 Surface 1 BOIS 
Navajo July 10, 1968 17 56 00-3 A N Barge 4 BOIS 
Towa July 20, 1056 17 45 00-0 H Barge. 2 BOIS 
Wahoo May 16, 1068 01 30 00-5 a — 500 U water 1 BOIS 
Oak June £8, 1058 19 80 00-1 H Barge 4 BOIS 
Poplar July 12, 1058 03 50 00-1 x Barge 5 BOIS 
Table 3. PAP RESIDUALS FROM NUCLEAR HIPFLOSIOK DATA 
NI TIN 
Shot Station me: 
sec 
|j M 
Wigwam e£ 18 55 04 17 03DF 
og 19 41 08 19 03 DF 
1310 N 19 176 10 45 22 DF 
184-3 e£ 19 16-6 0-8 —25 +30 DF 
186 6 i£ 19 106 0-7 —126 —18 GH 
159-2 P 1 19 18-6 09 -06 —1:2 GH 
1175 e 18 550 061 8:8 73 DEF 
115-0 e 18 42-0 —06 07 —09 DF 
117 2 e 18 454 01 -02 -1:7 DF 
128 9 1 19 29 11 3-3 20 DF 
1388 e 19 19-9 039 -72 1:3 GH 
1140 e 18 _ 379 0-4 -18 —-87 DF 
135-0 e 19 219 0-8 15 OL DF 
1858 7 e 19 239 0-8 21 07 DF 
135-8 ed 19 249 08 $1 1-7 DF 
140 4 e 10 25-0 0-9 —44 1-8 GH 
1406 e 19 25-7 0-9 —-b3 15 GH 
119-9 e 18 52-7 10 13 -0-2 DF 
128-0 e 19 57 10 -17 —80DF 
139 5 e 19 18-7 oT —98 -17 GH 
1405 e 19 28-7 0-9 -18 -34 DF 
10 26 1:3 DF 
140-5 e 20-0 0-9 —10-5 —*4GH 
1162 4 91 C7 -0-8 DF 
1198 1 10 22 08 DF 
137-3 3 0-8 —»1 0-0 GH 
189 6 4 eT -065 16 GH 
140 4 4 0-9 -48 3-0 GH 





GH of the PKP curve intersect go that allocation of a 
wave onseb to ite proper branch is very difficult ; reeolu- 
tion is further obecured by the caustio at the cusp at B. 
(8) Values of times of PKIKP for A > 150° were found 


from meesuremente* of the times of this from the 
deep-foous New Zealand earthquake of December 10, 
1958. More than 70 travel-times were available in the 
ranges 118° < A < 180° and 146° < A < 180% A 
uo POYDOR fitted by least squares, yielded o = 1:9 
800. cubic joins emoothly on to the linear curve from 
the 24 southern earthquakes at 185°. The close agreement 
between the three i t curves at distances of 
125° < A < 135? provides the justification for combining 
them to obtain the single solution given in Table 1. 

The branch GH. A reliable set of measurements? is 
available from readings of PKHEP at North American 
stations from the deep-focus Java Sea earthquake of 
April 16, 1957. Only times from stations with 127° < A 
< 189? were used although there is evidence that a faster 
wave path existe for distances ss small as 128°. Some 
weight in the computation of the mean values for GH in 
Table 1 was also given to observations of the precursor 
to PKIKP summarized in the study of the 24 southern 

4 


Travel-timee for GH are not given in the Jeffreys- 
Bullen tebles. The times for DEF in Table 1 are later 
by 1:8 to 0-8 sec than the corresponding times given by 
Jeffreys and Bullen. The latter times for A < 145° are 
based on an analysis of PKP readings from the deep- 
focus earthquake of January 9, 1932. A subsequent 
check of these times was made by Jeffreys’ using observa- 
tions from the deep-focus earthquake of June 29, 1934; 
of his two solutions, the preferred one gave a mean of 


















+1-2 sec for PEIKP residuals at A < 140° with a stand- 
ard error of 0:25 sec. This adjustment, which would 
give close agreement with the values in Table 1, was 
not, however, incorporated into the Jeffreys-Bullen 
tables. 

‘Calibration’ of the values at some distances m Table 1, 
all of which are derived from earthquake data, is possible 
from recorded PKP transmission times from surface 
Pacific nuclear explosions with known shot-times’. A 
search of the catal: of the International Seismological 
Summary and the w COeniral International Setsmo- 
logique shows that only the shots listed in Table 2 provided 
PEP onsete which were measured routinely. 

Although a number of stations recorded several PK P 
phases from a single shot, only the time of the first onset 
has been used here. The 16 PK P measurements from the 
1954 series at Bikini have been discussed already by a 
number of authors, so that only the over-all mean at each 
recarding station is listed in Table 3; the remaining 23 
observations, not previously summarized, are tabulated 
in full. 

To allow direct 
the obeerved PKP times for each shot must be adjusted 
to the standard refetence Earth. The adjustment 3 waa 
found in previous work! to be — 1:8 seo for a surface 
source at Bikini atoll. In the absence of evidence to 
the contrary the same value is adopted for Eniwetok 
atoll. 

The Wi shot occurred under water 4 km above the 
&bysea&l plains of the eastern Pacific. P readings at 12 
stations with 70° < A < 100? have a mean 8 equal to 0-0 
seo. The differences between this adjustment and that for 
the other explosions can be explained readily in terms of 


i with the earthquake data 
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the differing P velocity in water (1-4 km/sec) and the rock 
under the atolls (5:1 km/sec). 

In Table 3 the observed PKP times, after adjustment 
for 3 and ellipticity, are with the Jeffreys- 
Bullen tables for the DEF branch and with Table 1. At 
all distances involved, the former tables, on the average, 
lead to larger residuals than do the new tables. The 
largest residual of 7 sec comes from an apparéntly late 
reading at Paris of PKP from the Wahoo shot. On 
rejection of this obeervation the 21 onsets identified aa 
PKIKP give & mean residual against Table I of —0-4 + 
0-4 seo; the 18 onsets taken to be PKHEP give 0-7 + 
0-5 seo. Both mean residuals do not differ significantly 
from rero so that these nuclear logion data do not 
rogevet any further revision in the P. tebles. 

ter-comparison between the i seta of 
observations used to derive Table 1 allows an saseasment 
of the general accuracy. The greatest uncertainty in the 
mean values is probably m the values for GH. Wave 
energies for this branch are relatively weak and the phase 
is often missed. The 18 travel-times with 180? < A < 
141° from the Paciflo explosions yield a standard error of 
c = 2-2 geo. (The tables for GH may enoourage publica- 
tion of observations of this phase in station bulletins.) 
Average times for PKIKP at A < 140° m the standard 
Earth model are now probably known within 1 seo; 
standard errors calculated from the mdependent popula- 
tions considered for the times of DE are of order 2 seo. 
The standard error for one PKIKP observation for 
A > 150° is about 2 sec. Many of the PKP obeerva- 
tions which were made near the antioentre from the 
1958 New Zealand earthquake come from stations on the 
Iberian Peninsula, some of which were not well equipped 
at the time. However, most measurements are consistent 
between adjacent stations. For A > 147°, for example, 
only six of the 55 observations had residuals from the 
Jeffreye-Bullen tables exceeding 4 sec in magnitude. 
If these six are rejected the standard error for one observa- 
tion falls to 1-5 sec and the corresponding travel-times in 
Table 1 are reduced by two-tenths of 1 seo. 

In conclusion, it should be stressed that the revised 
PEP tables represent amoothed empirical times. They 
do not depend on any particular assumed velocity distribu- 
tion within the core. However, the velocity distribution 
called T2 which I have derived* predicts the times in 
Table 1 to about 1 sec. 

This work was supported in part by U.S. National 
Science Foundation grant G.P—1922. 
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Terrestrial Control in the Production of 
Aurora 


AMPLE evidence exists for a physical connexion of some 
kind between certain solar eventa, typifled by & flare, and 


. such related phenomena as disturbances in the Earth's 


magnetio field and 1n the ionosphere, and the occurrence 
of aurora. A variety of model mechanisms has been 
proposed to deecribe the links in the chain of connexion. 
But whether they invoke & stream of particles emanating 
from the active solar area or an elongated envelope of solar 
magnetio field anchored on the area for the first stage in 
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the linkage fram the Sun, few of the models continue the 
mechaniam in detail nearer the Earth than the outer 
confines of the magnetosphere. There are defects in any 
model which tries to continue the particle stream directly 
down to auroral level in the Earth's atmosphere using the 
geomagnetic field as guide lines; and to introduce the outer 
radiation belt as an mtermediate stage has incurred the 
difficulty, at least according to present notions, that the 
energy which oen be stored there is inadequate to sustain 
great auroral displays. 

As part of the difficulty in completing the chain of 
eventa is attributable to lack of observational evidence 
for supporting either a direct or indirect connexion between 
tbe Sun and the Earth's atmosphere, it may be usoful to 
summarize a few aspects of auroral activity which are 
relevant to the problem. These were noted! at Fort Rae, 
north-west Canada, during the second polar year 1932-33. 

The main evidence lies in the occurrence of clear-cut 
departures in the development of auroral displays on two 
or more successive nights from the pattern of development 
on & majority of nights. Ignoring colour effects the aver- 
age pattern to which moet displays tended to conform was 
broadly as follows: after & more-or-less diffuse homo- 
geneous aro had persisted quietly for several hours from 
evening twilight it began to disintegrate into separate 
bands with vertical ray structure. The change to bands of 
rays was at first slow, but after a few minutes the whole 
scene became more active and filled the sky in a series of 
rapid transformations. The rays extended vertically, 
brightened, and moved about in bundles with progreeervely 
increasing and intensity of brightness, the move- 
ments being both to-and-fro in an east-west (magnetic) 
plane and in wave-like movements out and im from that 
plane. At this stage the rays extended towards the 
zenith forming & sheet of curtains or draperies traversed 
by rapid. waves. This violent phase, which sometimes 
culminated in & corona lasting a few seconds, was short- 
lived: the whole display quickly degenerated. Tho rayed 
curtains became diffuse and moreeaingly confused and 
sluggish in movement; they fell back from the zenith to 
merge together in & ragged band or confused glow lower 
in the sky. For a time, of the order of a minute, the part 
of the upper sky where the activity had been concentrated 
was suffused with a tangled maas of luminescence which 
quickly became uniform and faded. 

This cycle of high aotivity frequently repeated. itself 
several times in quick succession within one night’s 
display, but on the average such shbort-life outbursts did 
not affect the basio pattern: long and slow development, 
rapid culmination to violently active rayed structures, 
followed by a quick transition beck to a protracted decay. 
The distribution of activity in time was such that any 
one display could span continuously the 16 h from dusk 
around 4 p.m. to dawn at 8 a.m. and the active phase 


` occurred at any time in the 5-h period centred 0:6 h 


before midnight. The point to be mferred from the fore- 
going ‘identikit’ sketch is that al there were 
differences, sometimes considerable, from night to night in 
the intensity and time of the most violent phase, enough 
of & basic generic resemblance subsisted throughout the 
displays of the 1932-88 season at Fort Rae to allow depar- 
tares from the a pattern to become immediately 
noticeable. It is these unusual features in the develop- 
ment of displays on two or more consecutive nights, 
and particularly the similarity of auroral bebaviour 
at approximately the same time on these consecutive 
nighta, which seem to provide evidence for a terrestrial 
control in the mechanism producing the aurora. The 
Tepetitions of detailed behaviour were the more striking in 
that they occurred at times when, according to the 
average pattern of development, quite other phases of the 
display should have been in progress. The following 


Born edd ain 
(1) February 23 and 24, 1933. The climax was reached 
on both nights between 23 h 5 m and 23 h 80 m r.7., and 
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took almost identical form—perticularly long-rayed 
curtains in violent motion. Similar concentrations of 
activity oocurred on February 26 and 27 between 
21 h 50 m and 22 h 15 m and again on March 2 and 3 
between 28 h 85 m and 23 h 40 m. 

(2) In contrast with the usual first appearance of aurora 
in the form of a diffuse quiet arc or low glow, the displays 
on August 18 and 19, 1932, started at about the same time 
with multrple aro systems overhead or slightly south of 
the magnetic prime vertical plane. Subsequent develop- 
ments on both nights were also similar and different from 
normal. 

(8) December 28 and 29, 1932. A homogeneous arc 
which had persisted quietly for many hours quickly disin- 
tegratod at precisely the same time on both nights (5 h 
55 m L.r.) A similar feature occurred on December 81, 
1932, and January 1, 1933. 

(4) On the evenings both before and after January 8 and 
9, 1933, aurora was noted ae soon as twilight was weak 
enough, about 16 h L.T. But, though the sky was almost 
cloudless, aurora was not observed until 19 h 45 m on 
January 8 and 19 h 30 m on January 9. Instead of the 
normally continuous display after the start, a period with- 
out activity mtervened at 21 h. 

(5) A 8 and 9, 1032. On those nighte featurcs 
differing from the average pattern were repeated at about 
the same times. Both displays between 20 h 45 m 
and 21 h 15 m r.T. with d forms in the south—south- 
east sky. ‘These persisted until 22 h 16 m when, after & 
brief lull in actavity on both nights, &roe appeared across 
tho zenith: these quickly dissipated, to be followed by 
another interlude of weak aurora. From 22 h 45 m until 
23 h 45 m the most active phase occurred, culminating in & 
corona on both evenings. A further lull intervened 15 min 
after midnight, followed by another outburst. 

(6) Well-developed and clearly defined coronas occurred 
infrequently. Although aurora of one form or another was 
observed at Fort Ree for more than 1,500 b during the 
1932-88 season, the total duration of all coronas probably 
did not exceed 10 min. If in those circumstances 8& 
coronas appeared about the same tne within a few minutes 
on consecutive evenings, there was reason for regarding 
the feature as unusual, more especially when, on other 
occasions, & corona did form as early aa 21 h on one evening 
and as late as 8 a.m. in the next night's display. On 
September 9 and 10, 1932, ooronas formed at 1 h 17 m, 
lh60mend2h3m. On other paira of consecutive days 
of the same month they appeared at 22 h 45 m and 23 h 
13 m. Variants of this kind of repetition occurred on 
obher pairs of days separated by one day. 

In the face of those examples it is difficult to accept any 
meohanigm for the production of aurora which has not one 
constituent at least partially within the Earth's control. 
visis present assessments that its stored energy is 
unable to account for prolonged displays the most likely 
intermediary is the outer radiation belt. Besides being 
amenable to explain the local time repetition of par- 
ticular auroral features on consecutive days, it can assume 
again the role attributed to it & few years ago and since 
withdrawa, the role of serving as & local reservoir for 
auroral particles even in the Sun’s least active times. That 
this is an important requirement of any mechanism may 
also be inferred from the Fort Rae data. Although 1932-33 
was a period of very low solar activity, aurora was obearved 
on 242 out of 270 nights in the one season, mid-August to 
mid-May, end the sky was obscured by cloud on the other 
28 nights. 


J. M. BrAaG 


1 British Polar Year Hrpedidon, 1933-33, 1 (Brit. Kat. Comm. for the 
Polar Year, Roy. Boc., London, 1037). 
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Comparison of the Diurnal Variation of the 
Horizontal Component of the Earth's 
Magnetic Fleld at Nairobi with that at 

Addis Ababa 

Tue small magnetic observatory at Univeraity College, 
Nairobi, was completed in time for the International 
Quiet Sun Year. The station is equipped with three 
component La Cour variometers and is standardized by 
means of two quartz horizontal force magnetometers and 
a magnetomerio zero balance. These instruments 
were compared with standard instruments in March 1963 
by Laursen and again in December 1964 by Wienert. 
Observations for the first year of operation are being 
analysed and the results for the drurnal variation in hori- 
zontal component H during the months of April and May 
1904 are given here for comparison with similar data from 
Addis Abeba for the same period. 

The geographical co-ordinates of the station are 
36-82° E., 1.32? S., the latitude being approximately 
10-5? B. of the magnetio dip equator, which in East Africa 
passes close to Addis Ababe. The measured dip of 20-9? 8. 
compsres with the 20-7? S. found by Whitham and Hoge? 
in 1959 for another mte m Nairobi. The station is thus 
well outside the mam influence of the eleotrojet! so that 
it is of interest to compare the diurnal variation in H 
with that observed close to the electrojet at Addis Ababa. 
Local time is similar at the two stations Bo that records 
may be directly compared (longitude Addis Ababa 
38° 46’ E. Both stations use Greenwich Mean Time plus 
3 h). Fig. 1 shows plots of the mean hourly ranges for 
the months of April and May 1964 for 9 quiet days 
and 8 disturbed days at Nairobi and for the same days 
at Addis Ababa, together with the difference between 
the disturbed and quiet day values. We define the 
hourly ranges as the departures in H from the mean 
midnight value for the day (the mean midnight value being 
taken as the mean of the values for the hours of 01 and 
24 for the same day). The diurnal range is the maximum 
sh pale from this midnight value. 

t will be noted that tho maximum ranges ocour close 
to noon and that, although the Addis Ababa noon range 
is substantially greater than that for Nairobi on quiet 
days, the noon ranges at the two stations are similar for 
disturbed days. A greater difference exists between the 
disturbed and quiet day curves at Nairobi than is the 
case for Addis Ababa, and & pronounced maximum occurs 
in the records from both stations at approximately 03 h 
on disturbed days: Onwumechilli* notes that indentations 
ooour simultaneously at stations of differing latitude near 
the equator. The Nairobi records throughout the year 
show ammilar features on disturbed days. 

Whitham and Hoge! comment on the large diurnal 
range in East Afrioa, and this is in agreement with previous 
investigations. For the period under consideration we 
find that the mean quiet day range is 5Ty compared with 
the 76y found at Addis Ababa. The ratio of the diurnal 
variation at Nairobi to that at Addis Ababa is about 
0-75. 

Unfortunately several different definitions of daily 
range are in use, and this makes it more difficult to oom- 
pare our resulta with those obtemed elsewhere than would 
otherwise be the case. Onwumechilli* has measured the 
total diurnal range in H (that 1s, the difference between 
the minimum and maximum values) as & function of 
latitude at a number of field stations in West Africa during 
the period November 1956—-January 1957. His measure- 
ments extend only to about 4° on either mide of the dip 
equator; he finds that the ratio of the total range at & 
station of about 4? dip latitude to that observed near the 
dip equator is approximately 0-55. The value of this 
ratio between Nairobi and Addis Ababs for quiet days 
in April and May 1964 is about 0*8 and is considerebly 
higher than one would expect from Onwumechilh’s obser- 
vations. Onwumechilli* also oetrmates & total quiet-day 
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diurnal range in H of 64y ab the geographical equator 
by assuming & parabolic relation for the variation with 
latitude of the quiet day normal field (that is, the field 
nob including the inftuenoe of the electrojet). The value 
found by us for the total quiet-day range at Nairobi for 

minimum is 65y. Data published for Addis 
Ababa suggest that the daily range at sunspot minimum is 
about 60 per cent of that at sunspot maximum and thus 
lend support to the idea that the daily range is high at 
Nairobi. 

Vestine et al.* quote 95—100y for the total diurnal range 
on the geographical equator, & for the months of 
April and May over the period 1922-1988. Forbush and 
Casaverde’ give curves which suggest & range of 95y for & 
station 10° from the dip equator and 210y for a station 
near the dip equator in Peru and at sunspot maximum; 
the value for the total range at Addis Abeba in 1958 is 
178y (ref. 5). Whitham end Hoge’ give curves for 5 
quiet, 5 disturbed and 24 other days which show an 
average total diurnal range of 120y in March and April 
1959 in Nairobi. The disturbed day total range at 
Nairobi for April and May 1964 is 92y and is substantially 

than the 71y observed at Addis Ababa. 

The adoption of a standard definition of daily range 
would much simplify the ison of date from different 
stations. Further comparisons of the data from Nairobi 
and Addis Abeba will be continued in order to obtain more 
reliable information and comparison of the seasonal effects. 


We thank Dr. J. jin eei setting up the variometers in 
December 1963 and for funde given for this 
purpose by the Royal Society. We also thank Dr. P. 
Mohr for supplying the Addis Ababa data and Dr. V. 
Laursen- and Dr. E Wienert for their advice. This work 
was also supported by the Rockefeller Foundation. 

A. N. Honre 
R. Dnmaar 
University College, 
Nairobi, Kenya. 
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MINERALOGY 


Stllpnomelane from the Dalradian 


&rILPNOMHLANA has been found as & constituent of the 
sohiste of many low- e areas ut the world. 
In the Datradian it been described from the Bouth- 
west Highland epidiorites‘* but not from the greywackes 
and pelites of the Upper Dalradian, although it is men- 
tioned as occurring in “the quartro-feldspathio green 
schista of the Southern Dalradian" by Voll’. 

Two distinct members of the stilpnomelane group of 
minerals have been found in the Ben Ledi Grite of the 

Border area. They oocur in association with 
albite, miorooline, quarts, muscovite and chlorite north- 
west of Aberfoyle in Perthshire. 

On the bess of their pleochroiam, the Dalradian stilp- 
nomelanes may be divided into green varieties, rich in 
ferro- e, and brown varieties, rich in ferri- 
ay ER Pleochroiam is strong with axal colours 
as follows. Ferro-stilpnomelane: a= very pale yellow to 
pale yellow, B=y=pale green to olive green; ferristilp- 
nomelane: a=pale golden yellow, B —Y dark brown. 

The stil elane oocurs ei as radiating clusters 
lying in and scroas the schistosity planes or ss thin scales 

around and embeying quarts and feldspar ; 
Some microclme grains are com letais peplaoed by fingers 
like growths of stitpnomelane which project into and grow 
within them. Stilpnomelane occurs m the grits both as the 
only ferromagnesian phase and as an accessory constituent 
in the more common assemblage, albite-microcline- 
quarts—muscovite—chlorite. 

Table 1 lista the X-ray powder date for a brown atilp- 
nomelane from a grit to the north of the slate belt. The 
measurements were obtained using & Debye-Beberrer 
camera, filtered cobalt radiation and & small amount of 
quarts as an internal standard. The date are tabulated 
alongside that of Gruner* for a brown stilpnomelane from 
Baern, Moravia. Unfiltered iron radiation was used, but 
in tabulating the data the lines due to KB have been 
ignored. The powder photograpb also contains other 
lines, notably one at 8-20 A. The origin of these is not clear, 
but they may be spurious peaks aa the X-rays were filtered 
but not otherwise monochromatized’. The basal spacing 
12-1 A agrees with that of Gruner"! and Hutton’. 

Apart from the Aberfoyle aree, stilpnomelane has been 
found as an abundant mineral in a grit from the Leny 
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Table 1. X-RAY POWDER Data FOR STILPHOMELANE 
Lane number Preeent study Gruner 1937 
1 12 07 119 
2 6-067 603 
3 4-780 474 
4 4-188 
b 4 043 4-045 
6 3 567 3-566 
7 8:050 036 
8 2-707 693 
9 2 562 540 
10 481 
11 418 
12 "341 
13 "188 
14 "109 
16 964 
16 888 
17 686 
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Grit Series south of the Birnam slate quarries near Dunkeld 
in Perthshire. Therefore it seams possible that stilpno- 
melane is widely distributed in the grits and greywaokes of 
the Upper Dalradian and may be present throughout the 
Highland Border area. 


J. D. MATHAR 
M. P. ATHERTON 
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GEOCHEMISTRY 


co d ok aa i Fractionation between 

existing Calcite and Dolomite In the 

Freshwater Upper Carboniferous Freeport 
Formation 


HYDROTHERMAL experimenta of Epetein, Graf and 
Degens! have suggested that dolomite forms from pre- 
existing calcite by a replacament mechanism in which the 
10/40 ratio of the original calcite remams unchanged. In 
an mvestigation of natural sedimentary dolomite-calcite 
rocks, Degens and Epstein? obeerved no fractionation of 
the oxygen isotopes botween coe calcite and dolo- 
mite in relatively young deposits and concluded that all 
dolomite is secondary, that is a replacement product of 
pre-existing calcite. Older carbonate rocks examined by 
those authors, however, did contain dolomite which was 
enriched in oxygen-18 with respect to the associated 
calcite. This phenomenon was explained by possible iso- 
topic equilibration of the calcite with mtrastratal fluida 
(which are generally enriched in oxygen-16). Dolomite is 
believed to be more resistant to equilibration. Hence, 
according to Degens and Epstein, such calcite rooks are 
partly replaced by diagenetic dolomite without alteration 
of the isotopic composition of the carbonate. With time, 
oxygen isotope exchange between formation waters and 
the calcite, but to a negligible extent between the waters 
and the dolomite, results in a higher !*O/1*O ratio in the 
dolomite. Thus the difference in 8!*Oq4q and 3!*Og ob- 
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served in ancient carbonate rocks does Bot represent 
original isotopic equilibrium between these two minerals. 

Although the mechanisms postulated by Degens and 
Epstein are possible, there is some doubt as to whether ‘all’ 
dolomite depomts have been formed in this manner, and 
indeed, if even most of-the fine-grained dolomites have such 
an origin. The question is an important one since problems 
concerning the evolution of the ooeans and possible ex- 
tension of the oxygen isotope palsogeothermometer to 
older rocks are involved*. For this reason, a number of 
occurrences of very flne. grained, dense, compact car- 
bonate rocks of freahwater origin are bemg examined on 
the bams of a working hypothesis that: (1) aclemite in such 
deposita originated soon after deposition of the calcite, 
before consolidation and lithification of the sedimenta, and 
(2) the slow growth of authigenic dolomite permitted 
oxygen isotope equilibrium between the two munerals. 
Observations consistent with this hypothesis would com- 
prise: (1) oxygen-18 enrichment in dolomite with 
to calcite in the order of 5 to 8 per mil, (2) 31*0 values for 
calcite in the range of present freshwater calcite, and (3) 
31O values for dolomite significantly greater (more posi- 
tive) than those of present freshwater oalcites. If the 
140/10 ratios of a reasonable sampling of freshwater dolo- 
mitio limestones are not much different from modern 
freshwater calcitea, then the conclusions of Degens and 
Epstein would seem valid. 

The resulte of an investigation of the dolomite-calcite 
micrites of the Palaeocene-Eocene Flagsteff formation 
(central Utah) have already been reported‘: 31104 = — 9 to 
— 10 per mil, and 3"Og) = — 3 to — 4 per mil relative 
to the PDB standard oarbon dioxide. These values 
may be compared with the isotopic compomtion of 
eleven freshwater calcium carbonates of Quaternary age 
(mean — 8-15 per mil, S.D. 2-08) and 68 of Tertiary age! 
(mean — 9-65, S.D. 4-48). 

The fine- ed dolomitie limestones of the Freeport 
formation (Upper Carboniferous) outeropping over an area 
of about 100 square miles in central Pennsylvania oon- 
stitute the second exammation of this nature. Tho fresh- 
water depositional environment is established by the 
presence of freahwater oetracods, Spirorbis, Carbonioula 
and other freshwater fossils, as well aa by detailed palaso- 
geographic reconstruction. The fine-grained nature of the 

carbonates precludes physical separation of the 
adito and the dolomite. The Degens and Epstem method 
of differential extraction of carbon dioxide based on the 
difference in the reactivity rate of these carbonates with 
phosphoric acid cannot be applied because of the presence 
of siderite in the Freeport samples. To obtain the values 
of 37*O0,4 and 3!*Oag, & number of samples from each col- 
lecting site were analysed to obtain 31!*O for the bulk 
carbonate, that is a mixture of calcite, dolomite and side- 
rite. The mineral composition of the rock was obtained 
by quantitative X-ray diffraction (I thank Dr. R. E. 

Bergenback for collection of the samples and for quantita- 
tive X-ray diffraction data), and 31O bulk was plotted 
against percentage of calcite, percentage of siderite and 
percentage of dolomite by fittmg a least squares plane to 
the data (multiple linear ion). Extrapolation of the 
plane to 100 per cent calcite and 100 per cent dolomite 
provides the isotopic composition of each of these minerals. 
The equation is of the form, Y=a+bX,+cX%,+dX,, 
where Y —310; X, X, and X,=—percentage of calcite, 
siderite and dolomite, respectively; a, b, c, and d are oon- 
stants. The isotopic composition of calcite, for example, 
is calculated by setting X, ==100, X,—X,=0, and solving 
for Y. One hundred and thirty-two samples were analysed 
(by standard techniques, see ref. 5: precision, represented 
by the standard deviation, is 0:05 per mil) and the data 
from any given site were discarded if the coefficient of 
multiple correlation was not significant at the 1 per cent 
level. Failure to fit an adequate regression plane to the 
data may arise because of insufficient variation in minera- 
logical composition among the samples from one site, or 


r 


hy 


No. 5000 August 28, 1965 


because 8'°O, and/or 31*Og. were not constant over the 
few feet in the stratigraphio section from which the 
samples were taken. 
Even including the results when the multiple linear re- 
ion curve did not account for the variation in the four 
variables (Y, X4, Xs, X) to an acceptable degree (that is, 
the 1 cent level of significance) the dolomite was in- 
variably enriched in 1*0. Mean values for the six collecting 
site where the coefficient of multiple correlation was 
highest are: 91304 = —7:87 per mil; 315049 = —3:04 per mil; 
$UO044 —3!*Oct — 4-88. Both the Flagstaff and the 
Freeport data support the working hypothesis; the 
dolomite is relatively enriched in oxygen-18 with respect 
to modern and Tertiary calcites. If further investigations 
of freshwater carbonates substantiate these findings, 
equilibration of the oxygen isotopes of calcite and dolo- 
mite prior to lithification may be indicated. 


Jox N. WEBER 
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CHEMISTRY 


Polythene-backed Paper for High-voltage 
Electrophoresis 


Tum improvement of technique achieved in zone electro- 
phoresis through the use of potential gradienta up to 
150 V/am has been found to be partially offset by diffloul- 
ties of manipulation due to the poor wet strength of 
conventional . The marketing of ‘Benchkote’ 
(‘Benchkote’ (Whatman) gold by H. Reeve Angel and 
Co., Ltd., 9 Bridewell Place, London, E.C.4, in rolls 
45 om x 50 m), a polythene-backed filter paper (primarily 
intended as a protective covering for benches) of very 
high wet strength, prompted the testa described here, to 
determine 1f such a material would exploit the advantages 
of high-voltage electrophoresis to the fullest extent. 

The trials described were performed using & ‘Virus’ 
high-voltage electrophoresis apparatus (supplied by Dr. 
Virus KG, Rosenburgweg 20, Bonn). This instrument 

i that the paper medium (dmmensions 100 cm x 
45 om) be soaked in buffer, that excess buffer be squeezed 
out by passage through rollers and then that it be stretched 
tightly over a cooled glass plate. The potential is applied 
through buffer chambers (set 60 cm apart) making contact 
with the paper through sintered glass moistened with the 
buffer. Failure to remove excess buffer or to make good 
contact with the cold glass surface negates the advantages 
gained by using a high voltage to bring about the resolu- 
tion ired. The increased wet strength given by the 
polythene backing of ‘Benchkote’ makes ıt a superior 
material for that series of manipulations, when compared 
with ordinary chromatographic paper. An added advan- 
tage is that the polythene backing prevents water, oon- 
densed from the atmosphere on to the cold glass surface, 
being taken up into the paper. 

When ‘Benchkote’ is soaked with buffer the paper swells 
but the polythene does not, and it has been found best to 
blot off most of the excess buffer before squeezing through 
the rollers. Also the "Benohkote' should be fed into the 
rollers paper side down and from above, so that the buffer 
squeezed out drains off the bottom roller and cannot 
flood the incoming sheet. 

The prepared paper is almost dry to the touch. Electro- 
phoresis has been carried out with potential gradients up 
to 130 V/om (the limit of the power pack), but the usual 
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conditions were 80 V/cm with a maximum ourrent of 
40 m.amp and a cooling plate temperature of 1° C. 

Most of the work done using ‘Benchkote’ in this way 
has been to study the nucleotides produced by the action 
of acid on yeast RNA. The resolution has been improved 
relative to other electrophoretic techniques used formerly 
and only one-quarter of the time is required for an analysis. 
Substances which absorb ultra-violet light have been 
detected using 2537 A illumination (from a low-pressure 
mercury arc!) with the same ease and sensitivity as on 
ordinary paper. 

Tests of the method have also been made running amino- 
acid separations, and the gain in resolving power reported. 
previously? has been seen. The ninhydrin reagent works 
effectively for the detection. 

Other spray reagents involving heating the electro- 
phoretogram may also be used, as temperatures of 100° C 
do not damage ‘Benchkote’ unleas the exposure is unduly 
prolonged, when the softening polythene gives & permanent 


warp. : 

Polythene-backed paper has considerable advantages 
for the kind of work described. The resulta obtained with 
*Benchkote' and the versatility of the technique may be 
improved by bonding to polythene a range of papers of 
truly chromatographic quality. (Messrs. Reeve Angel 
have kindly given me a sample of polythene-backed 
Whatman No. $M.M paper; polythene-backed papers of 
chromatographic quality may become commercially 
available later. They warn that "Benchkote' 1 marketed 
as a bench covering, and that due to the tolerances 
to which it is manufactured ite performance in paper 
electrophoresis may be variable. A suitable standard 
ought therefore to be inoluded on each electrophoreto- 


gram.) 
W. F. Heaocens 
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Al-Fe Isomorphic Substitution In 3 CaO-Al,O;3 
and 2 CaO.Fe;O;, and Interactions between 
the So-called C3A and C,AF Phases 

Tue isomorphic replacement of iron by aluminium in 
2 CaO.Fe,0, has been widely investigated, but much less 
attention has been directed to the introduction of iron in 
the structure of 8 CaO.A1,0,. 

A recent investigation by Schlaudt and Roy! led to the 
conclusion that, at 1,389° O, a maximum of 3-5 moles per 
cent Fe,O, can be substituted for A1,0, in 3 CaO.Al,0,, 
leading to the limiting solid solution 3 CaO.(Aly-sasF@y-eas)a- 
O,. This amount 1s still lower for different (higher or 
lower) temperatures. 

Work carried out in this laboratory by X-ray diffraction 
and infra-red absorption spectroscopy is not in accordance 
with this limiting composition. 

The observed 29 diffraction angles have been plotted as a 
function of composition for 3 diffraction lines of high 
indices (lines 8.8.0, 12.4.0 and 12.8.4; C.G.R. diffracto- 
meter; iron Ka, radiation). For the 3 lines, & regular 
decrease of the 20 values is observed for increasing amounta 
of iron, up to 10 moles per cent Fe,0,: these resulte (Fig. 1) 
suggest a limiting composition 3 CaO. (Als seF80-18)20s 
for the solid solutions prepared at 1,810" C. 

These results do not neoeesarily ly that the limiting 
composition obtained at 1,989? C by Bokleudt and Roy is 
in error, but, most probably, the ‘low’ temperature 
(1,200?—1,850? C) region of their phase equilibrium diagram 
needs some revision. 

By applying the same technique to the isomorphic 
replacement of iron by aluminium in 2 Ca0.Fe,0,, the 
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limiting composition of the solid solution is found to be 
2 0a0.(FesseAly-re)sO2, in perfect agreement with pre- 
vious date of Malquori and Cirillis, but signi tly 
different from the 2 CaO.(Fe,.,4,A1,.,4),0, limit proposed. 
by Toropov and Boikova'. 

These results strongly that the phases 8 CaO. 
Al,O, and 2 0a0.(Al,.,F,.,):0, (the so-called C,4 and 
0,4 F phases in the chamistry of cements) cannot co-exist as 
such (as it ia admitted in the calculation of the potential 
mineralogical composition of clinkers) since some iron is 
liable to pass from the O,4F phase into the 0,4 phase— 
this bemg counterbalanced by the transfer of an equiva- 
lent amount of alumina from 0,4 to O,AF. 

Intimate mixtures of C,4 and C,AF in various ratios 
were fired at 1,800? C, then air quenched, and the resulting 
phases investigated by X-ray diffraction and infra-red 
absorption spectra. The composition of these phases (as 
deduced from the 29 values) is summarized in Table 1. 


Table 1. CHANGES IK THE COMPOSITION oF 0,4 F-0,4 MOXTURES AFTER 
Fame AT 1,800° 0 


tial compoattiton of Composition of the solid solutions 
the mtriure (in moses) obtained after 
OAF OA 
0-25 0-75 QA vu F, CsA nut, 
0-60 0-50 res m Odenton 
075 0-25 04A; Fo. ete Fo 


The aluminium-iron exchange between tho 2 phases 
C,4 and O,AF is thus definitely proved. A further, 
qualitative checking of such exchanges is also given by 
infra-red absorption investigations, the infra-red absorp- 
tion of a simple mechanical mixture of 0,4 and 
C,AF being fairly different from the of & mix- 
ture of the same gross composition fired at 1,300? O. 

It is also worth mentioning that the high-angle diffrac- 
tion lines and the infra-red absorption bands of such 
mixtures are significantly broadened after firing at 1,800? 
C: this suggests an imperfect crystallization state. In 
some of the mixtures investigated, a further firmg at 
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1,340? C (followed by air quenching) brings out such a 
broadening of the high-angle diffraction lines that preoise 
position measurements are i le. 

'This bed ization state, together with the oocur- 
rence of 0,(4,F) solid solutions containing significant 
amounts of iron, have important implications in the 
chemistry of cements, since both factors are likely to 
affect the chemical nature of the hydrated phases, and the 
kinetics of the hydration phenomena. 

This work was supported by the Institut pour l'En- 
couragement de la Recherche Scientifique dans l'Industrie 
et l'Agriculture (LR.8.I.A.) and by the Centre National 
de Recherches Scientifiques et Techniques pour l'Indus- 
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BIOPHYSICS 


Ribonucleic Acid Synthesis in Synchronously 
Dividing Populations of HeLa Cells 

A NUXBHA of investigations directed towards the descrip- 
tion of the eventa oocurring during the re ctive cycle 
of the mammalian cells have been e in randomly 
dividing oeil ulations. For example, the time-course of 
synthesis of DNA has been elucidated in several 
by use of microspectrophotometric or autoradiographic 
teohniques!-*. However, for investigations in which it is 
difficult to identify the stage of a cell in the mitotic oyole, 
synchronously dividing populations are of value. 

, we were able to obtain large populations of 
mitotically synchronized HeLa S-3 cells by preferential 
detachment of cels in mitosis from nearly confluent 
monolayers ing in very low calcium medium. We 
report here some of our observations on tho rate of RNA 
synthesis in synchronized HeLa cells during one division 
cycle. 

The technique of obtaining synchronized populations 
is a modification of that of Robbins and Marcus‘. HeLa 
8-3 cella ware grown in monolayers on a flat glass surface 
in French square bottles using Eaglo’s medium supple- 
mented with 10 per cent calf serum. Three to four day 
stock cultures were trypsinized and 7-0 x 10* cells were 
transferred to each of twelve 32-oz. bottles (surface area 
97cm"). After cells were grown in regular Eagle's medium 
supplemented with 10 per cent calf serum for three days, 
growth medium was removed from the bottles, and 
replaced with low calcium medium. Cells were incubated 
at 37° O for 20 h. Three hours before use, the bottles 
‘were vigorously shaken and washed with the low calaium 
medium to eliminate any floatang and dead oelle. -(This 
procedure was found to be necessary in order to elimmate 
any interphase cells at the time of collection of the mitotia 
cells.) At collection time the bottle was grasped by the 
neck and shoulders, held at eye-level horizontally, and 
inverted as quickly as possible so that the medium passed. 
rapidly over the oells. The bottle was quickly opened 
and the oell suspension waa poured into a conical centrifuge 
tube. After centrifugation, the cells were plated in 60-mm 
plastio Petri dishes in 4 ml. of pier quee medium. 
All procedures were carried out at 37^ O in a warm 
room, except for the centrifugation and plating procedures. 
For the examination of RNA and DNA synthesis, the 
extent of incorporation of tritiated uridine and tritiated 
thymidine into RNA and DNA was considered & measure 
of RNA and DNA synthesis respectively. Cells were incu- 
bated for 15 min m media containing the radioactive 
compounds mentioned here, then washed three times with 
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saline and removed by trypsinization. 1 ml. of the trypsin- 
ized cells was used to count the number of cells per plate 


Fig. 1 shows the increase in cell number per plate, after 
plating down the collected cells. Cytological examinations 
were made every time the cells were collected. More 
than 90 per cent of the collected cells were visibly in 
mitosis. The fraction of cells dividing during the first 


where N, is the number of cells at time t; N, is the number 
of cella at time ¢,; ¢ is the time-interval t, — 4; and & is 


& (-698/doubling time. For the data of Fig. 1, the value for 


F is 0-72. 

To investigate the timing of RNA synthesis, we determ- 
ined the rates of incorporation of tritiated uridine into 
RNA. throughout the mitotic cycle (Fig. 2). As a oom- 
parison of reference, the rate of the DNA. synthesis 
determined by the extent of the incorporation of tritiated 
thymidine was made. One sbarp peak in the rate of DNA 
synthesis oocurred at 16 h. The rate of RNA synthesis 
showed two maxima and minima; the maxima appeared 
at 15 and 20h; the minima at 18 and 24h. 

The results of the foregomg experiment demonstrate that 
the rate of tritiated uridme incorporation is not uniform 
throughout the mitotic cycle but decreases durmg the 
mitosis. This finding is, at leasb qualitatively, in agree- 
ment with the recent report by Mittermayer e£ al. in 
Physarum polycephalum’, in which two peaks of RNA 
synthesia, during the mitotic cycle, were shown. Reiter 
and Littlefield’, i ially synohronixed mouse 
flbroblasta, obtained by the use of 5-ftuorodeoxyuridine, 
showed that the synthesis of nuclear RNA, as judged by 


-T the rates of incorporation of Dypocandane O. decreased 


somewhat during the period of DNA synthesis, increased. 
as the latter slowed, and remained active before and after 
mitosis. The use of a metabolic inhibitor, however, 
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for study of normal relationships between intracellular 
metabolic events occurring during the mitotio oyole is 
limited, as severe temporal distortions may result by the 
chemical stresses i Our technique of obtaining 
synchronized population imposes minimal streas on the 
system and, as demonstrated here, caused no distortion 
of the normal pattern of DNA synthesis. 

At present we are & ting to correlate the cyclic 
variations of RNA synthesis with RNA polymerase activity 
in this system. 


J. H Kn« 
A. QG. Parez 
Biophysics Division, 
Sloan-Kettering itute for Cancer Research, 


New York. 
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Inhibition of Photo-inactivation of Taka- 
amylase A by Halogen lons 

Rusornavos is known as a favourable sensitizer in 
various photochemical reactions such as photo-oxidation 
of vitamins!, plant growth hormone*“ and 
nucleic acid’, and photo-inactivation of amylaset "3, 

In the presence of oxygen, riboflavin is decomposed by 
visible light to lumiflavin*-3* or lumichrome and ribose 
side chain". Lumiflavin is finally transformed to stable 
lumichrome. 

In the presence of riboflavin, taka-amylase A (isolated! 
from taka-diastase ‘Sankyo’) ie rapidly inactivated by 
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the visible light absorbed by riboflavin or ita derivatives 
if oxygen is present. The inactivation ie caused by the 
oxidation of amino-acid residues. The addition of 
potassium or calcium halide to taka-amylase A solution 
(pH 56) containing mboflavin inhibits efficiently the 
photo-inactivation. The presence of these halides does not 
affect the activity of taka-amylase A under the dark 
condition. The ratio of initial velocity (R) of photo- 
inactivation in the presence of halide to that (R,) in the 
absence of halide is shown in Fig. 1. The velocity of 
photo-inactivation decreases with the increase of the 
atomic number of the halogen atom. The order of 
effectiveness of the halogen atoms is I» Br > Cl. 

The effect of halogen iona on fluorescence yield of 
riboflavin in the same system is also shown in Fig. 1. 
The fluorescence yield decreases with the increase of the 
atomic number of halogen atom. Fig. 2 shows the 
dependence of fluorescence yield of riboflavin and initial 
velocity of photo-inactivation on the concentration of 
potassium iodide. The velocity of photo-inactivation 
begins to decrease at an extremely low concentration of 
potassium iodide, of the order of 10-' M, while the 
fluorescence begins to be quenched st much higher 
concentration of potassium iodide, the order of 103 M. 
Thess indicate that the reactive species of riboflavin is 
the triplet molecule and that the inhibition of photo- 
inactivation is caused by the quenching of the triplet 
state of riboflavin by halogen ions. 

This consideration is also supported by the strong 
quenching of orange phosphorescence by the presence of 
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iodine ion even below 10- M, which runs parallel to the 
inhibition of photo-inactzvation. 

Riboflavin or ita derivatives in the metastable triplet 
state may form a complex with oxygen in the triplet 
ground state. Aooordmg to the spin conservation law, 
singlet, triplet and quintet states are allowed for this 
complex. The singlet complex dissociates into singlet 
dye and singlet oxygen (production of reactive oxygen) 
and the triplet one into singlet dye and triplet oxygen 
(quenching of triplet state of dye). The metastable and 
chemically reactive singlet oxygen may oxidize amino- 
acid residues directly or react with water to produce 
hydrogen peroxide which may oxidize them. In the 


` presence of halogen ions, the pure triplet stato can be 


mixed with an appropriate pure singlet state as the reault 
of a collisional perturbation of spin-orbital coupling":15 
in the n-electron orbitals of riboflavin, by halogen ions. 
The transition probability between singlet and triplet is’ 
greatly enhanced. 

Perturbation occurs by the overlapping of the r-orbital 
of riboflavin with the halogen p-orbitals during the 
collision. The enhancement of the singlet—-triplet absorp- 
tion band of a-chloro-naphthalene in intensity by ethyl 
iodide has been found by Kasha” and discussed in terms 
of the collisional perturbation of spin-orbit oouphng. The 


` collisional perturbation gives rise to the enhancement of 


the dissipation of excitation energy by radiationlees 
transition from excited singlet to ground state via triplet 
state. From the dependencies of photo-inactivation and 
fluorescence on halogen ion concentration, it is considered 
that the oollisional perturbation of spin-orbit coupling 
by halogen ion, in the present case, increases the radiation- 
lees transition probability from triplet to singlet state 
more efficiently than it does that from excited singlet to 
triplet state, as the result of the mutual relation among 
the various proceases of radiative and non-radiativo 
transitions and heat activation. This results in the 
shortening of the life-time of the triplet state of ribo- 
flavin responsible for the photosensitizing action. The 
matrix element of the spin-orbital operator included in 
the singlet-triplet mixing coefficient contains the atomic 
number as a parameter™, For this reason, it is considered 
that the effectiveness of the halogen atom for the inhibi- 
tion of photo-inactivation increases with the increase of 
the atomic number of the halide atoms. 

However, we cannot completely neglect the possibility 
of formation of an unstable charge-transfer complex!* 
of riboflavin with halogen ion, especially iodine ion. The 
fluorescence and phosphorescence states may be deaotiv- 
ated by transfer of charge from halogen ion to riboflavin. 
This kind of quenching also seams to take part in the 
inhibition of photo-inactivation to some extent. Further 
deteils will be published in & future paper. 

Gurr Towra 
Sam Soon Kmr 
Institute of Biophysios, 
Faculty of Agriculture, 
Kyushu University, 
Fukuoka, Japan. 
x er vA J., Haig, F. ML, and Shaw, A. O., J. Amer. Chem. Soc., 08, 
"Galston, A. W., Solence, 111, 619 (1080). 
* Mer, O. L , Plani Physiol., 88, 175 (1957). 
* Carbsie, M. J., Nature, 180, 202% (1057). 
* Bussenbach, J. 8., and Berends, W , Byockun. Biophys. Acta, 76, 158 (1963). 
* Galston, A. W., and Baker, R. 8., Sownce, 100, 485 (1049). 
' Bone, K , Nippon Noga Kagaku Xaiski, 88, 1110 (1960), 88, 7, 13 (1903). 
* Eois" and Wagnar-Jauregg, Th , Ber. Dtsch. Chem. Ges., 86, 1577, 1050 


* Holmstrom, B., and Oster, G., J. Amer. Chem. Soc , 83, 1987 (1061). 

1 Birauss, G., and Nickerson, W. J., J. Amer. Chem. Soo., 83, 3187 (1061) 

11 Oster, G., Trans. Faraday Soo., 47, 660 (1051). 

11 Akabori, 8., Ikenaka, T., and Hagihara, B., J. Bioakem., 41, 557 (1054). 
13 Ktm, B. 8., Nippon Nogoi Kagabu Kask, 39, 10 (1065). 

^ WoOlure, D. B., J. Chom. Phys., 80, 682 (1952). 

u Kasha, k., J. Chem. Phys., 80, 71 (1962). 

1 Szent-Györgyi, å., Introduction to a Subkmolsoular Bielogy, 80 (Academic 
Press, New York and London, 1960). 


rit 


No 5000 August 28, 1965 


BIOCHEMISTRY 


Simultaneous Chromatographic Separation 
and Infra-red Sample Preparation of 
Indole Acids 

Iw attempting to identify trace amounts of metabolites 
from biological fluids, the use of one of the most powerful 
tools of organic chemical analysis, infra-red spectroscopy, 

ta technical difficulties. The two major ones are: 
a) e sample preparation technique for the characteristi- 
cally polar compounds, and (b) sufficient purity to allow & 
resolvable spectrum. 

Having become mvolved in the problem of the identifl- 
cation of microgram amounts of indole acids in urine’, it 
was found that conventional chromatography, elution, and 
KBr muioro-pelet sample preparation was froquently 
accompanied by contamination from cellulose particles 
and complexes of solvent and cellulose in spite of the use 
of rather rigorous techniques*. It was at this time that 
the work of Sloan‘, demonstrating the infra-red trans- 
parenoy of membrane filters (“Millipore TH’) and their use 
in the infra-red examination of hydraulic fluids and 
condensates from tobacco smoke was brought to our 
attention. About the same time Thomas and Dwyer* 
reported the use of this membrane m the oollection and 
infra-red examination of gas chromatographic effluente. 
Although both these pe. speculated on the use of this 
material for partition matography, there have been 
no reporta of ita use in this way. One of the major limite- 
tions of the use of this polymer is ita solubility in moet 
polar solvents’. Another is that with careful compensation 
using & matched blank piece in a double-beam infra-red 
system, the strong absorption regions (Fig. 1) of 6-1, 7.8, 
9-4 and 11-9 permit too little energy through to allow 
analysis in these areas. Following the trial of several 
solvent combinations, it was found that isopropanol 
ammonia-water (8: 1:1) and butancl-acetic acid—-water 
(12:8:5) (good solvent systems for the indole acids) leave 
the membrane intact. It should be noted that these two 
solvent systems are good for amino-acid separations ss 
well. In addition, the compensated membrane has ‘win- 
dows’ in the N—H, carbonyl, and aromatic C—H areas of 
interest for identification of indole acids. 
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An infra-red spectrum of the »N—H (A), carbonyl (B) and aro- 
matic O—H (0) with a 5 x increase m LAA conoentration 


Following spotting, 19 mm by 41 m strips of the mem- 
brane were run uni-dimensionally ın a conventional ascend- 
ing chromatography apparatus. An amount of indole 
acids (indolyl-3-acetic acid, indolyl-3-carboxylic acid, 
5-hydroxy-indolyl-3-&oetic acid, and tryptophan) equiva- 
lent to that contained in 15 o.c. of urine was used. Follow- 
ing chromatography, the solvent was removed by air and/ 
or oven-drying and serial spectra on each chromatogram 
were Tun against a blank membrane every 0-4 cm from 
the origin to the solvent front. After infra-red examina- 
tion, the membranes were sprayed lightly with acidic 
alooholic solutions of p-dimethyl&minobenzaldehyde or 
p-dimethylaminocinnamaldehyde to locate the substances. 

Fig. 2 is & rather typical spectrum that was observed 
using this technique, with small samples (1 micromole) 
and a low-resolution instrument (Beckman ‘I.R.6’). The 
‘blank’ is the seen using an aree of the chroma- 

without sample against a blank sheet of membrane. 
The ‘TAA’ is the of the IAA area of the chroma- 
togram against the blank. Note that the match is slightly 
undercompensated in favour of the blank so that the 
strong absorption peaks (*) of the membrane are revereed 
(up) leaving the chromatogram’s peaks more clearly seen 
in the conventional down direction. Another feature of 
the JAA is the bethochromio shift of oN—H (4) 
and carbonyl (B) peaks when compared with those seen 
in KBr pellets. In addition, the vN—H, characteristically 
sharp, looks ‘bottomed out’ like the vO—H. seen in concen - 
trated solutions due to hydrogen bonding. These peaks 
are of importanco in the study of indole acids 
in that they shift characteristically with induc- 
tive effects of substituents at various positions’ 
and thus are an aid in identification. In order 
to establish whether the shifts seen in the 
chromatographic substances were due to inter- 
molecular hydrogen bonding between indolo 
acid molecules or the indole acid and the mem- 








brane, increasing amounts of material were 























placed on the chromatogram (beyond the 
amounts in which spot size is linearly related 
to amount) so as to increase the ratio of indole- 






























































indole to indole-membrane interactions. Fig. 3 
shows both the of the vN—H (A) 
and aromatic C—H (C) as well as a shift to 
lower wave-length of vN—H and the carbonyl 
(B) peaks consistent with a decrease in hydrogen 
bonding when the amount ıs increased to 5 
micromoles. This suggests that, with low 
concentrations, there are bonding interactions 
of the chromatographed substances with the 
cellulose ester molecules of the membrane. 





With & low-resolution instrument, this effect 




















makes the use of vN—H less helpful in disorim- 


























between indolyl-8-acatic acid and 
































indolyl-8-carboxylic acid ; the bathochromie shift 
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of the latter becomes lees differentiable due 
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2. Two mfra-red spectra. ‘Blank’ 
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m to the hydrogen-bonding induced comparable 
14 15 ghift in indolyl-3-acetic acid. Having taken this 
effect into account, however, it was possible 
to discriminate among these indole acids 
spectroscopically. 
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A systematic attempt is bemg made to improve the 
seperations by systematically varying solvent and solvent 
ratioe. It appears that this method may be quite useful in 
the application of infra-red techniques to the identification 
of trace substances from biological fluide. 

I thank Mr. J. Dwyer and the Millipore Corporation for 
the ipore TH’ membranes, and M. H. Sloan for advice. 
The work was supported by California D.M.H. grant 
64—2-22.1 and by the Scottish Rite Fund for Research in 
Schizophrenia. 
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e-stimulating Hormone Activity 
etic MSH and ACTH Peptides, 

in vivo and In vitro 

SIMULTANHOUBLY performed in v$co and 9n vitro determ- 
inations of the melanocyte-stimulatng hormone (MSH) 
activity of & large number of synthetic MSH and ACTH 
peptides have not been er The work 
recorded here compares by both ods the MSH activity 
of 10 stereoisomerio pentapeptide fragments of MSH and 
8 synthetio ides related to ACTH. The MSH activity 
of most of i appeared greater in vivo than 
$n vitro. When these compounds were assayed at various 
time intervals, some of the tapeptides revealed differ- 
ences which may help ially to explain this discrepancy 
in activity between two methods. These differences 
may also help in understanding the alterations of a-MSH 
induced by sodium hydroxide!*. In addition, imi 
studies were performed on the inhibitory properties of the 
sterecisomers. 

For the $^ vivo assay, solutions were injected into the 
dorsal lymph ‘sac of hypoph i Rana pipiens. 
Melanin granule dispersal (darkening) was measured in the 
interdigital web of the foot, as previously described’. 
Doses were given 80 as to bracket the me index 
of 3-0. At the same time, darkening of isolated pieces of 
frog skin was determined in the $n viio assay by reflected 
light*-*. At least 8 h hysectomired frogs and 2 frog 
skins were utilired at of 2 dose levels. For measure- 
ment of the gynthetio peptides in vivo, a mean of 5-2 frogs 
was used ab each of 2-0 doses; for in vitro assays, a mean 
of 4-1 skins was used at 2-5 doses. The ‘unit’ of activity 
used in this communication was defined by Shirume e al.‘. 

The mean estimates of MSH potency, with 95 per cent 
confidence limits, are given in Table 1. The 4n vivo assay 
method gave hi activities for most of the MSH penta- 

In vivo, the 30-min reading of et iere is EUR 
approximated the maximum degree of melanin granule 
(P « 0-01) at the final 1-h reading with MBH standard, pure 
«-MBH, and the 7 ACTH peptides tested. The darkening 
was not decreased at 1 h, however, with D-His-p-Phe- 
L-Arg-1-Try-Gly, t-His-p-Phe-1-Arg-1-Try-Gly, and some 
of the other MSH pentapeptides tested only in a few frogs 
before the lies were exhausted. The same difference 
in behaviour sterecisomers and MSH standard 
when injected into the dorsal lymph sac was observed. 
when the substances were injected directly into the aortic 
trunk. ing the pH of the solutions from 6-7 to 2-1, 
moreover, did not alter this finding. 
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Table 1. MSH AcTIYTTY Mux ESTIMATRS oF POTHNOY WITH 05 PER CRIT 
OCoMFIDEKOR LIMITS OF THB ASSAYS GIVER IE PDARXENTHAKES 


Compound MBE activity (U/mg) 
MBH sterectsomers* In viso In vitre 
I-HW-D-Phe--Arg-i-Try-dly 234x10 2-30 x10" 
D-His-D-Phe-I-Arg-1-Try-Gly Canis aa k mien 
I-Hi-cPber-Argn-Tmy-Gn foexige OBLOZI) 
-Hiep-Pheparerty-ay beskie 1 OUO x10" 
D-His-D-Phe-D-Arg-L-Try-Gly Cae 10 wiih 199 
I-HW--Phe--Arg-n-Try-Gty Pesio 20) — (0495.0 Bas x10 
D-HM--Phe--Arg--Tp-Gty Sarde — (0 170 491x109 
L-HWi-Pbei-Argi-Te-8ty fooie 10) (00696-0297 x 109 
p-Hisi-Phe-L-Arg--Try-Gly 0-15 x 10" Mire 100 
D-His-D-Phe-D-Arg-D-Try-Gly 1«040 x10t wipe ad “ae 
AOTH peptides] m 
Na-Acetykf-"-Oor&oo&opin 1-68 x10* 0 613 x 10* 
f1-Oortiootzoptn-Lyyie fabio 109 (ogee x10 

reri rd Sexton Seong 

Cean ie Gieta (Pi Ecos 
pP--Oortiootropin Canin O eee 
p+ Oortioctropin Go xi 0) — fM Rr 100 
pee (0 818-0 Bi x10") (0 90-0 392 x109) 
2 -Oorteotzoptn MOGI Sa ND 


(0-0147-0-0808 x 10”) 


* Bynthesired by H. Yajima and K. Kubo, Ji 
tBüpplied by D. F. BIDH, obe Led 70ta Tapan. 


In vitro, 6 ACTH compounds as well as the p-His-p-Phe- 
L-Arg-L-Try-Gly and the r-His-p-Phe-r-Arg-r-Try-Gly 
pentapeptides were read every 80 min for 2 h. Hach 
stereolsomer required a significantly (P < 0-01) longer 
time (approximately 2 h versus 1-5 h) to reach its 
maximum effect than did MSH standard, pure a-MSH, or 
any of the ACTH peptides. 

Thus, both the t vivo and the $t vitro behaviour of p-His- 
D-Phe-r-Arg-1-Try-Gly contributed to the discrepancy in 
MSH values observed for this compound between the two 
methods. Although r-His-p-Phe-r-Arg-r-Try-Gly mani- 
fested similar differences i assay behaviour, it did not 
reveal a similar discrepancy in MSH activity. No signifl- 
cant deviation from the behaviour of the standard in 
either assay was noted for any of the ACTH compounds 
tested. 


The differences in darkening shown by some of the 
sterecisomers, when measured at various time intervals, 
were similar to the phenomena of ‘prolongation’ and 
‘retardation’ seen after sodium hydroxide treatment of 
a-MSH", In an attempt to explain this action of dilute 
alkali, Lee and Buettner-Janusch* obtained evidence that 
sodium hydroxide caused racemization of 5 of the 18 
amino-acids in natural «-MSH. Of these 5 amino-acids, 
4 were present in the synthetic stereoisomerio peptides 
tested in the assays reported here. The results 
here, therefore, lend mE to the suggestion! that 
alkali modification of a- involves racemization of 
some of its amino-acids. 

Inhibitory properties of the MSH pentapeptides were 
tested only in a preliminary way, due to a limited 
niche keer In vitro, none of the 10 MSH i 
inhibited action of MSH standard when given 1 h 
earlier at a concentration of 1-5 However, 83 
ug/ml. of p-His-p-Phe-p-Arg-p-Try-Gly did result in in- 
hibition $5 vitro, as has been *. In vivo, 600 of 
this penta ide injected 0-5 h to 2 h before the 
standard did not cause inhibition. A single dose of 100 ug 
failed to lighten a frog previously darkened by destruction 
of the h; . 

We thank Dr. D. F. Elliott of Ciba, Ltd., for sup- 
plying the synthetic peptides related to AOTH, whieh 
were prepared at Ciba, Basle; Mrs. Jane Hull, for 
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N-Acetylmannosamine Digestion by Human 
Oral Bacteria 


LmAOH! showed that XN-e&oetylneuraminio scid was 
repidly metabolized by human saliva and ascribed this to 
the presence of an induoble aldolase produced by oon- 
taminating micro-organisms sinoe such destruction was 
prevented by the addition of *Ledermyoin' or by heating 
the saliva in boiling water. This appears to be the second 
step in a process whereby salivary mucoprotems having 
N.acetylneuramninio acid residues aa their non-reducing 
end groupe act as inducer molecules to oral bacteria, 
producing first a neuraminidase and later an aldolase which 
cleaves the N-acetymeuraminio acid liberated by the 
neuraminidase into N-acetylmannogamine and pyruvic 
acid. Such a sequence has been found by us* to oocur 


when «,-glycoprotem, which is present i sputum, is 
Klebsiella 


used as an inducer molecule in cultures of 
aerogenes. We wish to report on the third step whereby 
N-scetylhmannosamine iteelf is digested. 

Fresh saliva samples (0-5 mL) were incubated with 


7- sterile aliquots of N-acetyimannosamine (100y in 0-1 mL) 


at 87° for 2 h, diatysed against water (100 volumes) at 4° 
and the dialysate freeze-dried before assay with the 
Morgan-Elson reagente’. From a random group of healthy 
individuals inoluding smokers and non-smokers, the 


amounts of N-scetylmsannosamme were with 
A, T! ug; B, 34 ug; H, 95 pg; M, 90 ug; P, 84 ug 
and W, 51 ug. In a further incubation of saliva from B, 
only 40, 30 and 10 cent of the origi N-acetyl- 
mannosamine was left after 1, 2 and 4 h respectively. 


When saliva from B was assayed with incubation for 
1 h before and after a mouth-wash, first with ‘Dettolin’ 
(2-5 ml./70 ml. water) and then with hy peroxide 
(5 ml. 20 vol./70 ml. water), it was found t the first 
mouth-wash produced arrest of N-acetylmannosamine 
digestion (7$ pg remaining) com with saliva before 
washing (45 ug remaining), but this was not increased by 
the second mouth-wash (73 ug remaining). 

When glucose (1 mg) was included in the incubetion 
mixture in addition to N-acetylmannosamme (100 pg), 
digestion of the latter was again arrested: B with 
with 
glucose, 90 ug (2h), 60 ug (4h); W without glucose, 11 ug 
(4 h). Glucose is widely effective in inhibiting enzyme 
induction in bacteria. 
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The micro-organisms ible for N-scetylmannos- 
amine digestion in the saliva of B and W differed in their 
sensitivity to a range of antibiotics. Each antibiotic 
(5 mg) was incubated with the saliva for 1 h at 37° 
before further incubation with N-ascetyimannosamine 
(100 ug) for 4 h. The amount (ug) remaining with B 
saliva was with yoin, 99; tetracycline, 76; 
streptomyoin, 68; yoi, 51; methymycin, 50; 
without any antibiotio, 37. On one oocasion with W saliva 
the amount (ug) remaining was, with tetracyoline, 98; 
without any antibiotic, 65; while later with another 
sample no completely effective arresb was shown with 
streptomycin, 53; erythromycin, 45; methymyoin, 20; 
paromomyoin, 25; kanamycin, 22, compared with a 
contro! without antibiotic, 14. 

Further evidence that the agent responsible for N- 
acetyhmannoeamine di ion was an enzyme induced in & 
mioro-organiam was obtained by comparing the amounts 
remaining after autoclaving salivas B, 99 W, 100, after 
Seitz filtration of salivas B, 97 W, 99, compared with no 
previous treatment of B, 49 W, 64 ug. 

BS. M. Axr& 
B. A. BARKXR 
8. A. WooDBURY 
Department of Ohemisizy, 
University of Birmingham. 
Leach, B. Az, Nature, 199, 496 (1063). 
* Barker, 8. A., Pardos, Grace, L, and Stacey, XL, Protides of the Biological 
Tindi, 11, 284 (1905). 
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Kinetics of Cyclic Adenosine Monophosphate 
Changes in Rat Heart following Epinephrine 
Administration 


ALTHOUGH it has become generally accepted! that 
epinephrine causes glycogenolysis in cardiao muscle by a 
series of enzymatic reactions involving the formation of 
cyclic AMP, activation of phosphorylase b kinase, and 
finally conversion of phosphorylase b to the active a form, 
direct evidence in favour of this mechanism in the intact 
heart is so far not conclusive’. Furthermore, a possible 
relation between cyclic AMP and the inotropio effect of 
catecholamines is also tentative. 

In view of the recent finding’ that the inotropic 
response of the rat heart to epinephrine precedes the 
glyoogenolytic effect, it is clearly of great importance to 
determine the kinetics of the cyolio AMP changes in rela- 
tion to the elevation of the contractile force and phos- 
phorylase a levels in order to gain a deeper understanding 
of the mechanisms involved. 

Hearts were taken from male, fed rata of Wistar strain 
(220-260 g) and perfused as described by Williamson’. 
Oyolic in 500-mg samples of frozen heart powder was 
extracted and aseayed by the method of Posner e£ al.*. 
Cyolio AMP phoephodiesterase was prepared according to 
Butcher and Sutherland’. Other analytical procedures 
were similar to those used by Williamson**. 

Fig. 1 compares the change in the level of cyclic AMP 
with that of the total phosphorylase in the a form, and 
that of the contractile force, following the addition of a 
single dose of 1 pg epinephrine. The contractile force 
increased to a maximum after 10-12 geo with a half-time of 
3-5 seo, and afterwards decreased to a value 30 per cent 
above the initial at the end of 30 sec. More extensive 
recordings of the contractile force reported elsewhere** 
have shown that the pattern of the contractile force 
depicted in Fig. 1 is characteristic of a single large dose of 
epinephrine, and that the force increases again after 30 
sec, reaching a plateau 60—70 cent above the control 
after about 90 seo. This level is maintained for as long as 
10 min. Cyolio AMP levels increased in & manner similar 
to the force curve (4=38-5 sec), and also paralleled it 
during the declining p from 15 to 30sec. At the end 
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of 30 seo, the cyclic AMP levels were three times higher 
than the controls. Also seen from Fig. 1, phosphorylase a 
increased from 12 to 65 per cent of the total phosphorylase 
activity but with a lag of about 2 seo, and the time for a 
half-maximal increase was 7-5 seo. 

The initial cyolio AMP peak may represent an overshoot 
reaction of the adenylate cyclase system as it is first 
exposed to epinephrine, or merely a imbalance 
between an accelerated rate of production and degrada- 
tion before a new steady state is established. 

Fig. 2 shows the results of an experiment in which the 
hearts were perfused continuously with fluid containing 
0-05 pg/ml. epinephrine. With this concentration of 
epinephrine, the force increased to a maximum after 15-18 
geo (f= 8 sec) and remained approximately constant for 
the 2-min duration of the i . Oyclic AMP levels 
increased monotonically from the onset of the augmenta- 
tion of the contractile force to reach a maximun after 
about 14 seo (44 — 5 sec) and thereafter decreased, in much 
the same manner as in Fig. 1, to a new steady-state leval 
considerably higher than the controls. 

Fig. 2 also shows the changes in the levels of glucose-6-P 
and -1,6-diP in the same experiment. Glycogeno- 
lysis in response to epinephrine produced an inorease in 
the levels of these intermediates after a short lag period. 
Glucose-6-P increased by 80 per cent to give a broad 
maximum after 80-40 sec, while fructose-1,6-diP increased 
three-fold, to reach a sharp maximum after 25 seo and 
approached a new steady-state level in an oscillatory 
manner. Fructoge-6-P (not shown) followed a pattern 
similar to glucose-6-P, and the mean ratio of glucose-6-P 
to fructose-6-P was 5-8. 

The work recorded here establishes on a kinetic basis 
that epinephrine causes a rapid increase of cyclic AMP in 
the heart, followed by an increase in the level of phosphory- 
lase a. Demonstration of glycogen disappearance within 
the first minute of epinephrine administration to the 
isolated rat heart has been reported previously. 
investigations, therefore, provide the necessary link 
between the work of Murad et al.* on particular prepara- 
tions of heart muscle, and the intact organ, and lend 
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support to the prevalent hypothesis! concerning the 
mechaniam of phosphorylase activation in the heart by 
epinephrine. 

It should perhaps be: stressed that the response of 
cyclic AMP following epinephrine administration is fast 
and short-lived. The finding of Hammermeister e£ al.? 
that there was no signifloant change in the level of cyclic 
AMP 30 sec after epinephrine stimulation is thus explain- 
able in light of the results recorded here. 

The short time-lag between the increase of contractile 
foroe and cyclic AMP on one hand, and phosphorylase a 
and glucoge-6-P on the other hand, indicates that energy 
produced from glyoogen breakdown!* or tho level of 
glucose-6-P™4 are not involved in the inotropic response. 
The delay between the stimulation of cyclic AMP produo- 
tion and the conversion of phosphorylase b to a probably 
reflects & delay either in the activation of phosphorylase b 
kinaso or in the phosphorylation of the serine residues of 
phosphorylase b in its conversion to the a form!*. Danforth 
and Helmreich!* have also observed a lag period between 
the onset of electrical stimulation and the appearance of 
phosphorylase a in isolated frog sartorii, and on the basis 
of in vitro studies, these authors attributed the lag to the 
time required to activate the phosphorylase b kinase 
reaction. 

The fact that cyclic AMP levels in the heart increased 
more than two-fold within 1-5 sec of the onset of the 
inotropic response provides kinetic evidence in favour of its 
also being a mediator in the events leading to the Increased 
force of contraction. The lack of correspondence between 
the level of cyclic AMP and the contractile force after the 
peak of cyclic AMP response, however, suggests that it 
may have a trigger role, possibly by allowing & greater 
influx of calcium per beat or by interference with the 
removal of ionized calcium by the endoplasmic reticu- 
lum14t 8, 

It has been shown elsewhere!’ that during epinephrine- 
stimulated glycogenolysis in the perfused rat heart phos- 
phofructokinase is activated by an increase in the levels of' 
inorganic phosphate, AMP and ADP. The kinetics of the 
changes in the levels of cyclic AMP in relation to those of 
fruotose-1,0-diP shown in Fig. 2 suggest that this nucleo- 
tide plays a relatively unimportant part in the activation 
of phosphofructokinase tn vivo. 
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Chemical Structure and Biological Activity 
on m- and p-Disubstituted Derivatives of Benzene 

Iw an earlier paper on this topicot we proposed a four- 
parameter equation (1), which expresses the quantitative 
relationship between the structure of p-disubstituted 
derivatives of benzene and the magnitude of their biological 
activity, for example intravenous LD,» This report 
presents our results on a group of compounds of the 


type Y, where X, Y =H, CH, Cl, OH, 


NO, NH, The series includes all possible combinations 
of groupe X and Y, with the exception of three substances 
which were not soluble enough even m 20 per cent aqueous 
polyvinylpyrrolidone solution to make LD,, measurements 
possible. The experimental results fitted equation (1): 
(LD, lan (1) 
[LDulrr 

Constante br and ex ware obtained by statistical treat- 
ment of experimental data under the presumption of the 
validity of equation (1). Fig. 1 shows the correlation 
obtained ; the values of the substituent constants br 
and er are given in Table 1. 


log m by + by + erer 


Table 1 

XO, e OR OH, H NH, 

bx 0 601 0-248 0 260 0149 0 004 0-015 

er 0 90 — 0-49 -013 —0*2 — 0-06 —041 
Table 1 

NO, a OH CH, H XH, 

br 0516 0 206 0 294 0-191 0014 0015 

(er 0-84 —0-45 —0 04 —0-18 0 00 —0-87 

(^x. 068 -004 0-57 007 0-00 —0-83 


A comparison of the constenta br for the m-substituted 
compounds with the values of br found for the p-subeti- 
tuted compounds! showed that for the given group of 
compounds  Abx < 0-1, where Abr = (bx), — (bx)m. 
We considered it advantageous to recalculate the br 
constents basing them on all data from both groups. 
Fig. 2 shows the results of this treatment; the constants 
br, (ex) and (er) are given in Table 2. 

In our further work we intend to test the relationship 
between the given equation and linear free energy relation- 
ships (L.F.E.R.)?? which have been already applied to bio- 
logical problems, especially in papers by Z&hradník'.* and 
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detertalned on white ie C 20+2 g) by the 
Thompeon method. The were intravenously m 
a 20 par ont aqueous polyvinyipyrrolidone solution 
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Fig. 1. Bee ton to Fig. l. O, Metetsubstituted dervadves; e, 

pars-uubet yes; [ ], Mono-substituted derivatives. Hydro- 

quinol and resoreinol are omi If they are tncluded the relationship 
between structure and biological activity becomes more com 


lately by Hansch**. ‘This effort is supported by the 
surprising fact that the constants bX are linearly depen- 
dent on the constants of fj obtained in the study of the 
thyroxine-like activity of 3,3’,5,5’-substituted analogues 
of thyroxine’. The constants f; are also linearly dependent 
on the om-constants. 

At present the o-disubstituted derivatives of benzene are 
being studied in the same way, and simultaneously the 
number of substituents in the p-series is being extended 
to a more complete set of substances. 

We thank Mr. Z. Roth for the statistical evaluation of 


our results. 
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Relation of Magnesium lons to Calcium and 
Phosphate Absorption 


CHEMICALLY, magnesium and calcium are related since 
both elements are members of Group II of the Periodic 
Table. Physiologically, however, in plante! or in animals? 
their actions are often antagonistic. It has bean shown 
that magnesium-deficient rats absorb more calcium from 
the gastrointestinal tract than do control rats? and the 
sotive transport of calcium ions across the intestinal wall 
of several rur is depressed by magnesium ions‘. These 
experimen: icate again a physiological antagonism 
between these ions and also suggest the possibility of a 
common absorptive pathway. However, the experi- 
mental conditions in the former study* are abnormal since 
Magnesium is an integral part of normal diete and mag- 
nestum deficiency may have caused changes in the 
intestinal mucosa which allowed more calcium to be 
absorbed. In vitro type experimentat are, by their nature, 
unphysiological and extrapolations from such isolated 
systems to interpretations concerning overall calcium 
absorption tn vico may not be valid. 

. The li is filed with conflicting reporte concern- 
ing the relationship between magnesium intake and cal- 
cium balance. High magnesium intake hag been reported 
to inorease'-', to deorease®’ and in some cases to have 
easentially no effect!9-!! on calcium balance. However, 
valid comparisons between these studies are impossible 
mince different species were used, dietary regimens were 
very varied and in some oases the experiments were poorly 
controlled. Recently, it has been observed that increasing 
haapae intake tended to make oaloium and 
p balance more positive depending on the dietary 
Ca/P ration! 4, These latter i eae hae, were 
designed for prece de ian dn lacked adequate control 
of dietary calcium and phosphorus. To determine whether 
magneesium, when ad-ninistered to rate in amounts greater 
than required for adequate growth and maintenance, had 
any signifloant effect on calcium absorption, & series of 
expermmenta was carried out on rata fed diets of 
varied calcium and phosphorus composition. The animals 
supplemented with magnesium were pair fed with their 
controls. Kxorete were collected durmg a 12-day period 
following a pro-treatment period of 5 days on the different 
dieta and wore analysed for calcium and phosphorus. 
Fig. l shows the effects of supplemental magnesium, 
administered as Mg01,6H,O in 10 per cent glucose drinking 
water, on faecal calcttm. The control rate drank approxi- 
mately the same volume of a 10 per cent glucose solution. 
With the exception of those anmals fed diete containing 
only trace amounts of calcium, supplemental magnesium 
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decreased faecal calcium significantly. This was particu- 
larly evident at the higher lovels of calcium intake. Thus, 
it is apparent that under normal dietary conditions, that 
is, in the presence of caloium in the diet, increasing the 
magnesium intake promoted calcrum. &beorption rather 
than inhibited it. However, if the diet waa essentially 
free of calcium (an abnormal oondition), increasmg the 
magnesium intake tended to decrease the absorption of 
calcium. 

In Fig. 2 are shown the effects of supplemental magne- 
sium on faecal phosphorus. When the caelorum intake was 
low, magnesium increased faecal phosphorus, but if dietary 
calcium was 0-4 per cent or greater there was a ten 
for decreased faecal phosphorus. Thus, magnesium will 
either increase or decrease phosphate abeorption depending 
on dietary conditions. 

This work was supported by U.S. Atomio Energy 
Commission contract AT (80-1) 2680 and U.S. Publio 
Health Service grant A-4071. 
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Effect of Carcinolipin on the Adenosine 
Triphosphatase Activity of Isolated Cellular 
Fractions 

CARBOINOLIPIN, the carcinogenic lipid isolated from bio- 
logical materials!, waa found to stimulate protein syn- 
thesis in cell-free systems’. However, it was not possible 
to decide if ib affected this prooees directly or only in- 
directly, since protein synthesis is an energy-dependent 
reaction’. 
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Adenosine triphosphatase liberates energy by splitting 
ATP, which is an indispensable oo-factor at all stages of 
protein synthesis*. Therefore, it was decided to elucidate 
the effect of carcinolipin on this enzymatic activity in 
isolated subcellular fractione, in particular in those 
involved in protein synthesis. 

Liver tissue from adult Wistar rata was homogenised 
in 0-25 M sucrose in & glass homogenizer with & plastic 

to give a 5 per cent homogenate. This was oenbri- 
at 800g for 20 min to remove nuclei and cellular 
debris. Mitochondria were spun down from the resulting 
supernatant at 15,000g for 10 min, and microsomes were 
sedimented at 105,000g for 60 min. From the supernatant 
fraction, pH 5 enzymes were prepared in the usual way‘. 
Incubation mixtures contained 50 umoles tris buffer, 


cellular fractions in & total volume of 
0-65 ml. They were incubated for 15 min at 37-5? C. 
Reaction was sto by the addition of 0-1 ml. 50 per 
cant trichloroacetic acid, precipitated proteins were oen- 
trifuged off and i io phosphate was determined in 
the supernatant by the Fiske-Subbarow method’. The 
protein content of each subcellular fraction was determined 
as described. by Lowry e£ al.*, and the resulta were ex- 
pressed as umolee inorganic phosphate liberated per hour 
per mg protein nitrogen. 

The mitochondrial fraction showed the highest adenosine 
triphosphatase activity of all cellular preparations tested. 
The activity of microsomes was also relatively high, while 
low enzymatic activities were found in the oell sap and 
pH 5 enzymes. Average values from ftve similar experi- 
ments with different batches of liver tissue are given in 
Teble 1. 

Table 1. ADMMOSINE TRIPHOSPHATASE ACTIVITY OF VARIOUB CRLLULAR 


FRACTIONS 
Fraction Phosphate Iiberated 
Whole Iver 0-050 
homogenate 
Microsomes 0 265 
Oeil sap 0 064 
pH 5 enxymes 0-049 


Addition of carcinolipin in various doses had no effect 
on adenosine triphosphatase activity of cellular super- 
natant and pH 5 enrymes. A stimulation, however, was 
seen when mi ial fraction and microsomes were 
used. The most effective dose of carcinolipin was 5 ug, 
while higher as well as lower doses of this substance were 
leas effective. A summary of these results (mean values 
of four experiments) is given in Fig. 1. 

It appears from these results that a stimulation of 
energy-yielding reactions by an increased splitting of 
ATP cannot explain the stimulating effect of carcinolipin 
on protein synthesis. No stimulation of adenosine tri- 
phosphatase was found with pH 5 enzymes, which are the 
only fraction necessary for the first step of protein syn- 
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Fig. 1. Mffeciof various doses of on the adenosine triphos- 

phatase activity of rab Hver homogenate mitoehondris (dashed 
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thesis‘. It is this first step which is highly stimulated in 

the presence of carcinolipin’. Moreover, although the 

adenosine triphosphatase activity of microsomes is stimu- 

lated by this substance, the degree of this enhancement is 

rather low when compared with the stimulating activity 

of carcinolipin on protein synthesis in & complete cell-free 

system’. From our results it would thus scarcely seem 

probable that carcinolipin affects protein synthesis to any 

i enr extent by increased liberation of energy from 
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Preparation of an Active Mitochondrial 
Fraction from the Fruit of Mangifera indica 


Ix connexion with biochemical studies of the effect of 
growth regulators on the ripening pattern of fruit, it 
was necessary to isolate a mitoch ial fraction which 
had respiratory activity with Krebs cycle intermediates as 
substrates. Considerable difficulty was encountered during 
the initial attem at isolation because of the highly 
acidic nature of fruit . This problem of low pH 
has been overcome by using dipotassium phosphate during 
the isolation procedure for mitochondria from apple’, or 
using an alkaline buffer of pH 9-2*. This note reporte the 
isolation of a mitochondrial fraction with tricarboxylio acid 
cycle activity from the mango fruit. All the operations 
were carried out at 0°-4° C. Preclimacteric fruits stored at 
21° O ware used. 

Mitochondria were isolated eesentially by the method of 
Tager!, with a few modifications. The homogenizing 
medium consisted of 0-5 M sucarose—0-1 M phosphate— 
0-01 M EDTA solution. To 100 ml. of this solution, 77 mg 
cysteine hydrochloride, 100 mg bovine plasma albumin 
and 420 mg sodium fluoride were added just before use and 
the pH was adjusted to 7-4. 100 g mango pulp was homo- 
genixed in a blender with 100 ml. of the homogenizing 
medium. To neutralize the acids released durmg homo- 
ganization, 70-90 ml. of 0-6 M. gucrose-1:0 M dipotasaium 
hydrogen phosphate solution (the actual volume bei 
fied by tal with enota aligo feor Lio samia sangle) 
was added at intervals during the one-minute homogeni- 
zation period. Under these conditions, the pH of the 


miran Sara always maintained at about 7:4. The 
i ial pellet sedimentmg at 7,000 g was washed 
twice with 0-5 M sucroee-0.1 M phoephate-0.01 M 


EDTA buffer golution and ed in 0-33 M sucrose. 

Preliminary experiments indi considerable increase 
in succinoxidase activity in the presence of externally 
added cytochrome o. Hence it was routinely added in all 
the experiments. In a typical experiment in the present 
series, oxygen consumption rose from 22 to 48 pl. 
protein, after addition of cytochrome c. Weiskich and 
Bonner* have recently reported the isolation of mito- 
chondria from sweet potato which did not require oyto- 
chrome c addition. 

Oxidation of the various substrates was followed mano- 
metrically and the results are given in Table 1. Mito- 
chondria prepared in the present experiments had no 
endogenous oxygen uptake. Succinate oxidation values 
00 favourably with those reported for another 
acidic fruit (apple) by Tager (QO,(N), 106-276), but are 
lower than those reported by Hulme æ al.‘ when poly- 
vinylpyrrolidone was used in the isolation medium. 
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Table 1. CMTE AXD AURHOGIBOEIDARN AOTIYLITIBS OF MITOCHONDRIAL 
FRACTIONS FROM LOCAL VARINTIES OF Mengifera wide (PRECLIMACTERIO) 


0, uptaks/xl./h/mg 


Yaneiy pro 
Buocmate itrato 
"Kalapahar' 80 9 
*Totapari* 53 19 
'Ohittor Yamtni' ez 1l 
“Titar Pasand’ 85 8 
‘Lal Pasand’ 30 5 
‘Pair’ 40 9 


(The values are averages of four independent observations) 
Each Warburg flask contained Soo tahoe. phosphate BO BOO »moles 


bstrate 20 4 40, 10 moks, final 
eu 4 , , 
umani x P terr Mars Ts 


Table 2. DEHYDROGENASE ACTIVPTIBE OF MITOGHOKDRIAL FRACTION FROM 
PULP OF 'PAIRI' VARIETY (PRECLIMACTARIO) 


Dehydrogenase 
Isocttrate Miis 7 Vocal Dm phorase Oe 
Units* 0 025 0-676 0 932 1-87 
(The values are averages of four independent observa tons) 
* Optical denmty change/min/mg protetn. 


Malate and pyruvate oxidations were also studied for the 
‘Pain’ variety in the Warburg apparatus and the respira- 
tion rates obtained were between 5 and 10 ul. O,/h/mg 
protein. The dehydrogenase activities are repo in 
Table 2. Isocitrate and oxaloacetate + NADH reactions 
were followed in a Beckman ‘DU’ spectrophotometer*. 
Diaphorase and NADH-oytochrome o reductase were 
assayed by the method of Mahler et al.*. 

The resulta presented here have shown the possibility of 
isolating an actively respiring mitochondrial fraction from 
the mango fruit. Further, these mitochondrià showed 
respiratory control when tested with the vibrating 
platinum electrode technique’ with succinate as substrate 
in the presence of adenosine diphosphate. Further work 
on respiratory oontrol and the biochemical properties of 
in ones during various stages of ripening of the fruit 
is in pro 

I thank Mr Mr. H. Subrahmanyam for providing the fruits. 


M. V. PATWABDHAN 


Central Food Technological Research Institute, 
Mysore, India. 


1 Tager, J. M., Nature, 188, 1521 (1968). 

* Lieberman, M., Screnos, 187, 189 (1958). 

* Wetzkich, J. T., and Bonner, W. D., Plent Physiol., 38, 594 (1963). 
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“Mahler, H R., Barkar, N. K., Vernon, L. P., and Alberty, R.A, J Mol. 
Chem., 190, 585 (1088). 
" Obance, B., Regulation 
91 (Little, Brown and 


Cell Afetabohem; Ciba Foundation Symposium, 
mpany, Boston, 1969). 


Anthocyanins in Ferns 


THE water-soluble red pigments present in young fern 
fronds do not seem to have been investigated since Price, 
Sturgess, Robinson and Robinson! in 1938 reported that 
unusual flavylium ealte, resembling 6-hydroxypelargonidin 
or 6-hydroxycyanidin in their colour preperties, occurred ın 
eight ferns. Recent phytochemical interest in the phenolic 
constituents of lower planta? and the discoveries of 
luteolinidin (I, E = OH) in the moss Bryum’ and of an 
unidentified anthocyanidin in & fungus‘ suggested that 
the fern pigments would bear re-investigation. 

Two ferns, Adiantum veichwunum and Pteris quad- 
riauriia, closely alied to those examined by Price et al.!, 
were investigated. Extracts of juvenile fronds were 
hydrolysed with acid and the aglycones produced com- 
pared by chromatographic and spectral analysis with 
authentio anthocyanidins (Table 1). The two aglycones 
present in A. vexichianum were identified aa apigeninidin 
(I, R = H) and luteolinidin (I, E = OH) and that of 
Pieris as luteolinidin. Both these pigmente were readily 
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Table 1. CHROMATOGRAPHIO AND SPECTRAL PROPERTING OF FIRK ANTHO- 
OYAXIDINB 
Rr val solvent* EUN Med 
p value in Na 
Pigment Amex Ama x 
A B [o D (ma) (ma) 
Piss aglyoone 0601 OMH O42 048 498 555 
Adenium aglycones 064 O84 O42 O48 ‘ost 555 
079 O75 O78 O86 475 532 
Apigeninidm 078 O75 O78 O88 476 532 
Lateohnidin 061 O64 O42 048 407 1 555 
Bote see trae 0-57 0 56 0-58 024 407 Unstable 
6-Hydrory: dtn 030 (032 039 OL 518 Unstable 
*Bolvent A is the Forestal mixture, B s HOO, CHORD 9 2 3,Cu 
batanol-aocetie acid—water (4 1: 5) ‘and D is yl acetate— 00,0-kHOl 


Met 9 6) Beparatons umng A, Palme duel one He 1 
those with D on sihos gel. 
rep Aigo gives an AIOI shift of 62 ma. 


differentiated by Rr value from pigments having similar 
colour properties, that is, 6-hydroxypelargonidin (II, 
R=H, R’ = OH) and 6-hydroxycyanidm (II, R = 
R’ = OH), both of which were available for comparison 
(Table 1). That these two anthocyanidins oocur in some 
unusual combined form and not as simple sugar deriva- 
tives follows from the fact that (a) the natural pigments 
were more resistant than usual to acid hydrolynis, and 
(b) the pigmente 1n the frond extracta differed in Ry value 
from the known apigeninidin and Juteolinidin 6-gluco- 
sides’. The two pigments in Pteris, for example, had Rr 
values that were higher in both alcoholic and aqueous 
solvents (0-71 and 0-66 in butanol-2 N HCl (1: 1), 0.88 
and 0-28 in 1 per cent aq. HCl) than either luteohnidin or 
ite 5-gluooside (0-60 and 0-27 in butanol—HCl, 0-03 and 
0-12 in 1 per cent HOI, respectively). 





The oocurrenoe in both ferns and mosses of these rare 
anthocyanidins, which are biogenetically related to the 
flavones rather than to the flavonols, 19 of considerable 
phytochemical interest. It suggests that these planta 
lack the ability to add a 3-hydroxyl group to a specific 
C,,-intermediate to yield the usual type of anthocyanidin 
such as cyanidin (II, R = OH, W = H) found in higher 
plants. The suggestion that apigeninidin and luteolinidin 
production is & ‘primitive’ character 1s not necessarily 
contradicted by the fact that these rare pigments are 
also found in the petals of one of the most ‘advanced’ 
families of higher plante, the Gesneriaceae". They 
are presumably produced in this family in response to 
selection for orange-red flower colour. It should, how- 
ever, be pointed out that a few ferns do appear to have 
normal anthocyanins, since cyanidin and pelargonidin 
d cenae have been reported in Davallia divaricata! and 

erythwosora*. Furthermore, many ferns oon- 
tain the flavonols ka&empferol and quercetin’ as well as 
leucocyanidin®. Investigations of the distribution in the 
Ptoridophyta of anthocyanidms, with and without 
3-hydroxy] groups, are therefore in progress. 


J. B. HABBORNE 


John Innes Institute, 

Hertford, Hertfordahire. 
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Phenolic Compounds In Roots and. Leaves 
of Four Citrus Cultivars 


As part of an investigation of the biochemical changes 
associated with the decline of citrus trees caused by the 
burrowing nematode, Radopholus swnilis (Cobb) Thorne, 
& study was undertaken on the isolation of growth 
promoters and inhibitors in both the roots and young 
branch terminals. Since a number of phenolics have been 
identified as oo-factors for indolyl-3-acetic acid (LAA) 
oxidase!, a better understanding of the type of growth 
associated with citrus decline would involve information 
concerning possible changes in the phenolic constituents. 
Another reason for consideration is the participation, if 
any, of phenolics in host resistance either prior to or after 
pathogenesis. This portion of the investigation is oon- 
cerned with the extractian, chromatography and identifica- 
tion of the free and acid hydrolysable (bound) phenolics 
in the leaves and roots of 4 citrus cultivars. 

The citrus cultivars used in this investigation comprise 
two susceptable and two tolerant to R. similis. The sus- 
ceptible cultivars were Citrus paradisi Macf. var. ‘Duncan’ 
and O. limon Osbeck; the tolerant cultivars were C. 
sinensis Osbeok var. ‘Ridge Pineapple’, and ‘Milam’, a 
citrus hybrid of unknown parentage’. 

Freeh feeder roots and leaves from healthy, two-year-old 
greenhouse grown seedlings were used for extraction. 
100 g tissue was triturated in a Waring blender with hot 
95 per cent ethanol, boiled on a water bath for 1 h, and 
filtered hot through a smtered glass funnel. The solvent 
was removed under reduced pressure in a rotary film 
evaporator and the residue was triturated in a small 
quantity of hot water for subsequent free? and soid- 
hydrolysable‘ (bound) phenolic extraction. 

Two-dimensional ascending chromatography was em- 
ployed using Whatman No. 1 paper 22 om". Chromato- 
grams were spotted with the equivalent of 250-500 mg 
plant material. The first direction solvent system was 
benzene—acetic acid—water (125 : 72 : 8) v/v/v, equilibrated 
at least 5 h at 17? O prior to use. After drying overnight 
at 26° O, the second direction was developed in sodium 
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formate—formic acid—water (10:1: 200) w/v/v, at 26° C. 
Good resolution and excellent Ry reproducibility were 
-obteined with these solvents at these temperatures. 
Chromatograms were viewed with and without ammonium 
hydroxide vapours under ultra-violet light at 3660 A 
and at 2587 Further identification was obtained by 
2 diazo sprays, p-nitraniline and sulphanilic acid. The 
identity of the phenolic compound was confirmed by co- 
chromatography with authentic substances. 

Fifty-eight phenolics were found in the roots and leaves 
of the 4 citrus cultivars; 86 and 87 of these were found 
in the susceptible and 45 and 46 in the resistant cultivars. 
Twenty-six phenolics were identifled. Many of the un- 
identifled phenolics appeared on the chromatograms as 
small fluorescent spota and were considered as trace 
amounts (0-5 pg or leas). Seven of the unidentified 
phenolics were present in sufficient amounta (about 
10 ug or more) to warrant additional study and identifica- 
tion. The relative amounts of each of the phenolics 
identifled in the free and acid hydrolysed fraotions are 
shown in Table 1. In general, there were 2—3 times as 
many bound phenolics as free phenohos. Approximately 
the same number and kinds of bound phenolics were found 
in the leaves and roots of the 4 cultivars, but the quantities 
of the bound phenolics were greater in the roota than in 
the leaves. The free phenolics in the roots were also 
present in greater numbers and in larger amounts than 
in the leaves. 

Ferulic acid, sinapic acid, p-coumaric acid and p- 
hydroxybenzoio acid were present in large amounts in the 
acid-hydrolysed fraction of both roote and leaves. Um- 
belliferone and scopoletin were present in large amounta 
in roots and leaves of C. limon and C. paradisi and in 
the roota of C. sinensis and ‘Milam’. These 6 phenolics 
plus several closely related phenolics have been shown to 
influence certain physiological functions in plante, particu- 
larly as related to growth’, dormancy and photo-induc- 
tion’, and IAA oxidase activity!. 

Phloretin and esculetin were found only in the acid- 
hydrolysed fraction of C. limon leaves. This is the first 
reported occurrence of phloretin in citrus, although it was 


Table 1. RELATIVE AMOUNTS OF THE ACID-HYDROLYSED (A) AND FRES (F) PHENOLIOS IX THe LEAVES AND Boots OF FOUR OITRUB OULTIVARS 





Tolerant 
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Susceptible 
C. Hmon C paradisi 
Roots Leaves Roots Leaves 
A F A Fr A F A Fr 
3 1 3 1 1 
1 
1 1 2 1 2 
1 1 1 
2 2 1 2 1 1 1 
I 1 
1 
2 2 1 1 
2 1 1 1 
1 1 1 1 1 1 
1 1 
3 3 2 1 
1 3 1 1 2 1 
1 
2 2 1 1 
1 1 } 
2 2 1 2 1 2 1 
3 2 1 2 1 2 1 
1 
1 
1 
1 
1 
2 
| 4 5 4 7 3 4 5 4 1 
17 7 ?2 6 20 12 19 7 
! 

















* Relative amounts mdicated by numbers are’ 1 = 1-3 wg, 2 = 4-0 ng; 8 = 10-20 xg. 
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previously reported in AMieromelum Turez. 
which is in the citrus family, Rutaceae’. Esouletin 
appears to be a natural constituent and not likely to 
have been pre-formed from ots-caffeic acid during chroma- 
tography since even small amounta of the latter could not 

be detected in either the free or bound form*. This is 
also the first report of the occurrence of the hydroxy- 
benxoios in citrus, and with the exception of p-ooumario 
acid and sinapic acid, none of the cinnamio acids listed 
has been previously reported (Table 1). 

The identification of galangin is tentative since an 
unknown phenolic with an Ep close to galangin interfered 
with separation and identifloation. 
E A. W. FALDMAN 
R. W. HANXB8 


Citrus Experiment Station, 


PHYSIOLOGY 
An Effect of Sugars on Fluld Entry into 
Erythrocytes 


Waas human erythrocytes are suspended in a salt 
solution containing glucose, the sugar enters the cells and 
establishes an osmotic gradient across the oell membrane. 
Consequently water follows the glucose into the erythro- 
cytes, causing the cells to swell and ultimately to haemo- 
lyse. Some investigators!“ have used the rate of swelling 
or h is 48 & measure of rate of sugar entry into the 
cells, An example of the results obtamed by this method is 
shown in Fig. 1. Since the total osmolarity of the suspend- 

ing medium was not changed on addition of the sugar 
solider iv thi crates dis cleared haemolysis can 
be ascribed to sugar entry into the oells. However, the 
kmeti i opinna Or udi dare: spoina, es tau for 
we o that sugars &lso tend simultaneously to 
depreas the rate of ftuid. entry into the erythrocytes. 


NATURE 


August 28, 1965 von 207 


100 


This depreaeor effect could be demonstrated clearly 
when the osmotic gradient was established by lowering 
the osmolarity of the extracellular fluid (Fig. 2). An 
appreciable haemolysis occurred rapidly, as might be 

when l vol. of an suspension in 
0-15 M sodium chloride was mixed with 2 vol. of 0:05 M 
sodium chloride. An identical rate of haemolysis was 
obtained with lithium chloride, potassium chloride and 
caesium chloride. However, the addition of 2 vol. of 
sucrose solution of the same osmolarity did not produce 
haemolysis, while addition of glucose solutions delayed the 
onset of haemolysis quite markedly as compared with the 
results observed in hypotonic saline (Fig. 2). This delay in 
haemolysis increased as the concentration of glucose was 
increased. Haemolysis did oocur in the gluoose 
solutions, presumably because the glucose itself entered 
the cells in the same manner as illustrated by Fig. 1. 
Sugars whioh penetrated tbe cella most slowly produced 
the greatest delay in fluid entry under these conditions; 
thus the time to haemolysis in hypotonic media inoreased 
in the series arabinose, galactose, glucose, sorbose, 
sucrose. Further, the depression of fluid entry by glucose 
was much more marked with rat erythrocytes, which are 
reported to be leas permeeble to glucose’, than with 
human erythrocytes. 

Possibly the sugar molecules are adsorbed on to the 
erythrocyte membrane and thus block the entry of water 
through water-filled pores in the membrane. This hypo- 
thesis is supported by the results obtamed with phloretm. 
Phloretin, which has often been used as a specific inhibitor 
of entry of glucose into erythrocytes, is known to be 
strongly adsorbed on to the membrane’. We 
observed that 0-08 mM phloretm not only delayed haemo- 

in the presence of glucose, as but also 

yed haemolysis in hypotonic sodium chloride solution. 
Apparently phloretin, too, interfered with the entry of 
water into the ogure to X-radistion in 
doses above 1 krad, on the other hand, seemed to facilitate 
glucose and fluid entry into human erythrocytes, but the 
mechaniam of this effect requires further study.) f 

The foregoing resulta that extreme caution 
should be exercised in the interpretation of results where 
cell swelling or time of haemolyais is used as & measure of 
the rate of sugar entry mto erythrocytes. Several authors 
have, for example, reported that the permeability oon- 
stant for glucose decreases with increeaing glucose oon- 
These results could simply be due to a 
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depression of the rate of fluid entry at high concentrations 
of sugar. 
A. D. PERRIS 
D. K. Myurs 
Biology Branoh, 
Atomic Energy of Canada, Ltd., 
Ohalk River, Ontario. 


1 Bang, O , and £rakov, 8. L., J. Clin. Invest., 18, 270 (1987). 

* LeFevre, P. G., J Gen. Physiol , 31, 505 (1918). 

1 Wyddas, W. F., J Physiol , 185, 163 (1064). 

+ Wilbrandt, W , J. Cell and Comp. Physiol, £7, 137 (1056). 

! Hober, R , Physical Chemistry of Ocils and Tissues (Philadelphia, 1045). 
* LeFevre, P. G , and Marshall, J. K , J. hol. Chem., $34, 3022 (1959) 


Cardiovascular and Metabolic Effects of Adenosine 
3',5'-Monophosphate in vivo 


CATECHOLAMINES &ctivate the enzyme, adenyl cyclase, 
which forms cyclic adenosine 3',5'-monophoephate (3’,5’- 
AMP) in a variety of animal tissues’. This reaction 
system has been thought to oontrol several metabolic 
processes, including glycogenolysis, steroidogenesis, keto- 
genesis, lipolysis and antidiureeis!-*. The positive ino- 
tropic and chronotropic effects of catecholamines on the 
heart are generally attributed to catechol interaction with 
the beta io receptor site. Rall and Sutherland? 
and Mayer e al." have proposed that 3’,5’-AMP might 
directly affect cardiac beta receptors by mediating 
hormone-induced changes in contractile force without 
necessarily involving glycogenolysis. During the course 
of investigations in the isolated perfused rat liver, 3’,5’- 
AMP was observed to induce delayed vasomotor changes 
unrelated to ite glyoogenolytio &otion!*. This 
that 8/,5'-AMP might have a direct vascular effect on 
smooth muscle. Although 3’,5’-AMP produces hypergly- 
casmia in intact animalsi!9-!3, correlation of its meta- 
bolic action with possible regulataon of cardiac activity 
has not been previously investigated. 

Prior to the use of 8/,5/-AMP in humans, toxicological 
investigations were carried out in 59 male Sprague— 
Dawley rata (250 g), 66 adrenalectomized male rate of the 
same strain, 12 guinea-pigs, 59 New Zealand rabbits and 
27 adult mongrel dogs followmg single intravenous or 
intracardiac doses of 3’,5’-AMP (4-100 mg/kg). No 
anaphylactic or adverse clmical reactions were observed. 
After the safety of the cyclic nucleotide was established 
in animals, metabolic and cardiovascular responses were 
also investigated ın 14 male and six female human volun- 
teers. 

Animals and humans either received food as demred or 
were kept fasting for 12-36 h. Blood glucose was determ- 
ined after deproteiniration by the glucose oxidation 
procedure of Cawley et al.'*. Plasma non-esterifled fatty 
acids (FFA) were measured by the method of Dole”. 
Plasma cortisol was estimated aa Porter-Silber chromogens 
by the method of Peterson e al.1*. Plasma osmolarity 
was determined by freexing-point depression with the use 
of a Fiske oamometer. AU blood samples in the rata and 
rabbits were determined at either 10 or 20 min after 
injection of 3’,5’-AMP. Detailed haemodynamic measure- 
ments were performed m dogs and humans. Dogs were 
pre with catheters chronically implanted in the right 
atrium and sortic arch. All measurements in the dogs 
were made with the animal lying unrestrained, and 
determinations of cardiac output, heart rate, and mean 
blood pressure were recorded. 3’,5’-AMP (4-8 mg/kg) 
vui id ap es ea do EE UO 
right ventricle, during cardiac catheterization, to eight 
human volunteers, by rapid intravenous injection to 
seven subjecta, and by constant intravenous infusion 
to five others, at the rate of 0-5 mg/kg/min for a period 
of 1-2 h. The oyclio nucleotide was p as a fresh 
solution, diluted in saline, adjusted to a pH of 7-40, and, 
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in the case of human experiments, filtered through 4 
monomolecular ‘Millipore’ filter prior to use. All the 
animals and humans who received food ad lib. domon- 
strated hyperglycaemia, but there was considerable 
variation and marked species differences in the FFA 
response. Table 1 summarizes experiments ın the non- 
fasted state in which glucose and FFA were gimultanoously 
determined. 


Table 1. HrrxoT or $,5-AMP ox BLOOD GLUOOBRN AND FFA 
ue Heed. oe. m equ.) 
Speclest No. li m equiv 
t exps. To Response] P< In Responsot P< 


Rat 14 107414 172446 00001 53211839 8801614 m 
Adrenaleo- 

tomlsed 

rat 15 1184138 1607+52 0005 418+137 6414270 0 025 
Rabbit 16 92124 165410 0025 8831152 80510654 ns 
Dog ?4 85:135 118115 0001 880+460 5009+288 0005 
Man 9 98:12 18%+14 0025 5061304 7571408 rns 


* Results are the means + standard deviation 
+ Rata were anassthotxed with ether anaesthesia while rabbits, dogs, and 
unanaesthetixed. 


humans were 
f Response obeervations re after mongio intravenous 


represent maximal values 
or intracardiac administration of 3’,5’-AMP (4-12 mg/kg). 


In 27 fed and fasted dogs, following single intracardiac 
doses of 8’,5’-AMP (4-8 mg/kg), heart rate incroased within 
seconds. "Maximal mean increage in cardiac rate (+57 
per cent) and cardiac output (+43 per cent) ocourred at 
2 and 5 min, ively. These effects were statistically 

igni t (P<0- 001). Cardiogooeleration remained 
significant for 15 min (P «0-025). There was a transient 
decrease in mean blood pressure, which was statistically 
significant only during the first 3 min after 3’,5’-AMP 
administration (P<0-001). Calculated total peripheral 
registanoe waa 8i tly diminighed at 5 min (P < 0-001) 
and at 15 min (P « 0-010). There were no significant 
changes in stroke volume or mean pulse pressure. Mean 
glucose increased to a maximum at 7 min (+45 per cent) 
and then decreased at 10 min (+ 89 per cent), and 15 min 
(+24 per cent). As glucose increased, FFA progressively 
decreased to a maximum at 15 min (— 46 per cent). From 
the time relationships of the maximal changes 1n. glucose 
and FFA in dogs, it appears that the decrease in FFA 
is causally related to the 3',5'-AMP-induoed hyper- 
glycaemia. No significant cardiac or metabolic changes 
followed administration of saline or 2’,8’-AMP, 5’-AMP, 
and ATP, which were given in doses equimolar with 3’,5’- 
AMP. Pnor treatment with the bete adrenergic blocking 
agent, propanolol, at dosages of 0-1—0-5 mg/kg, produced & 
moderate decrease in heart rate, but no biochemical 
alterations. Pre-treatment with propanolol failed to 
prevent the cardiac and biochemical responses to 3’,5’- 
AMP, ing that 3’,6’-AMP does not act directly on 
beta rs in order to elicit ita action. 

Following rapid intravenous or intracardiac administra- 
tion of 3’,5’-AMP to 15 human subjecta, cardiac rate 
increased within seconds. The maximal increase in heart 
rate averaged 40 per cent above control values (P < 0-005) 
at 5 min. Tachycardia persisted for 15 min. Cardiac 
output, in the eight subjecta studied during cardiac 
catheterization, increased to a mean of 44 per cent (P< 
0-025), and total peripheral resistance decreased to a mean 
of 84 per cent (P < 0-005) 5 min after 3’,5’ -AMP injeotion. 
There were no t changes in stroke volume, 
systolic or diastolic blood pressure. In those subjects 
who received a constant infusion of 8’,5’-AMP, blood 
preesure promptly increased an average of 22 per cent 
above initial values and remained elevated throughout 
the period of infusion, associated with cardicacceleration 
(+20 per cent). Hyperglycaemia was consistently 
observed in all 20 subjects with a maximal mean increase 

10 min after 3’,5’-AMP administration. FFA response 
was variable. Plasma cortisol determinations, obtained 
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on the day p the infusion experiments, decreased 
in all five subjects. the following day, when 8’,5’-AMP 
was given as & constant infusion, plasma cortisol rose 
from an initial mean value of 11-7 + 8:5 ug/100 ml. to 
24-6 + 9-0 ug/100 ml. (P « 0-025) at the end of the infusion. 
In 15 acute injection i ta plasma cortisol signifi- 
cantly increased in six (P « 0-025), remained unchanged 
in seven, and decreased in two. There were no significant 
changes in plasma osmolarity ın any subject. No electro- 
cardi phic abnormalities or arrhythmias followed 
administration of the nucleotide in humans or dogs. 
Several clinical side-reactions to 8’,5’-AMP were observed 
in all five subjecta receiving a constant mfumon and in 
four others who received & single dose of nucleotide. These 
included abdominal pain in eight, headache in seven, 
nausea in four, fatigue in four, sweating in three, testicular 
pain in three, vomiting in two, tenesmus in two, and 
oon, suffusion in two. 

The results of this investigation indicate that 3’,5’-AMP 
penetrates intact oell membranes in signifloant concentra- 
tion to regulate intracellular metabolic eventa, as reflected 
by glyoogenolyais, steroidogenesis and ly lipid 
homoeostasis. Experimente in the isola perfused rat 
heart have shown that epinephrinerapidly increases cardiac 
8’,5’-AMP and phosphorylase content associated with a 
positive inotropic effect". The actions of 3’,5’-AMP 
to increase the output and rate of the heart in vico lend 
support to the hypothesis obtained from + vitro data that 
3,5 -AMP may represent the biochemical basis for the 
myocardial reeponse to catecholamines. These results 
give no conclusive indication of a positive effect on myo- 
cardial contractility (inotropic action) since direct measure- 
ments of myocardial contractile force wero not performed. 
From the time sequences of the peak responses of heart 
rate and blood gluooee to the oyolio nucleotide, it would 
appear that the prompt cardiovascular actions were 
independent of the observed delayed hyperglycaemia. 

We thank Dr. Dalton Jenkins, University of Colorado 
School of Medicine, for the plasma cortisol determinations 
and Drs. Robert B. Franklin and Leon M. Dixon, Oerdio- 
logy Service, Fitzsimons General Hospital, for the cardiac 
catheterization investigations on humans. 3’,6’-AMP was 
provided by Schwarz BioResearch, Inc., Orangeburg, 
New York. 
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Hormona! Regulation of Cardiac Muscle 
Citrate 


A OONBIDERABLE amount of evidence indicates that 


phosphofructokinase (PFK) is of importance in regulating - 


the rate of glyoolysis in & number of tissue. In turn, 
glucose-6-phosphate, which accumulates when PFK is in- 
hibited, has an inhibitory effect on the phosphorylation 
of glucose’. Thus, alterations of PFK activity may have 
a significant influenoe on carbohydrate utilization. In 
vitro, the activity of PFK may be altered by a multiplicity 
of factors’-*, some inhibitory and others stimulatory. One 
of the inhibitory substances is citr&te*-U, and somo evi- 
dence that citrate may be an inhibitor in vivo derives from 
the observation that citrate is elevated and PFK activity 
is depressed in hearts of diabetic rete and in normal hearta 
perfused with fatty acids*. Likewise, in hearts exposed 
to fluoroacetate, in which citrate rises to high levels, there 
is an inhibition of PFK". 

Hypophysectomy has long been known to alleviate 
certain of the metabolic disturbances of diabetes, and in 
perfused hearts from diabetic animals the slow rate of 
glucose phosphorylation is greatly improved when the 
donor animals have also been hypophysectomirzed!*. If 
— is in part responsible for inhibited PFK activity 

and depressed glucose phosphorylation in cardiac muscle 
of diabetic animals, the citrate-level should return toward 
normal after the pituitary is removed. Likewise, adrenal 
cortical hormones are known to aggravate diabetes; thus 
it might be expected that citrate would be elevated in 
animals treated with these hormones. The present data 
Bhów that the level of heart muscle citrate follows these 
expectations. 

Male rate, fed ad libitum, were used as the source of 
tissue in all the experiments. The animals were anaesthe- 
tized with sodium pentobarbital and the hearts were 
exposed and frozen in situ between blocks of aluminium 
previously cooled in liquid nitrogen. In some cases the 
hearta were quickly excised and then frozen by the same 
method. No difference was found between the two methods 
and the results have been pooled. 

- Normal and hypophysectomired rate were made diabetic 
by injection of alloxan at & dosage of 60 mg/kg adminis- 
tered intravenously. The serum gincose was in excess of 
500 mg/100 ml. serum in all animals given alloxan. The 
hearts were removed 48 h after the alloxan injection, 
powdered in & stainless steel mortar at liquid nitrogen 
temperature, extracted in 10 per cent trichloroacetic acid 
and assayed for citrate by the pentobromoaoetone 
method". 

The resulta are presented in Table 1, and, as reported 
previously’, citrate was elevated in the heart muscle of 
diabetic rete. Hypophyseotomy of non-diabetio rate 
caused some decrease in the citrate concentration, and in 
diabetic animals hypophysectomy resulted in citrate-levels 
intermediate between those found in hearts of normal and 
diabetic rata. When growth hormone and hydrocortisone 
were injected into hypophysectomized-diabetic rata the 
citrate-level waa signifloantly elevated beyond that found 
in heerte from diabetic animals. Likewise, when normal 
animals were injected with growth hormone and hydro- 
cortisone there was a small increase in heart muscle 
citrate. Presumably, in the intact animal any large incre- 
ment in citrate would be prevented by insulin secretion. 
Insulin previously has been shown to reverse the elevated 
citrate values in heart muscle of diabetic rate’, and the 
effect is also shown in hypophysectomized animals, which 
are more sensitive to insulin, in the present date. 

The resulta suggest that diabetes, growth hormone and 
adrenal cortical hormones may exert & part of their inhibi- 
tory effect on glucose phosphorylation via a depression in 
PFK activity brought about by an elevation of tissue 
citrate. The hormonal effecta on citrate may, in turn, be 
mediated through alterations in the level of plasma free 
fatty acids (FFA). The various endocrine conditions 
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Table 1. BFFAOT oF ÜHEYNRAL HKDOCRIKR COXDITIONS ON THE LEVEL OF 
CAXDIAO MUSOLE OFTRATR IK MALE RATS 
Cardiac muscle ottrate 
Condition Lamokesjg dry wt.) 
Untreated 241017001 
Alloxan* 5-14 0-34 (15) 
Hypoplrysectomi sed 1720-14 (10) 
es 31r02 (16) 
aa n 
pius tnsultnt 08+ 0 06 (4) 
pius GH and AOHT 8040-4 (18) 
Intact 
. plus GH and AGH}: 3-610-29 (6) 


* Alloxan was injected at a dosage of 60 mg/kg, intravenously, 48 h before 
the hearts were removed. 


+ Protamtne-xtno Inulin, 3 units, suboutansously, 24 and 12 h before killing. 
Growth hormone, 1 mg/kg, , 2nd Drürontdanne, 35 
mg/h, rabon ameta and Tas half dosage levels 
Growth , » toneally, 48, 86, 24, 12 and 6 h befi 

H e U tige eaboctaontony, 18, 38 and M4 Dy and 
14-5 mg/kg at 12 and 6 h before 


| Btandard error of the mean. 
qMumber of antmals in each group. 


acid cycle. Rather, there is an overall increase in the level 
of the cycle intermediates. Whether there is also an altera- 
tion in the rate at which the cycle operates has not been 
determined. 

This work was supported in part by a t from the 
American Heart Association. One of us (R. H. B.) is an 
Established Investigator of the American Heart Asocia- 
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lodine-125-labelled L Chains of Human 
Blood Group Antibodies 


Cohen and Porter! have demonstrated that the light 
(L) chains of human IgG globulins can be separated into 
ten subfractions by staroh-gel electrophoresis. They also 
showed that the L chains of guinea-pig anti-ovalbumin 
and anti-(bovine serum albumin) separated into ten sub- 
fractions, but the intensity of the staming of the bands 
differed from each other and from those of L chains ob- 
tained from IgG globulins. The work presented here is 
concerned with the distribution of ‘I-labelled L chains 
of human antibody among the ten subfractions. 

L chains were prepared from three different sources by 
the method of Fleischman, Pain and Porter*. (1) I- 
labelled L chains were isolated from six different examples 
of purified I-labeled anti-D and from two different 
anti-c antibodies; these antibodies were obtained from 
women who had given birth to a child with haemolytio 
disease. Purified I-labelled antibodies were obtained by 
a method previously described’; at least 90 per cent of 
the iodine-125 in the final preparation represented active 
antibody. Approximately 20 ug of 1I-labelled antibody 
was added to 50 mg of unla pooled IgG globulin 
before isolation of the L chains. (2) “*I-labelled L chains 
were isolated from IgG globulin obtained from each of the 
ore after absorption of the antibody ; 20 yg of 

-labelled IgG globulin were added to 50 mg - 
IgG globulin before isolation of the L 
chains. prepared from 50 mg of pooled 
IgG globulin, all of which had been labelled with iodine-125 
prior to isolation of the L chains. The ratio of the optical 
densities at 280 my of the solutions of separated H and L 
chains was approximately 75/25 and the ratio of the 
iodine-125 content in each was approximately 85/15. The 
iodine/protein ratio was approximately 2/1 (atoms/ 
molecule) except in the case of the pooled IgG globulin 
where it was 6/1. All preparations of L chains were 
subjected to starch-gel electrophoresis! at pH 9-0. Follow- 
ing electrophoresis, the surface of the gel was stained and 
the distribution of the stained bands was recorded. The 
distribution of iodine-125 was then determined by cutting 
the gel into 2-mm sections and estimating tho radio- 
active content of each section. 

A comparison was made between the electrophoretic 
mobility of I-labeled L chains (preparation 8) and 
unlabelled L chains obtained from pooled IgG globulin. 
On staining the starch gel, the ™I-labelled L chains 
showed ten ‘major’ bands which ran in the same position 
as the L chains obtained from unlabelled IgG globulin. 
However, between the ‘major’ bands there were leem- 
intensely staining ‘minor’ bands which were not present 
in the unlabelled Z chains. These ‘minor’ bands had 
moved further towards the positive pole than their 
corresponding ‘major’ components. The iodine-125 was 
found to be distributed in ten ' of activity, each 
peak corresponding to the ‘minor’ bands seen on staining 
(Fig. 1). These results suggest that not all the L chains 
are labelled with iodine and those chains that are labelled 
are more ive than the unlabelled chains. 
Failure to label all the chains may be due to inadequate 
mixing of iodine-125 and protein during the labelling 

or may be due to heterogeneity of L chains, not 
all of which may have ine available for labelling. 
The increased electronegativity of the labelled L chains 
may be related to the presence of di-iodotyrosine in the 
peptide chains. The pK (OH) value of L-tyrosine is 10-07, 
whereas the corresponding value of di-iodo-l-tyrosine is 
6-48 (ref. 4). 

The distribution of the ™I-labelled L chains (prepara- 
tion type 2) obtained from the IgG globulin isolated from 
each of the eight antisera was closely similar to the 
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“itabetted B] ABI A020 AA AAA 


125, 
distributlon 
Fig. 1. 8 re ee ect ae eae I obatna. 
The upper shows the position af the stamed bands (amido- } 
and the lower shows the distribution of fodine-125. The 
blocks represent ‘major’ bands and the unshaded blocks the 1T. 


D D 
1 w 1 N 1 0 
D D D 
1 0 1 7061 0 
i c 
1 n 1 10 
Fig. 2 of *™T-labelled L chains 
from six anti-D (labelled D) and two anti-o (labelled o) antibodies 
The give the fon of lodine-125 found in 
each of ten subfractions, 


The numbering of the bands is that 
used by Ooben and Porter (ref. 1) 


distribution of the L chams from pooled ™J-labelled 
Y-globulin (preparation 8). 

The distribution of ***T-]abelled chains from the purified 
antabodies paration type 1) differed from dl other 
and from those obtained from IgG globulin from the 
respective antisera (Fig. 2). The minimum number of 
15T-peaka seen in each example was four and the maximum 
nine. Three preparations of anti-D had more than 50 per 
cent of the *I-labelled L chains in peak 3, but the distribu- 
tion. among the smaller peaks was different in each of these 
examples. 

The rate of dissociation of the antibody from red ocells 
was determined for each antabody*, and all were found to 
be heterogeneous with respect to their rate constants for 
dissociation. One of the anti-D antibodies was separated 
^ by differential dissociation into two fractions, one of the 
fractions having & high and the other a low average rate 
constant for dissociation. The electrophoretic distribution 
(alkaline gterch-gel) of the ™I-labelled L chains from each 
fraction was found to be identical. 

Althi jodination of L chains is unsstisfactory asa & 
method of trace-labelling owing to the alteration in electro- 
phoretio mobility which it produces, these resulta suggest 
that the antibody molecules of a given specificity from 
different donors are heterogeneous with respect to the 
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type of L chains. As IgG globulin molecules each contain 
only two L chains, the finding that there were between 
four and nine different types of L chains present in the 
antibodies investigated here suggesta that there is also 
heterogeneity of the structure of antibody molecules 
within any particular antiserum. 
N. C. Hvauzs-Joxgs 
Wright—Fleming Institute of Microbiology, 
St. Mary's Hospital Medical School, 
London, W.2. 
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Ultra-violet Absorption Spectra of Haemo- 
globins from Various Vertebrates 


Ir is well known that the various vertebrate haemo- 
globins as well as the individual varianta of adult human 
haemoglobin (Hb A) may be readily distinguished by their 
different mobility in electrophoresis, adsorbability and 
stability to thermal denaturation. A possibility of 
identification, particularly in abnormal haemoglobins, 
is offered by recombination analysis and, finally, by the 
determination of the ammo-acid composition and sequence. 
We found the ultra-violet spectrum as recorded between 
89,000 and 34,000 am-* provided a very simple additional 
means of differentiation. Little information oan be 
obtained from the literature! Hb F (foetal human 
haemoglobin) may be recognized from ita well-distinguish- 
able tryptophan band at 34,400 om-!, and Matauda* 
directed attention to the absorption differences between 
the human «-, 8- and y-ohains. If the ultra-violet spectrum 
is recorded at high resolution using an appropriate haemo- 
globin derivate, however, many more differentiated 
results may be achieved. 

Btroma-free haemolysates of red cells, the haemoglobin 
of which had been oxidized with sodium nitrite and 
afterwards washed free of plasma and nitrite, served as 
basic product for the methaemogiobin (Hb(8)) spectrum 
which 18 particularly suited for an analyms in the absorp- 
tion region between 34,000 am-! and 99,000 cm-t. We 
generally used haemoglobin at a concentration of about 
5 x 10-* val/L Hb. The concentration was determined 
by means of the cyanmethasmoglobin absorption at 
540 nm. The measurement was carried out with the 
recording spectrophotometer Unicam SP 700 using the 
minimum possible slit width. Some resulta of the measure- 
menta are given in Figs. la and b. 

Each haemoglobin exhibits a specific course of absorp- 
tion which permits it to be readily identified. This identi- 
fication may be considerably improved by recording a 
difference spectrum versus s standard haemoglobin. 

In the spectral range investigated, it is, in general, 
phenylalanine, tyrosine and tryptophan which are respons- 

Table 1 


Phenyl- 
alanine — 42,120 41,180 40,590 30,610 38,720 38,200" 87,840 87,880 
Hb(8) A — — — — $8,510 88,000 87,080 87,100 
Frequenpgy — — — — 110 200 210 280 
* This band appears only as a shoukler in the pH region >10. 
Table 3 
Bam cms Bei Our 
llama 155 115 1348 
1515 1:13 1-342 
Rafo 1-488 1:18 1314 
-Hb A 1 467 1-12 1 300 
Rat 1 508 DE re 
Guinea. 1:52 1 
Goose Ps 168 1:313 1-28 
We 142 111 1:318 
1-40 1-105 1-267 
H F 166 1232 1-258 
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in 


ible for the maximum 1n the range discussed. Identifica- 
tion of the individual bands observed, with the corre- 
sponding amino-acids 1s feasible. On various other pro- 
(ribonuclease, lysozyme, pepsinogen and pepsin, 
chymotrypsin, various albumins) attempts are made to 
draw conclusions from the location and the height of the 
bands, particularly in the case of tyrosine, about the 
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incorporation of the phenol ring of the tyrosine into 
secondary bindings within the protein'*-*. Tt is certainly 
i t that under our conditions the fine structure of 
the phenylalanine band becomes accessible because, 1n 
this cage, the theoretical interpretation of the effects 
observed is easier than in the case of tyrosine. Table l 
indicates the ahift of the phenylalanine bands in the protein 
relative to their position in & corresponding amino-acid 
mixture (the values were taken from a difference spectrum 
of human Hb(3) versus an amino-acid mixture free of 
phenylalanine). 

The frequency change by about 200 cm-, with the band 
fine structure maintained, appears to be clear. It demands 
further investigation, as does the attempt to determine 
the content of aromatic amino-acids directly by the 
modified method of Benoze and Schmid’. The latter 
method is not directly applicable, as the haem also oon- 
tribute to the total absorption in the spectral range 
examined (Table 2 and Fig. 2). 
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Anti-cerebroside Antibodies In Cerebrospinal 
Fluid of Rabbits with Experimental 
‘Allergic’ Encephalomyelitis 

Iw the course of experimental ‘allergic’ encephalomye- 
litia (EAE), and after injection of brain emulsions, rabbite 
produce antibodies against oerebroaide'-*. These anti- 
bodies are demonstrable by the complement-fixation test 
as well as by the agar-gel precipitation test, when emul- 
sions of oerebroside and the auxiliary lipids, cholesterol 
and lecithin (CCL), or emulsions of ethanolic extracts from 
spinal cord, are employed as antigans'. By ultracentri- 
fugation and immunoelectrophoresis we were able to 
identify these antibodies as y; (19S) and y, (7S) globu- 
lins**. The role of these antibodies in the pathogenesis of 
EAE is not at all clear*. It seemed of interest, therefore, 
to examine whether anti-cerebroside antibodies are also 
present in cerebrospinal fluid (CSF) of rabbits with EAE, 
and to ascertain to which varisty of globulin they belong. 

Rabbits inoculated intradermally with emulsions of 
homologous spinal cord incorporated in complete Freund’s 
adjuvant showed severe clinical symptoms of EAE approx- 
mmately 10-12 days after injection. These animals were 
killed in the tetraplegic state and CSF was carefully 
withdrawn from the cisterna cerebello-medullaris after 
complete exsanguination of the animals. Samples with 
erythrocyte contamination were discarded. Complement- 
fixation testa were dope as formerly described at 37° C for 
both phases of the reaction’. The antigens used were 
emulsions of CCL and of ethanolic extracta from bovine 
spinal cord. For immunoeleotrophoretio examination 
CSF samples were concentrated according to the method 
of Miee*. 12 ul. of the different CSF pools were electro- 
phoretically separated (200 V, 90 min)’. CCL emulsion 
was allowed to diffuse from the middle channel against 
the CSF protein fractions. In 8 out of 12 cases equal 
volumes of the corresponding serum pools were tested on 
the same slides for comparison. 
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Table 1. 
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Antigens apphed: OOL emulsion and emulsion of ethanolic extracts from spinal cord (sp.c.); n.t. =not tested. 


The protein content of the CSF specimens ranged 
between 200 and 400 mg per 100 ml., as evaluated by 
different pools of CSF samples”. The normomastix curve 
ppan Up in tha middle regiam In the complement- 

fixation test we obtained positive resulta in 8 CSF samples 

out of 12 pools tested, which were collected from 80 
rabbits with acute EAE. The titres ranged between 1/2 
and 1/128. Both an applied showed about the same 
reactivity (Table 1). unoeleotrophoretic examination 
of the samples showed precipitation in 9 out of 12 cases 
in the y, (78) globular region. Three of the positive 
le precipitated in the y, as well as in the vy, 

Sie pedi ah The results of. the immunoelectrophoretio 
investigations are summarized in Table 1 and Fi . la-e. 
Control experiments with CSF and serum pools wn 
from healthy animals gave negative resulta Shronghopnt 


-with both antigens applied. 


Similar ta concerning the demonstration of 
camplement- antibodies directed against ethanolic 
extracts from rabbit brain were performed by Frick and 
Scheid-Seydel" in 1962. In examining CSF of 
rabbits with EAE, the authors were able to onstrate 
anti-myelin antibodies only in one sample out of 16 tested. 
It may well be, however, that the discrepancies between 
Frick’s resulta and our own are due to differences in the 
sensitivity of the complement-fixation technique applied. 
It should be streesed that the number of sensitized ery- 
throoytos in the haemolytic system has a great influence 
on the threshold of sensibility and thereby on the height 
of antibody titre!*, in the sense that a higher sensitivity 
is achieved by applying small amounts of erythrocytes. 


Fig i. 
secun 
Tight 


“Anode above, 
: &, No 0; b, 
: COL 


ght eds OBE pool 
No. 8 , No. rer 


on from mobile with EAE. 
: serum 
Table 1; middie 


It is conceivable that the antibody content in CSF is the 
result of a breakdown of the so-called blood-brain barrier. 
It would be interesting to see whether these antibodies 
enter the CSF spaces before any histological alterations 
typical for EAE are observed, and which type of antibody 
can primarily be demonstrated. As & contribution to ths 
barrier problem in EAE, time course studies should be 
performed to find out whether 7S-antibodies are present 
in CSF earlier than 19S-type antibodies. 

We thank Miss Barbara Hansen and Miss Dorothea 
Rothe for assistance. 
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HISTOCHEMISTRY 


Oxidation of L-Ascorbic Acid Cells of 
Carcinoma of the Human Cervix 
THs increased activity of pentoee-ahunt dehydrogenases, 
which had been demonstrated histochemically in canoers!, 
has been partly confirmed by biochemical investigations 
ın carcinoma of the cervix in that the cells of the vaginal 
secretion gave high values for 6-phosphogluconate de- 
hydrogenase’. Since this is said to be an oxidative path- 
way’, attempts were made to test if a concomitant rise 
in cytochrome oxidase activity could be demonstrated. 
This was done histochemically, to avoid dilution of active 
cancer tissue by inactive or necrotic tissue and by stroma. 
A more intense and t histochemical procedure 
for oxidase’ was applied to soi: L 
eight apparently normal cervices, three apparently normal 
endometria, ten primary carcinomate of the cervix and 
seven other oarcinomata of the genital tract. The tissues’ 
were removed at operation and were frozen and sectioned 
by a controlled temperature freeze-sectioning method*§, 


fh 


No 8000 August 28, 1965 


The cytochrome oxidase-levela were not elevated in the 
cancers; in some they seemed somewhat depressed. 

An attempt has therefore been made to teet whether 
some system other than that involving cytochrome 
oxidase, but which also may be capable of reacting directly 
with oxygen, might show the expected increase in activity. 
Since it is known that the metabolism of some tissues can 
alter from one using oxidase to one dependent 
apparently on ascorbic acid*, it was decided to test whether 
changes in the ability to oxidize vitamin C occurred in 
these malignant cells. 

Freeh unfixed frozen sections were incubated for 2 h 
in a medium containing 0-05 per cent neotetrazolium; 
0-05 M r-ascorbio acid; 0-1 M sodium azide in 1 M iris- 
buffer. Although the pH of the buffer began at 7:6, the 
pH of the final mixture, once the ognstituents were dis- 
solved, was pH 5-5. In all the experiments, the pH of the 
incubation medium was measured immediately before 
use. The medium was added as & drop covering the section, 
incubation being in a humidity chamber at 97? O. By 
this procedure, the sections from histologically normal 
cervices showed only very weak reactions, almost exclu- 
sively in the basal cells, whereas those from the primary 
carcinomate of the cervix gave strong to intense deposition 
of the formazan. It was noteworthy that the cancers 
produced a clearly stronger reaction in each ocell than did 
the basal cells of relatively normal or even slightly hyper- 
plastio tissue. 

This reaction occurred only with the r- and not the 
p-isomer. It was not given if catechol or phenol were 
substituted for ascorbic acid in equimolar concentration, 
nor was it given in the absence of L-asoorbio acid. It was 
lost if the tissue was stored for longer than 4 days at 
— 70° C. The reaction was totally dependent on the pre- 
sence of a high concentration of azide, being abolished 
if the concentration was reduced to 10-* M. The addition 
of potassium cyanide, from 10-* to 10-* M, appeared to 
have no effect; nor could cyanide take the place of azide 
in the normal incubation medium. In the absence of 
aride, no reaction was obtained until the pH was raised to 
more than pH 7:0; beyond this value, up to pH 8-5, the 
amount of formazan deposited increased with the increas- 
ing pH of the solution. The response of the tissue at the 
alkaline range was unaffected by the presence of azide. 

Similar, albeit very much weaker, reactions have been 
obtained with sections of rat liver. The response at the 
alkaline range was not affected appreciably even when the 
tissue had been previously immersed in boiling water 
for 10 mm. In contrast, the reaction at the acidic pH 
values was destroyed by this treatment; it showed optimal 
activity at pH values of 5-5 or 6:0, being obviously weaker 
at pH 6:5 and 5:0. In later experimenta it has been 
found that the reaction at the acidic pH is readily inhibited 
by oxygen. 

Consequently, sections of carcinoma of the cervix were 
incubated in the normal medium in Coplin jars. In some 
either oxygen or nitrogen had been bubbled through the 
medium for 10 min prior to immersing the slides. Only & 
very weak reaction was obtained after oxygenation, and 
this was completely suppressed when oxygen was passed 
through the medium also during the incubation. Con- 
versely, enhanced reactions were obtained after the pre- 
liminary treatment with nitrogen, and these were further 
enhanced when nitrogen was passed through the medium 
continuously durmg the incubation. 

Thus it has been shown that the samples of carcinoma 
of the cervix studied had a very enhanced ability to reduce 
neotetrazolium to its formazan in the presence of L- 
&soorbie acid in acidic solution. The inhibition of this 
reaction by oxygen suggests that the nootetrazolium is 
replacing atmospheric oxygen in the oxidation of the 
ascorbic acid, very much as does methylene blue in the 
conventional biochemical test for oxidases’. That this 
oxidation is probably enzymatic, in the range of pH values 
of 4-7, is indicated by the following: first, that it shows 
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distinct optimal activity at about pH 5-5; secondly, that 
the activity diminishes with storage, as do the aotavities 
of many studied in tissues frozen in this manner; 
thirdly, that the aotivity is destroyed completely by 
boiling the sections; fourthly, that it depends on the 
of the L-isomer. 

One of the prime difficulties of detecting canoer at an 
early stage has been the fact that the biochemistry of 

i is characteristically that of los of apparent 
chemical activity rather than gain of distinctive proper- 
ties. The discovery of enhanced pentose-shunt mets- 
bolism! has already yielded promise that the increased 
activity may be used for the early detection of certain 
cancers’. It is poasible that the establishment of further 
chemical activities which can be used to characterize 
malignant growths may assist the early diagnosis of this 
disease. 
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PATHOLOGY 


Attempt to influence the Increased Solubility 
of Collagen in Lathyrism by Hydrocortisone 


ADMINISTRATION of lathyrogenic agents to growing 
animals induoes & variety of connective tissue malforma- 
tions such as exostoses, hernias and aneuryams. Some 
authors claim that it is possible to suppreas these malfor- 
mations of lathyriam by treatment with oortiooids, thy- 
roxine and some antirheumatic drugs’. The basic defect 
of connective tissue in lathyrism is the alteration of the 
molecular aggregation of collagen, resulting in increased 
solubility in acid or neutral salt solutions‘. In this study 
an attempt was undertaken to influence the increased 
solubility of collagen in lathyriam by treatment with 
hydrocortisone. 

For this reason experimental lathyriam was in 
two groups of young rats (initial weight 30 g) by the 
administration of 60 per cent concentration of sweet-pea 
seeds (Lathyrus odoraius) in the diet for 80 days. One of 
these was treated with hydrocortisone intramuscu- 
larly in daily doves of 10 mg/kg. These animals were com- 

with another two groups of normal rata, one of 
which was treated with hydrocortisone in & similar manner. 
The extent of bone changes was checked histologically— 
the results will be published elsewhere. After 30 days the 
animals were killed and the dorsal skin was removed, 
depilated and cut with scissors. In a portion of the tissue 
the 0-14 M sodium chloride-soluble collagen hydroxypro- 
Ime was estimated after 24 h extraction at 2° C with 
occasional vigorous shaking. Dialysable hydroxyproline 
was assessed after dialysis of a part of this extract against 
water for 24 h at 2° O; a membrane supplied by Kalle 
AG., Wiesbaden, was used. Another part of the tissue 
was extracted with 0-5 M acetic acid for the estimation of 
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acid-soluble hydroxyproline. These fractions and a sample 
of the whole skin from each animal were hydrolysed in 
6 N HCl at 105° C for 20 h and the hydroxyproline was 
eatimated according to Stegemann'. 

Table 1 gives the resulta expreesed as ug of hydroxy- 
proline per 100 mg of dry tissue. It is evident that the 
animals on Lathyrus diet have much higher concentrations 
of extractable hydroxyproline fractions (neutral and acid 
soluble). There were high values of dialysable hydroxy- 
proline in lathyritic rata. The treatment with hydro- 
cortisone in intact animals resulted in increased amounta 
of total hydroxyproline and decreased levels of neutral 
soluble fraction. This is in good agreement with the resulta 
of Smith* and those summarized by Kuhn & al.". In 
lathyritic rate the hydrocortisone treatment depressed the 
elevated amounts of soluble fractions as well as of dialy- 
sable hydroxyproline although ‘it did not restore the 
normal ratio completely. 


Table 1 
entra] salt 
i Total á Aad soluble soluble Dialysable 
ydroxyproltne 

Control 9 780 3 660 168 344 
+1 280 + 450 +34 i118 
Hydrooortmone 11-100 4 000 109 20-8 
+1870 + 780 +24 117 

Lathyrus 8 200 7 000 2-880 2-880 
+ 958 + 2-180 +615 + 548 

Lathyrus + 10 230 5 060 2 010 1 300 
+1170 +1 500 +340 + 300 


Values Indyoate statistical average + standard error of the mean. 


We suppose that lathyrogenic agents, and hydrocor- 
tisone, influence the metabolism of oollagen in different 
ways. It is possible that hydrocortisone promotes the 
aggregation of collagen molecules, and resulta in decreased. 
solubility of collagen. In this way hydrocortisone is able 
to influence the lathyrogenio defect which manifests itself 
by retardation of collagen maturation’. Similar results 
were obtained when the biological age of lathyritio and 
hydrocortisone-treated rata was tested by means of chemi- 
cal contraction and relaxation of tail tendon fibres*-*. The 
possibility cannot be excluded that hydrocortisone inhibite 
the postulated enzyme which, hypothetically activated by 
lathyrogens, oan sever intra- and inter-molecular cross- 
linkages’, 
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IMMUNOLOGY 


Ultrastructure of Antibody-forming Cells 


THs method of Jerne and Nordin for demonstrating 
individual antibody-forming lymphoid oolls has been 
utilized to obtain quantitative information about the 
cellular changes during antibody formation!, to indicate 
transplantation immunity! and to demonstrate antibody- 
forming cells in ‘tolerant’ animales’. Recently, this method 
has been combined with autoradiography to investigate 
the kinetics of antibody formation‘. In the present studies 
the plaque method has been used to identify for study by 
electron microscopy individual cella which have released 
antibody. 
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Cell suspensions were prepared from the spleens of rata 
at various times after intravenous immunization with 


Antibody released by individual lymphoid cells during 
this mitial incubation diffused out from the cell and 
became attached to antigenio sites on surrounding sheep 
erythrocytes. Addition to the plate of 2 ml. of a 1:3 
dilution fresh rat serum supplied complement which 
lysed antibody-coated erythrocytes to produce a clear 
zono (‘plaque’) around the antibody releasing (and 
presumably forming) cell. 

Lymphoid cells which produced plaques can be examined 
before or after staining with various dyes, but this pro- 
cedure is only partaally satisfactory since cells retain their 
spherical shape and cytological details are poorly demon- 
strated. However, a disk of agar containi & plaque 
can be removed from the plate and processed for electron 
microscopy with reasonable ease. 

With the aid of a binocular dissecting microscope at 
magnification 10-25 times, plaques were punched from 
the plate using glas capillary tubing 1-2 mm internal 
diameter. The agar diaks were placed on glass microscope 
slides and examined at magnifications of about 400 times 
to verify that a single lymphoid cell was present in the 
centre of the plaque. The disks were fixed for 15 min in 
buffered glutaraldehyde, washed in phosphate buffer, 
and post-fixed in buffered oamium for 10 min. Plaques 
were embedded in ‘Epon’ or stained with phosphotungstio 
acid and embedded in ‘Araldite’. The disks in plastic 
were reoriented with the surface of the plaque parallel 
with the block face. The block mounted in a chuck waa 
brightly transilluminated. A mechanical device mounted 
on & microscope made it possible to trim accurate block 
faces about 0-1 mm x 0-1 mm around the plaque-forming 
cell. A larger block face showing a plaque-forming oell 
partially surrounded by a halo of unlysed Bheep erythro- 
cytes is shown in Fig. 1. The sides of the trimmed block 
were perpendicular to the blook face makmg it possible to 
view the plaque-forming cell from the side of the block. 
A microscope with a long-fooal-length objective mounted 
to the side and at a right angle to the microtome made it 
possible to determine precisely the depth of the oell fiom 
the block face during sectioning. Using these procedures, 





1 ' block containing a plague with a oentral anübody-releas- 
dl trimmed block measures QO& x 120w. This block is 
ready for serial sectioning for electron mieroseopy 





Wig. 2. Hiecizon, DHOOEraph. of pla ool from rat 
not m plane of sectioning. (xo. 9,500) 
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sections of plaque-forming oells could be regularly ob- 
tained. ‘Epon’ sections were stained with uranyl acetate 
or lead hydroxide or & combination of the two stains. 

A representative example of plaque-forming oells is 
shown in Fig. 2. The abundant, rough-surfaced endo- 
plasmic reticulum is filled with finely granular material. 
The nucleus, not seon in all sections, usually contains 
chromatin material coarsely alumped on the nuclear 
membrane. Most of the plaque-forming cells have morpho- 
logical characteristics of plasma cells. Scattered vacuoles 
of various types in the cytoplasm may be normal cell 
components or may represent changes of focal cytoplasmic 
degradation resulting from the rather long interval (up 
to 45 min) between removal of the spleen and fixation 
of the developed plaque. ' However, fine structural 
details of the endoplasmio reticulum and the mitochondria 
are proserved, suggesting that oollular morphology is not 
seriously damaged by the in vitro manipulations. 

It is not known whether plaque-forming oells release 
one or several molecular of anti erythrooyte 
antibody. Droplets of i fractions of either 19 or 
7S antibody produce haemolysis of sheep erythrocytes 
in agar plates, indicating that oells releasing sufficient 
quantities of either type of antibody would be capable of 
Proa adtag pleduss. An exponential increase in the number 
of plaque-torming cells occurs during the first 4 days after 
immunization and only 18S antibody is detectable in 
serum on the fourth day after immunization. Unques- 
tionably, plaques are formed by cels releasing only 
or ominantly 19S antibody. Spleens of rats 
kill 4 days after twice-weekly antigen 
injections contam about 10-fold fewer plaque-forming 
cells than spleens of animals killed 4 days after a single 
antigen injection’. Serum from the repeatedly injected 
animals had high concentrations of both 18S and 78 
antibody. Presumably some plaques obtained from 
animals receiving antigen injections might oon- 
tain cells which released only or predominantly 79 
antibody. Up to the present, electron mi has 
not revealed ultrastructural differences in plaque-forming 
cells from animals in the early primary response when 
compared with cels obtained from animals receiving 


: crim antigen injections. 

an attempt to identify the type of immunoglobulin 
released by oells, platea containing plaque-forming cells 
were treated with Z meroaptosthadol, Droplets of serum 
fractions containing 10S antibody placed on agar plates 
were inactivated by this treatment while droplets contain- 
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ing 7S antibody were not. 2-Mercaptoethanol inactivated 
about the same proportion of plaques in plates prepared 
from animals in the early primary response as in plates 
prepared from animals receiving repeated antigen injec- 
tions. 

The foregoing resulta indicate that plaques are formed 
by cells in the phase of rapid synthesis of antibody and 
this phase of synthesis is probably concomitant with 
synthesis of 198 antibody. However, the results do not 
exclude the possibility that some plaques were produoed 
by ocells synthesizing predominantly 7S antibody. The 
studies are not sufficient to mdicate whether different 
cell types produce 195 and 7S antibody or whether 
synthesis of 199 antibody representa only a phase of 
antibody production by a single oell type. Recent 
evidence indicates that lymphoid cells usually contain 
only 78 or 195 immunoglobulin but that some may contam 
both types*. No correlation could be made, however, 
between the morphology of cella and the type of immuno- 
globulin produced. 

In previous investigations of the ultrastructural 
characteristios of anti -forming oells ferritin was used 
as the immunizing antigen’. The experimental manipula- 
tions which are necessary to allow ferritin to penetrate 


. an antibody-containing cell often result in structural 


alteration. Also, this method indicates only that a given 
cell contains specific antibody; it furnishes no information 
about the ability of the oell to release antibody at that 
time. The plaque method developed by Jerno makes it 
possible to examine the ultrastructure of cells which have 
actively released antibody; metabolic activity is required 
for the development of & plaque’. 

Electron microscopy of plaque-forming oella together 
with electron microscopic autoradiography will provide 
essential information about the morphology of specific 
antibody protein synthesis. 
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Assay of Insulin Antibodies produced by the 
Guinea-pig 

THs antigenio properties of insulin are now well rocog- 
nized, but no simple method bas yet been described for 
the routine detection and sasay of insulin antibodies. The 
method described here is based on the classical observation 
by Berson, Yalow, Bauman, Rothschild and Newerly!. 
They showed that during chromato-electrophoresis on 
filter peper, ™I-labelled insulin bound by insulin anti- 
bodies in human serum moves with the B-y-globulms, while 
free insulin remains fixed at the point of application of the 
serum-msulin mixture on the filter paper. When an exceas 
of unlabelled insulm mixed with & trace of labelled hor- 


` buffer (1-0 ml.; 
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mone is added to the anti-insulm serum, the excess insulin 
ia adsorbed from solution by cellulose and the amount 
bound by the antibodies is measured in the supernatant 
solution. We have used this assay system for serum 
obtained from guinea-pigs treated with bovine insulin! 
and capable of neutralizing insulin at rates rangmg from 
0-1 to 3-5 units per ml. serum. It can, however, be adapted 
for the detection and assay of antibody concentrations 
lower than this; it has not yet been used for anti-msulin 
sera of other animals or of man. 

Anti-insulm serum (0-1 ml.) diluted in phosphate 
buffer (0-4 ml.; 0-1 M, pH 7-0) is placed in a centrifuge 
tube to which is then added a mixture of unlabelled bovine 
insulin (0-6 v.) and a trace of 1I -labelled insulin (approxi- 
mately 1 mu.; 8-10 mo./mg insulin; Abbott Laboratories, 
Oak Ridge, Tennessee) dissolved in the same volume (0-5 
ml.) of buffer. The reaction is allowed to take place at 
room temperature for 80 min; it is actually complete within 
a minute. Then a suspension of cellulose in the same 
10 per cent w/v; ‘MN’ cellulose powder, 
Macherey, Nagel and Co., Duren, Germany) is added and 
the mixture shaken intermittently for a 30 min; 
again much shorter times are noeded. The cellulose is 
deposited by oen: and the supernatant solution 
(1 vol.) added to Bray's* solution (10' vols.) in which the 
B-emissions are counted in a liquid scmtillation counter 
(Packard Instrument Co., La Grange, Illinois). 

In the presence of the same insulin mixture, more than 
98 per oent of the added radioactivity was recovered from 
the supernatant solution when an excess (0-5 ml.) of an 
SEA E mnis CE aide eun Beca eee ON (Dol 
$02). Part of this radioactivity Cosi qi ae cent) was re- 
covered from the supernatant solution when an equal 
volume of normal serum was used in place of the anti- 
insulin serum; this probably represents degraded frag- 
ments of the labelled hormone and and insulin bound non- 
poe ally iy: the brom proteins: The difference between. 
these two values, or between counts recovered from equal 
aliquots of supernatant solution under the same oondi- 
tions, is therefore proportional to the total amount of 
insulin added initially. Between these two extremes, as 
shown m I, a linear relationship (r = 0-971 ; 
0-001) was ound between the volume of anti-insulin 
serum added and the counts recovered from aliquote 
of the supernatant solution, but towards the point of 
neutralization this relationship ceased. Provided an 
adequate excess of insulin is present, therefore, the 
potency of a serum sample can be determined from the 
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Table 1 
s Berum potensy 
ri Os in vüre ta viso 
196 262103 2:3 
18) 
271 1 15 
(2) 
301 4 20 
802 166+02 15 
(10) 
311 20 10 
: 
317 ay d 16 
Bach serum was assayed T" and in sise by 
the method of Armin # ak (ret 9: acre plaques 
unis bovine insulin neu! where more 


Ginn cob amap wus cor del jut tie M abcr de 
counts obtained from a portion of the supernatant after 


0.p.m. sample — o.p.m. blank 
0.p.m. excess anti-insulm serum — o.p.m. blank 
x units insulin added 

For any sample of anti-insulin serum assayed an equal 
volume of normal serum was used as & blank. The volume 
of normal serum, within the range used hero (0:1—0-5 ml.), 
had little effect on the radi reoovered from the 
supernatant solution which seldom exoeeded 10 per oent 
of that recovered using an exoee of anti-insulin serum. 

The resulta obtained by this method, as shown in Table 
l, are comparable with those found by the much cruder 
and leas socurate method described previously; potency 
was then related to the hyperglycaemic of rata 
injected intravenously with the serum‘. ae 
obtained over a period of 9 months, guinea-pigs 
separated into distinct groupa acoordmg to thar: ability 
to produce insulin antibodies. After 4-5 monthly injoc- 
tions of insulin the good producers consistently yielded 
serum neutralizing 1-5-5-5 v. insulm/mL; while the poor 
producers, & very variable proportion, yielded serum 
neutralizing leas than 0-5 v./ml. 

Although primarily designed and used to assay these 
potent sera, the method can be adapted to assay insulin 
antibodies in much lower concentrations. Thus, by reduo- 
ing the smount of added insulin, it has been used to assay 
free antibody concentrations in animals (dogs and rats) 
Injected with guinea-pig anti-msulm serum; normal sera 
from these animals did not interfere with the assay. 
Serum samples neutralizing 10—0-1 mv. insulin have been 
successfully assayed. 

Finally, we would emphasize the empirical nature of 
this method.  Guinee-pig anti-insulm serum contains 
more than one antibody to insulin and these may have 
differing insulin-bmding capacities. A more accurate 
and meaningful method of assay will not emerge until 
homogeneous antibody preparations have been isolated. 
Meanwhile, this method has proved successful in investiga- 
tions of the production of insulin antibody in guinea-pigs 
and should facilitate preliminary analysis of the basio 
characteristics of the antibody itself. 

We thank Prof. R. H. 8. Thompson and Guy's Hospital 
Medical School, London, for aemisbanoe in the production 
of most of the anti-ingulin serum used here; the National 
Institutes of Health for a grant (44 M—7211); the Agency 
for International Development for a fellowship (L. R.-C.); 
and Mr. L. Norman for assistance. 
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RADIOBIOLOGY 


Fading in Thermoluminescent Lithium 
Fluoride used for Radiation Dosimetry 

Lrrurux fluoride powder is now being used extensively 
for thermoluminesoent dosimetry of ionizing radiations 
because of its good tissue-equivalence with respect to 
photon energy, and ite reported absence of fading’. 
We have found hitherto unreported changes of response 
with time, predominantly manifested by ing of the 
read-out by some 10-20 per cent at 8 weeks irra- 
diation, followed by a tendency to increase towards the 
initial value at 6-8 weeks. This fading can cause diff- 
culties in practical use unless care is taken to read-out 
specimens at the same time after irradiation. The fading 
reported here is other than any oocurring in the first 
24 h. 

"We have used commercially available lithium fluoride 
dosimetry powder, *TLD-100' (Harshaw Chemical 
Co., agents Nuclear rises (G.B.) Ltd., Edinburgh) 

ased in several: batches between January 1963 and 
ebruary 1965, and ‘type N’ (Controls for Radiation, 
Boston, Massachusetts) from another commercial source. 
These two types of powder are to be similar, 
and different in composition from T'LD-700 and type 7, 
which we have not tested for fading. Successive exposures 
followed by &nneeling for re-use of & given batch of 
powder result in appreciable changes of sensitivity", 
although the radiation-mduced glow peak apparently 
remains a single peak. Batch-to-batch reproducibility is 
therefore poor, a8 is well known, but within one annealed 
batch the readings are repeatable to within 1-3 per cent. 
Four different read-out devices were used in these 
experiments: two were built in our laboratories’, while 
two others are commercially available. The results 
should therefore not be & function of unusual optics or 
heating cyoles in the read-out apparatus. All four readers 
AE the integral of the glow ourve. 

The experimental ure was to irradiate a capsule 
ey a Mg g of Lif powder to usually 1,000 rads, 
using 15-MeV electrons, 15- or 5-MV X-rays, or cobalt-60 
y-rays (with appropriate build-up material, and with 
subsequent mixing of the powder, to avoid any non- 
uniformity of dose). The powder was stored in the dark 
at room temperature unless otherwise stated. One 
experiment showed that fading was closely similar for 
doses of 5, 60, 500 and 5,000 rads. Av appropriate times 
after irradiation, 4-9 read-outs using 30 mg of powder 
each were made for every time point. some experimenta 
the powder waa divided into two perte for & comparative 
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0 1 2 
Months 
2 of LAF 000 rada and stored in the dark at room 
me Senn or r lig : TLD-100. Dota. Type N phosphor 
(beloved to be similar in composition) 


experiment, for example (1) stored in the dark or behind 
glass exposed to sunlight; (2) stored at 37° C or at room 


temperature; (8) stored at —18° C or at room tem- 
perature; (4) read-out on a laboratory-constructed or & 
commercial reader. In each such paired experiment the 
agreament between the two fadmg curves was within 
£2 per cent. 


Fig. 1 shows eleven curves of versus time, 
obtained between June 1963 and J 1964, except for 
the upper pair at 24° C and —18° C 100 rads which 


was obtained in Apnrl 1965. During these experiments 
it was found that the radioactive light source (with 
C&WO, phosphor) used to standardize the photomultiplier 
gain. was somewhat temperature dependent (that is, 1 per 
cent decrease in light intensity for 1° O increase in tem- 
perature). The nime curves in Fig. 2 have been obtained 
with precautions to avoid errors due to this variation. 
We therefore attach most weight to the results in Fig. 2; 
but the results in Fig. 1 support them. 

Fading appeara to be independent of dose from 5 to 
5,000 rads, and depends leas on temperature of storage 
(between. 37? C and — 18? C) than on the particular batch, 
as shown by the pairs of curves in Fig. 1. In three 
curves & rise of response was Been by about 3 weeks, 
without a large initial fading, this rise corresponding to 
the rising part of the other curves in magnitude and in 
time. Two of the fading curves in Fig. 2 are for the 
Type N phosphor (dotted) and the resulta are similar to 
those for T'LD-100. Thus in each of twenty fading 
curves, obtained at different times over a period of two 
years, a change of at least 10 per cent was observed during 
a period of 8 weeks after irradiation. 

The ture of annealing was investigated (nomin- 
ally 400? C for 1 h, followed by 80° C for 24 h as proposed 
by Cameron et ai). Fading was not eliminated if the 

was somewhat less than 400° C. The effect 
of raising it to 420? O, say, or of prolonging the time to 
1°5 h was not investigated. No differences were observed 
when the powder was allowed to cool to 80° C overnight 
instead of transferring it at 1 h to 80? C. 

If the later morease of response often brings the readings 
close to the initial values, an explanation 1s provided of 
the fact that this fading haa not been reported by other 
workers. The results recorded here are, however, consistent 
with the “absence of fading within +7 per cent” recently 
reported by Boone, Crosby and Bhalek*. It is possible 
that readings taken at 3-, 6- or 12-months intervals would 
show little change from the initial readings’. We have 
not investigated the accuracy of this recovery to the 
initial value because each fading experiment requires a 
relatively large quantity of powder. 
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Such fading and recovery could be explained in principle 

by three levels of energy storage, sequentiàl in time, NEN 

from the second one of which significant optical transitions .H 


did not oocur on heating for read-out. 

It is to be hbped that a solution can be found, and the 
fading avoided, by different annealing, by pre-heating 
immediately before read-out, or by reading peak-height 
instead of area under the glow curve. Hither of the 
last two solutions would require & more complicated 
control of the heating cyole than is generally used. We 
wish to emphasize that we have only investigated TLD- 
100 and N LiF. 

We M. Levitt, M. West and Angela Deubert for 
their assistance, and Prof. J. Rotblat for the use of 
facilities. J. F. Fowler thanks the Medical Research 
Council for a grant. C. J. was the holder of & 
U.S. Public Health Service fellowship. V. Svarcer was 
the holder of & British Council fellowship. 
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BIOLOGY 


An Inhibitor of Plant Growth-produced 
by Aspergillus wentl! Wehmer 

Dx the course of an empirical soreening programme we 
found that culture filtrates of Aspergillus went, grown 
on Raulin-Thom medium ( r cent glucose) supple- 
PN wah Ql ca bak DD cca ae have a 
pronounced inhibitory effect on the growth of ‘Meteor’ 
pea . When seedlings were sprayed to run-off 
with undiluted cultare filtrate, shoot growth almost ceased 
for a week and then recommenced slowly. Newly formed 
internodes were abnormally short; 


a marked loss of apical dominanoe, several axillary buds 
producing dwarfed branches. Newly formed stems and 
leaves were markedly chlorotic. This abnormal growth 
persisted throughout the subsequent life of the plants. 
The leaves sprayed, but not those formed after spraying, 
developed necrotic spota. 

The -inhibitor was eventually extracted and 
shown to be l-amino-2-ni l-carboxylic 
acid: (I), referred to hereafter aa ANOPA. 


0, 
(J) 


Effects on plants. ANOPA produces effects on peas like 
those described here when sprayed on at 20 ug/ml., by 
application of 10 ug/plant in a 0-02 ul. mi toa 
single leaf, or by injection of 1 ug into the stem. It causes 
no necrosis; that observed in prelimi experiments was 
due to some other constituent, extractable by charcoal, 
of crude culture filtrates. It has & similar but even more 
marked effect on dwarf beans (Phaseolus vulgaris) and, 
if bean or cucumber seeds are soaked in solutions of 
ANCPA (10 ug/ml.) and then transferred to germination 
chambers, though percentage germination is not reduced, 
hypocotyl and radicle extension are much reduced. It 
inhibits extension of lettuce hypocotyls in seedlings grow- 
one on filter moistened with ab aqueous solution, 

onlari under Gonditions where growth is maximal 
f opu x oe M di d Disi t if 

berellio acid (GA) is supplied in addition? (Table 2). 
"ir ANCPA does not appreciably inhibit exten- 
gion of pee stem sections or pee root sections, or expansion 
of bean leaf disks, in buffer-sucrose with or without optimal 
indolyl-3-acetic acid, but it does inhibit extension of 
excised pea buds (Table 1) in & medium containing kinetin 
and gibberellic acid’. 


Table 1. 
(tired ce tet egi ar OF. PAA Buna mean of 20 replicates) 
ARCPA Basal +Kinetin +Gibbereilio + Kinetin 
g/ml. medtum (2 g/ml) add (1 mg/ml) and GA 


25533 


Bignifloant difference (P-001),08 


The observations described here do not distinguish 
between effects on cell division and on oell extension. 
ANOPA markedly reduces the rate of mitosis in root tipe 
of several species, especially pea (Pisum sativum) (Table 8). 

In connexion with the chlorosis of plante treated with 
ANOPA, it is significant to find that at 1 pg/ml. it reduces, 
and at 100 ug/ml. prevents, chlorophyll synthesis in 
sections of etiolated wheat leaves exposed to light. It does 


+ 


not delay (cp. kinetin) or accelerate senescent chlorophyll . 


loss in sections of light grown wheat leaves. 
Reversal of L-leuoine. Various lmea of thought made it 
seem poesible that ANOPA might be acting as an amino- 
acid antagonist. Of thirty amino-acids and related 
compounds tested, only r-leucine, and to & leaser extent 
I-methionine, would reverse the effects of ANCPA on 
lettuce hypocotyl extension (Table 2); p-leucine and 
D-methionine were ineffective. Oonsiderable excess of 


(Mean. of 80 replicates) 
Growth tn ilght* Growth tn darkness 
ANCPA L-Leucine L-Leneme ) 
pail 0 0-25 0 100-0 0 
0 24-5 26-7 250 25-5 24-6 24-1 
1 15-3 144 10.5 23-7 22-8 24-5 
2 13-6 151 16 3 21-7 17-2 24-9 


Bignifioant difference (P=0-01) 17 
* In presence of 10 ag/ml. gfbbersiho add. 


I-leucine was necessary to reduce the effecte of ANCPA 
appreciably in this experimental system. Similar leucine 
excess is needed to reverse ANOPA inhibition of root 
growth of cucumbers or creas seedlings, and it has not been 


4 
` 


found possible even partially to reverse the inhibition of ^» 


pea bud growth or growth of intact pea or bean shoots. 
RNOPA also greatly reduoes the rate of multiplication of 


yeast oells at 20 ug/ml, Pee aes Qe OU eee 
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reversed by & 100 times equimolar oonoentration -of 
L-leucine. 

The effects of ANCPA on mitosis in pea-root tips, on 
the other hand, can be reversed by very low concentrations 
of r-leucine. The effect is apparently not Senpevitve 
(Table 3). 


Table 3. NUMBER OF MITOfIO FIGURES PER 1,000 NUOLEI IX Pui Root 
(24 h after treatment with AERA) 
Bap. 1 
Oi) (103 M) 
x x1 I-Leunine 
a 0 19 Ge e 0 300 
0 901 100 118 — — — — 
006 14 90 — — — — — 
06 0 83 — — — — — 
8-0 0 121 0 18 T 91 
500 — — 0 — — 129 155 


Thus, in some experimental systems at least, ANCPA 
is & well-defined leucine antagonist. In this oonnexion 
ita effect on Nicosia plante is i . Doses of 
10 ug/plant injected into the apical buds of 
stage plants delayed stem formation and eer iae d produo- 
tion of narrow, strap-like leaves with pronounced inter- 
veinal chlorosis, with increased development of lateral 
shoote. This closely simulates the physiological condition 
known as which oan also be simulated by 
feoding seedlings with isoleucine or alloimoleucine*. A 
number of gynthetio analogues of ANCPA, including 1- 
aminooyolopentane-l-carboxylic acid and 1-aminocyolo- 
hexane-l-carboxylic acid, nye. also recently bean shown 
to be amino-acid 

It is not possible at present ‘oe characterize the effects 
of ANCPA on plant metabolism more closely, but it is 
noteworthy that 2-thiouracil induces comparable morpho- 
genetic changes in Cannabis’ and that this has been inter- 
ae as an inhibition of protein synthesis due to a 

isturbenoe of RNA metabolism. 

P. W. Baran * 
G. W. Ersow 
H. G. Hmwormie 
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Catlon-anion Ratios of Plants 


DuxsHooRN! has recently summarized the results of 
many analyses for the total Feduivalahia of metals (potas- 
mium, sodium, magnesium, calcium) and non-metals 
focis P se an sulphur, chlorine) in Lolium 

has calculated the balanoe of acidity within 
the pla plant following on the higher intake of non-metels as 
anions. From the content (in equiv./kg) of metals as 
1-8 and non-metals as 38-2 he oonoludes that internal 
acidity must have risen by 1-4, but that this is more than 
offset by the reduction of nitrate and sulphate, both of 
which consume acid. If the reduction of nitrate is written 


«- as HNO, 8H — 8H,O + NH, one obtains a dis- 


appearance of 1 or 2 protons per nitrogen reduced, 
to whether one treats NH, as a neutral molecule 
(as Dijkshoorn does) or as an alkali. 
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This calculation suggests a comparison with the effect 
on internal acidity of absorbing ammonium ion from 
solution. For every atom of nitrogen absorbed as NH,*, 
one proton disappears from the plant; for every atom 
absorbed as NO,- one proton appears in the plant, but the 
reduction of this ion to ammonium absorbs two tons, 
so that the net internal effect so far is the same for both 
forms of nitrogen. However, when the intake of other 
nutriente is considered, the two forms affect the internal 
acidity differently. Both these ions in glasshouse cultures 
are absorbed more rapidly than any others, so that NH,* 
cultures become acid and NO,- cultures become alkaline. 
But if we calculate the non-nitrogenous ions from such 
resulta aa those of Colo et ai.*, we find that there remains & 
net excess absorption of cations in both cases, but far 
stronger for NO,- than for NH,* cultures (Table 1). 
Thus the nitrate planta consume a greater net total of 
internal acidity than do the ammonium plants. 


Table 1 Oowxmur oy Mazon NUTRDETS IX PLANTE GROWX DK CULTURE 


UTION 
(Cole of al.) (m equiv./100 g fresh weight) 
Nitrate Ammontum 
cultures cultures 
Mais m as anion 45-0 — 
P, B, 11:0 15-5 
Nitrogen as cation — 49-0 
K, Oa, Mg 24:6 20-4 
Hross non N cation 126 49 
Tomato (young eaves) MNI as anion 551 — 
8, 11-2 12-1 
Nitrogen as cation — 756 
K, Oa, Mg 40 136 
Huioess non-M cation 28-8 15 


One may use these resulte also in considering the 
doctrine of & constant ratio of metals to non-metals in 
plants’. This has been dealt with by Cunningham‘, who 
ported out that the ratio of metals to non- -metals in 
talian rye-grass in Britain ranged from 0-38 to 0-98. If 
the foregoing doctrine rests on the idea that plants absorb 
cations at about half the rate of anions, then it is opposed 
by the work just quoted where planta in ammonium 
cultures absorb cations four times as rapidly ss anions. 
In Cunningham’s planta grown with heavy doses of 
ammonium sulphate, the ratio of metal to non-metal 
(unfortunately quoted by him as cation-anion ratio) waa 
the lowest of all at 0-88; but the true cation—anion ratio 
may have been the highest of all since much ammonium 

hind ot hegre Asiae qii ee ac 
ief in & oonstant ratio, anion uptake a higher 
Re coefficient than cation uptake’ and Cunning- 
ham's value of 0-93 for winter fits this last-mentioned 
relation. 
G. W. LEMPER 


Department of Agricultural Chemistry, 

University of Melbourne, 

Victoria. 
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* Bear, V. B , Agron. J., 48,170 (1060). 
Q!Ounningham, R. K., Naiwre, 196, 1230 (1962). 
* Willlams, D. H., and Viamls, J., Plant Physiol., 87, 196 (1962). 


Genesis of Ethylene in Apples 


Evme since Kidd and West! showed that emanations 
from ripe apples stimulated unripe apples into the respira- 
tion climacteric, and Gane* proved that the active principle 
in these emanations was ethylene, search has been made 
for the origin of this ‘ripening hormone’. The search 
has been intensified in past few years. Burg and 
Thimann® state that “there is general agreement that 
ethylene production is restricted to the stage in the life 
of fruita during which ripening oocurs". Thoy were unable 
to decide precisely the source of the ethylene, but suggested 
that it may be produced by the mitochondria. Later Burg* 
concluded that the biosynthetic source of ethylene is not 
to be found in intermediates of glycolysis, acid metabolism 








ml /10 kg/h 





mL/10 kg/h 


or the direct oxidation pathways of sugars, although it 
may be formed fairly directly from sugars by an, as yet, 
unknown pathway. More recently, Burg and Burg’, 
using C-labelled, possible precursors of ethylene and 
apple tissue, concluded that, although ethylene formation 
is related to the metabolism of Krebe cycle acids as sug- 
gested by Wang et al.*, the relationship does not appear 
to be a direct one. 

Lieberman and Mapson’ have very recently described a 
model system which produces ethylene fram the unsatur- 
ated fatty acid linolenic acid, after activation in various 
ways including the action of lipoxidase, in the presence 
of cuprous ions. They suggest that in vwo in apples 
cytoplasmic particles, lipoxidase and & copper enzyme 
might form & system for the biogenesis of ethylene. 

Over the past few years we have been studying the 
enzymatic systems of senescing apples with special 
alae to the respiration climacteric. We have found 

pel a am tn (determined by a modification of the 
of Surrey*) appears, ee ee ee during 
the Segre climacteric period and increases very rapidly 
during the course of the climacteric whether this occurs in 
detached fruit stored at 12° O or in fruit remaining attached 
to the tree. Wilkinson’ has investigated the uction of 
ethylene during the development of the oli io in 
apples, and in Fig. 1 we have rimposed some of his 
results on our own for the iration of whole ‘Oox’s 
Orange Pippin’ apples and the lipoxidase contents of the 
peel from similar apples picked at approximately the 
same time as Wilkinson’s & lee. The form of the curves 
for ethylene production idase activity in storage 
is strikingly similar, and increase in lipoxidase activity 
commenrices just before the onset of ethylene production 
and the climacteric. During the development of the 
climacteric on the tree, increase in lipoxidase activity 
precedes the ap oe of ‘measurable’ quantities of 
ethylene. Kidd and West!’ have suggested that the longer 
time for the climacteric rise to be attained on the 
tree is probably due to & greater degree of ventilation in 
the orchard rather than to & decreased rate of ethylene 
production. 
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Burg and Thimann* used pulp as well aa, 
presumably, peel tissue in their experiments on 
ethylene production; we have found that in the 
pulp tissue also lipoxidase increases during the 
climacteric period, although the highest values 
attained are lees than one-tenth those in the 
peel. Meigh" has found that ethylene produo- 
tion by the peel of apples is several times as 
great as that of pulp tissue. In our experiments 
lipoxidase activity is t in the soluble 
fraction, and our mi ondrial fraction!* con- 
tains, at the maximum value of overall lipoxid- 
ase activity, only one-thirtieth the activity of 
the ‘supernatant’ fraction. 

One of the most obvious phenomena aseooi- 
ated with the climacteric in oertain varieties 
apples is the development of an oily coating 

skin. The object of this communication 

is to direct attention to the tat metabolism 
of the apple as a le souroe of ethylene 
and to suggest that some at least of the enxymea 
involved in the proceas are outaide the mito- 
chondria. This is in line with Burg's* suggestion 
of & 'fairly direct! route from . 
' It is suggested that one of the functions, but 
not necessarily the only one, of hpoxidase is 
related to the biogenesis of ethylene. Perhaps 
of relevance here is the recent findi by 
Freeman? that the diene-hydroperoxides found 
during the action of lipoxidase on unsaturated 
fatty acids can be decomposed by  oyto- 
chrome-c. 
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Antibiotics as a Means of Control of Bacterial 
Contamination of Storage Tissue Disks 


Duarxa the investigation of metabolism of storage 
tissues of higher plante, it is common to-wash and serate 
disks of tho tissue for periods of several days or weeks. To 
this end, a variety of techniques has been reported, but 
in most cases it was not possible to impose rigorous oon- 
ditions of sterility, although, in analysing the behaviour 
of tissues treated in this way, it is evidently necessary to 
ensure that the presence of micro-organisms is not a 
significant factor. The experimenter has usually used such 
criteria as retention of pigment if any, maintenance of 
turgor, and clarity of the suspending liquid. Recently, 
Bacon, MacDonald and Knight! have Sion that theee 
criteria may be observed even when substantial contami- 
nation of disks by bacteria has occurred, and they found 


that disks (1 cm diam. and 1 mm thick) of sugar beet ' 


showed the presence of about 3 x 10’ organisms/disk 


after washing for 4 days. During & programme of research 
into enzyme synthesis in storage tissue disks' we have 


ù 
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found that artichoke and carrot disks become contami- 
nated with bacteria to a similar degree, ranging from 5 x 
10* per disk after 24 h to 4 x 10’ after 8 days. 
Using standard microbiological techniques we have iden- 
T tified micro-organisms which occur on disks of carrot and 
artichoke, and under our conditions of washing we found 
only Gram-negative bacilli of the peeudomonad type, for 
example, Pesudomonas fluorescens, Aokromobacter xerosts 
and Achromobacter parvulus; on no occasion was fungal 
contamination found. Bacon e£ al. sterile condi- 
tions in their experimenta, but although this is obviously 
the ideal circumstance it is difficult to achieve consistently 
and entails considerable labour. Some other workers have 
used antibiotica, but in assessing their effectiveness they 
appear to have used the same criteria as above; penicillm 
(10-50 pg/ml.) has been commonly used, but as it is active 
primarily against Gram-positive bacteria, it would not 
seam to be a suitable choice, as soil organisms, the most 
likely contaminants of storage tissues, are largely Gram- 
negative. Streptomycin is sometimes used alone (10—50 
ug/ml.), or together with penicillin; in neither case does 
the controlling action appear to have been assayed directly 
by bacterial counts. 

In order to discover suitable controlling agents, we 
considered it necessary to investigate more directly the 
effect of these and other antibiotics, and our resulta show 
that penicillin and streptomycin are useless under our 
conditions; the only effective antibiotic, of twelve tested, 
-— was chloramphenicol. 

These results may be of interest to other workers in the 
assessment of means of controlling bacterial contamins- 
tion of storage tissue disks. 

Penioilins (potasium salts of penicillins V and G, 
sodium benrzylpenicilin G, ampicillin), dihydrostrepto- 
mm chloramphenicol, tetracycline, neomycin, terra- 

yoin, erythromycin, novobiocin, kanamycin, aa bare 
fusidin and methicillin ware tested for action against the 
isolated bacteria a aged in pure culture using Difoo 
‘Bacto Sensitivity Disks’ (Baird and Tatlock, Ltd.) which 
enable the effect of antibiotios at low concentrations to be 
determined. Those which were effective by this test, 
namely, dihydrostreptomycin, chloramphenicol, neomycin, 
kanamycin, and also the penicillins (which were not effec- 
tive) were added at various concentrations to the medium 
at the onset of washing disks: the effects on the growth of 
the bacterial population are given in Table 1 and the 


Table 1. HFFBCOT OF VARIOUS ÀWTIBIOTIOS ON TERT ee 
AND INYEETASB DEYELOPKENT OF CARROT TIBSUR DEKS 


Invertase develop- 
Antiblotio Concentration  Bacterta/disk ment as percentage 
(eg/mL) water control 
Pik — «10! = 
24 h) (Water control) 62x10' 100 
10 19x10*' 100 
(Chloromyoetin) 50 <1 100 
100 <10 100 
500 <10 B9 
1,000 «10 73 
— cc dx E 
1 x 1 
puer 50 59x10 118 
100 50x10 31 
Dihydrostreptomyotn 10 50x10* 100 
(as malphate) 50 2-2x10° 100 
100 21x10° 100 
10 0 71 
63x1 1 
(ceyeacen® 50 5 0x10° 125 
100 10x10 100 
Potasmum pentouUlin G 10 59x10! 104 
go 61x10! 129 
100 61x10! 84 
Potass;um penleilitn V 10 6-2x105 87 
50 10x10" 93 
100 10x10 95 
10 93x10* 158 
(‘Penbeitin’) 50 8-9 x10! 116 
100 9-1x10* 100 
Diks 1 cm diam. 1 mm thick were agitated by passing a stream of filtered 
atr through the solution (1 diask/2 ml ), maintained at 25° O for 24 h. 
For invertase assay were erred to 0-025 M sucrose (1 disk/1 ) 
*C and sugar was estimated after 1h. For bacteria! counts, disks were 
in sterile Runger’s solution (1 disk/1 mL} dilutions were 


verages of at least three experiments; intermediate antibiotic 
concentrations are omitted for brevity. 
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corresponding effecta on a metabolic process of the plant 
tissue, namely, invertase development, are also given. 
Chloramphenicol appears to be the only satisfactory 
compound, as at low concentrations it inhibits bacterial 
growth to insignificant numbers while not affecting the 
metabolic processes under jn tion; at much higher 
concentrations, however, it does the enzyme develop- 
ment, as might be expected from a known inhibitor of 
protem synthesis. These conditions must obviously be 
established for each individual case, but we have found 
that chloramphenicol at concentrations of 50 ug/ml. has 
no detectable effect on a range of metabolic activities 
studied in storage tiasues during the washing process. It 
is noteworthy that the penicillins had no effect in reducmg 
bacterial contamination at the concentrations used, and 
furthermore they markedly affected invertase develop- 
ment 

tank Miss Paula Reed for advice regarding micro- 
biological techniques, Bayer Products for a gift of kana- 
mycin sulphate (‘Kannasyn’), and Glaxo Ltd. for gifts of 
penicillins V and G. We also thank the Royal Society for 
an equipment grant. 


C J. Leave 
J. EDELMAN 
Department of Biology, 
Queen Elizabeth College (Univermty of London), 
London, W.8. 
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Transpiration as related to Internal Water 
Content 


Tas valuable concept of water movement through planta 
as 6 process! explicitly assumes no change of 
plant moisture content. While this assumption is adequate 
for many purposes, the quantities of water within larger 
plants are considerable, and variation over a period of 
time may be important. From Ovington's! results for 
plantations in southern England, the moisture oontent of 
the aerial parts of the trees (expreased as the equivalent 
depth of water) averaged 8-3 in., with a maximum value 
of about 7 in. (47-year-old Picea abies). The needles of 
young Pinus sylvestris in pots well supplied with water had 
a variation over a 24-h period in summer amounting to 
5 per cent of the saturated moisture content’. If similar 
fluctuations occur in trees in the field, these would 
amount to 0-05 in. of water or 1 1./tree at 2,000 treea/ha. 
in & total water content of the canopy of 40,000 kg/ha. 
When the Boil moisture tension in ia experiment with 
potted pines exceeded an atmosphere, internal drying of 
the leaves occurred and the lost water was not replaced 
during the night. Should the moisture tension of soil of 
the rooting zone in a plantation reach the wilting point, 
perhaps as much as another 0-1 in. of the canopy moisture 
might be lost if the leaf water deficite were similar to 
those for the potted trees. 

“Probably the beet available date on seasonal vanation 
of the moisture content of tree boles are the measurements 
of Clark and Gibbs‘, though their methods leave much to 
be desired’. The North American species examined showed, 
on the average, a seasonal fluctuation of the sapwood 
moisture content of 40 per cent on a dry-weight basis. 
The heartwood variation averaged about 15 per cent. The 
drying of the wood was achieved in approximately 100 
days. Comparing these measurements with Ovington's! 
figures for the same genera but different species, rt seems 
possible that & net loea of 0-5 in. or more of internal water 
could occur by transpiration in the summer. 

These highly approximate estimates at least show that 
the available portion of the internal water content of 
plants is appreciable and may be quantitatively similar to 
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the differences in water balance between plant associations. 
Thus it is worth trying to assess accurately the amounts 
of available water in the various tissues and the resistance 
to moisture transfer of each fraction to the mam sap 
stream. If sufficient quantitative information could be 
collected, an electrical analogue method might be used to 
examine the course of diurnal and seasonal variations of 
the stored water under conditions of fluctuating abeorp- 
tion and transpiration. Clark and Gibbs‘ have published 
graphs for Betula lutea which seam to indicate that the 
change in bark moisture content lagged behind the 
sapwood by one month and the heartwood by three 
months, 

There are certain implications of these considerations. 
First, when the water use of larger plants is measured 
by using the heat-flow technique to estimate sap flux in 
the stem, special care must be taken when calibrating the 
method by the transpiration from the crown*/!. While 
guch a calibration is ideal in that it is non-destructive, the 
diurnal and other cyclical changes in water storage in the 
plant cause disparity between the flux of water from the 
leaves and that up the stem at any instant, and attempts 
must be made to take this into account. Secondly, some 
methods of investigating the water belance of large planta 
fail to take into account that over a given period the 
amount of internally stored water may have altered appre- 
ciably, only to be restored later by a change in the relative 
magnitudes of absorption and transpiration. Finally, it is 
possible that the internal moisture reservoir of larger 
planta may be a contributory cause of the greater water 
consumption they commonly exhibit compared with other 
forms of vegetation. Short grass turf, which has been 
used’ to obtam an empirical factor to convert a meteoro- 
logical estimate of evaporation from open water to that 
from vegetation well supplied with water, probably has 
minimal reserves of available internal water in the leaves, 
stem and roots. Other things being equal, it is possible 
therefore that the maximum rate of abeorption of moisture 

` by the roots would be higher than that for planta with 
considerable tissue storage which is available at a smaller 
suction than the soil moisture. Higher diffusion pressure 
deficits may thus be produced in the grass, giving rise to 
greater stomatal control, and smaller water use relative to 
larger plante. 
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E. R. C. Rarywoips 


Reduction of Loss of Moisture by the 
Cutide Wax Components of Grapes 


Tzu» grape cuticle serves as an effective barrier to the 
loas of water; hut the cuticle layer or layers responsible 
for this property have not been identified. The chemical 
ition of the cuticular layers and their morpholo- 
NUM eed structures, which are probably not independent, 
could both be important in determining the rate of cuti- 
cular transpiration, since there appears to be no correlation 
between the thickneas of the cuticular walls and cuticular 
iration rate. This has recently been confirmed by 
Bitte and Rennier! for the transpiration of Prunus, Agave 
and Sanseveria. This would imply that qualitative dif- 
ferences in the composition of cuticles are important in 
the regulation of water loss. 
It was shown" that the cuticle wax is composed 
of a low melting ‘soft wax’ (80 per cent) consisting of 
long-chain alcohols, aldehydes, esters, free acids and 
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hydrocarbons, which is readily removed by petroleum 
other, and a ‘hard wax’ consisting mainly of oleanolic acid 
which is removed by chloroform. Thus the possibility of 
removing ons cuticular layer was of interest in the exami- 
nation of cuticular transpiration of fruits, particularly so 
of grapes where the transpiration is not affected by the 
Presence of stomates and their reactions. 


Table 1. Tos HFFBROT oF ERuwovorg Taw ‘Borr Wax’ FRAOTION FROX 
BULTANA GRAFIS ON THE RuLaTIVE DRYING HATR* 


to petrol vapour (sec) - 10 20 60 800 

Amount of okanolio acid DN 96) 0 1 1 5 12 

solt wax rene) 0 25 53 es 85 
red sisi leat vic drying rate 1 15 20 25 44 


* The berries contained 186 xg/cm! cuticular wax of which about 80 wg 
were oleanollo acid. (Water loss of untreated control 1-7 mg H40/h.g) 


Ripe sultana berries of uniform size (1-5—2-0 g) exposed. 
to the vapour of boiling petroleum ether for timee varying 
from 10 to 300 seo lost increasing amounts of the soft wax 
fraction, whereas very little oleanolic acid was removed 
from the fruit under these conditions (Table 1). The rate 
of drying of untreated and extracted grapes was determ- 
ined as follows: the berries were dried in wire trays 
in a ventilated cabinet at 50° and the relative drying rate 
was calculated from the loss in weight according to the 
formula: 


Relative drying rate = [((W4— Ws) we]/[(we— w) We} 


where W, and w,= initial weights and W, and ima 
weights of untreated and treated samples respectively. 


re boe es ese D TO ek in 


drying rate depends on the amount of ‘soft wax’ fraction on 
the fruit and a total removal of all cuticular lipids with hot 
chloroform results in only a amall increase of the drying 
rate (Table 2). Peeling of the fruit, that is, removal of the 
whole epidermal layer, yields only a comparatively small 
increase in the drying rate, indicating that the wax-free 
epidermis is no important water barrier. A similar obeer- 
vation has been made with the cuticles of apples. 


Table$, Ruetartvs Davie RATA oF SULTANA BuRRies AT 60° O 
Increase in 
Treatment Without for 3 mtn in e. 
dipping an emulsion 
dipping od] ( 
Oontrel 1 25 158 
Burfaoco wax extracted 
with petrol v&pour 49 53 14 
Surface wax extracted 
with hot chloroform 5-7 78 30 
Peeled 8-3 — — 


The increase of the cuticular transpiration of grapes by 
dipping solutions has been the object of several investi- 
gations. Cold ing solutions are used in the production 
of light-oolo sultanas* and oonsist of an emulsion of a 
mixture of fatty acids, their ethyl esters and sulphonated 
compounds in alkaline solution. It has been established 
that very little or no wax is removed by the dipping 
prooedure**, that the effect of dipping solutions on 
evaporation is reversible’, and that the electrical potential 
difference across the surface of grapes is not irreversibly 
changed’. Similarly the ultrastructure of the wax, visible 
under the electron microscope, is retained after removing 
the dipping solution by washing’. Chambers and Possing- 
ham suggested that the surface of the wax plays an im- 
portant part in the actions of dipping oils. 

It was therefore of interest to compare the effect of 
removal of cuticular components by solvent extraction 
with that produced by dipping. The dippimg oil was a 
commercial ct and was used as an emulsion (2 per 
cent) in a solution of potassium carbonate (2-5 per oent). 
hod ee E ae ae ‘soft 
wax’ fraction is 


pe cuticle (Table 2). 
Dipping solution | aa little C ue after removal of the 


} 


4 34 


‘soft wax’ fraction with petrol or the total removal of x 


cuticular wax with hot chloroform. The ‘soft wax’ frao- z 
tion prevents water loes from the fruit probably aoting 
simply as a hydrophobic layer that repela water both from 
within and without. 
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The lipids of dipping emulsions used to increese the 
drying rate of sultana grapes are absorbed and retained 
by the surface wax". It is suggested that tho addition of 


Sidi arate to Cis suticalas wer coe iio a Ryo IG 
> 


) 


— Tass 


to the cuticular wax establishes a hydrophilic 

between the hydrophobie surface of the grape and ita 

watery contents, thus facilitating the flow of moisture 
the cuticle. 

I Dr. D. H. 8. Horn, C.S.I.R.O. Division of 

Organic Chemistry, Melbourne, Victoria, for his advice. 
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Mechanical Stimulation of Feeding In 
Eplactis prolifera 


mechanisms of coelenterates were the 
subject of much interest at the turn of the century, and 
were investi by such notable biologists as Loeb}, 
Jenningg! and Parker*. Renewed consideration has been 
given to these problems in the past few decades largely 
through the work of Pantin‘, who used the sea anemone, 
Anemonia sulcata, and more recently through the experi- 
mente of Loamis'. The latter, who showed that small 
amounts of the tripeptide reduced glutathione activated 
feeding in the fresh-water Hydra litoralis, directed atten- 
tion toward the chemical activation of feedig*". But 
the question of mechanical stimulation of feeding, al 
demonstrated in some sea anemones by earlier workers**, 
has been neglected in recent years. In this oommunioa- 
tion, I describe some obesrvations which show that the 
feeding response of the sea anemone Hpiaotis prolifera 
can be repeatedly activated by remarkably slight mechani- 
cal stimulation with inert objects. 
Specimens of Hpiactis prolifera of y 1:2- 
2-5 cm diameter and 0-75—1-5 cm in height were collected 
from eelgrass beds in Friday Harbor, Washington. The 
animals were kept unfed in glass bowls on a see-teble of 


r- running fresh sea-water at about 18? C. 


“~" Whatman filter > 


When a small piece of Whatman No. 1 filter 
(about 0:5 om square) Jasa planed gently cn. Unéctenadiafe 
those tentacles the paper contracted toward the 
mouth, and the adjacent tentacles both to the right and 
left bent toward the . When the was placed 
forcefully on the the ‘wave of stimulation’ was 
greater, more tentacles contracting. Usually within 
30-60 seo after the tentacles first touched the paper, the 
lips of the mouth moved toward the paper and ingested 
it. 

The tentacles are required for the reception of mechani- 
oal stimuli which activate feeding. The anemone did not 
seem to be aware of small pieces of paper placed on its 
oral disk only. If & nearby tentacle were made to touch 
the paper, however, within & few seconds adjacent 
tentacles started to envelop the paper and ingestion 
commenced. 

This anemone can ingest & wide variety of mert and 
plant material. per ges re ee rr of Epiacits 
Ingurgitated, in rapid suooeegion ~ 


ieoces o sip tea ose Gad he les PCS 


small pebbles (0-2—0-3 g), and & piece of glass rod (0-2 g). 
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All these objects were regurgitated later, covered with & 
layer of mucus. The regurgitation time for inert objects 
varied, some objects being retained for 2-10 h. 

Animal food offered to-Fpiaciie was usually swallowed. 
withm a minute. The anemones were fed fleah from local 
clams, shrimps, limpets, and sabellid worms. They would 
not ingest ens of Epiactis half their size, but would 
ingest specimens of their own species about one-tenth. 
their size. The latter were regurgitated several hours 
later, unharmed. 

Followmg ingestion of animal tiasue, the response to 
mechanical stimuli became gradually sluggish. For 
example, 8 h after feeding on the clam Protothaca sp., the 
anemones took from 10 to 80 mm to ingest bite of paper, 
while the fasting control devoured the paper within 30 
seo. One day after this mg, the anemones did not 
respand to the paper at all the tentacles seamed to 
be insensitive to mechanical stimulation. When a fresh 
piece of flesh was placed on Epiaciis, however, it was 
trapped by the tentacles and feeding commenced immedi- 
ately. After two days, unused food was usually regurgit- 
ated, and within one day after regurgitation the anemones 
were responding avidly to inert objects. 

The rapid triggering of feeding by mechanical stimula- 
tion which was so striking in Epiactis was not observed 
among other sea anemones from the Friday Harbor aree 
that were tested, including Anthopleura eleganitssima, 
senile, Diadwnvine luceas, and the xo&nthid Bptronthus 
scotinus. 

This response of Epiactis prolifera is consistent and 
repeatable. Furthermore, the anemone is hardy and can. 
be maintained in the laboratory with relative ease. Thus, 
it may afford a useful imental system to study in 
coelenterates questions debel 1o (ho waters, role wid 
interaction of mechano- and chemo-receptors involved in 
co-ordinating a single response 

IAS work waa ioport by U Publio Health Service 
grant GM 11226. 
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Nitrogenous Excretion in Arachnids 


ANIMALS are known to excrete ammonia, urea, or uric 
acid as end-products of protein metabolism. So far as we 
can ascertain, the problem of nitrogenous excretion in 
arachnids needs more i ion, Since the work of 

Besanez and Will: in 1849, guanine was regarded 
as the place of uric acid as the main nitrogenous 
end-metabolite in arachnids. The method of synthesis of 
guanine in these animals is unknown’. 

Vajropala* studied the excrementa of the spider, Epeira 
diademata, by the speciflo enzymatic method of Schmidt* 
and found that guanine accounts for up to 12 per cent of 
the dry weight of the exaremente. Schmidt e£ al.* found 
that guanine accounts for more than 85 per cent of the 
total nitrogen of the excrements of two species of spiders, 
the silk spider, Nephéla claviceps, and the garden spider, 
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Argiope aurantia. Hypoxanthine, xanthine and uric acid 
were present in not more than negligible amounts. 
Atkinson and Chorlton* found that 40 per cent of the 
excretory material of the huntaman spider, Delena can- 
oerides, was guanine, forming 71 per cent of the total 
nitrogen excreted and no other purines were present. 

Guanine was also found to form the mam nitrogenous 
end-metabolite in the exorete of scorpions. Gregoire e£ al." 
stated that guanine represented about 90 per cent of the 
nitrogen excreted in two species of scorpions, Androctorms 
australis and A. amoreuxi. Adenine and hypoxanthine 
were absent, whereas small amounts of ammo-acids and 
agmatine were t. In another scorpion, Palamnaeus 

is, Koch e£ al.* detected the presence of adenine, 
hypoxanthine and uric acid in the excreta. As such, 
animals excrete several intermediates of the same ercre- 
tory cycle, they considered them to be physiologically leas 
efficient than those excreting a single intermediate. Said’ 
found that the excreta of the scorpion, Buthus quinques- 
triatus, was mainly formed of guanine es it formed 86-27 
per cent of the total nitrogen excreted; xanthine and urea 
wero absent whereas ammonia and urio acid formed 6 and 
0-19 per cent of the total excretory nitrogen respectively. 
Rao! and Rao and Gopalakrishnareddy", working on the 
excreta of some scorpions and certain other arachnids, 
found that nitrogen is excreted predominantly as guanine. 
Urio acid accounted for 8-12 per cent of the total excretory 
nitrogen end was also detected in the poison and coxal 
glands of the scarpions, Heterometrus and Buthus. 

The work recorded here was undertaken on the exore- 
menta of spiders and scorpions in Egypt, in an attempt to 
add more knowledge to the problem of excretion in arach- 

ids. Exoreta from 15 specimens of the scorpion, Buthus 
quinquestriatus H.E., were collected in 10 days during 
September. Excreaments from 7 specimens of the spider, 
Lycosa urbana, were collected during £5 days of August 
and September. The excreta of both animals were white 
deposits spotted with black or dark faeces. 

Excreta were left to dry in a desiccator until weight was 
constant and then ground in & small mortar. Methods of 
analysis of excreta for total nitrogen, ammonia, urea and 
urio acid are similar to those used by one of us" for the 
analysis of urinary concretions of reptiles. Total nitrogen 
was estimated on the whole excreta; a weighed portion 
was dissolved in warm water and the soluble portion was 
used for the determination of ammonia, uree and uric acid. 
The water-insoluble part was dissolved in 1 per cent 
lithium hydroxide solution and the soluble portion was 
used for the determination of urio acid, as lithium hydrox- 
ide is a good solvent for uric acid and normally insoluble 
urates. Another weighed part of the deposit was dissolved 
in ammonia—water (1:1) to dissolve guanine, which is 
readily soluble in this solution. Guanine was 
in this solution by the method described by Wiliams! 
for the determination of guanine in urine. 


Table 1 
Searpton (Buthus) Bplder (Lycosa. 
% of As % of 
Constituents / 1 g deposit As N total as total 
nitrogen nitrogen 
ni 243 -000 100 177 419 100 
Water Davis Gobet tend 
Ammonia ni 0 0 0 
Urea nitrogen 0 0 
Urb acid nitrogen 7 406 3 085 0 265 0 150 
"Water insoluble oonstituen: 
Urio acid nitrogen 0 183 0 065 0 200 0-118 
Ammonm water 
const! tis ts 
Guantne nitrogen 135 260 55-063 107 410 94 350 


The results are shown in Table 1. The total nitrogen of 
Buthus and Lycosa was 248 and 177-419 mg/g deposit 
respectively. Ammonia and urea were completely absent 
from the deposits of both animals. Uric acid nitrogen 
formed about 8 per cent of the total nitrogen excreted in 
scorpions, while it was present in very small traces in the 
exoreta of spiders. Such analysis indicates that these 
arachnids are not grouped under the three main divisions, 
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samonoteles, ureotelea, or uricoteles, which excrete reg- 
pectively ammonia, urea or urio acid as the main nitro- 
genous end-product of protein metabolism. Soorpions and 
spiders form a seperate which excrete guanine as 
the main nitrogenous end-metabolite of protein meta- 
bolism. The guanine excreted forms about 55 and 94 per 
cent of the total excretory nitrogen in the scorpion and 
spider investigated respectively. 
Gasup HaGaAG 
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MICROBIOLOGY 


Effect of Actinomycin D on the Infectivity of 
Trypanosoma cruz! 


PanrIAL immunity against a virulent and lethal strain 
of T. orus$ has been obtained in mice by several pro- 
oedureg!-. All these procedures lead to a limited proteo- 
tion and are characterized by the appearance of parasites 
in the blood. The use of killed flagellates mduces little ar 
no resistance against the virulent strain!*, suggesting that 
a mild host infection is an indispensable prerequisite for 
the development of even partial immunity. 

During studies of protein and nucleic acid synthesis in 
T. orusi, it was found that actinomycin D was a potent 
inhibitor of the growth of the organiam in vitro. Further- 
more, the inhibition of growth remains after the flagellates 
are washed and resuspended in a medium free of actino- 
mycin D. The earliest detectable effect of the drug was a 
potent inhibition of ribonucleic acid synthesis, followed by 
mhibition of protein and deoxyribonucleic acid synthesis. 
Moreover, the organisms maintained in the presence of 
actinomycin D, although manifesting normal motility, ap- 
p to lose their potentiality to multiply as indicated 

y their inability to inco te radioactive thymidine 
into DNA. These organiams, however, retained the 
ability to protect animals against infection by a virulent 
strain of T. orust. 

The flagellates were cultivated at 28° C either in & 
medium containing liver infusion, tryptose (LIT medium), 
salts, serum and haemoglobin or a medium in which the 
liver infusion and tryptose were replaced by lactalbumin 
hydrolysate (Lacto medium). The composition of the 
former medium was made available to us by Dr. Robert G. 
Yaeger, of Tulane Medical School, New Orleans. Intra- 
peritoneal injections of a suspension of flagellates from 
culture or 200,000 blood forms of the flagellates, collected 
from mice heavily infected by a virulent strain, were used 
to inoculate mice. 

Microgcopic examination of the blood of infected animala 
and xenodiagnosis were both used to detect parasites in 
blood. The latter, & highly sensitive procedure in mice, 
was employed as a check on the microscopic examimation 
to ensure that the blood of animals which had received 
injections of actinomycin D-treated flagellates did not 
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harbour the parasite. In this procedure, five Triatoma 
infestans, one of the vectors of T. oruet, were used to feed 
on each mouse. The mice were bled to death by the bugs. 
Examinations of the triatomids were carried out two 
months after the blood meal. Microscopic examination of 
all mouse blood was carried out before, and 9-15 days 
after, the inoculation of the virulent flagellates. 

The resulta of the multiplication potentiality of T. orust 
measured as a function of the rate of moorporation of 
intiated thymidine into DNA are shown in Table 1. 
It is clear that the actinomycin D-treated organisms 
lost their ability to incorporate tritiated thymidine mto 
DNA. Other inhibitors, for example mitomycin C and 
5-fluorouracil-2’-deoxyriboaide, also inhibited the growth 
of the organiams $n viro, but were not as effective in 
inhibiting the incorporation of radioactive thymidme 
under these conditions. 


Table 1. Bars or IKOORPORATIOX OF TRITATI) THYXIDINE INTO DNA OF 
AOTINOMYOIM D-TREiTED Trypanosoma orum 


Pretreatment 
of opm after. 
flagellates 24h 48h 72h 
None D 1007109 129,000 165,090 


Fiagellates, cultivated for 3 days in Lacto medium containing 1 gg/ml. of 
actinomycin D, were cen and resuspended in 3 ml. of medium 
of tritzated . The final 


containing 1 wc. of tx contained 
LE agiz th identies! &us- 
pees of in aotinomyotn D was omi was incubated at 
O. At the ted the and the sedi- 
ments washed twioe with 0 4 M perchloric aod and followed by two 
with 80 per oent ethanol Ths pyle Nal ig cape s le 
NaOH. The radioactivity was measured in a Packard -carb' hgmd 


Suspensions of the actinomycin D-treated organisms 
were injected into 20 mice (3x 10* organisms per mouse) 
and followed by a similar injection one week later. Two 
weeks after the last injection, eighteen of the twenty mice 
and twenty control mice were injected with blood of 
animals heavily infected with the virulent strain. Hach 
mouse received approximately 2x 105 organisms. The 
results of this experiment are shown in Table 2. It may 
be sean that a previous exposure to actinomycin D-treated 
flagellates resulted in virtually a complete protection 
against a subsequent exposure to the virulent organisms. 
The control or untreated mice, on the other hand, all 
showed very high blood levels of the parasite and died 
within 18 days of exposure to the virulent flageliates. 
Partioulmly significent and perhepe even more important 
than the high degree of protection offered by the actino- 
mycin D-treated flagellates is the observation that the 
protection was achisved without the appearance of blood 
parasites dus to the injection of the metabolically inhibited 
organisms. It should be mentioned that other experiments 
carried out with groups of twenty mice (without the 
xenodiagnosis control) showed similar results. 


Table £. Harmot or OUBATED WITH 


PROTECTIVE Trypenosoma orwm FRED 
ACTINOMYCIN D AGATMMT IKTROTION BY 4 VIRULENT TRAIN 
Blood parante level — Survival time 
(days after 


Treatment No. of Before After Injecting the No. of 
mioe virulent virulent virulent survivors 
stram flagellates) 
1,000 
Control 20 — to 1241 0 
4,220 
Acüunomyoun D 18 0 1to y 18 


2T 0 — — hes 
* All animak m health were killed after 90 days. 
+ Animals used for xenodiagnosis tests. 


a miloe were nre tot wiih 3% 10 NM ae ee eee 
Lacto medium containin actinomycin D. inocu- 
lation was re ted one week after the 

second 18 of the mice and 20 untreated mea were tnoculated with 
2x 10° virulent 


ts levels are as the number of parasites in 200 micro- 
no parasites were found, tn which oase 4,000 


Blood 
E din 

The two mice from the actinomyoin group that did not 
receive the virulent strain were used for xenodiagnosis 
two weeks after the second inoculation, to determine 
whether a mild infection (very difficult to detect by direct 
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blood examination) could be detected by this sensitive 
method. No parasites were found in either the faeces or 
the intestine of the Triatoma bugs, even two months after 
the blood meal. 

Thus it appears that aotinomyoin D-treated flagellates, 
though devoid of infective capacity, retain e high dogree 
of antigenic competence. The recent resulta of Johnson, 
Neal and Gall’, which demonstrate that adjuvantsincrease 
the protective effect of T. crust antigens, suggest & means 
of improving that of actinomycin D-treated flagellates. ' 

This research was supported by grantas from the 
Fundação de Amparo à Pesquisa do Estado de São Paulo 
and grant 4 1—05008—T'M P from the U.8. Department of 
Health, Education and Welfare. 


Laboratory of Cellular Physiology, 
Faculty of Medicine, 
Univeraity of S&o Paulo, Brazil. 


HM T: 8 Goodwin, M. B., Palmqumt, J., and Brown. E., Amer. J. 
Trop. Med., 0b, 1 (1950). 


t Collier, W. A. S. Hyg. Infekt Krenkaé,, 118, 88 (1931). 

» O. H., Oatver, K. AL, Leckio, M. W., and Walla, L P., Nature, 
157, 283 (1940). 

‘Pid, T., and Prager, E, Bol. Inform. Parasit. Chilenas, 7, 20 (1052). 

VM: kena Gu eS Aen. Taai Onwakdo Ores, 44, 520 

‘Johnson, P., Neal, E. A., and Gall, D., Nature, 800, 83 (1063) 


VIROLOGY 


Genetic and Non genetic Factors in 
Chromatographic Behaviour of Pollovirus 


Bomm variants of poliovirus (E^) do not adsorb on 
DEAE-cellulose provided neutral 0-01—0-02 M phosphate 
buffer i» used as & diluent; under identical conditions 
some other variante (Z-) are almost completely detained 
on the ion-exchanger and can be eluted only with solutions 
of increased ionic strength". The Æ character of polio- 
virus may be considered as & genetic property which has 
no complete correlation with any other marker investi- 
gated so far?*-*. 

In this report we furnish evidence that in some cases 
the expression of E phenotype is critically dependent on 
the virus growth conditions, and particularly on the 
presence of cystine. 

Methods of chromatography and of virus titration were 
described in detail earlier?*. Briefly, they were as follows: 
virus, adsorbed on DEAE-cellulose column, was first 
eluted by 40 ml. of 0-02 M phosphate buffer, pH 7-1, and 
then by 40 ml. 0-85 per cent NaCl in the same buffer. 
The virus content of each fraction (10 ml.) waa assayed 
by plaque method. As representatives of Æ+ and H- 
varianta of poliovirus, the lines M-J-2p and M-II1-2p 
were used, respectively; these lines are plaque-purifled 
derivatives of the Mahoney strain‘. Viruses were grown 
in cultures of kidney tissue of Macacus rhesus in the 
medium containing 0-5 per cent lactalbumin hydrolysate 
in Earle’s salt solution. Table 1 shows that the chromato- 
graphic behaviour of these variantes does not change 
significantly either after one passage in the cystine-freo 
Eagio’s medium or after treatment with cystine 4n vitro 
by the method of Pohjanpelto (12 h at 37° O 1n 0:01 per 
cent cystine in borate buffer, pH 9) (ref. 7). It may be 
noted that this treatment resulte in a considerable increase 
of thermostability of both populations (M-I-2p and 
M.-1II-2p). 

Quite different resulta were obteined, however, with 
another variant derived from M-III-2p by four con- 
secutive passages in the cystine-free Eagle's medium. 
This procedure resulted in the formation of a population 
(M-III,) which differed from the original MIs , being 
predominantly an Æ+ population. After one passage in 
the lactalbumin hydrolysate medium, the elution pattern 
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Table 1. OHROMATOGRAPHIO BEHAVIOUR OF POLIOVIRUS POPULATIONS 
UNDER DIFFERENT OOXDITIONH 


Virus 5 (pe oons of tee hy loaded on bo soda) 
4 

Yanant "Buffer ‘Salt ‘Buffer ‘Salt ‘Buffer " ‘Balt 
fraction’ fraction’ fraction’ fraction’ fraction’ g 

M-I-2p 76 2 82 2 TI 7 

M-III-*p «1 99 «1 91 «1 99 

H-O, 8 2 65 «1 96 
(e) Virus Tm medie, ee medium, (b) virus grown on the 
> (c) virus grown on Hagle's 
vicdiumy and treated with "Buffer fraction’—the fraction of 
virus feotivity which is eluted by 0 02 M PHTI ‘Balt 
—the vity wlitch rm eluted by 0 85 per cent 


of M-IIL, was changed for B-; the modifled population 
again regained ita H+ phenotype after one in the 
cystine-free Eagle’s medium (Table 1). We supposed that 
the change of chromatographic behaviour was due to the 
presence of cystine in the lactalbumin hydrolysate 
medium. This assumption was confirmed by experiments 
with the treatment of M-I, with cystine in vitro. Such 
treatment also results in change-over of E+ phenotype 
for E- (Table 1). 

Thus, the chromatographio behaviour of M.III, (ite 
H character) is not, strictly speaking, a genetic marker. 
But the capacity of this variant to react with cystine in 
& manner that leads to changes in elution properties of 
the population may be considered as a special genetic 
character. Such oystine-response varianta may be 
designated Her, 

We would like to point out that treatment of M-IU, 
with some other sulphur-containing compounds (thio- 
glyoolate, mercaptoethanol) also resulta in analogous 
change of chromatographic behaviour (Et — B-), 
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Protective Effect of Neonatal Thymectomy on 
Cystic Disease induced in Rats by Rous 
Sarcoma Virus 


L. Zilber and I. Kryukova? have described a peculiar 
cystio-haemorrhagio disease caused by Rous sarcoma 
virus (RSV) in rate infected when newly born. G. Svet- 
Moldavsky and A. Skorikova’ have obtained analogous 
resulta later on confirmed by other investigators. The 
morphological investigation revealed that this disease is 
connected with disease of lympho-retioular tissue of 
lymph nodes, spleen, hmgs and endothelium of small 
lymphatic vesels’. Cysts are formed due to the whole 
complex of proliferative and destructive processes which 
change mainly the reticular (reticulo-endothelial) cells and 
block the lymph-stream. 

Various strains of RSV differ in their capacity to cause 
cystic disease in rata. There is a direct relation of fre- 
quency, rate of development and severity of disease on 
the infecting dose of virus. The neutralization of virus 
with a specific antiserum ents the disease‘. 

Simultaneously the morphological date indicate that the 
dynamica of cyst formation is connected with cellular 
reactions and vascular diseases characteristic of a delayed- 
type sensitivity. 

Taking into account the data concerning the important 
role of thymus in immuno reactions of the organiam!, we 


NATURE 


August 28, 1965 VoL. 207 


have investigated the influence of neonatal thymectomy 
on the development of cystio lymphadenopethy induoed 
in rate by RSV. 

We used the Carr-Zilber strain of RSV which shows prao- 
tically 100 per cent cystogenio activity. A 80 per cent 
extract of chicken sarcoma tissue in saline centrifuged for 
20 min at 2,500g was used as tho source of virus. The 
infectious titre of virus was 1:10,000 in 0-1 mL Rata of 
the Wistar strain, leas than 24 h old, were thymectomized 
using the techni of Jankovic et al.'. 1-2 h later the 
rata were inf subcutaneously (into the interscapular 
region) with 0-2 mL. of virus. 

Tho inooulations, of 0-5 ml. 1n dose, were repeated on the 
second and fourth days of life. 


Table 1. FREQUENCY AND RATE oF DEVELOPMENT OF Crmmo DISEASE 
INDUCED BY RSV IN Rats THYMECTOMIEED AT BIRTH 
Age of rats in weeks No. of rats killed 
Complete thymectomy when killed by thos ime 
2 3 
3 3 
4 1 
oj17* 8 1 
9 8 
11 2 
15 2 
17 1 
ooks after Mnoculataon No. of rats with 
Partial thymectomy of RSV, cysta first seen cysts by tus time 
(a) Bmall or m! 5- i 
remnanta of thymus 7 2 
/16 8 2 
9 1 
18 2 
(b) Large remnants of thymus 2 9 
14/14 3 5 
2 15 


or 
15/16 
dier ee of rats affected ; denominator — Xo. of rats mfected with 

The resulte, summarized in Table 1, ahow: 

(1) In non-thymectomized rata (control), the cystic 
diseases identical to those described before appeared 2 
weeks after the inoculation. (2) In rats subjected to com- 
plete thymectomy, cysts appeared in none of the cases. (3) 
When the rate were partially thymectomized the resulta 
were quite different dependmg on the size of the remaining 
part of tbe thymus: when the remaining part was 
large we noticed a certain acceleration of the disease 
development slong with impetuous regeneration of thy- 
mus. When the remnants of thymic tissue were small or 
Microscopic, cyste appeared in 9 out of 16 rate and the 
process of their formation was retarded. 

Thus, the results of experimente demonstrate that the 
neonatal thymectomy suppresses, or at least delays, the 


development of cystic disease caused by RSV in rats. - 


Since neither the cellular elements of the thymus iteelf 
nor the amall lymphocytes are the object of the direct 
pathogenic virus action’, we can assume that the immune 
mechanisms controlled by the thymus play a very impor- 
tant part in the genesis of the cystic syndrome. We 
propose as a hypothesis the following scheme of cyatio 
disease pathogenesis: 

(1) Infection of new-born rate with chicken sarcoma 
extract causes the alteration of antigenic capacitios of 
lympho-reticular tissue cells affected by RSV (together 
with enhancement of cell proliferation and possibly also 
with direct necrotizing virus action). 

(2) The further development of the disease is connected 
mainly with the auto-immune response directed against 
the cellular elementa ‘heterogenized’ by the virus. This 
reaction ia analogous to the homo immune response 
and presumably involves & delayed hypersensitivity mech- 


. anism. The serological and morphological data suggest that 


humoral factors of immunity do not play an essential 
part in the reaction of rate infected with RSV. 

Thus the cystic disease 18 considared to be due to a virus 
—eutoimmune disease of a rather peculiar type. The whole 
complex of proliferative and destructive changes due to 
which the cysts appear can be estimated as a result of 
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direct pathogenic action of the RSV on the infected cells 
and immunomorphological phenomena. Neonatal thy- 
mectomy brings about a oonsiderable suppression of 
delayed hypersensitivity reaction’ and thus excludes one 
of the links (probably the main one) of the oyst formation 
process. tly an analogous phenomenon oocurs in 
the course of lymphosytic choriomeningitis in mice 
and neonatal thymectomy has a protective effect’ *. 
Recently we have obtained similar resulta concerning 

the suppressive effect of neonatal y on the 
cystic disease in mice (described by us earlier’) injected 
with the mixture of sheep lung adenomatosis tissue extract 
and polyoma virus; simultaneously under these conditions 
we have noticed the aggravation of the oncogenic action 
of polyoma virus. 

I. 8. Intow 
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GENETICS 


Polymorphism in the Red Protein Isolated 
from Milk of Individual Cows 


GENETICALLY determined polymorphism of human and 
other primate transferrins, the iron-binding proteins in 
blood, has been established by starch-gel electrophoreais?:*. 
The transferrin in cattle differs from that in humans since 
cattle homozygous for an allele have been shown to contain 
more than one transferrin**, The red protein, also called 
Iactotrannferrin, is an iron-binding protein found in cow’s 
milk and has now been found to be polymorphous by gel 
electrophoresis. Although serum transferrin resembles the 
red protein in sixe, absorption spectra, and amount of iron 
bound per mole of protein, it differs in electrophoretic 
mobility and amino-acid content!:*. 


nmm 


Pig. 1. Gel-electrophoretic of 
apopro ; 7, con 
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Red protein isolated from the milk of individual cows 
in the experimental herds at Beltevile, Maryland, was 
examined by zone electrophoresis. Since the red protem 
is & minor protein in milk, it must be isolated before 
electrophoretic typing can be carried out. Also, ıt should 
be reasonably pure, since a number of other minor proteins 
with similar mobilities are found associated with the red 
protein fraction. 

Zone electrophoresis by the Raymond method’ at pH 
9-0 has recently been applied to milk proteins! and was 
found to give good resolution of the red protein when used 
at 5 per cent gel concentration. For most comparisons 
shown here the red protein was isolated from the casein 
fraction’ or the whey fraction of milk’. Good agreement 
in electrophoretio patterns was found for proteins prepared 
by either method. 

Variation in gel-electrophoretio patterns at alkalme pH 
of the isolated red protein is ahown in Fig. 1, numbers 1 
through to 5. The photographic reproduction does not 
show some of the minor bends as clearly as they could be 
seen in the original gel. The bands are marked according 
to their mobility—A for the fastest and D for the slowest. 
Band D generally stains heavily, with each su i 
zone becoming lighter; however, with number 3 the D 
band is faint. Number 5 is typed (O), D, the parenthesis 
indicating little protein in the O zone. Numbers 1, 2, and 4 
are typed B, C, D, while 3 is A. B, O, (D). The protein in 
1 and 2 was isolated from the whey and casein fractions of 
milk from a single cow. A tabulation of the types according 
to breed is shown ın Table 1. 


Table 1. A OOXPARIBOX OF THE HLECTROPHORNTIO TYPE OF RED PROTEIN 
WITH BREED 


Breed Total Bleotrophoretic xone* 
Ayrahmre E (0) D 
Ayrshire B © D 
Brown Swiss O D 
Brown Bwies B © D 
Guernsey 1f, B O D 
Holstein 1.1 T B O D 
Jersey I A) B O D 
Jer»ey o D 
Jermey- 1 B O D 
Hodstein{mixed breed) 1Lt A B O (D 


16 
* Letters in parenthesis Indtoate a very small amounts of protein. 
t Red protein prepared from casein fraction. 
f Red protein prepared from whey fraction. 
$ Red protein prepared from f-lactoglobulin fraction 
[| Red protein prepared from colostrum milk of this cow. 


As some of the bands might result from the binding of 
varying amounts of iron, electrophoretic determinations 
were made on protein solutions to which excess iron ions 
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were added. The resulting electrophoretic patterns were 
unchanged. In another experiment the iron was disso- 
ciated from the red protein by adjusting a protein solution 
to pH 2-0 and removing the iron with a ‘Dowex 50’ resin 
in the chloride form. An electrophoretic comparison (Fig. 
1, numbers 6 and 7) shows that the zones for the apopro- 
tein, although leas sharp, have & greater mobility and are 
out of with those of the contro]. The consistency of 
the mobilities of the various red protein types and the fact 
that the addition of iron does not change the electzo- 
phoretio patterns suggest that a small variation in iron 
will not significantly alter the patterns. 
Polymorphism in the red protein has also been found at 
acid pH, as shown in Fig. 1, number 8. Diso electro- 
phoretio determinations were made in 7-5 per cent gel 
concentration, pH. 4-8, according to Reisfeld ef al.1*, A 
current of 60 m.amp (12 tubes) was applied long enough 
for the protein to move through about 70 per cent of the 
lower gel. In contrast to the variation found at alkaline 
PH, all the proteins examined show a major fraction of 8 
closely-related bands. , 
Electrophoretic differences at alkaline pH in the red 
protein isolated from milk of individual cows suggest the 
existence of a genetically controlled polymorphiam. Final 
E Sah asters ae ec imp 
animals than is practical with the present isolation 


procedures. 
Preliminary ide maps indicate differences in a few 
peptides, and this will be the subject of future work. 
M. L. Gaovas 
R. F. PrTERSOX 
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Method for demonstrating the Chromosomes 
in Adult Human Spleen Cells 


To obtain chromosome preparations from im vitro 
cultures of human peripheral blood is now a routine 
laboratory procedure. Baker and Atkins! and Bain and 
Gauld" have extended this technique to human foetal 
and infant spleen and adult lymph nodes. The present 
method, to demonstrate the chramoeomes of adult 
human spleen cells following culture $6 viro. 

In all, five spleens and one spleniculus have been studied 
as shown in Table 1. Each was freahly obtained from & 
patient undergoing splenectomy for therapeutic reasons. 

Ap i 0-5 g of splenic tissue was taken aseptic- 
ally and placed in & Petri dish, moistened with ‘Medium 
199’ (Glaxo Leboratories, Ltd., Greenford, Middlesex). 
The capsule was removed, and the remaining tissue was 
cat into small fragments with scissors, and then further 
reduced to a cell suspension in ‘Medium 199’, using & glass 
piston blender, after the method of Woodruff. This 
suspension was washed by centrifuging st 580g for 6 
min, and resuspended to a total volume of 10 ml. in fresh 
‘Medium 199’. 
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The washed cell suspension was transferred to a silioon- 
ized, heparinized ‘Universal’ container and 0-4 ml. of 
purtohsemaguludtun (Burroughs, Welcome and Co., 

ndon) was added, the whole being placed in a refriger-. 
ator at 4? O for 80 min. At the end of this period the 
erythrocytes present were seen to have sedimented, and 
the proceas was further accentuated by centrifugation at 
180g for 3 min. The supernatant was then removed and a 
nucleated cell count was performed on it. From this 
cell suspension aliquots of 6-8 ml. were prepared for 
incubation in further ‘Universal’ containers as follows. 

The cell suspension waa diluted with further ‘Medium 
199’, and human group AB Rh + ve serum was added to a 
concentration of 20-25 per oent, so that the final cell 
concentration, after addition of the serum, waa between 
1 and 1-5 million cells per ml. 

The culture was incubated at 87° O for 4 days. Any 
alkalinity in the culture was corrected with a jet of 
5 per cent CO, in 95 per cent O,, initially, and thereafter 
at 12-hourty intervals. 

On the fourth day, 0-1 ml. of a 0-02 per cant (w/v) 
solution of ‘Coloemid Pure Substance’ (Ciba Laboratories, 
Ltd., Horsham, Sussex) was added to each ml. of the 
culture and incubation was continued for & further 8 h. 

The further processing of the material closely followed 
the method used for cultures of peripheral blood and will 
therefore be only briefty summarized. 

The oells oollected from the culture were treated with 
hypotonic (0-95 w/v per cent) sodium citrate at 37^ 0^ 
and then fixed in a mixture of 8 parts ethyl aloohol to 1 
part of glacial acetic acid. 

Immediately before making the slides the fhrative was 
changed to one of 3 parta methyl aloohol to 1 part glacial 
acetic acid, the cella being suspended in one drop of this 
solution, so that it possessed a ‘milky’ opalescence. 

Slides were cleaned with absolute alcohol, dried, 
then oooled ys eee of carbon dioxide mow 


after the method of Fox and Zeiss‘. The cells were 
on to the cooled slide, using a Pasteur pipette, and the 
slide was then rapidly heated in the flame of a spirit lamp. 


Finally, the slides were stained with 1 per cent aceto- 
orcein and mounted in ‘D.P.X.’. 


Table i. OLDECAL DETAILA OF THE FIVE PATIENTS STUDIED 
Padeni Age and sex Spleen sixe Disease and operation 
1 Male, 54 Normal Oaretnoma of head of 
Splenectomy removal of tall of 
pancreas with Intestinal 
mosis 
2 Male, 20 Normal Rupture of spleen veo 
3 Female, 50 Inoreased Carcinoma of stomach 
í Female, 2° Increased — Spberocyiosis 
Splenectomy 
5 Male, 54 Increased — Oaroinoma of stomach 
Oesophago-gastrectomy 


The method described was found to yield a good collec- 
tion of well-spreed mitotic figures in replicate cultures of 
the spleens from Cases 3, 4 and 5 where the spleen showed 
evidence of hyperplasia. It was observed, however, that 
cell division was most rapid in those cultures which showed 
& + change to an alkaline pH. 

pea Sener mitotic figures were obtained from the 
cultures of spleens from patients 1 and 2 and from the 
spleniculus in Cese 5. In these cases there was no splenic 
h; lasis. 

similar method applied to the normal rat and mouse 
spleen, using rat serum, previously heated to 56° O for 
lh, to enrich the culture medium, was found unsuitable 
for the demonstration of chromosomes (Symes, unpub- 
lished observation). 

These findings, together with those cited heret! wherein 
chromosomes were only demonstrated in the foetal and 
infant spleen, suggest that prior splenic hyperplasia may - 
be i for success. Nevertheless, the method 
would seem to be of value as a means of asseasing the 
viability of spleen cell suspensions used as haemopoietic 


. 
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replacement following chamotherapy*, and per se in 
treatment of malignant disease’. 
We thank Dr. G. H. Tovey for generous supplies of 
human serum, and Mr. J. Wegrzyn for his assistance. 
This work was supported by a Medical Research Council 
research grant to one of ua (M. O. 8.). 
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AGRICULTURE 


Significance of Differences between Variety 
Yields under Experimental and Farm Conditions 


Previous work has shown that if farm yields are plotted 
against experimental yields they lie along a curve which 
has a slope of 45 degrees at low values and is almost hori- 
zontal at high values’. This occurs because, in years 
favourable to the crop, farm yields do not increase by the 
same proportion as experimental yields. 

This result suggests that it may be erroneous to assume 
that significant differences between yields of planta ob- 
tained under experimental conditions will also be aignifl- 
cant on farms. This becomes obvious when the differences 
between two points on the curve are measured on the 
absecissae and the ordinate of Fig. 1. In unfavourable 
years the difference between the yield of two crop varieties 
in an experiment is A B. On farms it would be the smaller 
but still substantial differences A,B,. Although & much 
larger difference in the yield of the two varieties A,B, may 
be obtained i» favourable years in an experiment, the 
difference in yield on ferms A,B, will actually bo smaller 
than in unfavourable years. If farm yields fail to reflect 
the large differences between the yields obtained under 
experimental conditions in favourable years, it is poesible 
that significant differences due to varieties, fertalizers, in- 
gecticides and other cultural practices obtained on an 
experimental scale would not be significant on a farm 
scale. 

It is possible to examrne the differences in the yields of 
varieties of sugar cane in experimental plots and on farms. 
In Queensland (Australis) the Bureau of Sugar Experi- 
mental Stations has carried out variety trials of com- 
mercial strains of sugar cane in all major sugar areas using 
the latin square or randomized block techniques over & 
period of years. Differences in the yields of varieties are 
not published unless they are mgnificant at the 5 per cent 
level. The cultural and manurial practices used in the 
experiment are similar to those used on farms in the mill 
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Table 1. OOXPARIBON OF HIGH- AND LOW-YIELDING VARINTIES OF SUGAR 
CANA IN EXPERIMENTAL TRIALS AND OX FARMS 


Yields (tons cane per aare) 


tal plots District average ores 

- Low- Low- AN Low- 

Variety y yelding yielding yielding 

pair variety variety vanety vanety vanety 
A 12.38 10-97 17-0 15-7 6696 1011 
B 38:34 35-18 23:3 23 5 5325 1395 
[6] 1665 1300 160 17:3 2085 5825 
D 40320 3228 19-8 16-6 3373 1007 
H 40.20 28128 198 24-4 3378 808 
r 495-38 825-66 1290 318 1578 6965 
G 45-238 — 21-45 29-0 20.2 1578 309 
H 40.35 — 39-90 29 0 20-6 1386 8729 
I 35-22 2781 23 4 33.3 4048 1201 
J 8305 3243 31-8 26 2 6965 809 
K 32-28 2628 16 6 24 4 1007 808 
L 4137 539-06 196 22 5 1400 4122 
Mean 3611 28-35 258 24:3 3828 2838 

Mean 
difference +78 —-0°5 


area in which the trial is conducted; the conourrent yields 
of individual varieties of sugar cane produced on farms are 
collected for each mill area by the Bureau of Sugar 
Experimental Stations (N. J. King, personal oom- 
munication). 

Using this mformation, a oo can be made 
between any two varieties of different yield in a particular 
trial in a particular year. Similarly the average yields of 
the same high-yielding variety can be compared with the 
average yield of the same lower-yielding variety in the mill 
aree in which the trial is located. Unfortunately mill areas 
are restricted to a few varieties and, if areas where tnals 
and farm crops are partially or fully irrigated are excluded, 
only twelve pairs of varieties can be compared with farm 
data. This comparison is made in Table 1. 

In the experiments the mean yield of the high-yielding . 
varieties was 7-8 tons (27 per cent) higher than that of the 
lower-yielding varieties and this difference was significant 
at the 1 per cent level. On farms there was no significant 
difference betwoen the yield of the high- and low-yielding 
varieties. The lack of difference on farms between high- and 
low-yielding varieties cannot be explained by the total 

of each variety grown on farms. Substantial 
acreages of all the varietios studied were produced, and 
there was no correlation between acreage of crop grown in 
the mill area and difference between the yield of high- and 
low-yielding varieties on the farms. 

This investigation was restricted to & comparison be- 
tween experimental yields and average farm yields of 
lugh- and lower-yiclding varieties of sugar cane, but it does 
suggest that, although a variety may give significantly 
higher yields than other varieties under experimental con- 
ditions, this difference may not exist on farms even when 
climate, soil and cultural practices are similar to those in 
the experiment. It is possible that this failure of farm 
yields to reflect experimental trends may also be true of 
comparisons between different levels of fertilizer or different 
cultural practices. Further comparisons between differ- 
ences m yields in experiments and on farms would be 
necessary to establish the magnitude and significance of 
differences which exist on farms for a given difference 
established in an experimental trial at a particular level of 
significance. For the data presented here a difference in 
the avorage yield of 27 per cent, which is significant 
at the 1 per cent level in experimenta, is not reflected 
in average farm yields. It is possible that the reduo- 
tion in the difference in yield, which oocurs when a 
practice is translated from experiment to farm, changes 
with the variable or the type of crop being examined, and 
that the actual degree of reduction in yield for particular 
variables and different crops must be found before the 
resulta of experiments can be applied to farming. 


B. R. Davipson 
Institute of Agriculture, 
University of Western Australia, 
Nedlands. 


1 Davidson, B. R., Nature, 194, 458 (1962). 
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SOIL SCIENCE 
Role of Exchan le Potassium and eslum 
on Caesium rption on Marine Sediments 


Tan potassium ion fixed into the interlayer spacing of 
& clay mineral 18 not easily replaced, and the resulta of 
chemical analysis cannot distinguish these interlayer 
potassium and the structural potassium. Therefore, the 
total potassium obtaied in the chemical analysis includes 
the gross structural potassium and the edge-site exchange- 
able potassium. One may assume, therefore, for the ocom- 
parison of the adsorbability of various olay mmerals, 
that the smaller the ratio of structural potessium, or 
alternatively the larger the ratio of exobangeable potas- 
sium to the total potassium, the greater will be the 
adsorption of metal ions, i of rubidium and 
cacsium, which are adsorbed in the dehydrated states 
having rather small cationic radii and can easily penetrate 
into the interlayer opening. 

This tion was exemplified in our investigation 
of the adsorption of caesium on Pacific pelagic and terri- 
genous sediments, containing illite, chlorite, and mont- 
morillonite, the details of which will be published else- 
where. Samples were fractionated into three portions 
according to the size of particles. The plot of the distri- 
bution coefficients versus the ratio of exchangeable potas- 
sium to the total potassium (Rx) resulted in ight lines 
intercepting at the origin; the slopes of them differ from 
one sample to another. Such relation was also found for 
the ratio of exchangeable magnesium to the total mag- 
nestum (Rug), but not for the respective ratios of sodium 
and. calcium. 

For the purpose of assigning to which clay mineral is 
worked either one of the ratios, Rg and Rug, oristobalite, 
k&olmitio montmorillonite, illitio chlorite, and two illitio 
kaolmites were fractionated into two or three portions 
eonig to tho parole uzor ranging from 1 to dur The 
distribution, ients of caesium-134 were determined 
in triplicate in water and.in N sodium chloride solution, 
both at pH 8-0. It was found that linear relation held 
only for kaolinitic montmorillonite when Ke versus Rr 
plots were made (Fig. 1), while Ks versus Rug plots resulted 
in straight lines, interoepting at the origin, only for illitic 
chlorite (Fig. 2). From the clay mi ical data of the 
samples used, the role of Rx can be attributed to mont- 
morillonite, whereas that of Eg can be attributed to 
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chlorite. These resulta are consistent with previous 
reporte! showing that potassium fixation occurs in mont- 
morillonite and magnesium fixation oocurs in degraded 
chlorite. 

In the case of marine sediments, the straight hnes 
obtained in the plot of Ks versus Rx and Kg versus Hyg 
exclusively interoept at the origin, while in the present 
cases Ky versus Eg plote do not pass the origin. This 
situation can be understood because the marine sediments 
are completely saturated by the metal ions composing 
gea-water, so that the unbalanced charges in the structural 
unite due to the lattice substitution are completely 
balanced by these ions. On the other hand, in the present 
montmorillonite, charges given by the lattioe substitutions 
are available for the adsorption of caesium and the 
definite magnitude of adsorption even at Rx = 0 will 
result. In the presence of N sodium chloride solution, 
the plot still does not intercept at the origin, though the 
distribution coefficients markedly decreased af compared 
with those in water, presumably due to the incomplete 
balancing of the charges emergmg from the lattice substi- 
tution by sodium ions of this concentration and also due 
to the competition of both cations. 

The major cause of cation exchange property of chlorite 
arises in the broken bonds on non-cleavage surfaces. 


observable adsorption on the broken bonds at Rug =; 


i 


That the plot of Kg versus Hyg passes the origin withou. 


in the case of marine sediments. 


may be the result of complete saturation of these bonds ay 
24 


For the other metal ions tested, namely, strontium, ] 


cobalt, and europium, no such relations could be found, 
86 was in the case of the marine sediments. Therefore, 
exchangeable potassium and exchangeable magnesium, 
respectively, in montmorillonite and in chlorite,.play an 
important part in ier capil Ai of caesium. Further- 
more, two other m ite samples found from 
different localities, for which particle fractionation was 
impossible, were missing on the straight lines obtained in 
Fig. 1. This faot suggests the importance of the olay 
mineral structure, especially the number of broken bonds, 
and the chemical composition. 

This work was supported by the National Council for 
Science Development. 


Hwa-sHENG CHENG 


Institute of Nuclear Science, 
National Tsing Hua University, 
Hainchu, Taiwan, 
Republic of Chima. 
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PSYCHOLOGY 


Vocalization-at-presentation, Auditory 
Presentation and Immediate Recall 


Pauvious work! has shown that if subjects performed 
increasing degrees of vocalization on & visually presented 
list of 8 consonante, recall of that list improved monotoni- 
cally as vocalization level increased. Thus voiced lists 
were better recalled than whispered liste, whispered lista 
than mouthed lista and mouthed lista than silently per- 
ceived lists. The relative efficiency of voicing as regards 
ita effect on recall was greatest for lista presented at fast 
rates (4 letters/sec); written recall was also found to be 
superior to spoken recall, although there appeared to be 
no significant interaction between vocalization level at 
presentation and the mode of recall (spoken against 

At first sight these resulta might seam to indicate that 
the ‘more’ one responds to a list at presentation, the better 
will be recall. However, there is an alternative hypothesis. 
It might be that auditory presentation per se is particu- 
larly good for immediate recall purposes, and that the 
advantage of vocalization may be put down to the addition 
of an auditory message to the visual message given at 
presentation. One way to test this would be to reduce the 
subject's ability to hear himself, by concurrently pre- 
senting white noise. Such an experiment will shortly be 
reported; but we aleo need some more objective evidence 
concerning the efficiency of. auditory presentation on 
immediate recall. In the work to be described, we shall 
compare the recall of lists merely seen with that of liste 
merely heard, and in addition compare the recall of voiced 
lista (self-produced auditory. stimulation) with that of 
lista seen and simultaneously heard as spoken by the 
experimenter (externally produced auditory stimulation). 
If 1t were true that the degree of ovart activity were the 
main determinant of vocalization’s advantages for recall, 
we should expect self-produoed auditory stimulation to 
give superior recall to that for externally produced audi- 
tory stimulation. On the other hand, if simply obtaining 
an auditory message were the main determinant of recall, 
there should be little differance between the two conditions, 
and in addition lista merely heard should be better recalled 
than lista merely seen. It should be noted that examina- 
tion of the available literature** does not give a clear-cut 
answer to the question of whether visual or auditory 
presentation is superior for immediate recall: their relative 
efficiencies & to vary, for example with age or intel- 
ligenoe*, al more recent work by Buschke* has 
suggested that auditory presentation is superior to visual 
presentation for immediate memory as measured by & 
recognition method. The resulta of Henmon* should be 
particularly noted, however: he found that the recall of 
10-item lista of digits or nonsense-syllables was best if they 
were ‘merely heard, and that there was little difference 
between self-produced and externally produced auditory 
presentation as regarded immediate recall, but only 6 
subjects were used. : 

'The technique used in tbe t experiment has been 
described previoualy!. Subjects saw liste of letters presented 
one at a time through the viewing-slit of a screen covering 
a continuously moving roll of paper on which the letters 
were printed. In each list there were eight consonants (all 
different, selected according to a random procedure), and 
the tation-rate was set at 1-33 letters/sec. for all 
lista. A typical list was LVMKTNOS. 


Two preeentation-conditions used iously were used 
again. As the letters were Wess subiculo either: (i) 
merely looked at each letter as it appeared (condition R 
=read) or (i) looked at, and also voiced aloud, each 
letter (condition: V=voice). In addition, three new oon- 
ditions were used: (1ii) S covered up the viewing-alit and 
merely heard the letters read out to him by # (condition 
A-auditory); (iv) S both saw the. letters and simul- 
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taneously heard them read out by E (condition RA); (v) 
S first saw each letter and, about 0-4 seo later, heard it 
read out by Æ (condition RA*). The purpose of RA* was 
to make the situation of seeing and ing more &n&- 
logous to that of voicing; when a subject voices & letter, 
he heara his voice a vocal reaction-time (approximately 
0-4 se0)* behind his initial perception of the letter. 

Concerning these various tation-conditions: R and 
V have been described. (ondiion A was achieved by 
simply covering up the viewing-slit, while E, concealed 
behind & screen, read out the letters as he himself saw 
them through a set of mirrors arranged about S's viewing- 
alit. For condition RA, E also read out tbe letters, tho 
this time they were in addition visible to S. For condition 
RA*. the delay of E's voice was arranged by preliminary 
trial-and-error to coincide as exactly as possible with S’s 
own vocal reaction-time. The interval was found by 
moving & bar across one of the mirrors to a position such 
that if Æ read out the letters as they crossed the bar, his 
voice coincided with S's own voice as S read out the letters. 
(In the actual test, of course, S did not voice on condition 
RA*.) With a presentation rate of 1:38 letters/sec, E'a 
voioe never coincided with S's peroeption of the next 
letters in the list. 

Recall was given immediately after having peroeived 
the eight letters, Æ having switched off the machine. The 
recall was either spoken into & tape-recorder, or written 
on prepared answer-slips; S oould recall in any order, 
provided he specifled the original poeitions of all letters 
recalled. If a letter could not be recalled, S could omit or 
guess as he preferred. 

Twenty male adult subjects (mainly students) were 
used, all of whom had taken part a year previously in an 
experiment in which conditions R and V had been inves- 

i Thus they were highly practised at the general 
task, but were not familiar with conditions A, RA or RAÁ*. 

Table 1 shows the percentage correct of the total poe- 
sible number of letters on each of the conditions. Each 
letter was marked as correct only if it appeared in ite 
correct position in the presented list. 


Table 1 
R RA RA* Y A Mean 
Spoken recall 57°27 64:37 66 80 65 63 68-44 64°50 
Written recall 09-45 78 06 77-81 TID 70:09 70 45 
Oombmed reoall es 86 71-21 T2 45 7145 74-06 70 45 


Analysis of variance applied to the raw data showed that 
the vocalization, recall-method, and ‘subject’ factors all 
gave variance-ratios significant at P < 0-001 (F=—8-08, 
182-0 and 12-76 respectively). In addition, the interaction 
between vocalization and subjecta was significant at 
P < 0-05 (FP —1-50); the interactions, vocalization with 
recall-method and recall-method with subject, were not 
significant. Testa by the method of orthogonal com- 
parison’ showed that the difference between the ‘com- 
bined’ totals of R and RA was significant at the 0-01 
level (F —22-78) and that the difference between RAt 
and A was not significant (F — 1:14). It can be seen that 
there were no significant differences between RA, V, and 
RAt: and that the difference between A and R was signi- 
ficant at a level of at least P < 001. 

It therefore appears that: (i) it made little difference 
for recall-purposes whether the suditory stimulus was 
self-produoed (V) or externally produced (RA, RAt); (ii) 
merely hearmg the list (4) gave recall insignificantly 
bis pd to both hearing-and-seemg and voicing, and sig- 

i tly superior to merely seeing (F); and (m) in the 
RA conditions, it made little difference whether the heard 
letter coincided with, or was slightly behind, the seen 
letter. These resulta are very similar to those of Henmon, 
and they hold both for spoken and written recall, although 
the latter gave significantly superior recall overall. 

The implication of the findings, we suggest, is that 
although adding cues to the visual message was of assi-s 
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tance, optimum performance was obtained when cues 
were presented entirely in the auditory modality. The 
advantage of vocalizing may therefore be hypothemzed to 
ret partly on the fact that more cues were in general 
available to S, but more particularly on the fact that S 
was presenting himself with a cue in a preferred modality, 
that is, auditory. Introspective evidence obtained from 
the S's supported this, and also suggested that 4 gave 
(insignificantly) superior recall to RA, RA+ and V because 
A provided leas ‘distraction’ during the task of perceiving 
and storing the presented lst. The fact that S's were 
already highly practised at R and V lends greater force 
to the present finding that pure auditory presentation gave 
recall at least as good as voicing-at-presentation. Why 
auditory immediate memory should in fact be so efficient 
—at least under the conditions desaribed here— remains 
to be answered. It should be noted that the significant 
interaction of subjecte with vocalization that 
there might be an important element of individual vari- 
ability as regards preference for one preeentation-method 
or another. ' 

This work was done while I held a studentship at 
Trinity College, Cambridge. I thank A. J. Watson and 
Prof. O. L. Zangwill of the Cambridge Psychology Labora- 
tory for their advice and encouragement, and Dr. A. G. 
Worthington of the Psychology Department, Queen’s 
University, for statistical advice. 


D. J. MURRAY 
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Kmgston, Ontario. 
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Effects of a Drug and Immediate Memory 


A NEW test of immediate memory was recently suggested 
by Buschke!. N — 1 items drawn from an ensemble of N 
are presented, and the task 1s to name the misamg item. 
An experiment is described in which this technique, the 
‘missing scan method’, was used to evaluate the effecta of 
sub-anaesthotio doses of nitrous oxide on immediate 
memory. The results seem to cast light on underlying 
processes. It 1s that two forms of storage may 
be distinguished—that used depending on the presen- 
tation-rate of items—and that one form is especially 
susceptible to drug effecta. 

Random auditory sequences, each consisting of seven 
letters drawn from the ensemble A-H, were presented at 
two rates: two items per sec (fast), and one item every 
2 sec (slow), to subjects fully equilibrated under low doses 
of nitrous oxide. Practice sequences were given during 
induction of the gas. Sixteen student and technician 
volunteers (aged 18-33), used as their own controls, 
received 15, 25 or 35 per cant nitrous oxide and air (control) 
on successive days according to a 4 x 4 factorial design. 
Dose-effect curves for errors and latencies of correct res- 
ponses (geometric means) are shown in Figs. la and b 
respectively. 

There was no evidence of impairment of performance 
accuracy in the ‘fast’ oondition up to and including the 
25 per cent dose, but in the ‘slow’ condition as little as 15 
and 25 per cent nitrous oxide moreased errors significantly 
(2-tailed Wilooxon testa, P < 0-01; P < 0-05 resp.). Thus, 
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since disruption of stimulus registration by the drug 
should result in a greater drug effect at faster rates, there 
was no evidence of a drug impairment of this stage. A 
drug effect on retention is therefore suggested. There were 


no significant differences between the input conditions 


under any dose of nitrous oxide. But under air there were 
fewer errors at the slower rate (9-tailed Wilcoxon, P 
<0 01). The results are therefore not consistent with a 
simple trace decay theory, since under air control subjecta 
did better when they had to wait longer before responding. 
The drug appears to have disrupted some process in the 
‘alow’ condition. The resulta suggest some sort of inter- 
ference with memory traces and resemble Fraser’s! 
findings on the effects of agemg. 
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Fig L Dose-effect curves for errors; b, dose-effeot ourves for response 
itane. Hates of presentation. @, fast, x, slow 


As Figs. la and b suggest, accuracy of performanoe in 
the ‘slow’ condition was prone to drug impairment, res- 
ponse latency was not. In contrast, accuracy in the ‘fast’ 
condition was resistant to impairment (except at the 
highest dose), but latency increased progressively with 
dose (Jonokheere trend teat; P=0-012). The longer res- 
ponse latencies for the ‘fast’ rate should be noted: the 
difference between the conditions was very highly signifl- 
cant (analysis of variance on mean log latencies; P « 0-001). 

Introspective reporte seem relevant in accounting for 
the latency difference between the ‘fast’ and ‘slow’ rates 
of presentation, and m explaining why the two input 
conditions were differently affected by nitrous oxide on 
the two performance measures. Subjects reported that in 
the ‘slow’ condition they formed a spatial image of the 


ensemble and had time to cancel each item as it arrived,--~ 


80 that at the end of presentation they had only to ‘read 
out’ the mi item. Many reported that the 
tended to interfere with this image. In the ‘fast’ condition, 
subjects reported that the items arrived too fast to cancel 
as they occurred, and were first stored as sound, bemg 
transferred to the spatial image at the end of presentation. 

ing the introspective evidence of two separate 
stores is valid, the latency data ımply that the time for 
transfer of the 1tems from the first to the second store was 
normally about a second, and that it was progressrvely 
inareased by nitrous oxide. The error data suggest that 
the seoond store may normally be the more efficient, 
but is especially vulnerable to drug effeota. 

Further work is in progress to evaluate this two-store 
hypothesis of immediate memory. Drugs promise to be a 
useful tool for this purpose. 

This work was supported by grant MH-03313 from the 
U.8. Public Health Service, and was carried out under the 
supervision of Prof. Arthur Summerfield and Dr. Hannah 
Stemberg. 

C. Burry 
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SCIENCE, THE CREATIVE ART 


IX scope and in calibre Sir Cyril Hinshelwood's presiden- 
tial address to the British Association for the 
Advancement of Science (see p. 1055 of this issue) resembles 
his earlier presidential addreases, to the Chemical Society 
at ita centenary meeting, and at the tercentenary of tho 
Royal Society. Indeed, to read it in the context of those 
addresses quickens one’s appreciation of Sir Cyril’s under- 
standing of the wider audience which he is addressing at 
Cambridge, the akill and imagmation of his expomtion, 
and the challenge of bis message: ‘‘Science, whatever 
else it may be, is a form of creative art”. Sir Cyril seeks 
to commend this view of science to society at large by 
brief glances at some outstanding scientists of the past 
generation and finally by looking at the way in which 
scientists to-day are facing the oldest and most absorbing 
questions of all: the nature of the cosmos, the nature of 
matter, the nature of life. Passages in his addreas recall 
an address on “Science for its Own Sake”, which his 
predecessor, the late Sir Edward Appleton, delivered 
. twelve years ago (Nature, 172, 424; 1958). However, 
Bir Oyril's approach and treatment are all his own, and 
he does not pursue the theme of science as an artistic 
and human value further than to illustrate the nature of 
scientiflo activity. 

He begins at the level of ordinary life. Science, he 
reminds us, is no longer a private affair but a public 
concern, and he touches surely on some of the practical 
implications of the new situation, particularly of the 
wider general interest in applied science than in pure 
science. The relation between the two is exceedingly 
subtle and complex and Bir Cyril attempts no definition 
of either pure or applied science. He is content to remind 
us of their interdependence and of the folly of insisting 
that all scientific effort should be devoted to demonstrably 
practical ends. We cannot be reminded too often that 
Nature in her own time reveals her secrets to the patient 
questioner, and is infinitely cleverer than man. Science 
cannot be dismissed as a polite amusement, and it would 
mdeed be & tragedy if people with a real vocation for 
science were seriously diverted in the supposed interest of 
utility. 

What does disturb Sir Cyril is that few of the large 
numbers of recruits to science seem to evince the interest 
in technology for which the future calls. For this situation 
Sir Cyril suggests two factors have been important. 
First, failure to give science ite proper status, either in 
the Civil Service or elsewhere, has tended to deter all 
except the minority with a real vocation. Secondly, while 
the achievements of this dedicated minority have to some 
extent rectified this position, society has largely withheld 
its due esteem from practical skills. Furthermore, with 
this failure to understand the real nature of either science 
or technology, our educational system has tended to direct 
into other more remunerative fields precisely those young 
people whose minds are disposed to ask not so much 
“Why does this happen ?” as “How could this be done ?”’, 
or ‘What use could be made of this ?". 

At this point there is & paseage which is liable to be 
misunderstood. Sir Cyril condemns the unjustifiable 
primacy which, in our traditional methods of education, 
selection and promotion, we have accorded to skill in 
purely verbal expreesion. It is quite wrong to suppose 
that all thought is through the use of words: non-verbal 


images can be just as important. Some people think with 
their hands, and Sir Cyril reminds us that we need to 
give much greater credit to manual skill than we do— 
except, perhaps, in athletics. 

Now this timely reminder of the immense importance 
of manual skill as a form of expression, especially for the 
oraftaman and the myriad kinds of technician required 
to support the scientist or technologist, is not to be 
interpreted as repudiating the need for accuracy of 
expression. Sir Cyril is too fine a scholar to give any 
countenance to the disturbing prevalence of illiteracy 
or slovenlinees of expression to be found to-day in univer- 
sities a8 well as in schools. He is too skilled an expositor 
himself to deny to the gifted expositor or interpreter 
the honour that is his meed, and later in his address 
he quotes the obiter diota attributed to Rutherford that 
no physical theory is worth much if it cannot be explained 
to a barmaid. 

What Sir Cyril is concerned with here is not the problem 
of communication at all but our failure to accord to those 
who work with their hands the status and prestige that 
are their due—our tendency to exalt the acadamio over 
the practical, to place applied science second to pure 
science, instead of on an equality. The adventure of 
controlling Nature, he reminds us, is no leas great than 
that of understanding ita deep secrete. The whole climate 
of opinion in society must change if we are to find the 
reoruite for technology that we need: not all of them 
will come from science itself; many may well be found in 
quarters where society has hitherto discouraged the 
development of any interest in science at all. 

Here Bir Cyril’s pragmatiam is addressed to us all and 
in it we discern the real motif of his address—an interpre- 
tation to the ordinary man or woman of the way in which 
the scientist works and thinks. He passes then to the 
organization of research, and here his pragmatiam is aimed 
at the administrator and politician; his words are not 
always comfortable. In the grand perspective of world 
history, the interplay of discovery and application has been 
largely an affair of chance. Those who now wish to guide 
and plan the process, to rationalize and accelerate it, 
have to remember that inspiration comes only to rare 
individuals, floating up intuitively from the subconscious. 
It is communicable from a leader to a team only if the 
members have confidence in him, both as & man and asa 
scientist. There is little place in scientific research for 
philosopher kings, prescribing broad human objections 
to teams of docile scientists. 

Almost any debate on science or ita applications in the 
House of Commons will indicate how much our legislators 
need Sir Cyril'a warning, how disposed they are to believe 
that the planning and direction of research is a logical 
process, proceeding by obvious stages from point to point 
to & predetermined goal after an expenditure of time and 
money calculable in advance by accountants. On the 
contrary, as Sir Cyril says, 1f we wish to plan research wo 
can only do so by assembling a community of people 
with varied and mutually complementary talents, operat- 
ing with strategio flexibility, and in an atmosphere of 
curiosity in which the members know and understand 
what the others are talking about and respect their leaders. 
At a time of considerable change in our organization of 
civil science, it is particularly easy to forget that an 
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honoured place must be found for the dedicated thinker 
and that no committee structure can replace such devotion. 

Sir Cyril’s warning here is emphatic and is reiterated. 
A scientific community cannot be led either by people 
uninterested in human relations or by professional 
humanista without real personal understanding of what 
science involves. His prescription for future success in 
applied science is humane enough: a well-assorted com- 
munity of human types, including the analytical, the 
creative, the enterprising, and the manually dexterous, 
all enjoying equal status, so that each part of the teak 
may be taken up by some when others have made their 
contribution, and all familiar with the rudiments of the 
same language—the general idiom. Nevertheless, the 
advance of discovery and science cannot be speeded up 
merely by administrative elaboration or by imposing 
political doctrines. Oreative scientific research remains & 
very difficult busineas and ita application is both adven- 
turous and laborious, demanding not only courage and 
skill but also faith. If its spirit is to spread widely from 
the relatively few individuals of the past then the whole 
climate of society must be favourable. 

Onoe again we hear Sir Cyril’s leitmotive and now it 
leads him to discuss how scientists work. Just as firmly 
as Bir Edward Appleton did, he insiste that science is 
one of the great activities of the human mind and soul, 
and he adds that, in the last resort, society was made for 
men and not men for society. It is in this connexion that, 
like Sir Edward, he quotes the words which Dante long 
before put into the mouth of Ulysses when he encouraged 
his companions to venture with him, beyond the furthest 
point of the known world: ‘You were not born to live like 
the beasts, but to strive after virtue and knowledge". 
Sir Edward, however, quoted more fully and also applied 
to the scientist seizing his opportunities the words with 
which Tennyson cloged his picture of Ulysses: 

“, . . yearning in desire 

To follow knowledge like a sinking star, 

Beyond the utmost bound of human thought...” 
“To strive, to seek, to find, and not to yield." 

Sir Cyril, however, passes on to make his point from a 
brief reference to the lives of three Nobel laureates in 
physiology—to Pavlov, Ramón y Cajal and Sherrington. 
He shows that with differmg beckground, temperament 
and tastes, the trio shared a common passion for know- 
ledge, for discovering things previously unknown, and for 
unravelling mysteries, and that they also shared an 
essentially aesthetic appeal in their work. He pauses 
also to note, just as Appleton did before him, that this 
is true of most other scientists, and then goes on to drive 
home his point that science is a creative activity by glanc- 
ing briefly at the lives of some great physicists of roughly 
the game generation—at Max Planck and Einstein, at 
Eddington and Rutherford. 

The creative scientist, Sir. Cyril observes, is usually 
more concerned with the relations of things one to another 
than with the precise verbal analysis of what these things 
are. He seeks a representation of the world which grows 
continually by an extension or transformation of what is 
there already. What many scientists are really after is 
the adventure of discovery itself, and, referring to Ruther- 
ford’s belief in the imminenoe of wonderful new revelations 
about to occur as amply warranted at the present time, 
Sir Cyril brings us back to Newton himself, not indeed to: 

*,..emind for ever 

Voyaging through strange seas of Thought, alone". 
but rather to his words when asked how he made his 
discoveries, and he replied: “By always thinking unto 
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them. I keep the subject constantly before me and wait 
till the first dawnings open little by little into the full 
light". 

That quotation might well be regarded as the key 
passage in Bir Cyril's address, for when finally he refers 
briefly to some of the fundamental problems of science 
which are of the deepest significance in their own right, 
it is more to display the approach of the scientist than to 
illumine or even expound the problems themselves. Let 
it also be noted that Sir Cyril reminds us that the study 
of these problems, if history has any lessons to impart, 
will in the long run have the greatest effect on human 
life; however, he is careful to make no reservation as to 
the urgency of other work of shorter range. Even with 
Hamlet’s wise warning to Horatio, and without straying 
into the abstruse, he ahows how lively imagination continu- 
ally plays on a stream of new discoveries wherever man 
is thmking about the problems of existence—of the 
structure of the universe, of the structure and properties 
of matter, or of the physica and chemistry of living 
matter. 

At all the boundaries of science, he reminds us, we 
confront what are probably the mherent limitations of 
human understanding. At the edge of biology we meet 
the chasm between what science describes and what the 
mind experiences. In the physical sciences we encounter 
insoluble contradictions if we try to contemplate the 
limita of space, or the beginning of time. Nevertheless, 
the men of science, as depicted by Sir Cyril, are not 
perturbed by the limitation of their possible understand- 
ing. There seams to be no foreseeable terminus to their 
adventure. If the canvas on which they represent the 
world is bounded, it has room enough for them to paint 
pictures which can inspire the enquiring mind, oan delight 
those who have the sense of wonder, and can show the 
way to benefit humanity for many centuries to come. 

The question is whether the natural perversity of man 
may quench that inspiration or spirit of enquiry, crush 
or kill the sense of wonder, or block the way, and it is 
on that cautionary note, with ite implications, perhaps 
especially for the educationalist, the administrator and 
the politician, that Sir Cyril closes. It is probable that 
only those who have themselves been concerned with 
scientific research will appreciate áll the fine nuances of 
Sir Oyril’s address, but the picture he painta of the scientist 
as a creative worker, of the need for freedom of expreasion 
and appropriate conditions of work, and of public 
understanding if his work is to be fully effective, is 
intelligible to any layman. It is no picture of a scientist 
working and living m some ‘ivory tower’, or even of 
Thomson’s Newton, “stemming alone vast eternity’s 
unbounded see”, but rather of a happy voyager of strange 
seas of thought, in company with others trained in the 
same or many other disciplines. Nor is the picture the leas 
sharp in that Sir Cyril paints it with scarcely a reference 
either to the particular discipline of which he is himself 
so eminent a practitioner or to the research group or 
team. It is above all & picture of a thinker, but not of 
one to whom Pascal’s words apply: “Le silence éternel 
de ces espèces infinis m'effràie", but rather of the Pascal 
who added, on reflexion, “Toute notre dignité consiste 
en la pensée”. If science is an easential means to an 
understanding of the forces of the universe or an element 
in forming any worthy and adequate view of life, ib must 
be understood and treated as such, for only as it flourishes 
can man Imow and do aright and steer onward to some 
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qu Cambridge Region 1966 has been specially pre- 
pared by the Oambri local committee of the 
British Association for the Advancement of Science and 
edited by Prof. J. A. Steers. Its aim is to provide back- 
und information on the region for those who are visiting 
ridge for the annual meeting of the Association. 
The Publications Committee considered that many people, 
in addition to members of the Association, would be 
interested in having & book giving an account not only of 
new work which has produced different ideas about the 
interpretation of the district (rural and urban), but also of 
new views ranging, for example, from thoee conoerned 
with education to those on the economics of farming or 
on the scientiflo investigation of the raw materials of pre- 
history, since the Association last met in Cambridge in 
1938. Eaeentially, then, the emphasis is on change. 

Eleven chapters have been provided by twenty-two 
contributors and should give the visitor a good picture 
of the Cambridge region. First to be deecribed are the 
geology and ground water, then in logical sequence: 
relief and drift deposits ; flood protection and Fen drainage 
1039-64; natural history; soils; agriculture; archaeology ; 
Cambridge and ita regional setting; education in Cam- 
bridgeshire; the University of Oambridge; aspecta of 
development 1938-65; research and industry in and 
around Cambridge. 

Of special interest to the geologist are the outcrops of 
Juragsic and Cretaceous rocks; however, resulta of bore- 
hole work carried ont in the early ‘fifties have thrown much 
interesting light on the hidden Palaeozoic floor. Within 
the region representatives of the Oxfordian and Kim- 
meridgian zones of the Jurassic are present, while for the 
Cretaceous there are the Lower Greensands, the Gault 
Clay and Lower, Middle and Upper Chalk. Concomitant 
with these the ground waters of interest are the chalk 
waters and the Lower Greensand waters. Throughout the 
chapter extensive referenoee are given to the relevant Geo- 
logical Survey New Series l-in. sheets. There is, perhaps, a 
case for presenting a general geological map of the region in 
these handbooks because many of the amateur geologists 
will not necessarily have acceas to the Survey maps. 

The major elementa of relief within the basin of the 
Cam and that of the Great Ouse below Huntingdon are 
the Fen islands (now drained) and the associated Fen 
margins. Spread over these are sheeta of boulder clay 
(till) and ribbons of river silt (roddons). These are 
described and discussed in Chapter 2, together with the 
problem of the age of the widespread till. Also outlined 
are the evidence for, and history of, glacial eventa in the 
region, including pre-Gipping relief and deposition, the 
Gipping glaciation, physical events of the last interglacial 
period, the last glaciation and ite effecte, and, finally, 

Only 2 million acres of England and Wales (or just more 
than 5 per cent of the total area) is classified as first-class 
arable land. The majority of the Fenland area comes 
within this classification. Ohapter 3 briefly outlines the 
history of the Fens since their reclamation during 1680—52 
by the fourth and fifth Earls of Bedford—‘‘A doleful 
catalogue of disasters, in by brief intervals of 
triumph". The story for the 1939-64 period is certainly 
‘a sorrowful one of floods, war and Government red-tape, 
but one which gradually brightens as contract work gets 
under way and is compl on the relief channel, the 
widening and deepening of the Ely Ouse and Ten Mile 
Rivers, and the cut-off channel with follows around the 
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eastern margin of the Fens. It is interesting to learn 
that there is scarcely any gravity drainage from the peat 
lands and that the rivers flow in normal times some 
6-12 ft. above the Fens behind flood banks. 

The Cambridge area had always offered much of interest 
to naturalists because of marsh and aquatic habitats 
associated with slow-moving rivers, flooded clay- and 
grevel-pite, and poorly drained and seasonally flooded 
meedow and pasture. While engineers, builders, agricul- 
turaliste and town planners have been vigorously conoern- 
ing themselves with land reclamation, flood protection 
and Fen drainage, the naturalists have been tically 
trying to preserve the Fen from drying out, from bush 
colonization and ecially from threat of total drainage 
and destruction. 8. M. Walters, in his chapter on the 
natural history of the region, emphasizes the B Se: 
phenomenon to the naturalist of taming and urbanizi 
south-east England and the associated losses of flora and 
fauns, and he puts forward a strong case for carefully 
planned conservation. 

Three principal soil types determine the main range of 
surviving semi-natural habitats for plante and animals 
in the county. The most important of these are the wood- 
lands on heavy clays, the grassland and scrub of the chalk, 
and the Fenlands. Important examples of all these are 
protected as Nature reserves or sites of special scientific 
interest, sach as Hayley Wood, Holme Fen, Wicken Fen 
and Wood Walton Fen. Much of the concern of natural- 
iste has inevitably been with the rarer species, particularly 
when ite continued existence in a particular locality 18 
threatened. However, it now seems that, besides the red 
squirrel, the frog, the rabbit and the kestrel are becoming 
increasingly scarce. Newoomers to the region include the 
grey squirrel, the coypu and the collared dove, and among 
the plant kingdom, the willow herb, Epilobbum adeno- 
oaulon, and the moss, Orthodontium lineare. 

The present regional handbook has been carefully 
prepared so as not to repeat what was written in the 
survey prepared for the 1038 meeting. In the latter the 
soils of the area were viewed from a mainly agro-geological 
point of view. Chapter 5, “Boils”, gives emphasis to the 
genesis of the soils and their relati ip with broad 
world groupings. In 1950 the Soil Survey of England and 
Wales undertook the preparation of a detailed map 
of the country immediately north-east of Cambridge and 
this was published in 1963. The present chapter is accom- 
panied by a coloured soil-map of the region at a scale of 
1: 250,000. Souls of the district are classified into seven 
groups: podzolized soils; brown earths; calcareous soils; 
grey soils, warp soils; immature soils; organic soils. Of 

1al interest are the Fen peate and Fen gilts. Essentially 
these are artificial, for the water-level has been controlled 
by the drainage measures of the past 300 years. Drainage 
of the peat led to considerable shrinkage, which reached & 
maximum of about 10 ft. Fen silts are marine and 
estuarine deposits which at present are being laid down 
moet rapidly on the southern margin of the Wash where 
the silt is trapped by salt-marah vegetation. For purposes 
of land reclamation a new sea-wall is constru when & 
reasonable area of marsh of a suitable surface texture has 
accumulated to & height of about 10 ft. O.D. 

Agriculturally the Cambridge region is characterized 
by high dependence on crops for sale, as compared with 
live-stock products. Ohapter 6, by means of plentiful 
illustrations and tables, makes it obvious that cash 
crops in the region are about ten times as important as 
grazing livestock. It shows that the region provides 
a major percentage of the total production in England of, 
for example, brussels sprouts (25-1), celery (42-1), goose- 
berries (25-4), carrota (18-7), sugar-beet (14-0). For 
descriptive p the region is divided into six farming 
areas: (1) -ast Cambridgeshire (40 per cent of the 
region's crops and grass); (2) east Bedfordshire (market 
gardening); (8) west Cambridgeshire and Huntingdonshire 
(crops, beans and peas); (4) Ely Black Fens (potatoes and 
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sugar-beet); (5 and 6) Oottenham and Wisbech (fruit- 
growing). Since 1938 the agricultural picture has devel- 


oped as one us inr output, produoed by fewer men but 
more machinery and fertilizer and with more land under 
the plough—the barley acreage has increased nearly 
four-fold and now representa 26-2 per cent of the region’s 
total crops and grass. 

The region is well endowed with organizations concerned 
with agricultural research and advice—includmg the 
Agriculture and Veterinary Medicine ts in the 
University of Cambridge, the National Institute of Agri- 
cultural Botany, the Veterinary Investigation Centre, the 
Agricultural Research Oouncil Institute of Animal 
Physiology and the Plant Breeding Institute, the Ministry 
of Agriculture's Experimental Husbandry Farms, and the 
Poultry Research Stetion—all of which play an important 
part in the agricultural efforta of the region, and of the 
nation as a whole. The final section of the chapter deals 
with some current developments and problems, including 
high cereals rotation, mechanization, maintaining healthy 
s and farm management. 

the chapter on the archaeology of the Oambridge 
region, only discoveries made and work done since 1940 
are mentioned specifically; however, an attempt has been 
made to incorporate more traditional material in discus- 
sions on particular points. The first part of the chapter 
deals with ‘Prehistory’ and here the emphasis is on 
resulte gained from the application of various sophisti- 
cated scientific aids which have beoome available to help 
the prehistorian in dating, identification and interpreta- 
tion. Radiocarbon dating is being undertaken on the 
Upper Palacolithic industries near Mildenhall. Recent 
work on the Mesolithic of the British Isles has clarified 
the picture of this phase of early settlement and has been 
greatly assisted by the work of Prof. H. Godwin in the 
zoning of post-glacial deposita by pollen analysis. An 
important site at Peacock's Farm, Shippea Hill, known to 
have a Neolithic occupation, has been studied and pollen 
and radiocarbon analyses carried out. (This particular 
piece of work has helped to show that the British Neolithic 
is older (3400-3000 3.0.) than was previously assumed.) 
Metallurgical studies of artefacts and copper sources from 
Bronze Age sites have been carried out and various metal 
objecta have been subjected to optical emission 
scopy: resulte gained have thrown much new light on the 
origin of the various ores used. Several Iron Age sites, 
including the Wandlebury hill-fort, have been surveyed 
by means of proton-magnetometers and successfully 
excavated on the basis of this. The second part of the 
chapter deals with ‘The Romano-British Period". In 
this 18 described recent work carried out in tracing the 
Roman road and water systems of the area. Numerous 
successful excavations are reported on settlements, de- 
fences and farmsteads. Much new material has been 
unearthed including mosaics, pottery, pewter tableware, 
bronze and glass jugs, figurines, bracelets, etc. 

"Cambridge in ite Regional Setting", by far the longest 
chapter in the handbook, is divided into three sections 
which deal with: (1) “The Cambridge Region: Settlement 
and Population”; (2) ‘Cambri its Origin and 
Growth"; (8) “The Modern City: Future Trends". The 
first section constitutes almost half the chapter. The 
problems of Oambridge are intimately bound up with 
those of south-east England as a whole, and the relation- 
ship with London is of particular importance and signifi- 
cance at the present time. Oambridge has unquestionably 
taken dominance as the regional centre. Surrounding it 
is a ring of small market towns; but the clarity of this 
pattern is lost in the Fenland and around ite 
The variety of rural settlement is considerable and ranges 
from and substantial farmsteads, standing alone 
in flelds of a large holding, or the isolated bungalow of a 
Fenland smallholder to the big villages and market towns 
which are to be found near the margins of the Fenland. 
The various patterns of settlement in the area not only 
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depend on the way in which the area was initially colonized 
from Anglo-Saxon times, but also on subsequent changes 
in population and economy. In the Fenland the difficulty 
of finding firm sites for building and the chronology of 
reclamation are important factors affecting the pattern of 
settlement. 

Cambridge is situated on a meander of the River Cam 
and, as the second section of Ohapter 8 shows, it is the 
particular situation of the site that has given Cambridge 
ita especial importance. It lay in the angle between the 

rehistorio bundle of tracks, the Icknield Way and the 
Homan Road, Ermine Street. East Anglians journeying 
from Colchester or Ipswich or Norwich to the Midlands 
found their easiest way skirted the southern edge of the 
Fenland and crossed the Granta (Cam) Valley in the 
neighbourhood of Cambridge. It was the Romans who, 
in building therr roads, gave pre-eminence to this crossing. 
In times of the Angl Saxon Invasion Cambridge gained 
strategic importance. An entry in the Anglo Sarcn 
Ohronicle for A.D. 875 records the name 'Grantebryoge': 
this indicates that the ford had been replaced by a SEES 
(it is the earliest known recorded use of the word ‘bridge 
It was this bridge that enhanced the importance ner MA 
little settlements beside it, and in due course 'Grante- 
bryoge' became the administrative centre of the region 
and & market town. To this thriving centre came first 
the mendicant orders, then the teachers and scholars. 
The origins of the University are obscure. In 1209, how- 
ever, a group of acholars arrived from Oxford, probably 
attracted by teachers already famous. Little land was at 
first needed, teachers and pupils lived as and where they 
could; but as their numbers increased hostels, halls, then 
colleges were founded—land being purchased or acquired 
by gift. During the thirteenth-sixteenth centuries, and 
in the nineteenth century, more and more colleges were 
founded and httle by little Cambridge took up the form 
that it has to-day. 

In his section on the ‘Modern City", A. A. L. Caesar 
discusses & problem only too well known to many present- 
day town planners in Britam. The problem is one of 
Planning for & growth o Hg Aeris and & oar-owning 
population, but this related to the lay-out of a historic 
centre. The twentieth century has brought to Cam- 
bridge, as elsewhere, a great acceleration of ea Ne 
and one of the most conspicuous forces responsible for 
this has been the great development in transport. While 
facilities in Cambridge were sufficient until about the 
1920s, a crisis point has now virtually been reached. 
Mr. Caesar puts forward his case with great care and 
clarity and sees long-term planning as the moat i rtant 
aspect of the remedy. Planning, he feels, should be in 
terms of 2065 rather than of simply the immedi- 
ate problems of 1965. Commercial and domestic buildings. 
may well have a life-span of 100 years, but street lay-outa 
tend to be leas durable. He discusses the pros and cons 
of pedestrian precincts, road development and a new main 
shopping area. He describes the projected redevelopment 
of the City Road and Lion Yard areas. Oambridge as he 
sees it stands poised—choosing, weighing new ways. 
However, as he states, it cannot pause for long: plans 
must be made and implemented if growth unplanned is 
not to be wholly destructive. 

The various facets of the Cambridgeshire educational 
poan o eed iy Ta a earns As a 
result of the Education Act of 1944, the Cambridgeshire 
County Council became the Local Education Authority 
for the whole county. In 10965 the two Authorities for 
Cambridgeshire and the Isle of Ely were amalgamated. 
So far as an adequate supply of teachers is concerned, 
Cambridgeshire, because of ita many amenities, is fortunate 
com: with many parte of Britain. The distinctive 
feature of secondary education in the region is the Village 
College—a combination of secondary modern school and 
& community centre providing for the education, social 
and recreational life of the rural area. The first of these 
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was founded in 19380, and since then ten in all have come 
into being. 

Reoently, considerable effort has gone into putting into 
practice many of the recommendations of the Newsom 
and Robbins Reports. Audio-visual aids, including very- 
high-frequency radio, television, record-player, projector 
and tape-recorder, are having an ever-increasing role in 
school teaching. The Authority has endeavoured to 
To a ci e e 
the junior schools. elo ta within the rural aree 
and the City are descri together with the role of 
technical colleges, farm schoola, youth employment 
schemes, and psychological and remedial services. Also 
described are the direot-grant and independent schools, 
University extra-mural teaching, and the parts played 
and the work done by the Eastern District of the 
Workers’ Educational Association, the University Depart- 
ment of Education, and the Cambridge Institute of 
Education. 

In the twenty-seven years since 1938, numerous changes 
have oocurred in the University of Cambridge. New 
buildings have been erected to accommodate overflowing 
departments and house new research efforts. Two new 
colleges, New Hall for women, and Churchill for men, 
have been founded. A third, Darwin College, has recently 
been established: this is an innovation in that it is re- 
stricted to graduate students. The undergraduate popula- 
tion has increased 50 per cent since 1988, and this has 
been accompanied by & corresponding growth of the 
teaching staff. The strain on the Colleges has been three- 
fold : accommodation, facilities and adequate i 
for more undergraduates; adaptation to meet the needs of 
research and other graduate studente; expansion of the 
number of fellowships. Since the Second World War a 
new structure of university stipend has been introduced, 
and the holder of a university office no longer simply 
depends on the stipend from his College. A number of 
new forma of tripos have been introduced, and many have 
been, or are in the process of being, revised. a ease 
graduate diplomas relating to agriculture, crimino , 
estate management, mathematios, eto., have been intro- 
duced. A movement is at hand to introduce a new degree 
(M.Phil.) for award on an examination based on & 2-year 
course of advanced study in & specialist fleld. Chapter 10 
ends by briefly directing attention to some aspects of 
reeearoh at Cambridge, moluding computer work, radio- 
astronomy and macromolecular biology. 

Cambridge remains a university town and market 
centre for one of the least-industrialized regions in Britain. 
However, & number of science-based industries and 
industrial or government research stations have grown 
up or been attracted to the district. Chapter 11 gives 
brief accounts of the history and work of the various 
organizations. First, the industrial concerns are dealt 
with under: chemicals and plastics; electronics and instru- 
ments; metallurgical and engineering; other research 
organizations. Under the heading ‘Government Science” 
are described the various units in the region which are the 
responsibility of the Agricultural and Medical Research 
Councils. These have relationships of various closeness 
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with the corresponding departments within the Univer- 


It is pleasing to note that most of the chapters have 
been provided with a list of references and that an adequate 
index has been prepared—the latter is something which 
has been absent from many of the British Association 
regional handbooks in recent years. The one ariticiam 
that can be levelled at the present publication is that a 
general map has not been provided. Oertainly this would 
have helped considerably to bring together the various 
thames which are presented. In any event, Prof. Steers 
and his colleagues are to be ted on preparing a 
well-balanced account of the ridge scene and ite 
development over the past twenty-seven years. 

R. J. Frrigrp 
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THE COMPLEAT PHYSICIST 


Encyclopaedic Dictionary of Physics 
Editor-in-Chief: J. Thewlis; Associated Editors: R. C. 
Glas, D. J. Hughes (deceased) and A. R. Meetham. 
Vol. 2: Co r to Epicadmium Neutrons. Pp. + 
880. Vol. 3: Epitaxy to Intermediate Image. Pp. ix+ 
894. Vol. 4: Intermediate State to Neutron Resonance 
Level. Pp. ix+836. Vol. 5: Neutron Scattering to 
Radiation Constanta. Pp. ix+782. Vol. 6: Radiation 
Continuous to Stellar Luminosity. Pp. ix+888. Vol 7: 
Stellar Magnitude to Zwitter Ion. Pp. ix+866. Vol. 8: 
Subject and Author Indexes. Pp. Meares Bur 9: 
Multilingual Gloseary. Pp. xvi-+ 988. o on, 
New York and Paris: P n Press. Vols. 2, 8, 4, 
1961; Vols. 5, 6, 7, 1902; Vol. 8, 1968; and Vol. 9, 1964.) 
£106 net per set of 9 volumes. 

N encyclopaedic dictionary of physics is fundament- 

ally a new concept. The only ble work is 

that produced by Glazebrook and called th Dictionary of 
Applied Physics; but the present work is & great deal 
larger than this: it has tried to oover all concepts m 
physics. Individual editors have been chosen for the 
various parte of physics, but ultimately, of course, there 
are no sub-divisians in the completed work, since the 
entries are arranged in alphabetical order. They form a 
series of articles of not more than 2,000 words, each 
written by & specialist whose name is given at the end. 
Many of the entries are, of course, very much shorter 
than this; for example, a rheostat is defined as “a resistor 
whose resistance can be varied". 

Almost all the articles are excellent. Since it is known 
who has written each one they are readily acceptable as 
authoritative, and those that I have had , occasion 
to refer to have proved to be so. They are written at a 
very reasonable level. Nowadays most authoritative works, 
such as the Reports of Progress in Physics, tend to be too 
long and detailed; the articles in this Dioionary come 
straight to the point, are short enough for tho authors 
not to be tempted to become mo Rp are 
long enough for quite specific information to given. 
They are certain to be extremely useful for practising 
physicists (for example, external examiners) who are 
called on to deal occasionally with subjects outside their 
own flelds. For example, I consulted an article more or 
leas at random: the entry “Shock Wave" describes the 
nature of these waves, including a historical discussion; 
it is purely qualitative, and contains no mathematics, 
although the relevance of mathematics is indicated. 
Different types of shock waves are then discussed; there 
are sections on oblique shock waves, and on conical and 
spherical shock waves. The entry is illustrated by eight 
figures, gives references to other relevant entries in the 
dictionary, and concludes with a bibliography of six other 
works that could be consulted. In addition, one finds that 
the previous entry— 'Shook Tubes’’—isa also relevant. 

t the work associated subjecta tend to be 
together for this sort of reason. 

It is not easy to discover any real defeote in the work. 
One cannot examine every entry for &ocuracy. The policy 
on definitions doea not seam to be consistent; some are 
included, but others are absent; for example, the maxwell 
ia defined, but not the weber or the newton. The older 
physicist is sometimes at a disadvantage because so many 
new terms have been introduced since his undergraduate 
days, and concise definitions would not have taken up a 
great deal of space. 

Some articlee—for example, theodolites and complexes 
(chemical)—seem rather out of place in a work on physics; 
but one appreciates that it is difficult to draw a hard-and- 
fast line at the borders of the subject. Certainly, a casual 
glance through the various volumes does not indicate any 
undue emphasis on non-physical concepts. 

There is little that appears to be quite wrong. The 
article on the Schmidt lens is useless; it is not a lens but 
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a correcting plate for a spherical mirror, and no mention 
is made of the important fact that it is placed at the 
centre of curvature of the mirror. The article on mirage 
is rather absurd, and oan only be understood 1f one knows 
what the author 1s trying to say; several physicists oom- 
pletely misunderstood it. Obviously an entry in a diction- 
ary is useleas unless 16 can be immediately understood. 

The Dictionary is not intended to act as a work of 
reference for values of physical quantities. Only a few 
tables are given—for example, constants of the solar 
system and the periodic table—but generally the work 
must be regarded as a set of explanations rather than of 
details. This point is illustrated particularly by the 
various mathematical functions included; they are, of 
course, generally of interest to physicists, and the emphasis 
is on explanation rather than on numerical values. For 
ee those interested—as most physicists are—in 
probability theory will find compact articles on such 
topics as the Poisson distribution, stochastic processes, 

ion line and the error function. 

On the other hand, there are also articles on severely 
practical matters. There is an article on photographio 
darkrooms, and this shows plans of a standard darkroom 
with layout of benches and sinks, and gives an indication 
of the ancillary apparatus required. Another entry deals 
with laboratory deaign; this is quite short, but gives a 
useful collection of eight references at the end. 

The complete encyclopaedia consists of nine volumes. 
Seven of them are of the form which has been described; 
Volume 8 is an index which gives the subjecta of the 
encyclopaedia and also the authors of all articles longer 
than 500 words; and Volume 9 consista of a glossary of 
scientific terms designed to help the non-English-speaking 
users of the Diottonary. An i ious system enables 
translations of terms to be made and into five other 
languages. Each entry in English is numbered in alpha- 
betical sequence, and in five following columns are given 
the numbers of equivalent terms in French, German, 

ish, Russian and Japanese. These terms are then 
given in alphabetical sequence in five later sections of the 
volume. The information will enable a porn who knows 
no Tarena to find the equivalent of a given English 
entry, will not enable him to carry out the reverse pro- 
cess unless he knows the order of the Japanese characters. 

Publication of this Dictionary must regarded as an 
i t event in the world of physics. No departmental 
library should be without it. The price is rather high; it 
comes to about £13 & volume of 1,000 pages; but perhaps 
this is inevitable when so many different people have been 
involved. The editors and publishers are to be oon- 
gratulated not only on producing this handsome and well- 
balanced work, but also on persuading such an &uthorite- 
tive body of people to write for them. 

The first volume of this work was reviewed in Nature 
(193, 411; 1962). H. LresoN 


CENTENNIAL CELEBRATION OF 
THE NATIONAL ACADEMY OF 
SCIENCES 


The Sdentific Endeavor 
Contributed by Melvin Calvin and 28 other authore. 
(Centennial Celebration of the National Academy of 
Sciences.) Pp. vii+ 331. (New York: The Rockefeller 
Institute Prees, 1965.) 2.50 dollars. ; 
HE settlers from Europe went to America when the 
new age of scientific endeavour of the seventeenth 
oen was being fostered by the young scientific 
academies of Italy, England and France. When a more 
social way of living was established in America they also 
i societies for discussions of their observations 
and experimenta. 
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The American Philosophical Society at Philadelphia 
was established before the Revolution, and the American 
Academy of Arte and Sciences was founded in Boston 
soon after. Benjamin Franklin, Benjamm Thompeon 
(Count Rumford) and Thomas Jefferson were among many 
colonial Americans who studied science for ita own sake 
as well as for ite usefulness. Literate farmers, artisans 
and tradeamen gathered in scores of looal societies for the 
discussion of science. 

By the middle of the nineteenth century there was &. 
growing acceptance of natural science as & suitable subject 
for teaching in the colleges of liberal arts, and there were 
increasing numbers of young men who wished to devote 
all their time to scientific study, teaching and research. 
The Morrill Acta of 1862 made available grants for the 
support of colleges of agriculture and engineering and thus 
emphasized the need for wider diffusion of scientific 
knowledge as tho cesential foundation for the develop- 
ment of the national economy. The Civil War showed the 
needs of the Federal Government for technical advice, and 
accordingly in 1868, Congress, with the co-operation of 
fifty scientists, founded the National Academy of Sciences. 
Promising young scientists went to Europe for advanced 
study and returned to y equipped laboratories and 
heavy teaching duties left little time for research. 
(In leas than s century this pomtion has tended to reverse 
itself!) The second half-century of the Academy began 
just before the First World War, and again the Academy 
was called on to satisfy the technical needs of the armed 
forces. The growth of universities and the multiplication 
of industrial laboratories stimulated the increasing demand 
for scientists. As the United States emerged from inter- 
national isolation, the Academy developed closer ties with 
its sister academies of other countries and acted as a 
centre of the integration of scattered and narrow special- 
isms. To symbolize the national signifloanoe of the 
Academy, the Carnegie Corporation of New York provided 
the funds for a monumental building in the capital. The 
centennial of the National Academy of Sciences was cele- 
brated in the autumn of 1963. To mark the occasion 
many of the six hundred and fifty members of the Academy 
gathered in Washington with representatives of scientific 
bodies from other parte of the world. A number of 
foundations and corporations announced their generous 
intention to complete the House of the Academy that had 
been started forty years previously. 

The President of the United Btates, the late John F. 
Kennedy, and twenty-three distinguished members of 
the Academy delivered memorable addresses in which 
the history of the universe, the nature of the matter, the 
determinants and evolution of life and the spirit of the 
scientific endeavour were described in & scholarly manner. 
Prof. I. I. Rabi summarized the proceedings by saying: 
“Day after day the mysteries of life were laid bare and, 
antecedent to life, the structure of matter, and indeed of 
the universe, were presented in dramatic and fascinating 

ity. . . . The juxtaposition of topics did a very great 
deal to show the essential unity of scientific disciplines 
however different their techniques. . . . We listened to 
great wisdom". = 

The lectures were collected to form a book of consider- 
able substance with adequate illustrations. The volume, 
even in its cheap paper-back version, is a worthy tribute 
to the occasion. The style of all the writers is clear and 
simple, and there has been no attempt to write down to the 
uninitiated in the popular style which nearly always leads 
to ambiguous statements, bad analogy and florid writing. 
These faults have been avoided absolutely. 

The Soientifo Endeavour divides naturally into five 
sections which are in the historio order of cosmic develop- 
ment. The history of the universe is considered in five 
chapters: "The Origin of the Elemente", by Wiliam A. 
Fowler; ‘The History of Stars and Galaxies", by Jesse L. 
Greenstein; ‘The History of the Solar System”, by Fred 
L. Whipple; “The Origins of the Continents, Oceans and 
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Atmosphere", by H. H. Hess; “The Origins of Life", by 
George Wald. The second section comprisss the chap- 
ters on: “Symmetry and Conservation Laws”, by 
Eugene P. Wigner; "Elementary Particles”, by Geoffrey 
F. Chew; "The Structure of Nuclei”, by Victor F. Weis- 
ODE “The Architecture of Molecules”, by Linus Pauling; 
: Organization of Living Matter", by George E. 
Palade. The third section deals with '"The Determinants 
and Evolution of Life", which was introduced by Theodo- 
sius Dobzhansky and contains the lectures on ‘‘Genetic 
Determinants”, by E. L. Tatum; “The Differentiation of 
Cells", by T. M. Sonneborn; ‘The Influence of the En- 
vironment", by G. Evelyn Hutchinson; ‘The Evolution 
of Living Systems", by Ernst Mayr; “The Phymological 
and Culturel Determinante of Behaviour", by Neel E. 
Miller. The fourth section was devoted to ‘The Scientific 
Endeavour” and consisted of lectures in reins ps 
and the Comprehension of Scientific Knowledge”, 
Robert Oppenheimer; '"The Role of Science in Md 
ties, Government and Industry: Science and Public 
Policy", by Jerome B. Wiesner; ‘Synthesis and Applica- 
tions of Scientific Knowledge for Human Use", by J. B. 
Fisk; and ‘‘Science in the Satisfaction of Human Aspira- 
ton”, by I. I. Rabi. The final section was devoted to a 
lecture by President John F. Kennedy on “A Century of 
Scientific Conquest”. The book concludes with a biblio- 
graphy of references for each of the lectures. 

The eminence of each of the scientists who contributed 
to the occasion would indicate that each of the chapters 
is masterly both as an easay in science and in exposition. 
The whole book is a remarkable achievement, and the 
amount of consistently connected and developed informa- 
tion which it contains, particularly at so low a price, is 
remarkable. It should find many readers: the under- 
graduate, the graduate and the specialist in science. 
It should prove & means of obtaining & scholarly intro- 
duction to broad fields in the sciences. 

W. L. SuuNER 
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PLANT PHENOLICS 


Methods In roy heno! Chemist 

i Plant Phenohos Group Symposium, 
Oxford, ur 1968. rp T B. Pridham. Pp. 
ix+146. (Oxford, London and New York: Pergamon 
Prees, 1964.) 50s. 


PART from their intrinsic interest, deriving from the 
existence of a multitude of variations based on a 
relatively simple structure and their sesthetio interest 
ag the source of & large proportion of the pigments which 
provide colour in planta, the plant phenolics have great 
Importance, as & group, as an aid to plant classification 
by chemo-taxonomic techniques. Yet until quite recently 
the difficulties involved in their adequate separation and 
characterization were so great, and the methods so tedious, 
as to render their employment almost entirely mpractic- 
able. 

Thus although among the most easily extractable and 
most visually characteristic of all plant compounds, it 
was only with the development of paper chromatography 
over the past fifteen or twenty years that their potential 
became exploitable. Particular interest therefore attaches 
to the symposium of the Plant Phenolics Group in April 
1968, which is now published under the title Methods tn 
Polyphonol Ohemestry, and which was particularly con- 
cerned with the methods and techniques of analysis and 
E AM E which has made this development pos- 
sible. 

Separation largely ds on abramatography, and as 
would be expected, a pert of the was 
devoted to descriptions of the various techniques which 
have been found useful. These include contributions on 


peper chromatography by Bate-Smith, which contains a 
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most necessary plea for standardization wherever possible 
of solvents; on the use of thin-layer chromatography by 
Thaler; a particularly encouraging discussion of the use 
of the new polyamides by Horhammer ; and a description 
of the application of gas-liquid chromatography by 
Norman and his colleagues. In addition there are two 
papers on the closely related subject of electrophoresis 
by Weigel and by Pridham, although it is pointed out 
that owing to its greater complexity this technique doce 
not provide & substitute for chromatography, but may be a 
useful complementary tool for particular applications. 

Just as chromatography has transformed the problem 
of separation, Bo spectroscopic methods have greatly 
simplified quantitative measurement and identifloation, 
and contributions at the symposium included pepers by 
Harborne on the use of ultra-violet spectroscopy, with 
special attention to the relationship between structure 
and spectra and the use of the technique in the identifloa- 
taon of new compounds; infra-red spectroscopy of flavon- 
oids by Wagner; a description of preliminary attempts to 
make use of the sensitivity characteristio of spectro- 
fluormmetry by Bridges; and a brief discussion on the basic 
principles of nuclear magnetic resonance spectroscopy 
by Abraham, with examples of ite application to the 
determination of molecular structure in phenolics. 

The final paper by Swain and Goldstem is concerned 
with the quantitative analysis of phenolic compounds, and 
is particularly notable for ite cautionary approach, 
pointing out in respect to a number of possible techniques 
that while there is comparatively little difficulty in obtain- 
ing values of a sort, great care is needed to ensure that 
these are comparable and therefore meaningful, and the 
paper makes clear that a considerable amount of effort 
has been wasted as a result of failure to take this pre- 
caution. 

Collectively the papers provide an excellent introduction 
2 qu of techniques available for separation and 

phenolic compounds, though as a rule the 
S of the particular techniques described is lees well 
sp o and their limitations tend to be omitted. Individu- 
ally the papers are well presented and highly readable, 
providing a high quota of information without being 
exhaustive or exhausting, and the volume can be recom- 
mended confidently to anyone interested in the subject. 
The book lacks an index, and even though the need for 
this is to some extent obviated by ite shortness and divi- 
sion into clearly defined papers, this omission makes it 
unnecessarily difficult to look for information about 
particular compounds. This is unfortunate when one 
considers the very considerable amount of physical data. 
relating to individual phenols which is contained in the 
various tables and figures. P. A. THOMPSON 


Nisi E FOR ENGINEERS 


noan paa engineering 

< Prof. Robert L. Wiegel. (Prentice-Hall International 
Series in Theoretical and Applied Mechanica. Fluid 
Mechanics Series.) Pp. xi + 532. (Englewood Cliffs, 
N.J., and London: Prentice-Hall, Inc., 1964.) 1085. 


T is realistic and progressive to maintain that hydraulic 
engineering should reach down river estuaries as 
far as low-water mark, and that oceanographic engineering 
should extend up the rivers as far as high-water mark. 
Prof. Wiegel, who holds the chair of civil engineering in 
the University of California at Berkeley, has such wide 
experience, and his new and detailed book Ocsanographical 
Engineering can be recommended as & comprehensive 
guide especially to engineers engaged in coastal and 
harbour engineering. It gives much information that is 
easential to structural design but is more particularly 
outstanding in ite description and appreciation of the 
factors that.are likely to influence functional design and 
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the overall effect of the structure. Quite often the execu- 
tion of & programme of improvement has created problems 
as severe as those it was concerved to solve, and differences 
of profeasional opinion about how problems should be 
tackled are often wide enough to demonstrate that basio 
understanding of the forces and motions involved is quite 
inadequate. It is too early for any complete theory, even 
of such an apparently elementary problem as the spacing, 
height and length of a system of groins, but there are 
partial and practical answers to many difficult questions, 
and the body of sound information is growing so rapidly 
that all designers are likely to gain useful guidance from 
it if they are prepared to face up to the unavoidably 
difficult analysis and reasoning. A large part of the book 
is devoted to waves, since they are important in almost 
every aspect of oceanographical engineering, and also 
because it is to this aspect of the subject that Prof. Wiegel'e 
experience is most outstanding. He does not deal in 
detail with fouling organisms, submarine geology, under- 
water acoustics and sea-ice in which he has not specialized, 
or with corrosion and erosion of materials, or with 
measuring instrumenta for which the existing literature 
is already so large. But his 532 pages provide broad 
coverage and depth of information about most of the 
things that civil engineers want to know about the sea 
and which are not easy for them to enquire into. 

The wave chapters review our knowledge of the theory 
of wind waves, much of it the outcome of recent work. 
They emphasize the need for further advanced theory 
and experiment because of the growing evidence we have 
of the importance of non-linear effects which could reason- 
ably be neglected in the first approaches to the subject. 
Solitary and impulsively generated waves are also con- 
sidered, with special reference to seismic seawavos, storm 
surges and harbour oscillations. These are followed by 
studies of the effect of beaches and structures on waves, 
including the effects of different kinds of breakwaters and 
resonant absorbers, of the nature of wave forces on 
different kinds of beaches and structures, and the longshore 
drifte and beach changes produced by them. There is a 
separate chapter on modern wave-forecasting procedures 
and their reliability, and a short note on tides and other 
changes in water-level and mean sea-level. Perhaps 
there should have been a more specific consideration of 
wave set-up—the inshore changes of sea-level which can 
be produced by oncoming swell without the agency of 
local wind. There is a chapter on the functional design of 
fixed and floating structures, piers, breakwaters, sea-walls, 
groina, underwater pipelines and sewer outfalls, and 
another on ship motion and on moorings. 

Characteristics of ocean water, currents and mixing 
procesees are described, but there is not much about 
ocean drilling, deep-sea prospecting, deep submergence 
vehicles and the increasing range of deep-sea technology, 
which is now referred to as ooeanology. 

The index is scarcely adequate, but it would be very 
difficult to refer to everything in a book so densely packed 
with information, tables, diagrams and references. It is 
quite an easy book to find one’s way about in, and very 
rewarding. G. E. R. DzAOON 


PRINCIPLES OF HISTORICAL 
GEOLOGY 


Stratigraphy and Life History 
By Prof. Marshall Kay and Prof. Edwin H. Colbert. 
Pp. 730. (New York and London: John Wiley and 
Sons, Inc., 1965.) 74s. 
HE student reader of an introductory text on histori- 
cal geology is faced with several difficulties additional 
to those of mastering new conceptions and a new vocabu- 
lary. In particular, the damands made on his geographical 
knowledge are considerable; and for this reason the most 
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useful elamentary books are usually those describing the 
rocks of his homeland. This noteworthy volume by 
Prof. M. Kay and Prof. E. H. Colbert is concerned princip- 
ally with the United States. Elsewhere, therefore, it is 
unlikely to be prescribed other than as collateral reading ; 
but its very existence emphasizes the need for an equally 
well-illustrated introduction to the geology of Western 
Europe. Geology, like charity, should begin at home but 
not remain there. 

In the usual fashion the book begins with a description 
of the rocks of the Pre-Cambrian era and then discusses 
the Phanerozoio systems one by one; but it is unique in 
that it essays to explain the principles of stratigraphical, 
petrographical and geoohronologioal correlation by refer- 
ence to the non-fossilifarous Pre-Cambrian formations, 
particularly the ore-bearing rocks of Michigan, Minnesota 
and Ontario. In fulfilling this difficult task it is remark- 
ably successful. The principles of faunal correlation and 
faunal provinces are introduced with the description of 
Cambrian strata; and thereafter appropriate opportuni- 
ties are taken to bring in various broad concepts on the 
teotonio control of sedimentation and similar matters. 
The palaeontology of the various systems, related in very 
general terms, dovetails with the &ooounte of the rocks 
and their palaeogeography; but there are three separate 
chapters on life in the Palaeozoic, Mesozoic and Oaenozoic, 
and a fourth giving a systematic review of fossil o 
The emphasis throughout is on the establishment of the 
principles which guide geological thinking. A chapter 
on continental drift is lucid reading but it 1s doubtful if 
one on the evolution of the crust in North America 
expreases ita ideas sharply enough to be understood by the 
ave undergraduate. A penultimate chapter on the 
origin of the Earth, by Dean B. McLaughlin, seems too 
remote to be relevant. 

When the authors’ writing touches on geochemistry 
it is much less felicitous and slips are frequent. On pp. 
66-69 we are told that “there are two farms of isotopes 
of uranium", that *“Pb is primary lead, and that "K. 
forms 1 per cent of natural potassium (although the 
accompanying diagram gives the correct value of 0-012 
per cent); and it 18 wrongly implied that an age determing- 
tion can be derived from the ratio “*U:"*U. On pp. 
82-88 it is not made olear that the figure of 2,700 m.y. 
for the oldest rocks relates solely to North America— 
there are much older formations in Russia and southern 
Africa; or that the age of 1,700 m.y. given for the Gunflint 
and Biwabik iron formations is their metamorphic date 
—the date of sedimentation is much older, as ahown on 
p. 49. Similarly on p. 594 it is said that “there are two 
isotopes of carbon having atomic weights of 14 and 12: 
the latter is common carbon”. On p. 91 the uraniferous 
hydrocarbon in the Cambrian shales of Sweden 18 wrongly 
referred to as pitchblende; and a reader could pardonably 
gain the impression that dolomites do not appear before 
the Silurian (all earlier references are to limestone) and 
that all dolomites are penecontemporaneous. Students 
should not be encouraged to use the old term Protoroio 
for the Pre-Cambrian in view of potential confusion with 
Proterozoic. It does not appear in the American Geologi- 
cal Institute’s dictionary. 

In ite wealth of illustrations, this text-book is the most 

lavish of ita kind yet produced. A large page size (30 cm x 
24 cm) has permitted about half the total space to be 
occupied by photographs and diagrams, accompanied by 
lengthy explanations; but only a persistent reader will 
finally locate & description of the frontispiece photograph 
on p. 436, and of the dust jacket on p. 176. A coloured 
geological map of North America is printed inside the 
jacket. Reproductions of dioramas of palasontological 
habitat groups, mostly from exhibits in American 
museums, present a vivid representation of life through the 
ages. Some other diagrams of foils (particularly of 
mierofoesils) could have been improved by the addition 
of a scale. O. F. DAVIDSON 
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The Theory of Order-Disorder In Alloys 
By M. A. Krivoglaz and A. Smirnov. Pp. x--427. (Lon- 


don: Macdonald and Co. (Publishers), Lid., 1964.) 90s. 

N an ordinary metallic solid solution of, say, a two- 

component system, the two species of atoms are 
arranged at random on the pointe of the orystel lattice, 
and at a composition AB, for example, any particular 
lattice poinb may be occupied by either A or B atoms. 
In certain systems, however, below a critical temperature, 
segregation of one kind of atom to a certain set of lattice 
points can occur, leaving the other kind to the remaining 
poeitions. This phenomenon is known as ‘ordering’. The 
poesibility of ord had been by Tammann 
in 1918, and was by the X-ray work of Bain in 
1928. Since that time many metallic systems have been 
discovered to have this property at oertain simple ratios 
of A to B, the best-known examples at oompo- 
sitions AB and A,B, such as Cu,Au and AgZn. Clearly 
such a modification of the structure of the alloy as the 
tem: falls is expected to influence in turn many of 
the physical and mechanical properties, and & considerable 
theoretical structure has been erected to relate the observed 
changes in properties to changes in the models of the 
electronic structure. ^ 

The present volume is a translation from the Russian, 
and the approach is largely theoretical. It consists of 
eight chapters. The first chapter is a general review of the 
properties of ordered alloys, and the second, third and 
fourth deal with the tharmodynamic and statistical theories 
of ordering, and with the theory of diffusion. A discusion 
of the effect of ordering on the behaviour of the valence 
electrons appears in chapter five, and the effect of ordering 
on wave-motion in chapter six. Chapters seven and eight 
cover the theory of residual resistivity and the magnetio, 
galvanomagnetic, optical and mechanical properties of 
metals and alloys. 

The book is aimed at graduate and post-graduate 
workers and is a fairly com treatise on the 
theoretical aspeota of ordering. However, there are a 
number of points of oriticiam. The treatment is excessively 
formal, and the explanation of the relation between the 
mathematioal and physical models is disappointing. The 
first chapter of ninety or so is well illustrated with 
eighty-six figurea, but the remaining three hundred pages 
have only twenty-eight illustrations between them. It is 
Pleasant to have many references to Russian work in the 
text, but the overall balance of the book suffers. For 
example, in the chapter on the theory of the residual 
resistivity of alloys the names of Mott and Friedel do not 
appear. The book has three hundred and thirty-seven 
references, but since it was published in Russian in 1958 
the most recent reference is 1957. In the copy sent to me 
for review the quality of the printing and the pages was 
somewhat uneven. There is no index, and in view of the 
Price one can make only a cautious recommendation. 

J. A. CATTNRALL 


Ultrasonic Cutting 

By L. D. Rozenberg, V. F. Kazantsev, L. O. Makarov 
end D. F. Yakhimovich. Translated from the Russian by 
J. E. 8. Bradley. Pp. 1+142. (New York: Consultanta 
Bureau, 1964.) 17.50 dollars. 


AE carefully translated text is based primarily 
on the experience of the authors in the Ultrasonio 
Laboratory at the Aooustios Institute of the Academy 
of Sciences of the U.8.8.R., and in the Special Designs 
Office of the Moscow City Boonomio Council. The authors 
have, however, attampted to make due note of work dane 
elgewhere—both inside and outeide the U.8.8.R.—and 
the inolusion of more than 220 literature references is 
one result of this. 

Since this book should be just as useful in creating 
interest in, and potential users for, this technique, as in 
providing reference text for those already expert, it 
may be as well to give a brief reminder of what ultrasonic 
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cutting is. It is a manufacturing process that has devel- 


Oe ee cui ae ea ae eae 
or drilling of holes in, materials normally too brittle 
for working by conventional methods. A slurry containing 
extremely hard abrasive particles (for example, ‘Carborun- 
dum’ or boron carbide) is fed to the working position, 
where an acoustically designed tool of relatively soft 
material vibrates at e frequency, hammering 
down on the trapped particles. In this way an extremely 
rapid succession of intense ‘micro-blows’ is i to 
the working surface which thus erodes away, leaving a 
cavity which reflects the shape of the acoustic tool. 
Acco , and on the manner in which the 
tool is vibrated (for torsional vibrations have as much 
usefulness as longitudinal vibrations), it is possible to 
produce round holes, non-circular holes, twisted holes, 
slota, curved holes, disks and internal and external screw 
threads, among other forms. Versatility is limited only 
by the nature of the workpiece material, which must be 
brittle. 

The text covers basic principles as well as practical 
development. The first chapter discusses elastio wave 
propagation and vibration for various media, both solid 

fluid. Subsequent chapters show how these concepts 
lead to a detailed of ultrasonic machining, 
so that—making use of piezo-electric or magnetostrictive 
excitation—the acoustic tool head may be logically 
designed to achieve the desired effect. Discussion there- 
after widens to deal with different types of ultrasonic 
machine tool, and indeed with the whole technology of 


the í 

book is remarkably readable: the mathematical 
analysis employed in the early chapters is a digestible 
minimum and is well presented. Apart from the numerous 
references mentioned, the text is supported 
by 81 well-chosen tables of numerical data, and 155 clear 
illustrations. B. N. Corx 


Contributions to Sensory Physiology 

Vol. 1. Edited by William D. Neff. Pp. x+274. (New 
York: Academic Press, Inc.; London: Academic Prees, 
Ino. (London), Ltd., 1965.) 60s. 


HIS is the first volume in a new series of publications 
which has two main objectives, to bring together 
reporta of current research on sensory physiology, and 
to enable individual research workers to present some 
icular theory of the physiological basis of sensation. 

are definitely not intended to be review articles. 

Of the five articles which it contains, three are concerned 
with vestibular function. The first is a study of the organ 
of Corti at & cellular level, another concerns the functional 
anatomy of the ciliated end organs of the labyrinth and 
lateral line and the third is a psychophysiological study of 
vestibular responses. If the editors continue to bring 
together articles like these, which are not normally found 
in the same volume, the series will certainly fulfil a useful 
function. 

The remaining two articles are on vision and are of 
particular interest from the comparative point of view 
as one gives an &opount of work, some unpublished, on the 
vision of various primates, while the second is a translation 
from the French of a paper by Piéron on vision in inter- 
mittent light. It is a sad fact, but nevertheless true, that 
many English-speaking biologists have little time to ae 
the details of longer papers written in other 
The publication of translations of this type could do & 
great deal to help in the dissemination of resulte that 
otherwise might not be read in the detail they deeerve. 

The whole volume is well bound, and has & good refer- 
ence list and atithor and subject indexes. It is only unfor- 
tunate that the price is so high for it adds to the ever- 
increasing burden that libraries must bear in subsidizing 
the potu production of volumes of this type. 


G. M. Hvanzs 
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OBSERVATIONS OF RADIO GALAXIES WITH THE 
ONE-MILE TELESCOPE AT CAMBRIDGE 


By Pror M. RYLE, F.R.S., B. ELSMORE and ANN C. NEVILLE 
Mullard Radio Astronomy Observatory, Cavendish Laboratory, Cambridge 


N July 6, Lord Bowden and other distinguished guests 
visited the Mullard Radio Astronomy Observatory, 
Cambridge, to inspect the new, large radio telescope! 
which has recently come into use. This instrument, which 
was constructed with the aid of a grant from the Science 
Research Council, makes use of an advanced form of 
serial synthesis to provide a resolution and sensitivity 
considerably greater than have been achieved hitherto. 
The telescope was designed primarily to further our 
understanding of the physical processes oocurring 1n radio 
sources of different types, both galactic and extragalactic. 
In each case one of the chief requirements is & detailed 
knowledge of the structure for different wave-lengths and 
polanzations. Although the large baseline interferometers 
at Jodrell Bank! have set lower limits on the surface 
brightness occurring in many sources, they have not 
provided much information on their shape. More detailed 
interferometric observations, but with leas-extensive baso- 
lines, have been made at the California Institute of Tech- 
nology? and the resulta have been interpreted in terms of 
various stmple models of the brightness distribution; these 
models may not, however, be unique, and information has 
not been obtained for more complex sources. 
From what is already known about the intrinsic radio 
luminosities of radio galaxies and quasars, it is clear that 


————-- 





2 in Ee Tec ER 
Fig. 1. The three 60-ft. paraboloids of the new telescope. Tbe moving aerial and 


an investigation of the numbers of sources occurring in 
different ranges of flux density, and the examination of 
the spectra and other features of sources of different flux 
density, may allow powerful teste of different coamological 
models. The present observations‘ have already imposed 
important restrictions on the possible models, and these 
restrictions should be increased if the observations can be 
extended to weaker sources; such an extension requires an 
instrument having both greater angular resolution and 
greater sensitivity. 

The new telescope has been designed with these needs 
in mind. In the earlier large instrumenta at Cambridge, a 
long, thin serial has been used in conjunction with a 
smaller movable one to carry out & one-dimensional 
syntheses. In the new telescope, the method is extended to 
two-dimensional synthesis using relatively small circular 
elementa the spacing and orientation of which are varied to 
include all the relative positions present in the large 
equivalent aerial. Use is made of the rotation of the Earth 
to alter the projected position angle of an east-west axis 
on the aky; by using serial elements capable of tracking & 
given point in the sky for 12 h all the information 
appropriate to an elliptical ring of & large equivalent 
instrument 1s obtained!. By repeating 12-h runs at each 
of a number of east-west separations, it 18 then possible to 


can be seen in the foreground 
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build up an equivalent elliptical aerial the major and minor 
axes of which are D and D sin 8, where D is the maximum 
separation of the serial elaments and 8 is the declination of 
the area of aky under observation. A maximum separation 
(D) of about 1 mile (1,550 m) can be used in the new 
telescope. 
Owing to the high cost of the stable rail foundations, 
two fixed paraboloids are used in conjunction with a 
movable one on 0-5 mile of rail track; this arrangement 
permits two different separations to be recorded simul- 
taneously and halves the observing time: The use of an 
even shorter rail track and a larger number of fixed 
elements would have reduced the observing time still 
farther but would have resulted in an increased cost. 
The three elements may be seen in Fig. 1. Each is an 
equatorially mounted paraboloid 60 ft. in diameter. The 
instrument is being used to observe simultaneously at two 
wave-lengthe, 74 and 21-3 om, at which the final beam- 
widths are 80 and 28 sec aro respectively. 
It is interesting to compare the signal-to- 
noise ratio achieved with this system, with 
those of more conventional instrumenta of 
the game resolution when used to observe 
à given area of aky in & given total time. If 
% ia the diameter of each of the aerial 
slements and D is the maximum separation, 
it can be shown" that the signal to noise in 
the final map is equivalent to that of an 
netrument with a collecting area of ap i 
mately 3d x D, or 10* sq. ft. In ition, 
ihe ability to use wave-lengths considerably 
greater than those which would have to be 
ised in a feasible paraboloid to obtain the 
same resolution confers a further i væ 
nent in the relative sensitivity. In Fig. 2 
yurves are shown of the relative flux density 
of & typical radio source ab different wave- 
Se oe wh typical values of the 
verall system noise (receiver noise and 
radiation from the ground and sky). It 
an be seen that the ratio of these two curves 
hows & well-defined maximum in the 
urhood of 50 am. If, for example, 
| resolution of 28 sec aro were to be achieved 
iy the use of a 200-ft. paraboloid operating 
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on & wave-length of 8 mm, the relative senmtivity would 
fall below that of the new instrument operating at à = 21 
om by a factor of about 300. 

Apart from the question of the engineering feasibility 
of constructing & “paraboloid with sufficient accuracy to 
provide a resolution better than 1’ aro, it is therefore clear 
that if such an instrument were to provide maps having & 
00: le signal to noise, then the o rate 
would have to be very much slower than that of the new 
telescope’. 

The aerials may be controlled individually but, normally, 
they are all operated from the Central Control Room shown. 
in Fig. 3. This building also contains the receivers, digital 
converters and paper-tape punches on which the signals are 
recorded. When observations are made away from the 
meridian, large path differences to the different elementa 
occur and it is necessary to introduce a path correction 
which varies continuously as the observations proceed. 
This correction and the control of the punches and tele- 
scope tracking motors are made automatically by means 
of a control tape previously prepared in the computer. 

During the first seven months, the instrument has been 


engaged in three main observing programmes: 


(I) Accurate Positions 


In order to make full use of the resolution available at 
À = 21 am, the relative positions of the three instruments , 
must be established with an accuracy better than ~ 0:5 om. 

Attempts have been made to determine the necessary 
quantities (a) by observing small-diameter radio sources 
associated with stellar objects the positions of which have 
been accurately meesured*!* and (b) by direct survey 
methods. The former method has been used by Adgie!! 
and, as he points out, it suffers from the rather small num- 
ber of sources for which the identity of optical and radio 
AER ED Met most of the sources also lie in & 

of declination. For the second method we 
are erat the Ministry of Public Building and Works 
for the final of the instrument with an accuracy 
believed to be 1 in 10* and 0:5 seo arc. 

A comparison of the two methods has revealed dis- 
crepancies greater than the uncertainty expected from 
‘either of the survey methods. 

Alth the cause of this discrepancy has not yet been 
disco it is possible to use the t resulta to 
determine the positions of sources having S, > 2-5:102* 
Wm- (ofg)-! with an acouracy of +3 seo aro in « and 
+ (2-5 ooeeo 8) sec arc in declination. 





Tıg. 3. The control desk and pert of the reontving system 
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' Bome 50 sources have been observed, about half being 
apparent point sources. The positions of a number have 
been examined on the printe of the 48” Sky Survey and 
some possible new identifications have been noted. These 
include blue stellar objects close to the iti of the 
ae sources: 80 270-1, 80 277-1, 30 309-1 and 


(2) Source Structure 

"When observing intense sources, the angular sire of 
"which is considerably leas than the primary beam of the 
‘individual aerials, it is unnecessary to make observations 
with all separations of the aerial elements. Instead, a 
relatively small number of positions of the moving serial 
along the full langth of the rail track can be used to syn- 
thesize a grating instrument. This method was employed 
in the observation of the intense sources in Oygnus and 
Cassiopeia already reported. Some of the sources 
investigated have been observed previously by Moffet 
and Maltby*, who fitted simple source models to their 
observed amplitude-spacing curves. In several cases the 
distribution of radio brightness has been found to be 
more complex, while in others' the sources have not 
previously been observed with sufficient resolution to 
show the detail now seen. 

The resulta are presented automatically as contours on 
a curve plotter attached to the Bdeac II computer. 


01h 33m 44s 01h 38m 40s 


01h 33m 365 
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objects shown is probably a star 
Two diffuse red objects (mps = 18—19) are also visible 
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Fig. 6. 402041. The two 15 15r» galaxies In a common halo are shown 


Observations have been made on both 74 and 21 om; the 
maps obtained for some of the sources on a wave-length 
of 21 om are shown in Figs. 4-7. In order to simplify the 
examination of the structure of the sources, the scales of 
all the maps are such that the beam appears circular; the 
scale of the maps is therefore the same in right ascension, 
but varies aa sin 3 ın declination. 

(a) 80 47. This source was one of the original group of 
quasars’*, The new observations (Fig. 4) show that it 
consists of two componente having flux densities in the 
ratio 1:8: 1. The componente have an angular separation 
of 62 sec arc and are disposed nearly symmetrically either 
aide of the optical object which lies about 8 Beo aro north 
of the line joining them. The more mtense component is 
just resolved with an angular extent of ~10 sec aro in 
R.A.; the weaker component cannot be resolved, but could 
be of the same angular size. The interferometric observa- 
tions of Anderson e£ al.14 and the absence of interplanetary 
scinotillations’ have shown that there is little structure as 
small as 2 seo aro. 

The optical object has a red-shift Ad/A = 0-452 (ref. 18), 
and the observed angular separation of the two components 
corresponds to a physical separation of 200-300 kpc 
depending on the cosmological model adopted. It is 
therefore physically one of the largest radio sources known, 
with a component separation some three times that of 

us A; ite radio luminosity is nearly the same as that 
of us A. 

This result is important in relation to theories of quasars 
and radio galaxies, since, even if the two components are 
supposed to be ejected at speeds close to that of light, and 
in a line perpendicular to the line of sight, tho radio source 
must be at least 3x 10* years old; a life in excess of 10° 
years seems more likely. The presence of intense ultra- 
violet emission from a stellar object associated with such 
an old source indicates either that there is a continuing 
source of energy for the ultra-violet source which does not 
give rise to intense radio emission, or that a second release 
of energy can occur in such objects. : 

The large physical dimensions of the two emitting 
regions (7-35 kpc) also require a total energy in the form 
of fast particles and magnetic fleld, which is comparable 
with that of Cygnus A (~10" args). As discussed by 
Fowler!*, the relatively short life-time which has been 
associated with quasars only requires sources of energy of 
109-10** ergs; the association of a quasi-stellar optical 
object with a radio source having energy requirements 
some 100-1,000 times larger may place greater emphasis 
on those mechaniams of energy release in quasars which 
are capable of supplying this greater energy. 

(b) $0 108. This source (Fig. 5) consista of two oom- 
ponents separated by 88 seo aro, each having an angular 
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diameter «10 sec aro; a faint bridge joins the two oom- 
ponente. The south following oomponent has & flux 
density some 1:0 times greater than the other. No aseo- 
and the 


(c) 40 29-41. 
Ite flux density at 21 am 18 1-8 x 10-1* Wm (o/s)-? and 
it oonsiste of an extended or double major component, 
separated from & second, unresolved component, by 50 seo 
aro (Fig. 6). Two 16™ elliptical galaxies in a common halo 
are probably associated with the radio source. 




















—L a= a 
Fig 7. $0462. The 167 galaxy suggested as an identification (refs 12,19) 1s shown at g HE Bap m tros, This galaxy has a red-shift 41/1 = 
seperation 


the outer peaks of 280 kpo 


(d) 30 452. The contour map is shown in Fig. 7 and 
reveals a remarkable ridge of emission 4 min aro in length 
and 20 sec arc in width; it also shows an intense and 
elongated source at either end of the ridge, neither of which 
is completely resolved 1n declination. 

The position of a which has been suggested by 
Dewhirst!’ and Matthews!’ as the identification is shown 
in Fig. 7. 

(3) Deep Survey 


A test survey has been made using the instrument to 
synthesize a full l-mile aperture in order to provide & 
detailed map of an area of sky which is some 3° in diameter 
at 74 «m and 50 min aro diameter at 21 om. The amplifiers 
used in these observations were only of moderately low 
noise-level (Tz = 450° at 74 am and 400° at 21 am), yet 
nevertheless extremely faint sources can be distinguished. 
Part of the 74cm map (of area approximately 1 sq. 
degree) is shown in Fig. 8. The more intense component 
of the double source in the lower right-hand corner has a 
flux density Sr, = 0-17 x 10! Wm (c/s)! and the 
source near the centre of the map has S,, = 0-04 x 10-*¢ 
Wm-^ (o/g)-1. 

We thank Dr. 8. Kenderdine who was reeponsible for 
the reduction of the deep survey observations, Miss Judy 
Bailey for help in the programming, E. A. Parker for 
permission to use the resulte of his search for optical 
identifications before publication, and Prof. M. V. Wilkes 
for the use of the Hdeao II and Tan computers. 
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PROFESSIONAL OBSOLESCENCE AND THIS RAPIDLY EXPANDING 
TECHNOLOGICAL ERA 


By Dr D. C. SAYLES 


Propulsion Laboratory, Directorate of Research and Development, U.S. Army Missile Command, 
Redstone Arsenal, Alabama 


F you have graduated prior to 1959, there is a strong 
probability that you are becoming ‘technically obsoles- 
cent’. Technical obsolescence means this: a competent 
technical person with an excellent formal education finds 
himself, after some years of practice, unable to discharge 
his technical responsibilities effectively. Young scientiste, 
entering employment, have only a ‘breather’ before they 
must plan to refresh their knowledge and techniques, 
because at the present rate of research discovery, their 
training will be adequate for about five years. But pro- 
fessional obsolescence can deliver a real knockout blow to 
older scientista if they do not follow new developments 
and ideas; they may reach a dead-end in ther careers by 
the time they are forty-five years of age. 

The problem can be summarized as follows. Graduates 
of ten years ago have to spend a minimum of 10 per cent 
of their time acquiring technical knowledge beyond their 
original academic training if they hope to compete in 
value with more recent graduates. This statement is, of 
necessity, predicated on the assumption that they have 
retained most or all of their previous training. However, 
if the loas of unused knowledge is 10 per cent per annum, 
and the advance in new knowledge is also 10 per cent, 
scientists must then grow in knowledge at a rate of 20 per 
cent per annum to remain of equal value to their em- 
ployers. In the past, scientific meetings, conferences and 
seminars were relied on as the means of keeping scientiste 
informed about new advancements, but this is no longer 
adequate. 


Technical Obsolescence not a New Problem 


Technical obsolescence is a problem, a very serious 
problem, but it can scarcely be considered a new one. It 
has always been hazardous for a scientist to permit him- 
self to operate indefinitely on the training and education 
which was acquired formally. The modern problem is 
complicated by the fact that scientists can no longer 
update their technical knowledge without assistance from 
many sources. Help is needed. Basically, this is because, 
when technical obsolescence does ocour, it appears at the 
foundations of the scientist’s training rather than in the 
day-to-day problems which he encounters. The rapid 
accumulation of new technology, especially in advanced 
engineering and in the various phases of weapon design, 
space and other aspects of technical power politica, makes 
technical obsolescence and updating of technical akills a 
very serious matter. 

The late Eger Murphree listed the threat of technical 
obsolescence as ‘‘at least a hundred billion dollar problem". 
The American Chemical Society has estimated that 28 per 
cent of all the research in chemistry throughout the entire 
history of the world was conducted over a four-year 
period between 1957 and 1961. Similar comments can be 
made about the other physical sciences. Small wonder, 
then, that there is a desperate need for updating the 
technical backgrounds of our scientists. 


i Definition of a Professlona! f 
A professional is paid for making value judgments. 
These judgments affect life, property and money. The 


` 


better the quality of these judgments, the greater the 
remuneration should be. The compensation should also 
vary directly with the magnitude of the diffculty involved 
in making the judgment. 

Some examples of professional personnel are: tradi- 
tionally, the medical doctor and the lawyer; and, more 
recently, the aircraft pilot and the personnel manager. 
It would, therefore, appear that this designation of 
‘professional’ is somewhat arbitrary; however, they do 
have one aspect in common, that is. they are required to 
make judgments. By this definition, the scientist would 
also be classified as & true professional. He must acquire 
information on which to base a judgment, and then reach 
& decision. This he does since he must decide which way 
@ research programme should be oriented; what experi- 
mentation should be conducted; evaluate the results; 


plan new approaches, and report to management. 
Pre-requisites for Practising a Profession 


Now what does it take to prepare a professional to 
perform his functions ? In order to practise his profession, 
a scientist must learn the rudiments of a particular 
science and ite techniques of practice. After graduation, 
and during the period that he is practising his profession, 
iis donoseat? fur luni a keep igtormed of ilie changes i 
knowledge relative to the practice of his profession. 

Since the making of a judgment is & step, regardleas of 
how small, into uncharted territory, and not a rehash of 
already known ideas or fact, the professional scientist 
must have at his flnger-tipa the latest knowledge and facts 
concerning the area where the judgment is to be made. 
This, in conjunction with previously acquired know- 
ledge, will only then provide the foundation for a valid 
jadgment. 


Stimulation of the Professional Sclentist 


The scientist must be stimulated in order to provide an 
eesential growth atmosphere in which bis curiomty and 
thirst for knowledge are contanuously nourished and his 
sense of values maintained. A yardstick must be provided 
80 that he can periodically measure the degree to which 
he is falling behmd. This can very aptly be illustrated by 
an over-snnplified analogy. A person fluent in French will 
have a difficult time maintaining this linguistic dexterity 
in an English-speaking environment. In fact, in such an 
environment, there existe no challenge or yardstick for 
gauging whether his fluency in French has slipped to any 
degree. Motivated by his deep love for the language, he 
can resort to the use of language records and other 
teaching aids in an effort to retain or augment his know- 
ledge of the language. Nevertheless, he is destmed to 
forget, and forget he will, for two reasons: nobody chal- 
lenges him to demonstrate what he has remembered, and 
as he associates with the people in his immediate vicinity, 
he is not provided with a means which enables him to 
gauge the degree to which he 18 becoming obsolete. 

Now, suppose that this individual electe to aspire to & 
higher level of recognition, and suppose that this level 
requires that he learn German. If the rewards for such 
recognition appear of sufficient significance to him, he will 
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have to modify his sense of values, seek such recog- 
nition. In doing this, he is confron with & more com- 
Hip situation since he now runs the risk of forgetting 

skill in French at an even more rapid rate. This risk 
-is very real, and has been labelled the ‘risk of manage- 
ment’, since the risk of accelerating technical obsoles- 
cence occurs in the pursuit of higher management 
responsibilities. 

Types of Professional Obsolescence 


(1) Keeping up with the literature. There are two different 
types of professional obsolescence. At one end of the 
there is an obsolescence resulting from an 
inability to keep abreast of the present literature in & 
particular scientific area. That is, an inability to keep up 
with the newly obtained results and changing postulates. 
In this age of the so-called publication explosion, many 
insist that such an effort is, at best, & losing battle, and 
it must be conoeded that, in these busy times, the battle 
requires t personal sacrifice in time and effort. Some 
claim that it is physically and intellectually impoasible to 
an sip in any particular scientific field. 
with the present scientific literature is a 
inus] in [o to minimize the risk of individual obeol- 
escence. In ite eesentials, the problem is how to ensure 
that the individual's fixed amount of reading time is used 
on that particular selection from the available present flow 
of new information which is optimum for him. Selectivity 
is the keynote, as it has always been, and ite crucial impor- 
tance increases with the steady rise in volume of output 
available. 

Proliferation of the literature, at the present time, 
ee ree 

know-how to cope with it. This means that unre- 
mitting effort is required from the scientist, and initiative 
is required to achieve a relative gain and not decline in 
the mastery of a reading programme. 

(2) Preventing erosion of the scientist's basio di. 
hae ae to ea ee eae ee 
up with the fundamental structure of the scientist’s basio 
disciplme. In this situation, the job of keeping up is 
really much easier. In fact, the ready availability of 
well-written text-books, review articles, symposia, eto., 
places this achievement within the grasp of almost every 
scientist. Publishers and outstanding scientific writers 
are aware of this defloiency, and an inoreasing number of 
text-books jme designed to teach concepts are now 
appearing. m this point of view, this latter kind of 
technical obsolescence warranta attention because it 
existe when, in fact, it should be very rare. 


No. 5001 


Examples of Advances In Modern Technology 


Since the Second World War, the rising level of ex- 
penditure on research by the Federal Government and 
industry (from 5-2 billion * dollars in 1953 to an estimated 
19 billion dollars in 1965) has produced a host of major 
new eap. aura advances which will have a profound 
influence on the future of all scientists and non-scientista. 
Technological obsolescence is not restricted to & particular 
scientific discipline. The defenoe-spaoe programmes have 
been the sources of a large number of new advances which 
overlap many scientific disciplines. This can be most 
appropriately illustrated by the impact these advances 
have had on the steel industry. -The competitive pres- 
sures for aluminium, plastics and reinforced concrete, 
combined with the domestic and foreign market preasures 
in this industry, have rendered economically obsolete 
much of the industry's present steel-making facilities. 
These preesures are forcing companies to install new 
facilities that embody an entirely new steel-making tech- 
nology. As & consequence, the scientista in this industry 
are confronted with the need of acquirmg newer skills 
required for theee more modern methods of production. 


* ‘Billion’ mean a million millions m Bntatn and elsewhere, but a tenth of 
that (a thousand milhons) in the United Btates and some other oountries. 
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Another example can be garnered from the field of 
electronics. This field has rapidly outgrown its initial 
role in radio, television and communications. It has not 
only developed into a basic scientific discipline in ite own 
right, but has also broad potential application in virtually 
all areas of scientific endeavour. As greater knowledge 
and understanding are attained, it is becoming in 
possible to accomplish many tasks by electronic tech- 
niques rather than by mechanioal or electromechanical 
devices. A list of such inroads would include these signifl- 
cant accomplishments: electronic telephone switchboards ; 
electrostatic printing; electrochemical machining; elec- 
trical discharge machining; numerically controlled metal- 
working; computerized typesetting; photocomposition 
printing. 

Another example, and one that is of particular interest 
to-this group, can be labelled as ‘engineered materials’. 
The traditional approach to materials research was seg- 
mented into numerous areas of interest, such 
as ferrous metals, non-ferrous metals, plastics, rubber, 
ceramics, eto. This concept is rapidly being superseded 
by research based on the concept that the same fanda- 
mental principles underlie the behaviour of all mate nals. 
With a more thorough comprehension of the underlying 
relationship between the basio structure of materials and 
their physical properties, the synthesis of ‘engineered’ 
materials, such as propellants, which have properties 
that are beat suited for a particular application becomes 
a reality. The more important recent outgrowths of this 
new science of engineered materials include transistors, 
tunnel diodes, masers, lasers, piezoelectric devices, eto. 

The final example, which warrants some attention, is 
numerical control. This is regarded as & most significant 
development in man ing technology and is com- 
parable with Henry Ford's development of the assembly 
line. It brings to the fleld of small-volume production 
many of the man i economies which are at 
present inherent only in highly automated production 


systems. 

Although numerical control has attained ite highest 
state of development in the machine tool industry, this 
new concept has many poe tential applications. These 
include the inspection of ed products, metal flame- 
cutting, wiring and assembly of electronic printed circuit- 
boards, and the preparation of engineering drawings. 


Programmes for bringing Scentists up to Date 


The fight to keep up with fast-moving scientific develop- 
ments requires the resources of the individual, industry, 
professional societies, government and &oademio instrtu- 
tions. Some employee education programmes exist, but 
are fairly new and still in the trial stages. Their effective- 
ness is, therefore, difficult to assess. 

(1) Projected educational changes in night schools. 
Despite the changes bow are projeoted for high schools 
one Mein ker E coming decade, the greatest 

ly be Felt in adult night school 

se eg Although business and Government will be 
forced to increase their re-traming activities for their 
acientific personnel, it is most probable that & substantial 
ion of the re-training and bringing up to date will 

ve to be provided in adult night-time programmes. 
Night school is to become an accepted part of 
the weekly activities of a large segment of a country’s 
technical force. The growing need for adult night-school 
education poses several serious problems. This will be 
icularly so for the educati systems in urban areas 

uge it will be here that the impact of obsolescence will 

be more deeply felt. Not only will school systems be faced 
with the challenges of providing adequate facilities and 
qualified educators to meet the expanding needs of the 
night school programmes, but also these o will 
be compounded further with the more dificult problem of 
trying to provide training in entirely new scientific fields 
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which are not well deflned and which are in a constent 
state of flux. 

(2) Projected changes in college training. I need scarcely 
point out the serious deficit of college facilities for handling 
the educational needs because of the exploding population. 
The offering of refresher courses to the technically trained 
would further tax the facilities of these institutions. In 
addition, the evening courses which are at present bemg 
offered are generally a portion of riented pro- 
grammes, and are, therefore, not y available, nor 
geared for, thoee interested only in furthering their know- 
ledge in & particular fleld. Colleges and universities, 
especially those in urban areas, will thus be confronted 
with the necessity of markedly increasing the number of 
non-degree educational p which are offered. 
Because of the lack of adequate facilities, they will find 
it necessary to develop new relationships with the local 
schools so that college-level programmes can be provided 
through exiting achool systems. The acquisition of an 
adequate professorial staff who are fluently conversant 
with the newer and constantly changing scientific dis- 
oiplines is going to be a problem of major magnitude. 

Another approach would consist of developing intensive 
courses from ite undergraduate and graduate curricula 
which would then be taught by regular faculty members 
during the summer session ‘in-plant’. 

(8) Projected changes in the activities of professional 
sooishiss. The role of professional societies in updating 
the technical training of their members has been frequently 
debated. The American Medical Association has pioneered 
one approach. Various practising groups in the medical 
profession are required to hold frequent clinical oon- 
ferences and programmes designed to their members 
abreast of new developments. For example, the American 
Academy of General ice with 27,000 members (about 
one-third of the general medical practitioners) requires ita 
active members to engage in and complete 150 hours of 
postgrad aire education acceptable to, and outlined by, ita 

mmission on Education in each three-year period. If 
8 participant fails to comply, active membership is not 
renewed. Similarly, the American Institute of i 
has recently introduced the regulative principle of 
"Accreditation of Scientiflo Modernism”. e intention 
is to stimulate the individual chemist or chemical ineer 
to protect himself against the outdating of hia technical 
skills. For accreditation, the individual’s recent scientific 
BiG te crores ere. reviewed by local examining boards, 

ich then recommend whether the candidate should be 
accredited. 

Further, considerable modification of the methods for 
conducting the national meetings of the professional 
societies iB a i ity to cope with the changing times. 
Present emphasis at these meetings is on the presentation 
of detailed research discoveries in highly specialized areas 
of a icular science. More appropriately, with the 
eee ee goal of providing the opportunity of bringing 
those attending up to date, some summary or review 
papers which discuss the more recent developments 
should be liberally interspersed among these fundamental 


pepers. 

(4) Efforts by 9ndusiry and Government to bring their 
sctentisis up to date. Certain industrial organizations have 
already taken several important steps in supplying the 
tools which are needed to ensure that their scientists can 
keep up to date. The plans for such endeavours are in the 
form of advanced degree programmes, including educa- 
tional leaves of absence for its scientific employees, and 
co-operative plans with universities where facilities 
and staff are made available for providing advanced and 
refresher courses on the job. 

Most of these employee educational programmes are 
new, and are still in the trial an thesatire thats 
success is difficult to assess. ently, it is not 
possible to estimate the number of scientists who are 
already engaged in updating their technical backgrounds. 
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What little experience is available indicates that many 
profeesional personnel have not taken the matter of 
personal obsolescence seriously as yet. 

Some comments about the more important stimuli for 
updating follow. 


Tultlon Payment Plans 


Payment of pert or all of the tuition costa for employees 
seeking advanced degrees has existed within the United 
States for a considerable time. These plans have been 
especially motivated in providing the incentives for 
advanced study. A limited survey, conducted by the 
Outboard Marine Corporation in 1961, suggests that these 
programmes are growing in popularity with employers 
but not necessarily with employees. According to the 
survey, an average of only 6 per cent of the eligible 
employees have seen fit to take advantage of the tuition- 
paid educational plan. 


‘In-plant’ Programmes 

Additional ‘in-plant’ educational opportunities for 
technical employees are needed. The lecturers can be 
recruited from either within or outside the organization. 
These lectures should comprise survey courses provided 
by qualified university staff members or by senior em- 
ployees of the organization’s own scientific staff who can 
present such courses to their younger associates and 
to members of other departments. Employees should 
have full-time assignments to attend these courses in 
company time. 


Newer Tools for fighting Technical Obsolescence 


There are three principal kinds of newer tools, namely, 
computers, copying and recording devices, and rapid com- 
munication systems that can be used in meeting the 
educational crisis facing the country. 

The use of the computer and associated technology will 
make the literature more readily accessible to each 
scientist. This mechanical slave can accomplish the tasks 
of extracting, assembling and coarsely organizing what- 
ever information is in the literature stockpile which oor- 
responds to the questions which are posed. For the 
start-up of such & new method, however, large tasks are 
involved, such as the organization of the total information 
accumulation mto suitable fashion, and the provision of 
pre-tested operational techniques. 

There is little doubt that the new schemes should 
provide an exceptional service in the treatment of facta, 
such as molecular structure, mechanical properties, etc., 
which appear in the literature. The computers can 
manipulate these resulta to effect correlations among 
these, and this would be extremely difficult and tedious 
without machine aid. However, when it involves 
literature components which are primarily interpretative, 
theoretical or speculative rationalizations, less satisfactory 
results will have to be acceptable. The reasons are rooted 
in the difficulties of precise indexing of the leee-speciflo 
and leas-precise pieces of information. Oonceptual themes 
weave in and thro large aggregates of facta, and are, 
consequently, difficult to index for effective mechanical 
manipulation by the mechanical rigour which computer 

ui ene demand. 
` e adoption of computerized information storage and 
retrieval techniques will interfere with the ability to 
browse. Browsing is a desirable capability, and is useful 
and easential, especially to those engaged in truly funda- 
mental research. 

Newer communication developments, such as tele- 
vision, tele-lecture, ‘blackboard by wire’ and conference 
calls, are additional techniques which, when used in com- 
bination and in conjunction with present systems, can be 
projected to alter greatly teaching methods. 
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OBITUARIES 


Sir John Russell, O.B.E., F.R.S. 


Sm Jomw Russe, director of Rothamsted Experi- 
mental Station during 1912-48, and for more than 
& century a dominant figure in world agriculture, died at 
Goring on July 12, 1965. He survived Lady Russell, who 
constantly supported him through an exceptionally lo 
M e Ponts three cast: and Lis Erben 
his last book, a history of agricultural research in Great 
Britain, only a few weeks before his death. 

Edward John Russell was born in 1872 at Frampton, 
Gloucestershire, the son of a school teacher who later 
became a Unitarian minister. His family was unconnected 
with either agriculture or science; but his father had 
unusually wide interests, extending from religion and social 
work not only into politica and philosophy but also into 
chemistry and biology, and these clearly influenced young 
John. His first formal contact with chemistry was at the 
Birmingham Technical School and so fascinated him 
that, when he had to leave the school to earn his living at 
the age of fourteen, he was “full of a desire to study 
chemistry" but ‘saw no hope whatever of doing Bo". 
However, to quote further from his autobiography, 
The Land Oalled Me, “thinking that chemistry was 
practised in chemists’ shops, I decided to try and get into 
one and save up money to go to college". He got into 
one only to be digi ioned, but he was not easily put off 
and, with the persistence and energy that typified his 
whole life, he continued to study by attending evening 
classes and gained scholarships that took him in turn 
to the Preabyterian College, Carmarthen, to the University 
College of Wales, Aberystwyth, and, in 1894, to Owens 
College, Manchester. 

Russell failed at his firs& attempt at the London B.8o. 
degree, because his physics and mathematics were not up 
to standard. He then contemplated entering a theological 
college, but Prof. Dixon appointed him a research assistant 
at ten shillings a week, which allowed him to continue 
at Manchester, where to make ends meet he did other jobs 
as diverse as organist, reporter, lecturer, and coaching 
“some dull people through examinations that they never 
ought to have passed”. At his second attempt he passed 
in the first division both the B.Sc. and the honours chemis- 
try examinations, and then did research on various sub- 
jecta, of which the most important waa the oxidation of 
phosphorus, for which he was awarded the London D.Bo. 
degree in 1901. In addition to his chemistry, he was 
active as & social worker in the slums of Manchester, and, 
paradoxically, it was there that he first considered turning 
his attention to agriculture. He thought that many of 
those who failed to make good in cities would be happier 
and more prosperous in the country, and he had the idea 
of founding and leading a rural settlement where such 
people could be tramed in agriculture. There were two 
major obstacles to implementing the idea: he had no 
money to found a settlement, and he knew nothing about 
agriculture. The second was the easier to overcome, 80, 
against the advice of his seniors, who saw no future for 
a chemist in agriculture, when a lectureship became 
vacant at Wye Agricultural College, he applied for it, 
was appointed and started working there in January 
1901. His social work played another important part 
in his life, for it was through it that he met Elnor Oldham, 
whom he married in 1903. They had six children, of 
whom five survive. 

At Wye, Russell started the fruitful collaboration with 
A. D. Hall, principal of the College until 1902 when he 
moved to Rothamsted, that led among many other 
things to The Soils and Agriculture of Kent, Surrey and 
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Sussex, which provided the or future surveys. 
As Russell saw more of practical agriculture, he increas- 
ingly appreciated not only the impracticability of his 
ideas about a rural settlement, but also that agriculture 
iteelf was woefully backward and urgently in need of 
research. His interesta then changed and turned his 
missionary zeal to getting scientific methods applied to 
agriculture; the career he was to follow so successfully 
had now begun. Tho course of lectures he gave at Wye on 
agricultural chemistry also formed the framework for his 
classico book Soil Conditions and Plant Growth, first pub- 
lished in 1912, which has passed through nine editions, 
the last two by his aon, Prof. E. W. Russell, and has had a 
world-wide influence. 

In 1907, Russell followed Hall to Rothamsted, where he 
was appointed Goldsmith’s chemist, and in 1912 ho 
succeeded Hall as director—a post he held with increasing 
distinction for thirty-one . Hall did much to revive 
Rothamsted, where research had sadly declined from its 
peak in the earlier years of Lawes and Gilbert; but it was 
Russell who fashioned the comprehensive programme of 
research which now characterizes the Station. Russell 
was an able chemist and research worker and did some 
outstanding work on soils, particularly on partial gteriliza- 
tion, but his t achievements lie much more in the way 
he idianóed. th development of agricultural science 
than in his personal research. As a chemist interested in 
soils, it was to be expected that he would maintain and 
extend the work on crop nutrition that bad made 
Rothamsted famous in the nineteenth century, but there 
were probably few other ohemniste who would have appre- 
ciated, as he did, the need for adding such diverse subjects 
as botany, physics, microbiology, entomology, pathology, 
biochemistry, statistics and the study of pesticides. Not 
the least of his qualities that helped to make his ventures 
succeed was his ability to judge people shrewdly and 
select able ones to act as leaders. 

The extent to which he developed Rothamsted was all 
the more notable considering the spirit of the time when 
he did it. Except for a brief period after the end of the 
First World War, when neither the British Government 
nor people could fail to see the need for agriculture and 
the economic value of agricultural research, he got little 
official support for his proposals. In the 1980s when the 
Rothamsted Estate was up for sale, the Government was 
so uninterested that it did nothing to prevent it from 
being bought by & speculative builder; but Russell was 
undeterred by this lack of official backing, and with 
characteristic determination and enthusiasm raised the 
money to buy the Estate and proserve it for agricultural 
research. Similarly, he organized the centenary fund, 
which paid for the urgently needed new laboratories and 
glasshouses built in 1989. For these activities, all those 
who have since worked at Rothamsted and those still 
to come owe him an immense debt of gratitude. 

In both World Wars, Russell served on many Govern- 
ment committees, dealing not only with agricultural 
subjects but aleo many others. His services as an adviser 
were also often sought by, and always willingly given to, 
many foreign Governments and organizations overseas. 
The value of these services to both agriculture and science 
is amply indicated by the list of honours and awards he 
received from British and foreign universities, academies, 
Governments and scientific societies—a list far too long 
to recount here. In all these, he took a due pride, but 
they left him free from conceit, never pompous or self- 
important, and always friendly and courteous. 

Russell’s memory, both for facta and people, was 
great. He seemed never to forget anyone he had 
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met or anything he had seen, read or heard. As he loved 
meeting people, travelled extensively and read widely, 
his knowledge was encyclopaedic, as is evidenced by his 
notable survey, World Population and World Food 
Supplies, published in 1954. An excellent lecturer and 
proliflo writer, he dispensed information as readily as 
he acquired it. Always a keen supporter of the British 
Association, he rarely missed a meeting; he was ita presi- 
dent in 1949, the fist agricultural scientist to be elected 
to this position and perhaps of his many distinctions the 
one in which he took most pride. 

A serious illness incapacitated him for a year shortly 
after he retired from Rothamsted; but he soon resumed a 
fully active life, not only continuing his writing and lectur- 
ing, but also his travelling. His interest in, and know- 
ledge of, agricultural science was undimmed by age, and 
at ninety and more he waa still asking the most penetrating 
questions, often dealing with subjects that had barely 
been barn when he retired. His last visit to Rothamsted, 
to celebrate his ninetieth birthday, was an unforgettable 
occasion. He was his usual, lively self and without a 
note made a speech lasting more than forty minutes 
that was as memorable for his stimulating ideas about 
the current and future needs of agricultural research as it 
was for the wit and humour with which he recalled ite 
history. 

Only a man of exceptional ability, determination and 
energy could have achieved what he did, for during most 
of the first sixty years of his life he was continually 
battling to overcome difficulties and indifference to his 
aims. To have left school at fourteen and be elected to 
the Royal Society at forty-five is possibly unique, for 
self-made success is much rarer in research than in business 
or industry. But to have promoted agricultural research 
sui in a period when a secretary of the then 
Board of Agriculture could Bay: “I cannot conceive the 
circumstances in which the board will be at all interested 
in seientiflo work”, was a stil greater achievement. 
The Royal Society of Arta awarded Russell the Albert 
Gold Medal—ita greatest honour. The inscription reads, 
“For researches and leadership in agricultural science 
and services to husbandry in many lands”; although it 
fails to show that he also led a successful rebellion against 
ignorance and indifference, it is difficult to think of a 
more fitting epitaph. F. C. BAwDHN 


Dr. R. A. Alexander 


RAYMOND ALBERT ÁLHXANDHB died in Pretoria on 
July 8 at the age of sixty-six. He was born in Benoni, 
Transvaal, on July 29, 1899, and was educated at Jeppe 
High School, Johannesburg. After matriculating in 1915 
he studied at the Potdhatatioorn School of Agriculture 
and was afterwards accepted for military training. In 
1919 he went to the Transvaal University Oollege 
obtained the degree of bachelor of science, agriculture, 
in 1922. He then enrolled as a student in the newly formed 
Faculty of Veterinary Science under the renowned Sir 
Arnold Theiler and was awarded the degree of bachelor of 
veterinary science in 1925. In 1928 he joined the staff of 


the Veterinary Research Institute, Onderstepoort, and 


ing Board of Great Britain in 1931, Dr. Alexander 
studied at the Strangeways Institute, Cambridge, where 
he worked on tissue oulture techniques under Dr. (now 
Dame) Honor B. Fell. During this time he also repre- 
sented South Africa at the first Commonwealth Veterinary 
Conference in London. On his return to South Africa he 
continued his research work on virus diseases and produced 
original studies on the neurotropic virus of horse- 
sickness. As a result he was awarded a D.V.So. degree in 
1985. In 1938 he again went overseas and worked for 
varying periods at the Rockefeller Institute, Harvard 
University, the Federal Bureau of Animal Industry and 
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the Canadian Veterinary Leboratory at Ottawa. When 
an extensive outbreak of horse-sickness occurred in Egypt 
and the Middle East during 1944, Dr. Alexander went to 
the assistance of the affected countries and was able to 
help control the scourge by means of the vaccine which he 
had developed at Onderstepoort. 

He was appointed deputy director of veterinary services 
in 1949 and in that year took a leading part at the African 
Rinderpest Conference held in Nairobi, and the Inter- 
national Rinderpest Conference convened by the Food 
and Agriculture ization of the United Nations. 
Later he served on a Commission appointed by the British 
Colonial Office to investigate veterinary problems and 
research in East African territories. In 1958 he was invited 
by the United States Government to visit America and to 
advise on the control of blue-tongue in sheep which was 
causing devastating losses. 

Dr. Alexander was appointed director of veterinary 
services of the Union of South Africa in 1950 and served 
in this capacity for 11 years until he retired on super- 
annuation. 

He devoted his life to furthermg veterinary science in 
general and virology in particular. As a result of his 
success in this respect he held many important 
among which were the following: chairman of the Inter- 
African Bureau of Animal Health (1955-58); life vice- 
president of the South African Veterinary Medical 
Association; member of the Committee for Research into 
Medical Sciences of the Council for Scientific and Industrial 


visory 
Research Foundation and of the Cammittee 
Virology to the South African Minister of Health; oon- 
sultant to the Food and Agriculture Organization of the 
United Netions/Offloe International des Epixooties at a 
world conference on diseases held at Ankara. 
Several honours came to Dr. Alexander. In 1955 he 
was awarded a D.Sc. (honoris causa) by the University of 
Cape Town and in 1957 he was elected a Fellow of the 
Royal Society (South Africa). In 1961 he was elected an 
honorary member of the Section of Comparative Medicine 
of the Royal Society of Medicine. 
As & virologist, he gained a world-wide ion and 
paate more than sixty scientiflo publications. He will 
remembered for his enthusiastio participation in 
scientific meetings and his practical approach to animal 
disease problems. B. O. Janam 


Committee of the Poliomyelitis 
on 


K. A. Vlasov 


Kuzma ALEXMEVIOH VLASOV, & prominent Soviet 
petrologist and geochemist, died on September 29, 1964. 
He was born in the Ryazan district of Russia on November 
14, 1805. In 1931 he graduated p qund at the Timi- 
ryazev Academy and soon began field work on the Kola 
Peninsula under the guidance of A. E. Fersman. Starting 
with a study of beryllium minerals, Vlasov went on to 
investigate beryllimm-bearing pegmatitea, and this led in. 
turn to an intensive study of granite-pegmatites in general. 
The results of his feld observations were summed up in a 
comprehensive genetic-textural classification of granite 
tites. His magnum opus, however, was his detailed 
work on the geology, petrology and emistry of the 
Lovorero alkaline maasif on the Kola Peninsula. This 
was published in 1959. In 1953 Vlasov was elected a 
corresponding member of the Academy of Sciences of the 
U.8.8.R. and in the same year he was appointed director 
of the newly founded Institute of Mineralogy, Geochemis- 
try and Crystallography of Rare Elements. The work of 
the Institute is being published in & three-volume edition 
(two volumes have already appeared), entitled Geo- 
chemistry, Mineralogy and Deposits of Rare Elements. 


S. I. Touxurmrr 


no.soo1 September 4, 1965 
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NEWS and VIEWS 


Physical Chemistry In the Pavers er Cambridge : 
Prof. R. G. W. Norrish, F.R.S. 


Ox September 30, Prof. R. G. W. Norrish wil retire 
from the chair of physical chemistry in the University of 
Cambridge, a post which he has held with distinction for 
thepast twenty-eight years. There can be few whose careers 
have been so completely linked with one city and ite 
institutions. Norrish attended the Perse Grammar School 
in Cambridge, from which he entered Emmanuel College 
as a Scholar in 1915. He has since held a fellowship of 
that College for many years. Following war service, he 
took a double first in the Natural Sciences Tripos. He 
gained a Ph.D. in 1924 and an So.D. in 1936. He was 
appointed a demonstrator in physical chemistry in Cam- 
bridge in 1926, and later became Humphrey Owen Jones 
lecturer—a post which has been held by several physical 
chemista now occupying distingui positions. He was 
elected & Fellow of the Royal iety in 1986 and in the 
following year became professor of physical chemistry at 
Cambridge. The great bulk of Norrish’s work has been in 

_reaction kinetios, much of it with a strong photochemical 
emphasis, and has been notable for a pronounced flair 
for clear experiments. Another interesting feature is the 
way it has taken the impact of the application of quantum” 
mechanics in its stride. Norriah’s attachment to photo- 
chemistry showed iteelf in early papers (1923) on potas- 

sium , and was blove by distinguiahed 
work on the effects of light on nitrogen dioxide and on 
chlorine. This led him into the fields of photoeensitization 
and of chain reactions, in which he made outetending 
investigations. His classical series of papers in the late 

1930'a on photolysis of aldehydes and ketones must also 

be mentioned. 

All these Imes have been more recently, but 
the early 1950’s saw the introduction of a remarkable new 
phase of activity based on flash photolysis and high-speed 
spectroscopic techniques, which enabled very rapid 
reactions and the details of exchange of molecular energy 
to be elucidated. This has been one of the moet fruitful 
flelds in which Norrish has worked, and to which, at the 
moment of retirement, ho is contributing with distinction. 
Norrish’s work bas been recognized by foreign honours, 
among them an honorary doctorate of the University of 
Paris (Sorbonne), foreign membership of the Polish 
Academy of Sciences, and corresponding of 
the Academy of Sciences of Gdttmgen and of the Royal 
Society of Saien 
the Faraday Society and vice-president of the Royal 
Institute of Chemistry. The ity of his research was 

i very early with Meldola Medal of the 
Institute of Chemistry in 1926, and confirmed by 

the awards of the Davy Medal of the Royal Society (1958) 

and the Faraday Medal of the Chemical Society (1004). 

He will be wished a long and active retirement by past 

members of his Department, who inolude eleven Fellows 
of the Royal Society, and by an enormous number of 
colleagues all over the world. 


Prof. J. W. Linnett, F.R.S.: 


Dez. J. W. LrwxmrT, reader in inorganic chemistry in the 
University of Oxford, who succeeds Prof. R. G. W. 
Norrish as professor of physical chemistry in the Univer- 
sity of Cambridge in October, was educated at King 
Henry VIII School, Coventry, and at Bb. John’s College, 
Oxford, where he was a pupil of Prof. H. W. Thompson. 


cea of Liège. He has been president of - 


After in 1985 with first-class honours in 
chemistry he t two further years in Oxford on research 
work for a D , and then went to Harvard for & year 


as a Henry Fellow. He returned to Oxford as a Junior 
Research Fellow of Balliol, and in 1945 was eleoted to & 
fellowship at The Queen's Collége. His first research 
interesta were infra-red. mpectroscopy and molon i fe 
fields, and later he to the application of quantum 
mechanics to problems of moleo structure. But 
although the author of numerous theoretical pepers, he 
has also been actively involved in the experimental study 
of chemical kinetics, first of gaseous chain reactions by 
conventional methods, then of reactions in flames, and 
more recently of atom-recombination reactions. He has 
been prominent in administration, both in Oxford and 
elsewhere, being a vice-president of the Faraday Society 
and a secretary of the Chemical Society, and he has 
travelled and lectured widely. He was elected a Fellow 
of the Royal Society in 1955. Cambridge therefore gains, 
at Oxford’s expense, a very talented physical chemist of 
wide interests and considerable experience. 


Materials Technology In the College of Advanced 
Technology, Birmingham : Prof. H. J. Pick 


materials technology in the of Metallurgy in 
the College of Advanced Technology, Birmingham 
(University of Aston in Birmingham designate), and will 


On leaving 


degree in engineering 1 slur 

a further two years at the University of Birmingham he 
waa awarded a Ph.D. for research on industrial metallurgy. 
Dr. Pick is at chief metallurgist with Joseph Lucas 
(Electrical) Ltd., Birmingham, and he previously held 
appointments as Research Fellow and as lecturer in 
industrial metallurgy at the University of Birmingham. 
He has carried out a considerable amount of research on 
casting and electro-deposition. 


of Hull : 
|. G. Cunnison 


Pror. I. G. CuxxrBox has been appointed to the newly 
established chair of social anthropology in the University 
of Hull from January 1, 1966. Prof. Cunnison read for 
Part I of the Modern Languages Tripos ab Cambridge 
before serving with the Royal Artillery during 1942-45. 
When he returned to Cambridge he took Part I of the 
Anthropology and Archaeology Tripoa, gra ing with 
first class honours. In 1952 he was awarded a D.Phil. 
degree by the University of Oxford, where he had been a 
research assistant in the Institute of Social Anthropology. 
After three years as research officer at the Rhodes—Living- 
stone Institute, Northern Rhodesia, he became an assistant 
leoturer in social anthropology in the University of Man- 
chester. In 1952 he was appointed social anthropologist 
to the Sudan Government, and returned in 1955 to the 
University of Manchester, where he was Simon Research 
Fellow and later lecturer in social anthropology. He 
became head of the Department of Social noh o poiouy 
and Sociology in the University of Khartoum in 1959, 
where since 1964 he has been profeasor of social anthro- 
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Commonwealth Students In Britain 


Iw a written answer in the House of Commons on July 
16, Mr. A. E. Oram, the Parliamentary Secretary to the 
Ministry of Overseas Development, gave the number of 
studente from each of the Commonwealth countries taking 
full-time courses m the United Kingdom in the academic 
years 1959-60—1963-64. To the total, which had msen 
from 30,169 in 1959-60 to 35,664 in 1960-61, 30,122 in 
1961—62, 42,004 in 1962-63, and 42,322 in 1963-64, 
Nigeria, with 6,000, 6,800, 7,836, 8,954 and 8,630, - 
tively, was the largest individual contributor, followed by 
Indie, with 3,510, 3,400, 3,496, 4,281 and 4,129. Malaya, 
with 2,200, 2,220, 2,428, 2,496 and 2,882; Ghana (1,840, 
3,703, 3,848, 1,885 and 1,991); Jamaica (1,940, 2,980, 
3,151, 4,083, and 3,841); followed by Hong Kong (1,550, 
1,580, 1,559, 1,619 and 1,715) and Pakistan (1,570, 
1,245, 1,470, 1,711 and 1,924) came next. Trinidad and 
Tobago (1,100, 1,370, 1,622, 1,858 and 1,844) and Kenya 
(1,080, 1,272, 1,692, 1,582 and 1,598) were the only other 
countries to send more than 1,000 a year until 1960-61 
when this figure was exceeded by Barbados; in 1961-62 
it was also exceeded by Uganda, in 1962-63 by British 
Guiana, and in 1963-64 by Ceylon and Cyprus. 


Postgraduates at Unlversitles In Britain 
In a written answer in the House of Commons on 


August 4, Mr. A. Crosland, the Secretary of State for 
Education and Science, stated that the number of 
postgraduates at universities ın Britain had risen from 
1,400 in 1920-21 and 2,287 in 1980-81 to 11,827 in 1950-51, 
12,668 in 1955-56, 17,836 in 1960-61 and 24,255 in 
1964—65. 


Medical Research and Work Study 


In a written answer on July 16, Mr. A. Crosland stated 
that expenditure by Government agencies, including the 
Medical Research Oounoil the Health Departments, 
Ministry of Defence, and the proportion devoted to medical 
research from the general grant to the universities, is 
estimated at £5-5 million in 1984-55, £0-5 million in 
1955-56, and £7 million in 1956—57, rising to £14-5 million 
in. 1961-62, £16 million in 1962—63, £18-5 million in 1963-64 
and £23 million in 1964-65. No reliable estimate could be 
given of expenditure on medical research by other bodies 
including the pharmaceutical industry and voluntary 
organisations. During the academic year 1964-65, 628 
students attended the Work Study School at the Royal 
College of Aeronautios, Cranfield, and, of ite income of 
£55,165, £55,131 was from fees paid by sponsoring firms 
and organizations. For the same year, the College received 
8 recurrent grant of £865,000 and non-recurrent grant of 
£96,005, as well as a capital grant of £28,095; for 1965-66 
these were estimated at £825,000, £66,500 and £108,500, 
respectively. The College was the only exclusively post- 
graduate technological teaching institute of its land in 
Britain, and the net cost per student had been reduced 
to a little more than £2,000 in the current year. 


Industrial Training Boards 


In ing for the Government on July 29 to a Motion 
to annul the Industrial Training Levy (Engineering) Order, 
of June 11, 1965, Mr. R. Marsh, the Joint Parliamentary 
Secretary to the Ministry of Labour, said that the 
Engineering Board Levy of 2:5 per cent was likely to yield 
about £80 millon in the first year. Direct 
assistance to the boards up to March 81 was about 


£135,000, a from other assistance, such as senior 
staff, and i the current direct Government 
grant to the would be about £1:5 million, compared 


with approaching £100 million from the levies, and none of 
this money would leave the industry. The Motion was 
withdrawn. In a written answer on August 2, Mr. R. J. 
Gunter, the Minister of Labour, who had previoualy given 
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the names of the chairman and deputy-chairman and 
members of the Ceramics, Glass and Mineral Industry 

ini Board, stated that, ın January-June 1965, 
85,434 boys and 5,717 girls gained apprenticeships on 
first entering employment, or 87-2 per cant and 6:5 per 
cent, respectively, compared with 84,221 (82-6 per oent) 
and 6,030 (6-1 per cent), respectively, in January-June 
1964. 


In-Service Training for Teachers of Mathematles 


TH serious shortage of teachers of mathematics will 
not be remedied by any single stroke, but one contribution 
to the solution of the problem lies in the development of 
in-service training, whereby thoee already teaching may 
be encouraged to revise and extend their knowledge of 
mathematics and so to fit themselves for coping with 
modern trends in mathematics and for und i 
greater responsibilities. Several institutes of education 
have provided excellent courses to this end, but much 
Temains to be done, and the Jomt Mathematical Council 
now offers & short report by ite workmg party, in which a 
national scheme is propounded (Report on In-Service 
Training for Teachers of Mathematics. Pp. 12. London: 
Prof. J. Q. Semple, Hon. Secretary, Joint Mathematical 
Council of the United Kingdom, o/o King’s College, 1965). 
It suggests : (i) the setting up of mathematics centres to 
provide the necessary facilities, under local education 
authorities; (ii) the establishment by each institute of 
education of an advisory unit; (iii) that the Schools 
Council for the Curriculum and Examinations should 
set up & permanent sub-committee to recruit and train key 
personnel and to obtain necessary funds; (iv) the estab- 
lishment of a national information centre to link together 
all people concerned and to provide information on all 
relevant topics. The report does not waste time and paper 
on deploring the present mtuation, but concisely and 
forcefully makes precise suggestions for the development 
and organization of a valuable constituent in any final 
solution of an urgent problem. 


Information and Communication 


Foous on Information and Communication, recently 
issued by Aslib and edited by Barbara Kyle, includes 
seven papers (Pp. vii+118. London: Aslib, 1905. 14s.). 
It incorporates Barbara Wootton’s two ers on b- 
lems fe Coenen (reprinted from po Broan 
November 1953 and November 1954); A. R. Meetham’s 
paper on preliminary studies for machine-generated index 
vocabularies (Language and Speech, January-March 1903); 
W. T. Williame's paper on “Computers as Botanista" 
(Nature, 179, 146; 1963); R. Crawahay-Williams’s paper 
on ‘The Double Criterion of Empirical Ju ent’’ (pre- 
viously circulated privately in duplicated form); Prof. 
P. Meredith’s “Documents, Programmes and Topice— 
Some Observations on Topic Analysis" (based on two 
earlier papers on topic analysis and an analysis of 
relations); Prof. J. K. Feibleman’s “The Integrating 
Levels in Nature" (a revised version of an earlier paper 
in the Brittsh Journal for the Philosophy of Sotence in 
1954). 


Sclentific Information Notes 


THe June-July 1965 issue of Scteniyflc Information 
Notes (7, No. 3; 1965), iasued by the National Science 
Foundation, includes further information on the two-year 
experimental programme to provide a rapid source of 
chemical information for which the Science Adviser to 
the President has announced a 2-million dollar contract 
between the Foundation and the American Chemical 
Society. It provides for the establishment, by the 
Society's Chemical Abstracts Service, of a computer-based 
registry system for chemical compounds based on chemical 
structure and for selected research. It 1s expected that 
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some 400,000 references will be fed into the system each 
year, of which 75,000 will be to new compounds, and the 
system will identify any compound which has previously | 
been processed and assign the same number to it each 
time it appears. The Federal Council for Science and 
Technology has made a task group of ita Committee on 
Scientific and Technical Information responsible for 
developing a long-range plan for improving national 
scientific and technical information The Atomic 
Energy Commission and the National Bureau of Standards 
are jointly sponsoring an Atomio and Molecular Processes 
Information Centre at the Oak Ridge National Laboratory 
to collect, store, evaluate and disseminate information 
from all over the world relating to atomic and molecular 
cross-section and other particle oollimon processes in the , 
three areas: interaction of heavy particles; particle 
penetration through matter; excitation, dissociation, ion- 
ization and detachment by external electric and magnetic 
fields. 
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The Royal Ontarlo Museum, University of Toronto 


Tue annual report of the Royal Ontario Museum for 
the year July 1963—June 1964 is of special interest in that 
it records the reorganization that has been undertaken 
by the new director, Prof. W. E. Swinton, late of the 
British Museum (Natural History) (Pp. 16. Toronto: 

Ontario Museum—University of Toronto, 1965). 
In brief, the director now takes a larger place in the 
University, becoming a member of the Senate, and of the 
“ Council of the Faculty of Arts and Sciences. In the 
Museum he is responsible for general policy, curatorial 
matters, display and academic publication. The Associate 
Director is responsible for the non-curatorial steff, and 
for day-to-day administration. The abolition of the 
divisional structure gives a large measure of autonomy 
with, of course, increased responsibility to each of the 
departments. All curators have direct access to the 
Director, and each has inaugurated research programmes 
of a high order. This new upsurge of activity has already 
borne fruit in the form of publications completed during 
the year and now in the prees. In several cases some of 
this work has been done jointly with other institutions, 
for example, with MoGill University in ichtbyological 
researches in Barbados, and with the National Museum 
of Canada in an anthropological project. 


The Museums and Art Gallery, Leicester 


Tas fifty-eighth report of the Committee of the City of 
Leicester Museums and Art Galleries, for 1963-64, records 
that much thought has been given to the establiahment 
of a museum of science and technology (Pp. 18. Leicester: 
The Museums and Art Gallery, 1965). The popular 
interest shown in industrial archaeology indicates that 
this is a growing study, the i rtance of which should 
be reflected in the Museums. However, material is being 
collected and this eventually will farm the nucleus of the 
collections. The new Museum of Archaeology on the Jewry 
Wall has been completed and the Oommittee has plans 
to tidy up the Newarke Gateway. An interesting appoint- 
ment was that of Mr. G. J. Bemrose, late director at 
Stoke-on-Trent Museums, to advise on the purchase of 
ceramics—e branch of applied art in which the Museum’s 
collections were curiously deficient. Although the Com- 
mittee is continuing to train student-assistanta and 
appoint trainee-assistants, there is still a dearth of officers 
for the mors senior posta, and most of the departments 
of the Museum are understaffed. The report is well illus- 
trated, has an arresting cover, and concludes with an 
impreeeive list of acquisitions. 


Atlas of the Antarctic 


THs weekly journal of the Russian book trade, Novye 
Knigi, announces the forthcoming appearance, late in 
1965, of a major Atlas of the Antarctic; to be published by 
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the Main Administration for Geology and Cartography 
(GUGE) of the U.8.8.R. The work will incorporate the 
results of the cartographical, geological and geophysical 
researches of the twelve nations which have collaborated 
in Antarctic work during and mnce the International 
exque It ia planned in two volumes, the first 
of which (Pp. 300, size 88 x 60 am., price 80 roubles) will 
comprise mape of all kind, and the second (price 5 roubles). 
an explanatory text. Orders placed through the national 
agencies for Russian books should quote Novye Knigs 
25-1965, item 21. 


Scottish Fleld Studles 

Tue Scottish Field Studies Association opened ite Field 
Studies Centre at Kindrogan, Perthshire, in November 
1968, and, in its annual report for 1964, reviews the 
Centre’s activities to date (Pp. 25+4 plates. Glasgow: 
The Scottish Field Studies Association, 1965. 5s.). During 
the first season, 502 students attended, 134 taking courses 
in geography, 72 in biology, 175 in botany and 121 ma 
combined course of biology and geography. 214 of the 
studente came from schools, 110 from universities and 
technical colleges, 54 from training colleges and 124 paid 
‘unattached’ visits. With its attractive facilities, Kin- 
drogan should gain increasing support; however, although 
it has received generous financial support from educational 
bodies, the complete lack of response to an appeal from 
Kim to Scottish industry is not only lamentable 
but shows how short-sighted industrialists can sometimes 
be. 


Comparison of Colorlmeters 

Tita Association of Clinical Biochemusts has published 
Boientiflo No. 1, entitled Oolorimeters Fitted with 
Flow Through Oels (Pp. 54. Liverpool: J. T. Ireland, 
Bi i Laboratory, Alder Hey Children’s Hospital, 
1965. 185. 6d.; Association members, 8s. 6d.). In these 
instrumenta, the optical densities of a number of solutions, 
for example a batch of blood haemoglobin solutions, can 
be measured without removing the optical cells from their 
holders. The report gives a detailed and critical appraisal. 
of four commercial colorimeters of this type. All four 
contained a selenium photocell and the wave-length band: 
was selected by use of colour filters or an interference 
wedge. The report also covers such topics as maintenance, 
faults developing during use and the adequacy of tho 
instruction booklets. The methods developed for assessing 
the performance of the instrumenta should be helpful to 
anyone wishing to test the performance of any colorimeter. 
The report should also be helpful to manufacturers 
anxious to improve the design and reliability of their 
instruments. 


Progress In Concrete Research 


As forecast in the ious report for 1963 (Nature, 
204, 233; 1964), the Fon. Leo Russell, director-general 
of the Cament and Concrete Association, in his introduc- 
tion to the report for 1964 confirms that the increase in 
the financial resources of the Association has been re- 
flected in each of ita main flelds of activity during that year 
(Pp. 116. London: Cement and Concrete Association, 
1965). In research and development projects, special 
mention is made of the work on factors affecting skidding 
reaistance of concrete roads at high speed, carried out in 
close collaboration with the Road Research Laboratory ; 
on investigations of surface appearance of tn stfu concrete, 

inating in the Qa ena organized jointly with the 
Royal Institute of British Architects in October 1964; 
and on the introduction of ‘Standard Mixes’ by the com- 
mittees responsible for the preparation of the new Code 
of Practice for Precast Conorete (OP 116) and for amend- 
menta to the Code of Practice for Reinforced Concrete 
(OP 114). Further developmente in the matter of standard 
prestressed precast concrete beams for bridges are also 
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noteworthy. The continuing research on materials, 
design of concrete structures, and on methods of construc- 
tion is adequately catalogued. — On the materials side are 
discussed fundamental pro of unstressed concrete; 
properties of concrete un stress; durability of oon- 
crete; X-ray diffractometry of cement minerals; the 
system Oa0-Al,0;-80,; hydration of oement; problema 
of chemical analysis of cement and oonorete; research 
on oonorete under stress; elasticity of high-strength 
concrete; damping capacity; concrete strength testing; 
relationship between bending strength of reinforced oon- 
crete beams and concrete cube strength ; perlite aggregate 
concrete; and dimensional changes in unloaded concrete. 
In the section recording research on design of structures, 
among other subjects, mention is made of the work on 
bridges; doubly curved shell roofs; ultimate load be- 
haviour of framed structures; analysis of shear walls 
in multi-storey structures; and model testing of struc- 
tures. Methods of construction include work on factors 
affecting appearance of concrete surfaces; on omission 
of expansion jointe from concrete roads; on skidding 
resistance; and on no-fines concrete for paving. Looking 
ahead, there is immense scope for phen ual ud picant 
concrete structural units based on standard fizo8; 
the increased capacity planned for production of high- 
quality concrete facing blocks should materially help to 
relieve the present shortage of building bricks. 


Prestressed Concrete and Machinery Structures 


A symposium on the “Application of Prestressed 
Concrete to i Struoturee" was held during 
January 14-15, 1964, at the Oonference and Training 
Centre of the Cement and Concrete Association, Wexham 
Springs, Slough, Buckinghamshire, on behalf of the 

set up to examine this subject by the Fédéra- 
tion Internationale de la Préconstrainte. The Proceedings 
of this symposium have recently been published by yr 
Prestressed | Conorete Development Group. (Pp 
London: Prestressed Concrete eben T ias 
1965. 254). Following a brief addreas of weloome by 
A. R. Collins (director, Research and Technical Services, 
Cement and Concrete Association), the o address 
was delivered by Y. Guyon (president, Fédération 
Internationale de la Préconstrainte) wherein he described 
the subject as *'. . . certainly a fascinating one, and the 
Sold so far is almost virgin, with a tremendous potential 
for development". pers which followed were: 
‘“‘Prestreased. Concrete ae Relevance to Machine 
Frames” by A. J. Harris; and “Local and Bearing 
Stresses’’ by R. E. Rowe. Under the general heading 
“Applications of Prestressed Ooncrete to Machinery 
Structures”, six papers were presented : “Power Stations” 
by O. D. Crosthwaite; “Dynamic Loading" by J. H. A, 
Orockett; ‘Some Structures subject to Shock 
by F. Walley; “Foundations for Heavy Plant” by Th. 
Hinokeldey and R. (West Germany); ‘Presses 
and Plant for Heavy- etal Cutting" by J. T. Lewis; and 
‘‘Triaxially Prestressed Bedplates or Heavy Frames” by 
I.G. Ludkovaky (U-S.8.R.). The summing up and general 
conclusions reached at this ium were ro loft to A. J. 
Harris and are given at the end of this publication, which 
certainly breaks new ground and for this reason alone is 
an important contribution to our knowledge of the use 
and soope of prestressed concrete. 


Magnetism Group 

Tus Council of the Institute of Physios and the 
Physical Society has: &nnounoed the establishment of a 
Magnetism Group. The aim of the new Group is to 
farther interest in magnetism by holding regular dis- 
cussion meetings and in other ways. It is intended that 
these meetings shall be of relevance to physicists from 
industry, Government establishments and academic 
institutions and oo-operation will be maintained with 
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other groups of the Institute and Society, and 
with similar groups at home and abroad. The first 
meeting of the new Group will be held in December 1965 
and further details will be announced later. The following 
have been appointed as the provisional Committee 
and ted power to oo-opt additional members: 
Dr. W. M. Lomer (chairman); Prof. E. B. Wohlfarth 
(honorary secretary); Dr. G. G. E. Low; Mr. R. D. 
Lowde and Dr. W. Marshall Further information, 


including details of come tic iad the Institute and 
Society and of ita Magnetism p, can be obtained 
the Institute of Physics and the 


Physical Bociety, 4T Belgrave Square, London, 8.W.1. 


Announcements 


Mz. R. Onaan, formerly chief tal officer in 
the research laboratories of the British Museum, has been 
Appointed curator of conservation at the Royal Ontario 


Tua bicentennial celebration commemorating the birth 
of James Smithson will be held at the Smithsonian 
Institution during September 16-18. Further information 
can be obtained from the Smithsonian Institution, The 
Mall, Washington 25, D.O. 

A symposium on “Insect Behaviour", arranged by 
the Royal Entomological Society of London, will be held 
at the Imperial College of Science and Technology 
September 28-24. Further information can be ob 
from the Registrar, Royal Entomological ae of 
London, 41 Queen's Gate, London, 8.W.7. 


A symposium on “The Soil Resources of Tropical 
Africa”, by the African Studies Association of 
the United Kingdom, will be held at University Co 
London, on 29. Further information can 
obtained from f. J. D. Fage, Centre of West African 
Studies, University of Birmingham, Birmingham 15. 

A OONFSESNOB on ‘Optics in Space”, arranged by the 
Optical Group of the Institute of Physios and the Physical 
Society, wil be held at the University of Southampton 
during September 27-30. Further information can be 
obtained from the Meetings Officer, Institute of Physica 
and the Physical Society, 47 Belgrave Square, London, 
8.W.1. 


A OomNFaRENOH on ‘Non-metallic Thin Filme", arranged 
by the Electronics Group of the Institute of Physica and 
the Physical Society, will be held at Chelsea Oollege of 
Boienoe and Technology during September 28-24. Further 
information oan be obtained from the Officer, 
Institute of Physics and the Physical Society, 47 Belgrave 
Square, London, 8.W.1. 


Tua twentieth annual “Electronics, Instruments, Con- 
trols and ta Exhibition and Convention" of the 
Institution of Electronics (Northern Division) will be 
held at Belle Vue, Manchester, during 28— 
October 2. Further information can be obtained from 
Mr. W. Birtwistle, Institution of Electronios, 78 Shaw 
Road, Rochdale, Lancashire. 


OoxnrGENDUM. In the article entitled ‘Mitosis in 
Hybrid Cells derived from Mouse and Man” by Prof. H. 
Harris e£ al., which was published on p. 606 of the August 7, 
1865, issue of Nature, the blocks for Figs. 1 and 2 should 
be interchanged. The legends should stand as at present. 


EnxaTUM. In the article entitled “Correlation between 
Coding-tripleta and Amino-acids’” by Dr. 8. R. Pelo, 
which on p. 597 of the August 7, 1965, issue of 
Nature, lines 8 and 9 of the second paragraph should 
read ‘ . No amino-acid in these columns contains & 


methyl group”. 
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LIBRARY AND INFORMATION SCIENCES EXHIBITION 


By D. L. SMITH, Librarian 
Oxford College of Technology 


N Great Britein library work is still generally oon- 

sidered to be one of the gentler professions, even more 
perhaps among the dreaming spires of the “ “home of lost 
causes’’ than in industrial cities. has not yet 
been recognized as the library science of the United States. 
It may seem surprising, therefore, that Oxford should be 
the centre for an exceptionally comprehensive exhibition 
of literature devoted to library and information sciences. 
It is lees surprising that a large proportion of the material 
displayed should have been American, in the 
documentation and information retrieval aspecta which 
were particularly emphasized. 
The exhibition was 
Supply Centre of Robert 
Oxford booksh 


by the Documentation and 
and Co., Lid., in their 
below the new buildings of 
College, during 29-31. Its opening on the first after- 
noon was attended by a representative cross-section of the 
academic, technical and scientific library, information 
offlcer and book-selling professions and, in the absence of 
Mr. Robert Maxwell on parliamentary duties, the objec- 
tives were explained by Mr. Cadness Page, who has recently 
become ` i director of the firm's book-selling 
service. Mr. Page briefly outlined the new imperative 
need of research workers in every fleld for rapid, accurate 
and thoroughly oom literature searches, and 
said it was fortunate that the much-publicized information 
explosion had been followed by the introduction of com- 
puters, automatio control and punched-card techniques 
into the processes of documentation and information 
retrieval. This was the first exhibition of ita kind to be 
held in Britain, and as such was a vital contribution to 
scientiflo research. A special value of the occasion lay 
in the opportunities for informal discussion of present-day 
problems among the participanta. 

Tribute was paid to the work of Mr. Hans Zell, in charge 
of Maxwell’s Documentation and Supply Centre, who was 
responsible for collecting the extremely wide range of 
literature on display. The office of the Centre, with its 
permanent collection of bibliographical tools, unrivalled 
except in the larger university libraries, was also open to 
visitors; likewise the new warehouse (with storage space 
for more than three million volumes) and offices, now 
nearing completion half a mile away at Headington Hill 
been planned for the improvement of the firm's nation- 
wide and international service for the supply of books to 
libraries. Mr. Zell is already well known as editor of a 
number of other useful lista and bibliographies distributed 
to librarians, including New Reference Tools for Librarians 
of which the third annual volume has just appeared; 
subject bibliographies on a wide range of topics, such as 

cartography, nutrition, graphic arts and industries, 
quality control and biophysics, all\international in their 
coverage; and the new 300- International Biblio- 
graphy of Non periodical Literature on Dooumaniaiion and 
the publication of which ooincided with the 
opening of the exhibition. More iflc in ite content, the 
latter gives full details of more than 1,500 items published 
since 1980 (Russian material being excluded), with 
appendixes devoted to relevant periodicals and associa- 
tions; arrangement is alphabetical, with a manually 
Prea pean title index, and it ia planned that a 
more subject index, produced by computer, will be 
incorporated in a later edition. 


APDE par io Oaa OE e vet I 
Soir ee forie pu is the 
ine system giving advance information on new 
books, batches of cards being distributed free to individual 
libraries on the basis of their own subject coverage. 

In support of the exhibition the same editor has issued 
an attractive and clearly laid-out catalogue of ita contenta, 
with a supplement to bring it right up to date—nearly 800 
books and pamphlets from eighteen countries altogether. 
While the emphasis is on modern methods of storing and 
speedily retrieving information in print and in every 
recorded form—the mechanized systems available for 
cataloguing, indexing, storage, location and extraction— 
the exhibition also embraced every branch of library 
science and librarianship in the more traditional sense, 
and includes a comprehensive of recently published 
bibliographies, encyclopeedias other reference books 
in every field likely to be of use to the librarian or reader 
in search of information. All the material has appeared 
since the beginning of 1963, and there were a few proof 
eddie rupe mappe such as the next 
two volumes in the ‘ to Find Out” series from the 
Commonwealth and Intemational of Science, 
Technology, and Liberal Studies, of Pergamon 
Presa. One section of the exhibition was devoted to 
specimen copies of recent journals dealing with informa- 
tion storage and retrieval. 
Perhaps the most notable feature of the 

Se ee ae the efforts 
made to include a great deal of ephemeral, obscure and 
out-of-the-way material, such as bibliographies or special- 
ized papers issued by libraries, schools of librarianship, 
research establishments and some of the less-well-known 
Government organizations. Many of these are unlikely to 
be listed in national bibliographies or publishers’ 
catalogues. means by which so many obscure 
pamphlets had been traced and assembled was & mystery 
to at least one librarian, and the opportanity of examining 
so much material of this nature in itself made the whole 
operation well worth while. This achievement was all the 
more remarkable in view of the fact that some of the 
libraries originally approached for details of their publica- 
tions apparently did not reply at all. Of the catalogue 
there can be only one small criticism: a contents list of 
the broad subject headings governing its arrangement 
would have been helpful, unless it is realized that they are 
in Universal Decimal Classification order. 

From such a wealth of material it is impossible to pick 
out any items more worthy of notice than others; the 
smallest and least conspicuous were often as valuable as 
the largest tomes. Among the latter J. G. Davis's two 
interesting volumes on Cheese seemed at first aight out of 

place, until it was realized that Volume 2 consists entirely 
Tf an annotated bibliography with subject index. 

It was a little unfortunate that the exhibition 
Be ee ae a TT 

librarians and information acientiste were far 
Sy ene and undoubtedly in London it would have attracted 
even more attention. The sponsors have announced, 
however, that it is being repeated at the Library Associa- 
tion Conference at Eastbourne in September, and in 
op and Cains 


and its 


1038 
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PUBLIC EXAMINATIONS AT OXFORD 


HE report of the Committee on the Structure of the 
First and Second Public Examinations of the 
University of Oxford, issued in March 1965 as Supplement 
No. 3 to the Universtiy Gazette (and now published 
separately *), has thirty-two principal recommendations. 
The first of these is that, since the normal period of study 
for the first degree cannot be extended beyond three 
years, more of the top third of the studente should be 
encouraged to stay on, either for a seoond Honours School 
or for a B.Phil. or Diploma course. No form of the First 
Publio Examination should be based on leas than three 
terms’ work in the University, and the B.A. course should 
normally be divided so that each undergraduate without 
sior status has the opportunity of taking two exam- 
inations, each of medium size. Nevertheless, any faculty 
which so desires should be allowed to maintain an un- 
divided Honour School st which candidates can satisfy 
the requirements of the Firat Publio Examination and 
the Second Public Examination together at one time. 
Provimon is also recommended for new combinations 
of subjects and for “high level conversions” without 
reducing the standard of honours work and without 
roultiplying separate examinations or special arrange- 
ments between faculties. New joint Schools linking the 
E dg ese) &nd the humanities should be instituted 
ere deeirable by ial ent on the patterns 
of the Final oasis Bahool of Magincerng End Boon. 
omiœ. Teachers of the natural sciences in the university 
are recommended to consider together the possibility of 
establishing a comprehensive and integrated form of First 
Public Examination. This would give all students of 
science what they need in their first year while facilitating 


be eM rake of Oxford a ga Ali aha har dee ie ts era 
First Beoond Publio pur plement 0. méserty 
Geseite, Maroh 1965.) Pp. 141. (Oxford. Untverziiy, 1966 ) 10s. 


the choices and changes which may be desirable before 

uates are committed to their Final Honour 
Schools. The offer of supplementary subjects in a natural 
sciences course should be further encouraged and Honour 
Moderations in Classics and Theology retained as exam- 
inations to be taken after five terms. 

On evidence of ability and industry supplied by his 
college, an undergraduate, unable by reason of sickness 
to sit Honour Moderations at the normal date, should be 
allowed to proceed with his studies as though he had 
paseed, and the normal period of study for a single 
subject Final Honour School in modern humanities should 
be four terms for candidates who have already taken an 
Honour Moderations course of flve terms. However, in 
appropriate cases a candidate who has already taken one 
such Final Honour School should be encouraged to offer 
bunself for examination in another one year later. It 
should be poasible for selected undergraduates to prepare 
themselves for examination in two short Final Honour 
Schools together seven terms after Honour Moderations, 
and the administration of the new arrangements Bug- 
n in the report should be entrusted to two new 

oards, one for science and one for humanities. 

Abolition of the Pass School is recommended, but an 
undergraduate who has to abandon hope of finishing a 
full Honours course should be given credit for what he 
bas already done and be able to quahfy for a degree, 
either by & reduced version of what he originally intended 
or by & wider and more elemen course constituted 
from pieces of the First Publio Examination. Discussion 
of the structure of the University’s examinations should 
proceed on the assumption that the University year will 
not be changed, and the University should nego with 
other British universities for greater uniformity in the 
titles of higher degrees. 


CODING RESPONSE OF N-FORMYL-METHIONYL-sRNA TO UUG 


By Dr, B. F. C. CLARK and Dr. K. A. MARCKER 
Medical Research Council Laboratory of Molecular Blology, University Postgraduate Medical School, Cambridge 


EOENTLY, it was established that methionyl-sRNA 

is partly converted to N-formyl-methionyl-sRNA 

in a cell-free system from Macherichia ools!. The function 

of N-formyl-methionyl-sRNA in relation to the bio- 

synthesis of protein has not been elucidated so far. We 

havo investigated the coding characteristics of methionyl- 

sRNA and of N-formyl-methionyl-sRNA by using them 

as sources of amino-acids for poplypeptide synthesis in a 

cell-free system and by binding them to ribosomes in the 
presence of specific triplets. 

Studies of the Tl ribonuclease digestion products of 
unfractionated ially formylated methionyl-sRNA 
showed that at least two methionyl-eRNA species exist 
in F. colt, and at least one of them cannot be formylated!. 

Nirenberg’s group first reported that poly UG stimu- 
lated the incorporation of methionine into protein-like 
material’, but their later preparations of poly UG failed 
to do so‘. Because preparations of poly UAG and of 
poly UAGO stimulated methionine incorporation, the 
codeword UAG, of unspecified sequence, was assigned to 
methionine‘*. In recent months, most possible ribo- 
nucleotide triplets of specified sequence have been assigned 
to one or other of the 20 naturally occurring amino-acids"’, 


using the elegant technique of Nirenberg and Leder‘. 
In particular, methionyl-sRNA was found to be ood 
for by the triplet AUG'. 

We have been able to repeat the earlier observation that 
poly UG stimulates the incorporation of methionine into 
polypeptide using a partially purified Æ. coli cell-free 
system. with negligible formylation activity and a polymer 
with a base analysis of U/G=1-6/1. When N-formyl- 
methionyl-sRNA or the means of formylation were added 
to the cell-free system, there was a clear increase 1n the rate 
of incorporation of methionine into polypeptide (Fig. 1). 

We investigated the nature of a polypeptide product 
synthesized tn vitro in a system involving an S-30 fraction’? 
from E. cols MRE 600, poly UG, and a mixture of unfrac- 
tionated methionyl-sRNA and N-formyl-methionyl-sRNA. 
The amount of *8-methionine incorporated in this system 
was about 12 per cent that of “C-phenylalanine. Inter- 
estingly, the analysis of the TCA-insoluble material 
revealed that 80-90 per cent of the incorporated msthion- 
jne occurred as N-terminal N-formyl-methionine. This 
suggests that only the methionyl-sRNA which can be 
formylated responds to poly UG in a protein-syntheeiring 
system. 
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and transformyi- 
thous transformytase but with about 60 per cent 
of the Met-sRWA converted Into N-formyl-Met-s RNA 


Using the binding assay described by Nirenberg and 
Leder’, we obtained the results shown in Table 1. Briefly, 
both a mixture of all methionyl-sRNAs labelled with 
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Table 1. BIKDIKG OF AMIKO-ACYL-sRNA TO EIBOSONES STIMULATED BY 
TEI- AND POLY-NUCLBOTIDES 
"8-Met-rRENA "g- y. o EAE 
Addition (As unita) (uumnoles of Met) (aemoles of Met) 
.I 
0-14 016 
UUG (0-20 151 174 
REN i im 
Foly AU (0-22) 0 44 037 
Fone 0 05 
UUG (0 24 0 70 
AUG (0 1:50 
Poly UG (0-20) 0 4$ 
Conditions for binding were gilar to those described by Nirenberg and 


specific activity of 900 xo [role were to the reaction mixture which 
ARE bay Ud end UAG 4[1/1 3 for ne 

m vues T1 0$ PU aL eR, 001 n S 

were P : The 

ribosomes (1-84 see Unita) and poly UG were samples of described. 


"S-methionine (not formylated) and a Ee 
mostly of N-formyl-methionyl-sRN. 
significantly to the triplets UUG and AUG. Recovery 
and hydrolysis at pH 10 of the bound N-formy]-methionyl- 
sRNA yielded N-formyl-methionine, showing that the 
binding proceas did not remove the formyl group 

Although the codeword UUG has been auggeated for 
leucine by the binding assay" and by the finding that the 


8 


. To olarify our resultas, investigations using i 
fractionated sRNA are in progress. 
1 Maroker, K., and Sanger, F., J. Mol. Biol., 8, 885 (1064). 
1 Maroker, K., J. Mol. Biol. (in the prema). 
, and Nirenberg, M. W., 
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RNA OF LOW MOLECULAR WEIGHT IN RIBOSOMES OF 
MAMMALIAN CELLS 


By F. GALIBERT, C. J. LARSEN, J. C. LELONG and M. BOIRON 
Laboratoire d’Hématologie Expérimentale, Institut de Recherches sur les Leucémies, Hôpital Saint-Louis, Paris Xè 


HE presence of RNA of low molecular weight linked 
to ribosomes in Æ. cols has been reported by several 
authors (Elson!:!!, Rosset and Monier’, Rosset, Monier and 
Julien‘) and ite presence in Blaetocladiella emersonis has 
been reported by Comb and Kata’. plains Sieg cnet: 
et al. and Comb et al., this nucleic fraction is 
when chromatographed on methylated albumin Soltis 
(MAK), and is RI of transfer RNA and another 
fraction called ‘5 S" A by Rosset e$ al. We noted in 
preparations of KB cells and rat liver the constant 
presence, on the methylated albumin chromatograms, of 
a peak eluted under the same conditions as those described 
by these authors. This report describes some properties 
of this RNA. 
KB œæls (human epidermoid carcinoma line) were 
cultivated in Roux bottles and grew exponentially in 


monolayers with an average generation time of 24 h, in 
a casein hydrolysate medium supplemented by 15 per 
cent of calf serum. The cells were gathered by scraping the 
wall. Preparations were also made starting with liver 
cells of male Wistar OF rate weighing about 15 g. The 
animals were killed by decapitation after fasting for 
24 h. 

Labelling of the KB cells with P waa obtained by 
cellular growth with 2 pc./ml. in a casein hydrolysate 
medium. buffered with iris and supplemented by 15 per 
cent of calf serum dialysed against 0-15 M. NaOl. 

Total RNAs were extracted from cells disru by 
0-6 per cent of purified sodium dodecylsulp in 
2x10 M sodium acetate buffer, pH 5:1, and then 
deproteinized with an equal volume of freahly distilled 
and water-saturated phenol. 
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Fig. 2. pattem on MAK column of RNA from 
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extraction (s, optical density; b, radioactivity) 


Soluble and ribosomal RNA were extracted respectively 
from 105,000g supernatants and centrifugation pelleta 
from disrupted cells in medium plus sodium 
deoxycholate (0-6 per cent) Al manipulations were 
carried out at 4° C. 

The methylated albumin columns were prepared and 
loaded according to Mandell and Hershey’, and were 
eluted by & ium ohloride gredient from 0-2 M to 
1-2 M in 0:05 M phosphate buffer at pH 6-0. 

Base composition was determined by the procedure of 
Katz and Comb*. The assay of the methylated bases and 
of peeudo-uridylio acid was carried out in accordance 
with Rosset e£ al.*. 

The total RNA chromatograms of the KB or rat liver 
cells showed the usual fractions already described by 
(gee Philipson’): 
RNA and two peaks of ribosomal RNA respectively 
eluted by 0-42 M, 0-80 M and 0-90 M NaC! (Fig. 1). 

The DNA. was eluted by 0-65 M NaCl. The size of this 
peak varied somewhat but was always low under the 
extraction conditions used. 

With an average molarity of 0-50 M. NaOl, a peak 
which overlapped that of transfer RNA and represented 
about 10 per cent of the latter appeared for both types 
of cells. Since there was a reasonable t between 
the ribose determination and the ultra-violet absorption 
at 2600 A, and since the material of this peak was sensitive 
to the action of the RNase and resistant to the action of 
the DNase, we concluded that it was certainly composed 
of RNA. 
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The intracellular localization of this fraction could be 
illustrated by differential extraction. Chromatography 
of RNA extracted from ribosomes showed that the 
importance of this new fraction increased considerably in 
relation to the transfer RNA (Fig. 2). 
fraction was absent in the chromatograms of RNA 
extracted from 105,000g supernatante (Fig. 3). 

Since we could obtam, after extraction from ribosomes 
and chromatography on methylated albumin, a ‘559’ 
RNA containing less than 5 per cent of transfer RNA, 
but with a poor recovery, the purification of the ‘5 8” 
RNA. was suocesafully obtained by subjecting the total 
RNAs to repeated chromatography on methylated 
albumin. An alternative method was by gel fil on on 
*Bephadex' G100 (190 x 1-8 am columns-elution by 0-05 M 
ammonium acetate, pH 5-1; Virmaux e£ al.|*). Under 
these conditions, the ‘5S’ RNA was eluted between 
ribosomal RNA and transfer RNA (Fig. 4). 

A few separation tests by ultracentrifugation in a 
5-20 per cent sucrose gradient (in acetate 0-01 M buffer, 
pH 5, containing 0-1 M NaCl) showed that the sedimen- 
tation coefficient was slightly than that of the 
transfer RNA. These results agreed with the gel-filtration 

i ta. 

Although the analysis of the base tion showed 

a great analogy between the two RNAs ‘4S’ and ‘5 S’, a 
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Moreover, this . 
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statistical study of the results by means of Student's t 
test confirmed that the base composition was signifloantly 
different for U, C and A (P<0-01). Moreover, there 
were no methylated bases or do-uridylio acid (which 
are characteristic of the RNA) in the ‘5S? RNA 
(pee Tables 1 and 2). 
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Table 1 
U (+ pseudo U) a fe] A 
(%) (%) (%) (%) 
Transfer RNA 2710 30-07 25-32 16-53 
‘SS BNA 24-95 31-01 26-38 17-06 
Hoana crim Sear ENA d fye i5 F ROTA a nt on 
Samples poak were collected, pianeheta eounied with 
a Packard gas flow counter. 
Tablo 2 
TPseudo-urkd ytio 
bases add 
(%) (%) 
Transfer BAA 1:5 480 
SS RXA 0 0-26 


The &minoacyl acceptor capacity af the two soluble 
RNAs was tested tn vico. KB cells in ential growth 
were labelled with 10O protein hydrolysate (‘Algal’) for 
5 min. The RNA after deproteinization were chromato- 
graphed on an MAK column. The residual radioactivity 
was localized in the peak of transfer RNA and there was 
none in the RNA ‘5S 

The new fraction of soluble RNA found in the KB or 
rat liver cells shows a number of properties identical to 
the RNA ‘5 F described by Rosset et al.‘ : solubility in 
M NaCl, molecular weight, behaviour on MAK oolumns, 
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linkage gn tine: Duets, base UTD n roaching 
that of transfer RNA although di deny < Soe of 
methylated bases and pseudouridylic acid, and absence 
of amin 1 tor capacity. 

Cee eae puui bisce 
iahoponés, the araimoanyl aasepter provers c TEIN ar 
lower than thoee of transfer A. This can be explained 
by a simultaneous liberation of a mixture of transfer and 
'5 S RNA. Rat liver ribosomes, dialysed under conditions 
identical to those of Elson, release into the supernatant 
of centrifugation two ribonucleic fractions the behaviour of 
which on MAK columns is the game as that of the transfor 
RNA and the ‘5 S’ RNA (unpublished data). 

Comb and Katz! have found in Blastooladtella emersonis 
a fraction which might be identical with ours. By pulse 
labelling and chase experiments they have been able to 
attribute to it the role of a precursor of the transfer 
RNA. Experiments are in progress to determine the 
biological role of the fraction we have isolated. 

This work was supported by research grant 61 FR 137 
from the Delegation Générale à la Recherche Scientifique, 
Paris. 


! Hison, D., Bicokim. Biophys. Acts, 53, 282 (1901). 

2 Bison, D., Bioakim. Biepkys. Acta, 80, 370 (1904). 

* Rosset, E., and Monier, R., oakin. Biophys. Acta, 08, 653 (1963). 
«Rosset, B., Monier, R., and Juhen, J., Bull. Soo. Chim. Biol., 48, 87 (1004). 
* Comb, D. G., and Katz, 8., J. Mol. Biel., 8, 700 (1904). 


ROLE OF HISTONES AND OTHER PROTEINS IN GENE CONTROL 


By Pro. J. A. V. BUTLER, F.R.S. 
Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer Hospital, London 


INOE the original suggestion of Stedman and Btedman! 
that the basic proteins present in the chromatin of 
animal tissues (histones) act as gene inhibitors, much 
effort has been devoted to their characterization and a 
number of fractionation procedures have been worked out* 
which give rise to proteins of characteristically different 
ions. There is some doubt as to how far these 
fractionations can be continued since most of the fractions 
obtained still show at least one subsidiary band on starch 
electrophoresis. It has been suggested that the various 
fractions obtained may still be complex, so that each 
contains a large number of distinct proteins of a similar 
character. However, the evidence available does not 
support this. When ‘finger-prints’ are made of tryptic 
i of the various fractions the number of tide 
‘spots’ observed is not greater than is compatible with the 
very limited degree of heterogeneity seen in the starch 


ments. A number of investigations have been made on 
this point‘, and they do not reveal any significant qualita- 
tive differences in the histone fractions from diverse 
animal tissues. A number of substitutions in the amino- 
acid sequences may be found’, but they do not aprear to 
be much more extensive than occur in other i 
from different sources, for example, insulin or haemoglobin, 
and are not sufficient to change the character of the protein. 
Similar changes of gene activity would, of course, occur 
in this theory if certain histone fractions were lacking in 
particular tissues. At present few investigations have been 
made of the relative amounts of different histone frao- 
tions present in particular cells, owing to lack of reliable 


methods. It can only be said that starch electrophoresis 
Pictures of the whole histone from different animal tissues 
are remarkably similar’. If each were associated 
with a distinct histone, there d have to be some 
highly specific types of interaction which would be capeble 
of associating each DNA with & particular histone mole- 
cule. Johns and Butler* found no evidence of specific 
interactions between histone fractions and different parts 
of DNA. i 

On the other hand, the gene inhibitor theory of histones 
has been supported by experiments tn vitro’ which show 
that histones do inhibit the synthesis of RNA on tho DNA 
template, and that native chromatin can be made to 
support RNA synthesis to some extent by removing 
histone (although the removal of the lysine-rich histone 
F1 has been reported’ to have no effect) and that active 
chromatin fractions which are deficient in histone have 
been obtained®. 

On the other hand, histones have not been found 
associated with DNA in bacteria, although complex 
of gene regulation occur. It has been demonstrated 
the bacterial chromosome may consist of a single continu- 
ous circular DNA fibre and that in replication the DNA 
polymerase moves around the fibre beginning at a specific 
attachment site!'. It has been suggested! that the 
DNA polymerase is & double ring which moves down the 
two strands of the DNA. A single ring of this kmd would 
suffice for the RNA polymerase and it is significant that 
electron micrographs indicate this shape!s. Berg ef al. 
have described experiments which indicate that while 
DNA synthesis can only begin at a aingle attachment site, 
RNA polymerase action can begin at any point, or at least 
at & number of points on the circular chromosome. 
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It has been shown in B. megateruwn that the RNA 
polymerase 18 firmly attached to the DNA, and can only 
be removed by disrupting the DNA. This is only com- 
patible with Kornberg’s observation if there are & number 
of entry sites at which the RNA polymerase can become 
attached to one of the strands of the circular chromosome. 
According to the theory of Jacob and Monod** the struc- 
tural genes, which actually produce messenger RNA, 
are controlled by regulator genes which normally produce 
repressor substances, and activation oocurs only when the 
flow of the latter to the operator genes is interrupted. 
However, no repreasor substances have bean isolated. 
The entry sites for the polymerase would naturally be 
associated with the regulator genes the function of which 
would be to permit or prevent the attachment of the 
polymerase to the DNA fibre. Once attached ıt could be 
supposed to be able to move down one of the strands of 
the DNA of the operator gene, presumably determined 
by an end structure, although the different polarity 
in the two strands might be sufficient for this purpose. 

If such & mechanism is postulated it is evident that the 
combination of the appropriate substrate with the protein 
on the regulator gene could produce a conformational 
change which would ‘open the gate’ and permit the RNA 
polymerase to attach iteelf to the operator genes. 

A similar mechanism can be extended to apply to the 
chromosomes of complex differentiated organiams. It 
has been by Hotte and Basel!" that in these 
also the DNA consists of circular loops, joined together 
by some form of backbone, possibly also consisting of 
DNA. As the amount of histone is usually insufficient to 
cover the whole of the DNA, non-histone proteins, the 
‘residual proteins’, which may well be of & more varied 
character, are also present. If this is so the ring parte 
of the chromosome may well be associated with different 
proteins from the ‘backbone’, and while the major ring 
portions would naturally be associated with the histones, 
the backbone might well be associated with resdual 
proteins and function as regulator genes. As in the 
bacterial case this would provide more varied proteins 
than histones provide. As in the bacterial situation they 
could be sensitive to appropriate substrates or to hormones. 

This type of control is indicated by the experiments of 
Talwar e£ al.1', who isolated from rat uterus a protein 
which by iteelf was inhibitory and when combined with a 
specific hormone produced a stimulation of RNA synthesis. 

The chief advantage of this hypothesis is that it provides 
greater opportunities of ifle gene control by cell 
constituents than is provided by histones. The difficulty 
of explaining how a particular protein is associated with 
& particular piece of DNA remains. While histones are 
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bound to DNA almost entirely through ionic bonds, the 
non-histone proteins which are non-basio and predomin- 
antly acidic in character may not be bound in this way. 
With these proteins there is undoubtedly more scope for 
Bpeoiflo interactions through “h; bonds with the 
free —NH, and —OH groups of the DNA; but ıt seems 
more hkely that the regulatory proteins are made on or 
close to the site to which they must become attached. 

This would mean that the regulator genes must code 
for thar own proteins. This would not present any 
difficulty even if synthesis occurred on ribosomes, since it 
has been shown (in the bacterial case in any event)!* that 
ribosomes are present in close proximity with the genes 
and are probably required to pull newly formed meesenger 
RNA off the template. This means that the combination 
of messenger RNA and ribosome could begin to synthesize 
protein at once, even before the RNA was completely 
separated from the template, and the attachment of 
the protein formed to the template would follow. It 13 
interesting to note that Patel and Wang have suggested 
that ‘residual’ protein can be formed directly on the DNA. 
template. If confirmed this would get over the difficulty 
of finding mechanisms to ensure that the regulatory 
proteins reach their proper sites. 

This work was supported by grants to the Ohester 
Beatty Research Institute (Institute of Cancer Research : 
Royal Cancer Hospital) from the Medical Research Council 
and the British Empire Oancer Campaign for Research, 
and by the U.S. Public Health Service research grant 
0.4—03188—08 from the National Cancer Institute. 
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FREE AMINO-ACIDS ON HUMAN FINGERS: THE QUESTION OF 
i CONTAMINATION IN MICROANALYSIS 


By Pros. J. ORO and H. B. SKEWES 
Department of Chemistry, University of Houston 


EW titative studies using modern techniques 
have made concerning the amino-acids present 

on human akin}, With the exception of the work of 
Hamilton? we know of no studies which have dealt speci- 
floally with the amino-acids on the akin of the fingers. 
The handling of samples and experimental apparatus 
usually involves contact with fingers. Even ın cases where 
handling is done by mechanical devices, there is & proba- 
bility that during the history of a given sample (rock, 
meteorite, etc.) such a contact has taken place. Since it 
is possible that contamination by the nin hydrin positive 
oompounds present on the surface of fingers may affect 


the resulta of amino-acid analyses at the micromolar 
level, we have made a qualitative and quantitative study 
of these compounds as they are normelly found on human 
hands and fingers. In this article we report primarily the 
amino-acids found on the fingertips of seven individuals. 
The analyses were carried out by ion-exchange column 
chromatography using the Beokman-Bpinco model ‘120B’ 
automatic amino-acid analyser. 

The experimental procedure was as follows. The 
samples were taken at random with regard to the time of 
the day and to the age and sex of the individuals. Any 
foreign perticles which might have been present on the 
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Table 1. AMOUNTS OX INDIVIDUAL ÁMINO-ACIDS CORRESPONDING TO CHROMATOGRAMS IN Fig. 1 
(Values shown represent uM x 10*) 
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* This peak contains both prole and citrulline. The value shown was obtained from the absorbance af 440 mx to which the aitzulline contributes, but not 


to a large degree. t This peak contains both ornithine and lysines. 


surface of the index finger were -removed with tissue 
paper. The tip of the fmger was placed in contact with 
0-5 ml. citrate buffer, pH 2-2, for 15 seo in a small, clean 
beaker. Exactly 0.25 ml. of the resulting solution was 
lied to the chromatographio column for analysis. 

Orig. 1 shows the ion exchange chromatograms obtained 
from seven individuals, identifled by the letters at the 
left of the figure. The chromatograms in the left-hand 
column (A) correspond to the acidio and neutral amino- 
acids those in the right-hand column (B) to the basic 
amino-acids. Two were made on different days 
from each of the first subjects (S, R, I). This was 
done in order to determine the reproducibility and the 
possible variation of the resulta from day to day. 

Other related analyses are shown in Fig. 2 (chromato- 
grams 1-5). In order to detect amino-acids which may be 
present only in trace amounts, the hands of one subject 
were washed in 100 ml. of distilled water which was then 
evaporated to dryness at | mm Hg pressure and 25° C. 
The resulting residue was dissolved in 4 ml. citrate buffer, 
pH 2-2, 1 ml. of which was analysed as before. The 
resulta are shown in chromatogram J. Chromatogram 2 
is & blank run showing the results obtained from the 
analysis of 0-25 ml. of citrate buffer taken from a clean 
beaker which was handled in the same manner as in the 
previous analyses. Chromatogram 3 shows the results 
obtained from & sample taken from a subject’s oe 
shortly after the individual had washed his hands wi 
soap and ordinary tap water. Because dust which is 
present in the air is also a possible source of contamination, 
& 0-002-g sample was obtained from the top of a high 
shelf, with citrate buffer and analysed for amino- 
acids in the usual way. The results are shown in chromato- 
gram 4. A similar sample of dust was reftuxed for 18 h in 
6N HCl, evaporated to dryness and dissolved im citrate 
buffer. This solution was then analysed for amino-acids, 
and the results appear in chromatogram 5. 

The observations can be summarized as follows. The 
camposition of free amino-acids on the surface of human 
fingers appears to be essentially constant, not only 
qualitatively but also in terms of their relative abundance. 
This becomes evident by looking at the chromatograms of 
Fig. 1. Each chromatogram contains urea, aspartic acid, 
threonine, serine, glutamic acid, glycine, alanine, iso- 
leucine, leucine, tyrosine, phenylalanine, lysine, ornithine, 
histidine, and ammonia. In addition, some show smaller 
amounte of taurine, proline plus citrulline, valine, methio- 
nine, arginine, and one or two unidentifled oompounds. 


Table 2. RATIOS OF ÀAWINO-ACID PAIRS 


Bec Giy Ber 

Bample Thr il Ak 
5, 5-70 172 3 63 
5, 4 45 178 2 85 
HR. 7-00 2-20 4-21 
Ra 4-50 217 3-00 
I, 5-90 143 3-78 
I, 611 2-27 3-06 
N 4-00 2-67 $84 
0 5:80 211 3-48 
x 522 258 3-02 
e 5:12 2-33 341 
Avoca 539 213 3 58 
D. 077 037 0 38 






The most impressive similarity between the analyses is the 
apparent constancy in the relative concentrations of 
amino-acids. Obvious examples of this are the amino- 
acids which &ppeer together in pairs such as threonine- 
serine (peaks 5 and 6), glycine-alanine (peaks 9 and 10), 
isoleucine—leucine 18 and 14) and tyrosine- 
phenylalanine (peaks 15 and 16). Although the similarity 
of these pairs is most obvious, there is actually a constancy 
in the relative abundances of most of the other amino- 
acids as well (for example, serine-alanine). In some 
cases, however, the concentrations are too low to permit 
measurements accurate enough for quantitative com- 
parison. This correlation of relative abundances can also 
be extended to include the basio amino-acids. As an 
example the ratio between lysine and histidine (peaks 17 
and 19) a to be fairly constant. A cross-correlation 
between. io amino-acids on one side and neutral and 
acidic amino-acids on the other is not possible from these 
data, because the chromatograms in columns A and B of 
Fig. 1 were not necessarily obtained from the same samples. 
In order to ascertain how constant the relative abundances 
are, the amounts of individual components were quantita- 
tively determined (Table 1) and ratios were obtained for 
the three most significant pairs of amino-acids. These 
ratios appear in Table 2. 
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The analysis of the hand-wash sample (chromatogram 
1 in Fig. 2) agreed well with the analyses in Fig. 1. In 
addition, several compounds were observed at lower 
levels of concentration than the previously mentioned 
amino-acids. These include oysteic acid, cystine, 
and about ten unidentified components. The buffer- 
glassware blank showed complete absence of amino-acids 
or other ninhydrin-positive compounds with the exception 
of ammonia. The appearance of ammonia in the chro- 
matograms is difficult to avoid because of its presence in 
the atmosphere. The analysis of the compounds obteined 
from the surface of a recently washed fingertip (chro- 
matogram 8) showed a marked decrease in the presence of 
ninhydrin-positive compounds, with only traces of urea, 
serine, and glycine appearing in the neutral and acidic 
analysis and with the basic amino-acid analysis little 
changed. 

The analysis of the dust extract (chromatogram 4, 
Fig. 2) revealed only traces of urea, serine, and glycine in 
addition to ammonia. On the other hand, the dust hydro- 
lysate (chromatogram 5) showed most of the protein 
amino-acids with traces of & few additional compounds. It 
should be pointed out that cystme and methionine were not 
observed at the low conoentration-levels of this analysis 
but a significant peak: ding to oysteio acid was 
apparent. There appeared to io be nde in io Pelanve 
abundances of this chromatogram and those of Fig. 1. 
However, there were definite differences such as (1) 
ee eae Las eee 
ead, glutamio acid and ammonia, and (2) a lower than 
usual concentration of uree. 

The oonsistency of the relative abundances of the 
amino-acids present on human fingers is not surprising 
since it is probably a reflexion of the steady-state concen- 
tration of the free amimo-acids in epidermal cells. The 
metaboliam of the epidermis of normal subjects would be 
expected to be basically the same. 

The fact that a typical pattern of relative abundance 
is evident, and that certain amino-acid pairs are so 
apparent, can act as a guide in detecting contamination 
in microanalysis of amino-acids. In other words, there is 
now a ‘contamination picture’ of sorts for analyses at the 
micromolar and lower levels, and data that fit such & 
picture should be scrutinized carefully. In some cases 
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where only minor contamination is indicated, it may be 
possible to make the necessary subtractions to obtain 
more correct analytical date. 

A more complete discussion of these results in relation 
to data obtained from amino-acid analyses of carbonaceous 
chondrites and other meteorites‘* and same 
processes’ will be published elsewhere. At this moment 
we would like to note the following. 

(1) The amino-acid composition of meteorites':* is very 
similar to that reported here. This is shown by a visual 
comparison of the chro in Fig. 1 of this paper 
and the third chromatogram (free amino-acids) in Fig. 1 
of reference 6. The ratios for three pairs of amino-acids 
(Ber-Thr, Gly—Ala, Ser—Ala) from meteorites (Table 6 of 
reference 5) is given in Table 8. A good agreement with 
Table 2 can be observed. The larger values for the 
Standard deviations in Table 3 are to be an the 
following grounds: (a) the analytioal method used in this 
oase was paper chromatography; (b) some of the samples 
were hydrolysed in hydrochloric acid; (c) the histories of 
the samples were different’. 


Table 3. RATIOS OF AMINO-ACID PAIRS TAKIN FROM METRORITR ANALYERS' 


Ber ay Ber 

Sample Thr Als Ala 
Orgueil free 54 1-9 34 
comb, 3-1 18 1:8 

Cold Bokkeveld free - 08 10 
comb. 12 23 11 

Mighel free - 0-9 0-7 
comb. 2-1 1:8 11 

Murray free 46 1:7 20 
comb, 5:7 16 87 

Warrenton free - 11 12 
comb. 32 11 2-0 

Lano comb. 47 16 2-1 
Fotr fros 74 13 40 
oomb, 01 12 2-8 

Mokoia free 8-0 24 29 
oomb. 46 2-1 24 

Average d 14 1 


2 
S.D. 17 a4 

(2) From a quantitative point of view, the amino-acid 
levels in Fig. 1 are of the same order of magnitude (mioro- 
molar) as those reported in meteoritee**. Compare, for 
example, the micromoles of amino-acids per sample given 
in Fig. 1 of this article with the corresponding values for 
meteorites given in Fig. 1 of reference 6. A more correct 
comparison of results would be possible if the values had 
been reported per sample instead of per gram. Thus, the 
higher values (527-7 ug/g) reported for the Lanoé meteor- 
ite (Table 6 of reference 5) may in part result from the fact 
that lees than 1 g (0-82 g) of this meteorite was analysed, 
necessitating a multiplication of the actual amount of 
amino-acids found by a factor of about 8. 

(8) The situation with regard to the sulphur amino- 
acids appears to be similar in the present analyses and in 
those of meteorites. These amino-acids are practically 
absent at low concentration levels’ and show up in traces 
or small amounts at higher concentration levels*. There- 
fore, the argument often adduoced* that the absence of 
sulphur-contaming amino-acids is an indication of the 
absence of contamination cannot any longer bo accepted. 

(4) Since B-alanine is not, normally present in protein 
hydrolysates, its presence ma given analysis might also 
be taken as an indication of the,abeence of contamination. 
That this is not mo is indicated by the fact that small 
amounts of this us. A have been detected in the hand- 
wash sample (Fi Additional amounts of f-alanine 
can ae oA a Do formed as a result of bacterial de- 
carboxylation of aspartic acid. Indeed, common bacteria 
and other micro-organiams are known to decarboxylete 
aspartio acid into B-alanine*. -Alanine is also distributed 
by the common housefly (Hamilton, private communion- 
tion). 

(5) It should also be pointed out that, depending on the 
conditions of the analysis, the positions of certain amino- 
acids on the chromatogram may be sufficiently changed to 
cause ambiguity in identification (for example, alo- 
isoleucine and methionine). With samples other than 
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protein hydrolysates the identification is further oom- 
plieated by the possible existence of other ninhydrin- 
positive compounds with elution times essentially identical 
to those of protein amino-acids, as shown by Zacharius and 
Talley’ and by Hamilton!*. Therefore, whenever possible, 
identifloation by at leasb two independent methods 
should be carried out in these cases. 

From the data presented here, and from other studies 
on carbonaceous chondrites'!, it would appear that the 
bulk of the free amino-acids found in the analyses of these 
meteorites are the result of contamination. This would 
confirm the results obtained by Calvin and Vaughn”, 
Briggs", and Awapara (personal communication), who 
were unable to detect amino-acids in 
chondrites. Using & different approach, Hamilton’ ob- 
tained results similar to those presented in this article. 

This work was supported in part by & research grant 
(N«Q-25'1-62) and by a predoctoral research fellowship to 
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one of us (H. B. 8.), fram the National Aeronautics and 
Administration. We thank Dr. Hamilton for 
valuable comments and assistance. 
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REVERSAL OF POTENTIAL ACROSS A LIQUID NON-AQUEOUS MEMBRANE 
WITH REGARD TO MEMBRANE EXCITABILITY 


By GIUSEPPE COLACICCO* 
American Standard Research Division, New Brunswick, New Jersey 


p reports! established that the electrical 
potential of a pentanol membrane was caused by the 
appearance and disappearance of the head charges of 
amphipathic molecules at the oil/water interface. It was 
also established that the sign of the potential was de- 
termined by the sign of the head charge at the interface, 
and the size of the potential decreased with moreasing 
electrolyte concentration and consequent binding of the 
counter-ions on the head charges. 

The rapid change of sign of the electrical potential of 
nerve membranes is a feature of the action potential, 
the mechanism of which, however, is not fully understood. 
As the oil membrane was found? to produce a spike of 
obvious biological interest, this article delves further into 
the mechanism of the events which may cause the change 
of sign of the potential. 

In my early experiments with pentanol membranes! I 
observed & sudden reversal of potential some time after 
injecting the amphipathic molecules at the oil/water 
interface. The explanation was: the amphipathic mole- 
cules, after migrating from the spreading interface, 
overturned and showed the head charge at the opposing 
interface, thus causing the reversal of potential. 

While illustrating that first mechanism I wish to show 
that the reversal of potential can be brought about not 
necessarily by a real migration of the ipathic 
molecules but alternatively and significantly by either 
or both of two maim ways: consecutive appearance of 
heed charges of the same sign (events +a, —b and —e, 
+d in Fig. 1) at opposing interfaces, and consecutive 
appearance of head charges of opposite sign at the same 
interface (events +a, —c and —b, +d in Fig. 1); and 
in both theory and practice, the entire cycle of events 
corresponding to resting spike—reeting potential can be 
made to oocur and repeat by any adsorption, ion exchange, 
film penetration, phase inversion and charge inversion 
mechaniam which is able to operate the successive 
appearance and disappearance of the head charges at the 
oil/water interface. 

The experiments were performed at 25° C in a modi- 
fication of the ‘hanging drop’ oello**. Two saturated 
calomel electrodes connected the lower and upper aqueous 
compartments at interfaces A and B (Fig. 1) respectively 


* of Bioohemisiry, Albert Einstetn College of Medicme, New 
York 601, Kew York. 


to the plus and minus poles of a high-impedanoe electro- 
meter, Keithley model 010.4. The oil phase between A 
and B was n-pentanol. Fig. 1 presenta a summary of 
the signs of the changes of potential as related to the 
signs of the head charges at the interfaces. 

In Fig. 2 the potential inm mV is plotted versus time 
over a total period of 50 seo. At about 6 seo, from left 
to right, sodium decyl sulphate (SDS) was applied on 
10 M potassium chloride at interface A; the potential 
rose rapidly and then decayed a few mV between 7-5 and 
19 seo as the SDS desorbed from interface A. Molecules 
of SDS migrated through the oil, and on reaching interface 


B 
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B overturned and acquired the expected orientation; 
hence, the appearance of the negative head charges at 
interface B caused a negative (— 120 mV, fram 75 to — 45) 
change of potential, which is much larger than the 
positive one at interface A primarily because the elec- 
trolyte concentration (10 M potassium chloride) at B 
is ten-fold as small as at A. The resulting picture of the 
membrane at 20 sec is the combmation of +a and —b 
of Fig. 1. Analogously, & reversal from negative to 
poeitive potential and a final picture of imposed. 
—oand +d of Fig. 1 followed injection of cetyltrimethyl- 
ammonium bromide (OTAB) at interface A. 

The rate and extent of recovery of the potential (between 
20 and 50 sec in Fig. 2) varied from system to system. 
But actually, in every system investigated, rapid return 
of the potential to the value preceding the reversal was 
brought about by restoration of the charged interfaces 
ag illustrated later. In line with a previous obeervation!, 
the time between spreading and reversal was obviously 
the shorter the thinner the membrane. Migration of the 
amphipathic molecules through the oil was confirmed 
with both anionic and cationic surfactants by testing oil 
samples at the given interface for the given surfactant; 
and the reversal of potential occurred only when the 
surfactant reached that interface. As predicted from 
Fig. 1, no reversal was obtained when the concentration 
of the electrolyte at the second interface was larger than 
or equal to that at the spreading interface; for example, 
after migration of CTAB from 10+ M potassium chloride 
at A to 10-* M potassium chloride at B the potential 
changed only from — 150 to —70 mV and not through 
rero to & positive potential. 

Relevant to nd studies and Fig. 2 is the drop, though 
not reversal, of potential observed by * in 
experiments ‘with & nitrobenzene membrane. When the 
stream of surfactant (dodecyltrimethylammonium bro- 
mide) migrating under a concentration gradient reached 
interface B, where the electrolyte concentration was the 
same (1 M potassium bromide) as at A, the potential 
suddenly dropped to nearly zero. At variance with 
Dupeyrat, the concentration or distribution potential is 
of no avail to account for the sudden drop of potential. 
Indeed, with the proper eleotrode* in the stream of 
surfactant (CTAB) I measure a new concentration 
potential, and yet there is no drop of potential so long 
as the surfactant does not appear at the opposing inter- 
face. Vice versa, injection of the surfactant at the 
opposing interface causes the sudden drop of potential 
in dently of the bulk concentration of surfactant; 
and 1n both cases, as expected, the concentration potential 
does not change until the migrating surfactant touches 
the electrode. 

Unlike that in Fig. 2, where migration of SDS from A to 
B occurred, the same reversal of potential though without 
migration of SDS was experienced after spreading SDS 
successively at A and B at any desired time-interval, in 
a system equivalent to the consecutive cr sime n of 
charges of the same sign at two op 
Previously*, duplication of the rise and fall of tho spre the ike 
potential was shown when acetylcholine was applied do 
an oil membrene; the mechanism of the pertinent 
changes, however, was not fully explained. 

In another Poe ilustrating the successive appear- 
ance of charges opposite sign at the same interface, 
107+ M abu oride was put on both sides of the 
pentanol membrane; a reversal of +870 mV from — 150 
to +220 mV followed injection of 600 ug of CTAB 
or SDS consecutively at interface A while no change 
was made at B. Apparently, the incoming SDS removed 
OTAB by penetration and/or adsorption (ion pairing) 
and produced & negatively charged surface at A reepon- 
sible for a positive potential. 

Furthermore, anionic and cationic hquid membranes 
were prepared by dissolving the surfactant in the oil. 
In a picture resembling the combination of +a and —b 
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of Fig. 1, a solution of 10- M 8DS im amy] aloohol between 
10-3 M potassium chloride at A and 10° M potassium 
chloride at B produced a stable potential of —72 mV. 
Sudden reversal of the potential (without migration of 
surfactant acroas the membrane) from —72 to +70 mV 
followed injection of OTAB at interface B: removal of 
8D8 and establishment of OTAB at B caused the negative 
potential to vanish and a net positive potential to appear, 
which is about the combination of +a and +d of 


sm resulta were repeatedly obtained with a number 
of organic molecules and with various preparations of 
cephalin and lecithin contaminated with aoidio lipids at 
the oil/water interface’. Conditions leading to the 
reversal of potential are numerous. A difference in 
electrolyte concentration across the membrane is not 

ired to produce a potential and a reversal of potential. 
Injection of different quantities of surfactant at A in 
contact with electrolyte of the same concentration as at B 
(Fig. 1) caused a potential which increased with the 
concentration of that surfactant, meaning that really the 
charge density of the surfactant at the interface gives 
the measure of the potential. The reversal of potential 
may therefore be brought about by the concerted appear- 
&noe and disappearance of given quantities of fixed 
head charges at the interface. That could be made to 
occur in & number of ways, among which ion exchange in 
the double layer and alternate admission (appearance 
and disappearance) of different elements of a mosaio-like 
structure may be worthy of attention. 

The action potential, actually, consista of the sequence 
of two reversals, that is, from resting to spike and back 
to resting. Thus far I have described only the first 
reversal. In all the cases investigated I produced the 
second reversal by restoration of the surface charge to 
the state preceding the first reversal. For example, 
a pentanol membrane containing 10 M 8DS between 
103 M. potassium chloride at A and 1 M potassium 
chloride at B produced a potential of +125 mV. In- 
jection of 600 ug OTAB at A caused a reversal to 
— 145 mV. Thereafter, that same membrane experienced 
consecutive reversals of potential to +125 and —125 mV 
six more times (Bo far as I observed) back and forth 
following the consecutive injection of the same quantity 
of SD8 and CTAB three times each at interface A. No 
migration of surfactant was involved hero; film pene- 
tration, adsorption and ion exchange may be surmised; 
in Nature, that general mechaniam of change of the 
surface charge may be provided by ion exchange and 
phase and charge inversion mechanisms operating near 
or within the membrane. 

Regardless of the form, be it a real physical migration 
or overturning of head charges through a fluid structure, 
or, more likely, be it a mechanism of phenomenological 
migration (of head charge) associated with the appearance 
and disappearance of the head charges on the surface 
of the membrane, the concept of migration of the head 
charges across the membrane is relevant to the suggestion 
made by Hodgkin and Huxley*. They maintained that 
only the movement, across the membrane, of species 
possessing a large charge or dipole moment could account 
for the observed changes of ionic permeability during the 
excitation of the nerve membrane. The transport of the 
electrolyte across the living membrane may therefore 
just coincide with, or follow, the development of the 
electrical potential by the charged interfaces rather than 
by itself be the immediate cause of the potential. 

Inasmuch as no flux of electrolyte was required for the 
dramatic changes of potential observed acroas the thick 
(0-3—10 cm) oil layer, the oil membrane exemplifies for 
the first time the ivocal separation between poten- 
tial of the fixed head charges and potential of the eleo- 
trolyte. It is not known if and to what extent this new 
element of non-concentration and non-diffusion potential 
of the oil membrane could be operating in biological 
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membranes. Simulation of & change of surface charge by 
the alternate admission of anionic and cationio solid ex- 
change membranes (‘Amphion .4—60 and 0—89"), in place 
of the oil membrane in Fig. 1, also caused the typical 
reversal of potential where there was no change of 
electrolyte concentration; & fundamental ingredient in 
A eee ene ond neuen peels may 
therefore have to be sought directly in the charged 
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components of the membrane rather than in the electrolyte 
uH AM QD 
golacisoo; G J. HL, Abst. Fired Intern. Bhophys. Congr. 
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METAL-CATALYSED DECOMPOSITION OF a-HYDROXYPOLYCARBOXYLIC 
ACIDS 


By Dr. S. P. DATTA, Dr. A. K. GRZYBOWSKI and Dr S. S. TATE 
Department of Biochemistry, University College, London 


Ix connexion with work on the reaction catalysed by 
tho enzymo citrate lyase (EO 4.1.3.0): 


citrate = acetate + oxaloacetate 


we have made a detailed examination of the magnesium 
and manganese complexes of citrate, these two metal ions 
being activators of this enzyme. The magnesium oom- 
plexes were straightforward}, but unusual results were 
obtained for the manganese complexes. 

Patnaik and Pani showed that, in the preeence of 
manganese (IT)*, cobalt (II) zinc’, and nickel‘, four 
protons ionized from citric acid below pHs near 10, and 
Warner and Weber’ obtained similar results in the 
presence of copper (II) and iron (III). The extra ioniza- 
tion in the presence of manganese was also observed by 
Shnarevich*. 

From potentiometric titration of citrio acid in the 
presence of chloride we have confirmed that 
one extra proton is liberated below pH 10 from citric 
acid metal atom present. Thus from 1:1 citric acid : 
MnCl, mixtures four protons were liberated per citric acid 
molecule, while from 2:1 citric acid: MnCl, mixtures 
8-5 protons per citric acid molecule were titrated (Fig. 1). 
However, we observed that in the region of the fourth 
ionization (pH 7-10) the pH, which roee rapidly on 
addition of alkali, fell slowly to an equilibrium value. 
This observation suggests that a process other than a 
simple ionization occurs. ta to calculate the acid 
dissociation constant of the MnHCit- complex from the 
equilibrium pH values failed to yield a constant value. 
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Fig. 1 shows a titration curve of a 2 : 1 citric acid : MnCl, 
mixture, sodium hydroxide solution was the titrant in the 
forward direction and hydrochloric acid solution in the 
beok titration. The clear difference between the forward 
and the back titration curves shows that & change had 
taken place in the acid-base systam. 

The occurrence of another process was confirmed by 
spectrophotometric measurements. Fig. 2 shows the 

with time of the ultra-violet absorption of a 
solution of trisodium citrate (adjusted to pH 11 with 
alkali) after the addition of MnCl, A new species with 
an &beorption band near 230 mum was evidently formed. 
There was no visible sign of hydroxide pre- 
cipitation; this is not surprising smoce the ligand : metal 
ratio was > 9. 

It appeared possible that the unknown process might 
be the non-enzymatic cleevage of citrate to oxaloacetate 
and acetate. Tests on alkaline citrate—manganese solutions 
with %,4-dinitrophenyihydrazine showed that a keto-acid 
was present’. owever, attempts to demonstrate that 
the keto-compound was indeed oxaloacetate, by ita 
reduction to malate with NADH in the presence of 
malate dehydrogenase, were unsuccessful. The oxidative 
decarboxylation of citrate tetra-anion could give acetone 
dicarboxylate &ooording to the reaction: 


CH,COO- OH,COO- 

| | 

eq UE ru + CO, + 2« 
CH,COO- CH,COO- 


(1) 
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The keto-acid dinitrophenyIhydrarones from the reaction 
mixture were therefore extracted by MoArdle's method* 
and examined by paper chromatography using the solvent 
system of El Hawary and Th *. The chromatogram 
showed spots corresponding to the dinitrophenyl- 
hydrazones of both acetone dicarboxylic acid and &oeto- 
acetic acid. The latter could have been formed by the 
decarboxylation of the former. The resulta were, however, 
not always reproducible, possibly because in some oir- 
cumstances the acetone dicarboxylic acid was completely 
decarboxylated to acetone the dinitrophenylhydrazone of 
which is not extracted by the method used. 

To test whether this is & general reaction of a-hydroxy- 
polyearboxylio acids with transition metal ions, we 
titrated isocitrio, cttramalic, malic, isomalic and tertronio 
acids in the presence of Mn**, Co** and Cu**. The ioniza- 
lion of &n extre proton was unambiguously demonstrated 
in the presence of all these metal ions for isooitrio, iso- 
malic and tartronic acids, whereas with citramalic and 
malio acids the extra ionization was only seen definitely 
in the presence of Cu ions. With these last two acids 
and Mn* or Co** ions the evidence was lees definite, 
possibly due to the low stability of the complexes. 
Malonio, succinic and tricarballylic acids did not give rise 
to extra ionixations in the presence of any of these metal 
ions, which suggests that the source of the extra proton is 
the hydroxyl group and not a co-ordinated water mole- 
cule. With all these hydroxy-acids, titrated in the presence 
of one of these metal ions, keto-acids were detected in the 
solutions after titration of the extra proton. By analogy 
with citric acid, the following conversions would be 
expected : . 

isocitrate + formylsuccinate 
citramalate —- acetoacetate 
malate — malonic semialdehyde 
] isomalate — pyruvate 
- tartronate — glyoxylate 


Fig. 3 shows the increase with pH in the amount of 
keto-acid (presumably glyoxylate) formed in solutions 
containing tertronate and MnCl, in a 5:1 ligand : metal 
ratio, estimated as the 2,4-dinitrophenylhydrazone’. The 
enhancement of keto-acid formation by the passage of 
oxygen through the solution and ite suppression when 
oxygen was excluded by passing oxygen-free nitrogen 
(nitrogen bubbled through Fieser’s solution) through the 
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solution are also indicated. The formation of pyruvate 
and glyoxylate from isomalate and tartronate, respec- 
tively, was confirmed by paper chromatography of the 
dinitrophenyihydrazones. 

The formation of pyruvate from isomalate in the 
presence of Mn** ions was further confirmed as follows. 
A mixture of 1 ml. 0:1 M isomalic acid + 5 ml. water + 
0-8 ml. 0-1 M MnCl, was adjusted to pH es 10 with 0-00 M. 
NaOH, incubated for 15 min, acidified, and extracted 
with ether. The ethereal layer was re-extracted with 
about 2 ml. of 0:08 M KH,PO,, adjusted to pH 7-4 with 
sodium hydroxide solution. This extract was used to 
oxidize NADH in the presence of lactate dehydrogenase 
as is shown in Fig. 4, the reaction being followed by the 
fall in optical density at 340 mum. Fig. 4 shows that 
0-1 ml. of the extract caused the oxidation of only & 
part of the NADH present and further addition of 0-05 ml. 
of the extract caused the oxidation of a further amount 
of NADH. Isomalate (50 pmoles) did not oxidize NADH 
in the presence of lactate dehydrogenase. 

Further i ts with alkaline isomalate solutions 
containing Fe**, Fe**, Zn** and Ni** ions showed that 
keto-acid was formed in the presence of Fe** and Fe*, 
but Zn** and Ni* proved inactive in this respect. 

It is difficult to visualize the oxidation of a-hydroxy- 
polycarboxylio acids in the presence of reducing species 
such as Mn**. The rimente shown in Fig. 3 indicate 
that oxygen may be involved. The following reactions 
may therefore take place: 


2Mn* + 4} O, + H,0—2Mn* + 20H- (2) 


R—O—O- + 2Mn* + OH- — 
| 


COO- 
R—C»—O + 2Mn*t-- HOO, (8) 
| 
COO- 
The sum of reactions (2) and (8) is: 
000- 
| 
Bee RON ema en tae (4) 


| 


COO- COO- 


No. 8001 


September 4, 1965 
assuming that HOO; reacts with OH- to form CO} and 
water, 

When oxygen waa rigorously excluded from the solution 
(Fig. 3), the fall in pH with time in the region of the 
extra ionization was still observed but no keto acid 
formation could be detected. This would indicate that 
reactions (2)-(4) here are not the only ones which occur 
in this system. 
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WEBER RATIO IN GUSTATORY CHEMORECEPTION; AN INDICATOR 
OF SYSTEMIC (DRUG) REACTIVITY 


By Pror, ROLAND FISCHER, FRANCES GRIFFIN, ROBERT C. ARCHER, STEPHEN C. ZINSMEISTER 
and Pror, PHILIP S. JASTRAM 


Research Division, Department of Psychiatry, 
Ohb State 


HE exponential nature of the perceptual proceas 

has been amply documented the years from 
Fechner’s discovery in 1860 to Stevens's! proposed modi- 
floation of it in 1901. In order to propagate quantitative 
information, the nerve cells cannot increase the intensity 
of the impulses: they only inoreese their frequency. 
Katz" and Adrian’ found that this frequency is propor- 
tional to the logarithm of the ‘intensity’ of the stimulus. 
It appears now that Stevens’s power law describes sensa- 
tion magnitude before adaptation to a test stimulus, 
whereas the Fechnerian discriminability law describes 
it after adaptation‘. 


Re-examination of Data and Models 


Let us examine the logarithmio funotion implied in the 
Weber-Fechner law in one sense modality: gustatory 
chemoreception. We focus specifically on the data of 
Lemberger* since they have been repeatedly used to 
support models and mechanisms in gustatory chemo- 
reception. 

Lemberger obtained .40 successive ‘just-noticeable 
diffarences’ (jnd) for sodium saccharmate. ^ Beidler* 
plotted these date according to his “fundamental taste 
equation"', an adaptation of the Langmuir adsorption 
isotherm, with the assumption that “eech jnd is propor- 
tional to an equal increment of neural activity” ; specific- 
ally O/R was plotted against C, where O is the oonoentra- 
tion and E is the number of the successive ‘just-noticeable 
differences’. A closer inspection reveals that the linear 
relationship applies for the concentration range between 
the 11th and the 36th jnd alone. 

Dunoan’ also re-examined Lemberger’s data for sodium 
saccharinate and re-plotted her first 22 jnd’s; he found a 
pronounced curvature in the range of the first nino jnd’s 
instead of a linear relationship implied by Beidler. It is 
apparent, therefore, that Lemberger’s data in this lower 
range do not fit the fundamental taste equation’ nor is 
there a linear relationship beyond the 86th jnd. 

In summary, Lemberger, Beidler and Duncan used the 
same set of data to fit their three different models. (1) 
Lemberger* (p. 808) showed that the taste response closely 
follows a logarithmic curve deviating from the Fechner 
law only in the lower and higher ranges. (2) Beidler* used 

"a data to fit his fundamental taste equation, 
whereas (3) Duncan’ used them for the demonstration of a 
“hyperbolic rather than a logarithmio relationship 
between the magnitude of the response and the stimulus 
intensity". 

Tt waa of interest to us to plot Lomberger's date without 
trying to flt them to a model. Such an 'assumptionlees' 
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plot of the 40 successive jnd's of Lemberger for sodium 
sacobarinate relates the concentrations of the lower 
limite on the abscissa to their corresponding upper limits 
on the ordinate. Our plot (Fig. 1) illustrates a closely 
linear relationship between the lower and upper limits of 
successive jnd's within the range spanning jnd 7 to jnd 
38. Our ‘assumptionless’ plot apparently illustrates a 
non-linear relationship for the first 6 succeasive jnd's 

followed by a linear relationship to the 38th jnd—just 
2 jnd's from the maximum response. — 

We may define a jnd in taste as a ' ' and ite lower 
concentration. limit finie as Barlow’ did for light stimuli. 
The well-known Weber ratio or signal/noise ratio!’ in 
these terms is independent of the units of measurement 
and thus is a dimensionless number. (Instead of equal 
increments of neural activity, we prefer to defme Weber 
ratios as ‘dimensionless numbers’, that is, ‘similarity 
criteria’ or ‘dimensionless ratios’ rather than 'unite'.) We 
plotted the size of each successive jnd, AS, of Lemberger 
against the concentration of its lower limits, S; the 
Weber ratio, AS/S, is illustrated in Fig. 2 on a log-log 
scale. A distinctly non-linear relationship existe for the 
first six successive jnd’s resembling a ‘half moon’; a linear 
one for the range between the 7th and the 36th jnd 
revealing the prevalence of a steady signal/noise ratio. 
The non-linearity of the ‘half-moon’ portion of the curve, 
that is, tho first six jnd’s with a lack of steady signal/ 
noise ratio, does not support models based on the Langmuir - 
adsorption isotherm. 

We proceeded to calculate the mean Weber ratio for 
sodium saccharinate—between the 7th and the 36th ae 
and found it to be 11:02 + 0-08 per cent (S.B.); 
corresponding value for sucrose, uius TRA e 
data, between tho 7th and the 2: jnd, that is, the Inoar 
portion of the curve, was larger, namely, 15:64 + 0:14 
per cent (S.E.). 

The obvious hypothesis suggested itself: the larger 
Weber ratio for sucrose may be due mainly to ita being a 
lees-effective competitor than sodium saccharinate for 
receptor sites in the presence of tap-water electrolytes. 
Our subsequent experiments, however, did not substan- 
tiate such a hypothesis. 


A Comparison of Methodologies In jnd 
Determination 
Lemberger’s criteria of taste testing are fully deacribed 
in her peper". The main features of her procedure are 
recapitulated only to enable us to compare them with 
ours. Specifically, she was her own subject, used tap-water 
as a rinse, a temperature of about 19° O for solutions and 
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rinses and a tediously slow sorting procedure—with one 
jnd determination apparently requiring 2-8 days. Lem- 
berger's limite of accuracy for determining a jnd were 
based on obtaining at least 75 per cent differentiations. 
Our modification of the Harris-Kalmus threshold 
determination procedure was adapted to just-noticeable 
taste difference testing and involved the use of distilled 
water for solutions as well as for rinsing between cups and 
the final 100 per cant correct sorting technique’. The 
following adaptations were introduced in order to make 
the method, originally designed for the determination 
of taste thresholds, suitable for jnd measurements. The 
original procedure involved taste thresholds, represented. 
by solution numbers each of which corresponded to & 
concentration the double of the I concentration. 
In our adaptation: (1) a threshold —the baseline or lower 
limit of the first jnd—was determined to a resolution of 
1 per cent of a whole solution number; the same was true 
during subsequent jnd determinations, that is, also for 
testing the u per limit of each jnd (the standard errors 
of our are to be found in Tables 1, 2 and 3); 
(2) during the determination of the upper concentration. 
limit of each jnd we used—instead of distilled water place- 
bos—the upper concentration limit of the preceding jnd; 
(3) the temperatures of all solutions and rinses were thermo- 
statically controlled to either 19 or 22 + aen the eee 
corresponding to Lemberger's experimen conditions 
and the latter to our standard laboratory procedure. Our 


(ordinate) and lower 
differences 
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subjecta were trained, that is, ‘learned’, laboratory 
personnel constantly exposed for from 1 to more than 2 
years to taste testing practice, and one additional subject 
who was a novice in taste testing. Lemberger’s procedure 
required a criterion of 75 per cent correct sorting against 
our requirement of 100 per cent; this difference, however, 
cannot account for more than 0-5 per cent change in the 
values of the concentration limita for jnd's; (4) the oon- 
centrations are expressed linearly as molaritiea in Tables 
1, 2 and 8, whereas, in fact, the resolutions of the upper 
and lower limita of the jnd’s are determined to 1 per cent 
of & concentration corresponding to the next higher 
solution number, a member of an exponential series with 
& base of 2 (ref. 12). 

The first eleven successive jnd’s are well within the 
linear portion of a Weber ratio plot as evidenced by the 
fact that even up to the fifteenth jnd the plot remains 
linear. Therefore, we restricted ourselves to the determina- 
tion of the first eleven successive jnd’s. 


Attempts to reproduce Lemberger’s Data 


Our attempts to reproduce 8 data, specifically 
the ‘half-moon’ part of the AS/S plot (Fig. 2), were un- 
successful. We set out, therefore, to determine the influ- 
ence of each variable in the procedure on the outcome 
of the experimental date to account for our inability to 
reproduce her data. We studied the influenoe of three 
main variables poembly involved in the initial ‘half-moon’ 
feature of Fig. 2, namely, temperature, type of rinse 
water and chemical structure of the compound. 

The importance of the difference in temperature of the 
compound solutions, rinses and placebos was determined 
by oo ing Weber ratios obtained at a temperature 
of 19° © (as used by Lemberger) and at a temperature 
of 22° C. Table 1 presents the first eleven jnd’s for sodium 
saccharinate obtamed with solutions, rinses and placebos 
at 19° O and Table 2 presenta jnd’s obtained at 22° C. 
Temperature was found to be of no signi ginoe the 
mean Weber ratio at 19° O of 38-08 + 2-6 per cent (dis- 
tilled water) and 38.23 + 7-52 per cent (tap-water), com- 
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UFFER AND LOWER LIMITS inp THEM OONOENTRATION DIFFERENCES OF THR FTIERT 11 SUCCESSIVE JED'S NXPREeSED IN MOLARITY WITH 


OOXKERPONDING WEBER RATIOS 48 A PERCENTAGE FOR SODIUM BAOOHARIKATE AT 10* O venra DINTILLID WATER on TA?-WATNR RIXSIS 

































































































" Distilled water rinse 
, Buocemive | limit (M x I0: aoe CE “percent. jore 
x 
a fs 5" i Qi x 107) (48) (43/3 x 100) (48/8 x 1d) 
| 1 355125 8 5625 1 03125 40-74 
1 8-5025 4 5000 0-0375 26-82 
3 4-5000 6 1875 1:0875 37-50 
4 06-1876 0615 1 8750 80-30 
5 8-0675 93750 13125 16 28 
e 9 $760 14-0015 46875 50 00 
7 14 0625 17-8125 3 7500 26-07 
8 17-8125 24-3760 6-6025 26-84 
9 14 3750 81-8750 7 6000 $118 
10 31-8750 42 0000 10-1250 31.76 
n 43-0000 57-0000 15-0000 35-71 
Mean Weber ratio: 33 08 + 2-64 per cent (5.8.) 
t 
Table 2. UPPER AND LOWER LIMITS AND Tamm CONCENTRATION DIFFEREFOPS 11 
OORRMEPONDING WIBER RATIOS 48 A PEROENTAGA FOR BODIUM BAOCHARDEATR AT 28° O UZIKG DISTILLED WATER OR TAP-WATER RINEES 
Distilled watar rinse 
' | Cone. of lower | Cono. of upper Oono diff. Weber ratio | Cone of lower | Cone. of upper 
Buocemsive | limit gix 107 Int (per eent) limit ds 105) inate 
pds OM x 10°) (48/8 x 100) ( 
; 1 2:3008 : 
S, 1 8-28125 . 
. 3 4-1050 : 
4 E-53125 . 
5 740025 25 
6 9 3750 40 
7 18 1250 27- 
8 16-8760 34- 
9 22-1250 33: 
10 30 0000 25 
11 37 1250 41 
Moan Weber ratio: 52-71: 1-79 per coent (8.B.) Mean Weber ratio. 8271: 5-58 per cent (S.B.) 
pared with the mean Weber ratio at 22° C of 82-71 = 1-79 mean Weber ratios for sucrose and sodium saccharinate, 
per cent (distilled water) and 32-71 + 5-58 per cent (tap- respectively, within the linear range of her data (from the 
water), are clearly of the same order of magnitude. Tth to the 86th jnd) compered with our mean Weber ratios. 
Secondly, the influence of the type of rinse water was Further differences between Lemberger’s and our 
examined. Both sodium saccharinate and sucrose jnd’s methodologies, however, may account for our inability 
were determined with tap-water and distilled water rinses to reproduce the curvilinear ‘half-moon’ (the range 
(Tables 1, 2 and 8). No significant differences were between the first and sixth jnd) and for the fact that her 
found in mean Wober ratios for sodium saocharinate at Weber ratios were 2-5—3 times smaller than ours: 
18? C, 88-28 + 2-6 per cent (distilled water) and 83-28 + (1) Our average daily performance consisted of determ- 
7-52 per cant (tap-water); for sodium saccharinate at ining up to 20 jnd's; whereas Lemberger, according to her 
22° O, 82-71 + 1:79 per cent (distilled water) and 82-71 + description, can be assumed to have taken 2-3 days for 
5-68 per cent (tap-water); for sucrose at 22° C, 41-00 + the determination of one jnd. 
Ng 1:02 per cent (distilled water) and 40-48 + 1-14 per cent (2) Our subject, as already mentioned, was ‘learned’, 


A 


(tap-water). 

investigation of the third variable, the posmble 
influence of the chemical structure of a compound on the 
mean Weber ratio, was a comparison of the size of mean 
Weber ratios for sucrose (an un-ionized compound) with 
the data for sodium saccharmate (an ionized und) 
at 22° O for the two-rinse water conditions (Tables 2 and 3). 

A survey of our experimental data allows us to state the 
followmg: (1) A 3° C difference in temperature has no 
effect on the mean Weber ratios for sodium saccharinate 
other than to increase slightly the standard error at the 
lower temperature. (2) The type of rinse water has no 
influence on the mean Weber ratios for sodium saccharm- 
ate; however, the effect of a tap-water rinse is to increase 
the standard error (see Tables 1 and 2); (8) the tap-water 
rinse has no effect on the mean Weber ratios for either of 
the two compounds at 22° C; however, the standard 
error with tap-water rinse for the ionized compound 
(Bodrum saccharinate) is increased more than for sucrose, 
the un-ionized compound (see Tables 2 and 8). 

In spite of controlling temperature and type of rinse 
water, we are unable to reproduce the initial curvilinear 
portion of Lemberger’s sodium saccharinate curve (‘half- 

^moon') nor to establish a single factor to account for the 
lack of this initial curvilinear portion (from the first to 
the sixth jnd) in our data. Nor can we find any explana- 
tion for the 2-5-8 times smaller size of Lemberger's 


that is, his threshold for quinine due to conditions of well- 
defined practice suddenly decreased three thresholds in 
solution numbers, that is, eight-fold from the point of 
view of concentration! before this experimentation (each 
successive solution number represents a doubling ooncen- 
tration) We can define his taste sensitivity prior to 
learning: taste threshold for quinine in solution numbers 
equals 8, whereas that for 6-n-propylthiouracil (PROP) 
equals solution number 6. The sucrose threshold of our 
subject was solution number 15, quite similar to that of 
Lemberger, whose threshold 16, expressed in our solution 
numbers, corresponds to a concentration of 2-4 x 10-3 M. 
Lemberger could not have been & ‘learned’ subject before 
her experimentation since, according to our experience, 
learning is apparently restricted to taste practice with 
quinine under defined conditions and it is not known 
whether ‘learning can be achieved by tasting sodium 
saccharinate under Lemberger’s i tal conditions. 
We also attempted to aodu Laubere data with 
an ‘unlearned’ subject also slow in taste » who, 
under our experimental conditions, displayed from 25 to 
100 cent variation in the size of his first jnd for sodium 
B S te. We do not know whether the extent of 
variability is a characteristic of unlearned subjects or an 
individual characteristic of this ‘slow’ subject. 
Although repeated the determination of 
each jnd until the standard error was minimal for it, she 
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Table 3. -UPPER AND LOWER LIMITS AND THEIR CONCENTRATION DIFFEREKORS OF THE Finest 11 SUCCESSIVE JED'5 EXPREMRND IN MOLARTTY WITH 
OOKREAPONDING WIRI HATIOS AB 4 PERCENTAGE FOR BUTROS AT 22° O UEDNG DISTILLED WATNR OR TAP-WATER HINEES 







































Distilled water rinse Tap-waier rinse 
ot Oono of upper diff. Weber ratio Conc. of lower | Cono. of upper Oone. diff. Weber ratio 
Buooessive | limit (M x 10-5) lmit (M x 10) cant) limit (M x 107*) ]tmtt Qf x 10“) oenk) 
inda (9) (af x 10+) (A8) (48/8 x 100) (8) (M x 10-*) (AS) (48/3 x 100) 
1 i 0-780 1-080 0-300 88-46 0 780 1-080 0-300 28-45 
2 1-080 1:560 0-480 44-44 1-000 1-560 0-430 44°44 
3 1 560 2-160 0 600 28-45 1:580 2-160 0-600 88-46, 
4 2160 8-120 0-060 14-44 2-160 8-120 0-080 44-44 
5 3-120 4:310 1:200 $8 46 8-120 4 330 1-200 88:40 
6 4320 6-144 1:824 41:31 4:320 6:144 1:814 4111 
7 0:144 8-544 2:400 30-06 6-144 8 640 1:496 40-625 
8 8 544 12-480 3-085 46-07 8-640 12 480 8-840 44:44 
9 12-480 17-280 4 800 28-45 12-490 16.896 4-416 85 88 
10 17 £80 24 060 7-680 4444 16 896 22-056 5-760 34-09 
11 24 060 34 176 9-116 36-02 22 656 33 640 9-064 €407 


Mean Weber ratio. 41 06 x 1-02 per cent (8.8 ) 

















Mean Weber ratio, 40-48 t: 1-14 per cent (5.R.) 





did not re the whole procedure of successive jnd 

determinations. We are unable, therefore, to calculate 

her standard error for reproducing the whole curve or to 
her date with that of our ‘unlearned’ subject. 

The relation between the itude of stimulation and 
sensory is tabulated for the six sets of data in 
Tables 1, 2 and 3, of which the latter deserves special 
attention. With arithmetically increasing concentration 
limits there is & corresponding geometrical increase in 
magnitude of jnd. This increase, evident in Table 8, is 
progressing in a quantum fashion, whereby each quantal 
unit i8 exactly the double of the previous one. The 
sinusoidal fluctuation in the magnitude of the first eleven 
Weber ratios (see Table 8), alternating with troughs of 
88-46 per cent and peaks of 44-44 per cent, correspond 
to a period of 80 min. 

In summary, 6 graphio and e i tal re-examination 
of Lamberger’s date led us to the elucidation of methodolo- 
gical factors m jnd determination influencing the size 
of a dimensionless ratio, the Weber ratio. For both 
sodium saccharinate and sucrose, we found a straight line 
plot for the Weber ratios with rhythmical doubling of 
concentration limits and sinusoidal fluctuations in the 
Weber ratios. 


Size of a Weber Ratlo as an Indicator of 
Systemic Reactivity 

Recently it was found that a statistically signifloant 
relationship existe (within a group of 48 acutely ill female 
schizophrenic patients) between extrapyramidal side 
effects induced by a low cumulative dose of triftucperazine 
and taste sensitivity.. Bide effecta displayed in response to 
higher trifluoperazine dosage were more hkely to oocur in 
taste-insensitive patiente!*. 

We wondered whether the size of a Weber ratio, instead of 
taste threshold, would also be related to systemic (drug) 
reactivity. Our pilot experiments indicate that trifluo- 
perazine-induoed tranquillization increases, whereas 'Pailo- 
cybin’-induced (central) sympathetic stimulation de- 
creases, the size of an individual’s Weber ratio for sodium 
saccharinate (see Table 4). 

Our sample consisted of 12 acutely ill mental patients, 
7 of whom were on high and 5 on low trifluoperazine 
medication with a male to female ratio 1:1; 7 healthy 
volunteers of whom.5 were under the influence of *Pailo- 
cybin’ and a week later without any drug. ‘Psilocybin’ 
was chosen because it produces a transient state of central 
sympathetic stimulation, thus contrasting the tranquilliz- 
ing effect of trifluoperazine and enabling us to compare 
the size of Weber ratios under these two extreme systemic 
conditions. 

We used sodium esaccharinate at 22? O with distilled 
water rinses when determining & jnd approximately two 
thresholds above the sodium saccharinate threshold of a 
patient but still well within the linear portion of the 
Weber ratio plot. 

Even individual variations in reactivity to trifluo- 
perazine or to ‘Psilocybin’ seem to be mirrored in the size 


of the Weber ratio. To give a specific example: a taste- 
sensitive volunteer reacted to 19:5 mg ‘Psilocybin’ more 
intensely than another lees taste-sensitive subject to 15 mg 
of the same drug; their Weber ratios at the peak of drug 
experience were 29 and 89 per cent respectively. 
One set of data requires comment, namely, the approxi- 
mately 20 per cent higher mean Weber ratio of the 7 
healthy volunteers in Table 4 (48:0 + 1:8 per cent) as 
compared with the size of the mean Weber ratio for sodium 
saccharinate in Table 2 (82.71 + 1:79 per cent). The 
difference may be accounted for by our observation that 
continuous taste practice diminiahed the size of the Weber 
ratio of our subject in Table 2, whereas the 7 volunteers 
in Table 4 were not previously to such practice. 
The nearly identical size of the Weber ratio (48-9 + 1:8 
er cent) in our 7 volunteers may be accounted for by one 
r: the sodium saccharinate baseline used in all 7 
subjects was identical, namely, 9:38 x 10-* M. 


Bubjects 


(1) Patsents on a high 
axina (80—80 mg). 


at 22° C 


dose of trifluoper- 217 +9 per cent (8.9.) 


= 5, 25-40 years of 


dose of trifluopec- 


182118 per cent (S.Ħ.) 
=7, 25-40 years of 


(2) Patients on a low dall 
anno (5-20 mg). 
age 


(8) Healthy volunteers without any drug. Y= 
7, 21-28 years of age 


(4) Healthy volunteers, 100 min after the mges- 


48 0+ 1-8 per cant (8.5.) 


3442-7 per cent (S.N.) 


tion of 10-15 of ‘bin’ *, same 
subjects as (3). = 5, 21-28 years of age 
* Only subjects exposed to "Psllooybin' were included to 
eliminate effects related to “novelty of experience”. 


There are two other factors which may influence the 
size of a Weber ratio, namely, taste sensitivity and sex. 
Sensitive tasters have smaller Weber ratios than insensitive 
tasters; women are, under otherwise identical conditions, 
more sensitive tasters than men. That excitation 
diminishes the size of the Weber ratio should not be sur- 
prising in view of the data of Kimura!* and Ohernetaki’’. 
The latter author found that systemic sympathetic 
stimulation enhances afferent activity recorded the 
gloaso nerve during application of gustatory 
stimuli to & frog's tongue. This article also offers an 
explanation for the sympathetic enhancement of peripheral 
gustatory activity noted by Kimura in the rat. 

We have dealt with methodological and systemic 
factors related to the Weber ratio in gustatory ohemo- 
reception. The constancy within limite of this dimension- 
less ratio reminds us that we live in a world in which the 
absolute magnitudes of stimuli go unperoeived, & peroeptu- 
ally compressed but “the best of all poeaible worlds". 

The work was by U.8. Public Health Service 
National Institutes of Health, eral research support 
grants administered by the Ohio State University College of 
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IMPORTANCE OF MEMBRANES IN PROTEIN BIOSYNTHESIS 


By Dr. RICHARD W. HENDLER 
Labo of Bloche , Sect! Cellular Physlology; National Heart Institute; National Institutes of Health; 
ratory mistry on on u ys d Oi o 


C [ EREN eere sao. on the basis of a wide variety of 
observations reported in the literature from this 
and other laboratories, a goneral model for protein synthe- 
Bia was proposed which suggested that ribosomes are 
membrane-associated when they carry out their synthetic 
activities in the living cell!. Since that time many new 
investigations bearing on the validity of such & functional 
cytological relationship have appeared. Since, at the 
moment, these important and related papers have not 
been considered as a unit, it seemed of distinct value to 
assemble the information so that a clear picture could be 
drawn of the existing evidence. Although many earlier 
reports demonstrated that membrane preparations, 
obtained principally from bacteria, were capable of 
efficient amino-acid incorporation into protein, the ques- 
tion of whether or not this represented a different mode of 
incorporation than the more usual free ribosome mediated 
systems was not amply considered. Furthermore, some 
systems actively studied, notably E. coli, were capable 
of effloient amino-acid incorporation even though an intra- 
cytoplasmic membrane system does not appear to be 
present and the ribosomes are considered to exist free 
in the cytoplasm. For the generality of the proposed 
ribosome-membrane model to extend to such systems as 
E. colt, the possibility was considered that a certain 
proportion of the ribosomes of E. coli were attached to the 
plasma membrane at any time. These attached ribosomes 
would be responsible for protem syntheais in the intact 
ocell and due to a lability of their linkage to the membrane 
would be dissociated by the forces used to break the oell 
and afterwards would appear as free ribosomes. 

In a series of papers, Hendler and Tani presented 
evidence that the foregomg description does apply to 
B. coli and that the generality of the mambrane-ribosome 
structure for protein synthesis is not compromised by the 
finding of high amounts of incorporated amino-acids in 
free ribosome fractions*+. 

In several investigations dating from 1958, the group 
at the Chester Beatty Institute, including Drs. Butler, 
Hunter, Godson, Crathorn, and Goodeall, examined the 
site of amino-acid incorporation in B. megatertum?. They 
showed that the membrane represented the major site of 
incorporation, that an appreciable fraction of the cellular 
RNA. sedimented with and was held by the membrane, 
and that ribosomal particles could be released from the 
membrane by washing with buffers of low ionic strength. 
Schlessinger recently re-examined this and oon- 
firmed that an appreciable fraction of the total RNA was 
bound to membranes (more than 50 per cent’). Most of 
this RNA was released from the membranes by lowering 


the ium concentration from 10-* M to 0. Similarly, 
0-2 per cent DOC or subsequent incubation alone was 
capable of releasing the bound RNA. The RNA released 
by DOO treatment sedimented in a sucrose gradient 
principally as polysomes of 4 or more ribosomes. The 
isolated membranes were capable of incorporating up to 
6 times more amino-acid into protein per unit weight of 
RNA than the riboeome-polysome mixture obtained from 
a crude extract. Schlessinger pointed out that there 
was no direct evidence that the polysomes found in the 
DOC extracts of membrane were present in the membranes 
as polysomes. In yeast, a membrane-riboeome fraction 
was described which could incorporate sulphur-35 into 
stable peptide linkage 5—7} times faster than free ribosomal 
particles on a per unit A. basis’. 

Moore and Umbreit, in a preliminary communication’, 
reported that in S. fecalis, when a washed membrane 
fraction and a ribosomal fraction were compared, 
it was found that the membrane-bound ribosomes 
were about 5-fold more effective than cytoplasmic mbo- 
somes for the incorporation of radioactive amino-acids. 
This work has contmued and Moore and Umbreit have 
demonstrated that the incorporation of amino-acids in the 
free ribosome fraction is proportional to their phospholipid 
concentration. Phospholipid is found only in membranes 
of S. feoalte and is absent from cell walls and cytoplasm. 
Consequently, these authors conclude that the results 
indicate & membrane constituent to be the limiting factor 
in protein synthesis in this system even for the ‘free’ ribo- 
some fraction’. 

The localization of ribosomes at membrane sites is 
further demonstrated by studies involving the incorpora- 
tion of labelled precursors into RNA in E. coli" and 
Strepiococous fecalis'*. In HeLa cels infected with polio 
virus, it has been shown that the polio-speciflo polysomes 
sre also membrane-attached4. Another study having a 

le bearing on this question is that of Neu and 
eppel4¥. They found that during the formation of 
EDTA-lysozryme gpheroplasts of E. ool, all the latent 
ribonuclease activity was released from the unlymed 
cells. g-Gelactosidase was not so released, but could be 
obtained after lysis. If, as is commonly thought, the 
latent RNase is a part of the E. colt ribosome, then this 
investigation would be consistent with a membrane local- 
ization of the ribosomes. Another alternative considered 
by these authors is that the ribonuclease may actually 
not be part of the ribosome, but could exist free in a peri- 
cytoplasmic compartment. 

The itivity of micro-organiams to antibiotics also 

pointa to a functional association of membranes and 
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ribosomes. In an investigation of the early sequence of 
events following the addition of streptomycin to growing 
cultures of E. cok, Dubin & al. have demonstrated that 
lows of membrane integrity and impeirment of protein 
synthesis appear to be related events. More recent work 
has fixed the site of ribosome damage at the 30S co: ment 
of the riboaomee!* s, Nomura, in a recent investigation 
of the mechaniam of killing action of antibiotic colicines, 
has also presented evidence in favour of a functional oo- 
ordination of macromolecular synthesis and cell mem- 
branee!*. Thus, several of the oolicines inhibit either 
together or se tely the processes of RNA and protein 
synthesis, oxidative phosphorylation, and maintenance 
of DNA. The addition of trypsin reverses the action of 
the colicines. Since the trypsin does not penetrate the 
basteria, the colicines presumably act at the cell surface. 
Nomura discussed the possibility that reactions involved 
in macromolecular synthesis are integrated in the oell 
membrane. In a different but related gtudy?', it was 
found that suspensions of E. ool cells, after freezing or 
incubation with EDTA or polymyxin B, participated in 
amino-acid catalysed ATP-pyrophosphate exchange. It 
waa shown that the reaction took place at the oell surface 
of the intact celle. The reaction products were found 
extracellularly. The authors consi these results in 
terms.of the poeeible localization of conventional amino- 
acid activating reactions at the oell membrane. 

Stafford ei al. found active polysomes bound to mem- 
branes in fertilized sea-urchin eggs’. The major fraction 
of incorporated radioactivity was into a heavy, easily 
sedimentable fraction. Ribonuclease i released 
ribosomes from this material, whereas 0-3 per cent DOC 
totally released radioactive ribosomes.  Hultin found 
that the major fraction of amino-acid incorporation in 
fertilized sea-urchin eggs was accounted for by structures 
which reached the bottom of a sucrose density ient 
Sars per cent concentration) in 60 min at 53,000g 
(ref. 19). 

There are several recent investigations carried out with 
liver preparations which underline the importance of 
membrane-bound ribosomes in protein synthesis. Hen- 
shaw e£ al. showed both in vivo and $n vitro that membrane- 
bound ribosomes accounted for virtually all the incorpora- 
tion of amino-acids. Although the authors suggested 
that this situation may be contrasted with that existing 
in cells lacking an endoplasmic reticulum, the work by 
Hendler and Tani*“ in H. colt, already mentioned here, 
suggests that, even in the latter case, membrane-bound 
ribosome may be functioning. 

Campbell e£ aj. examined the amino-acid incorporating 
ability of microsomes, RNP particles released. fon the 
microsomes by DOO, and free ribosomes in the presence 
and absanoe of poly-U, and aa obtained from normal and 
regenerating liver™. They concluded that the major 
synthesixing activity of the liver cell was associated with 
membrane-atteohed ribosomes, that the membrane plays 
& part in the control of the activity of the attached particles 
and that free ribosomes are comparatively inactive, but 
m&y be stimulated by adding RNA such as poly-U. 
Similarly, Howell e£ al., as & result of moorporation studies 
with liver both in vivo and $n vitro, have concluded that 
membrane-bound ribosomes are responsible for the bulk 
of the protein synthems". Von Der Decken concluded 
similarly that microsomal membranes play an important 
part in the synthesis of serum albumim™. This conclusion 
stammed from the observation that although microsomes 
appeared to be capable of synthesizing serum albumin, 
and RNP icles released from microsomes could incor- 
porate amino-acids, the released particles could not make 
serum album. 

Several groups have investigated protein synthesis in 
mitochondrial preparations.  Roodyn used rat liver 
mitochondria for the in vitro incorporation of amino- 
acids". Afterwards he -wise fractionated the labelled 
mitochondria by titration with detergent. He found 
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that the bulk of radioactive protein was in & fraction 
rich in phospholipid and RNA. Farther fractionation 
showed the radioactivity to be closely associated, with the 
lipoprotein components which Roodyh suggested were 
derived from the mitochondrial membrane. From $n vivo 
labellmg studies with rate, Truman also concluded that 
the site of ioorporation of amino-acids in liver mito- 
chondria is associated with the mitochondrial membrane’. 
In a separate in vitro study with ox heart mitochondria, 
Truman showed that the most highly labelled proteins 
were soluble in 50 per cent ethanol, and were of low 
density and low polarity**. 

The cytological validity of an intimate association of 
ribosomal and membrane components receives support 
from recent elon On aur cop) studies of mouse 


by Sjöstrand and Elvin”. ese workers and 
extend earlier observations by Sjostrand and Baker** 
and Hanxon and Hermodseon?* ing the use of 


osmium-fixation aa opposed to controlled freeze-drying 
in preparation for electron microscopy. They present 
evidence that the ribosomal material forms an almost 
complete carpet covering the membrane elements. Tho 
Subdivision into particles that is more oommonly observed 
they attribute to artefacts of fixation. Recent electron 
microscope investigations with B. cereus", B. megaterium?, 
and E. ooli* clearly show ribosomes and ribosomal clusters 
attached to membranes. 

Investigations on the existence and turnover of lipo- 
amino-acid and lipopeptides from a wide variety of sources 
continue to appear. With the clearer establishment of 
active ribosomes at lipoprotein membrane surfaces during 
their participation in protein synthesis, the potential signi- 
fioance of these findings is considerably strengthened *!-*'. 

During the past several years it has become quite clear 
that the reactions of electron transport are structurally 
i into the fabrio of the membrane of tbe mito- 
chondria or bacterial cytoplasmic membrane. In such & 
structure, energy released by oxidation is converted to 
ATP via high-energy intermediates. The ATP, being 
water-soluble, is then available throughout the cytoplasm 
for energy-requiring reactions. Because protein synthetic 
reactions may be similarly mtegrated by a membrane, the 
suggestion was offered** that high-energy intermediates 
produced in a membrane may be directly used for protein 
synthesis without the necessity of bemg converted first to 
ATP. Bronk added considerable support to this idea in a 
study of energy-dependent amino-acid incorporation in 
rat liver mitochondria". He found that, at concentrationa 
of oligomycm which blocked the terminal phosphorylation 
steps leading to ATP formation, the moorporation of 
U4C-leucine wes not inhibited. Thyroxin and tetraiodo- 
thyroacetic acid both blocked phosphorylation of ADP 
while causing & stimulation of amino-acid incorporation, 
presumably by diverting energy in the direction of the 
protein synthetic reactions. The same question is the 
subject of & careful study by A. M. Kroon, with mito- 
chondria and microsomes isolated from rat liver“. 
Although some of the evidence points to the direct utiliza- 
tion of high-energy intermediates, Kroon gives reasons 
why it is not conclusive at the t time. Hendler and 
Jarett have attacked the prob in & different way***. 
Yeasts were grown under strict anaerobiosis with energy 

ied by fermentation of glucose. In confirmation of 
earlier reporta*-*, it was found that both DNP and azide, 
in concentrations which were capable of inhibiting 
oxidative phosphorylation, could bloak protem synthesis. 
Yt was determined that fermentation was not affected and 
that ATP-levels in the inhibited cells were equal to or 
greater than those in the uninhibited controls. DNP and 
azide had no inhibitory effect on any of the reeotions in- 
volved in in vitro amino-acid incorporation when ATP was 
present. This was also true for reactions that were 
stimulated by the addition of poly-U. Binoe these two 
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BRITISH ASSOCIATION MEETING IN CAMBRIDGE 


SCIENCE AND SCIENTISTS 


By Six CYRIL HINSHELWOOD, O.M., 


F.R.S. 


President of the British Association 


HE annual gathering of this Association is tradition- 

ally the oocasion when men of science and laymen 
come a8 ib were into conference, when the scientists try 
to explam themselves and expound what they are doing, 
and the lay world listens with varying proportions of 
excitement, sympathy, criticism, scepticism or amuse- 
ment. Attitudes have varied. The early.comments of 
august sections of the Prees on the proceedings seem to 
have been inspired by the spirit of Dean Swift at his 
flercest. Bishop Wilberforce acted the buffoon though 
his intentions can scarcely have been playful, and tbe well- 
known abbreviation of our title, while indicating that 
element of popularity which moet nicknames connote, 
summed up what a large part of Britain in ita heart of 
hearts long felt about science and all connected with it. 

To many, however, the story has been a very great 
one. Í remember in my youth bemg thrilled to the core 
at presidential addresses by Oliver Lodge and by J. J. 
Thomson. We were at the heyday of the Wellsian 
enthusiasm for scientific progress. Utopia and revelation 
seemed just around the corner. Let the sooffers scoff: 
let the die-hard upholders of the classics denounce science 
if they wished, or suggest that it was not quite the thing, 
it was nevertheless & wonderful and moving adventure. 
It had long been the affair of a small minority of people. 
The origmators of the Royal Society had been exceptional 
spirits, though we should never forget how much more 
exceptional must have bean those unknown men of genius 
who in the course of the long ages of pre-history harnessed 
fire, drew forth metals from their ores, tamed animals and 
cultivated crops. One would give much to know their 
unrecorded saga. 

But science, which was onoe a private affair, has now 
become & public concern. Several things have contributed 
to this. Science in its own right made at length progress 
in the battle for a place in education, though vestiges 
of the old prejudices long survived. More important, 
everyone has become increasingly aware of the power of 
applied science to affect our lives. Sad to say, two great 
wars played & major part m this enlightenment, and, 
perhaps in consequence, some people fear the destructive 
powers of science more than they appreciate its beneficent 
gifts. But most will recognize that our own choice decides 
what use we make of our control over Nature, and what 
any one of us thinks the balance will be depends chiefly 
on whether he expects good or evil to prevail in the 
world generally. In the last resort I believe the majority 


^ relevant talents and abilities the same. 


of people expect, on the whole, good to flow from the use 
of knowledge. 

Apart, however, from & desire for practical benefit, 
something of the romance of science has spread widely, 
and here, not only inexpensive literature, but also radio 
and television, themselves the children of applied science, 
have greatly contributed to what cam very nearly be 
called a revolution. , 

There is, nevertheless, not much doubt that more 
general interest centres on applied science than on pure 
science. Governments are anxious for economic advan- 
tages from technology, so too is industry, and 8o, on the 
besis of what he is told, is the ordinary man. Everybody 
agrees that we now need many more scientista, and that 
we have an even greater need of technologista or applied 
scientists. Rather ambitious plans, which it is to be 
hoped are all quite sincere and genuine, are laid for 
unprecedented expansion, and certainly the desire for new 
things and for the means to improve the common lot is 
widely felt. 

All in all, at the present time, it seams not inappropriate 
to say something about science and scientists in general. 

There is & certain lack of clarity in many quarters about 
the relation of pure and applied science, and that is the 
first matter about which I would like to say something. 
Scientists themselves were at one time commonly believed 
to be mainly concerned with practical ends, and indeed 
there are still people who think that scientists care only 
about gadgets and gimmicks. This is by no means true, 
and as & matter of fact, to-day, scientista who were once 
regarded as ‘rude mechanicals’ are now quite commonly 
oriticized for neglecting practical ends. They are now 
reproached for not doing quickly enough things which 
they were once laughed at for doing at all. But it is no 
use being amused or resentful at this odd example of 
time’s revenges. We must try to see more clearly what 
the situation is and what might be done about it. 

The relation of pure science to applied science is ex- 
ceedingly subtle and complex. The urge to explore, 
understand and depict Nature is by no means the same 
thing as the desire to master and control it, nor are the 
Some men of 
science have had & keen desire to see their discoveries 
turned to practical account: others have been indifferent. 
Some have even affected to despise utility; but this was, 
I fancy, rather a gesture of deflance to their nineteenth- 
century detractors. 
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History shows a long record of discoveries made by one 
man and turned to account by others far removed in 
space and time. This state of affairs was well enough when 
all these things rested with amateurs. But the problem 
of application has now to be much more squarely faced, 
the more 80 in that the great majority of scientists to-day 
are people to whom society. has explicitly provided oppor- 
tunities in the expectation of tangible and useful resulte. 
What then is the right policy to follow ? 

What would be quite useless would be any kind of 
Draconian edict that all scientiflo work must henoeforth 
be devoted to demonstrably practical ends. There could 
be no surer way of rendering the future completely barren, 
since nearly all great technological advances depend on 
discoveries so unexpected as to be unplannable. Nature 
in her own time reveals her secrete to the patient queg- 
tioner, and the plain fact is that Nature is infinitely 
cleverer than man. Pure science, therefore, cannot be 
dismissed as & polite amusement and it would be a great 
tragedy if people with a real vocation for it were seriously 
diverted in the supposed interest of utility. 

Nevertheless, it is deplorably true to-day that of the 
very large numbers now joming the ranks of science far 
too few seam to be evincing the technological interests 
whioh the future calls for. Reflexion on the native genius 
of our country suggests that the mechanically minded, 
the adventurously practical kinds of people should be by 
no means rare. Why then do we hear oomplamtes about 
the lack of recruits for applied science? This is a very 
complex problem with no short and simple answer; but 
I think that two influences have been important. The 
traditional second-class status of science in the Establish- 
ment tended to deter all save the minority with a real 
vocation for it. The efforta of this dedicated minority not 
unnaturally won for British science no little prestige in 
the world, enough in fact to make this same field seem 
the most attractive to the rapidly increasing number of 
uncommitted entrants. Bome young people are reproached 
for what is now alleged to be snobbery in their preference 
for pure science. On most of them this is a quite unjust 
judgment. Some are led there by real vocation, some by 
example, some because nobody has offered them an 
alternative, and some because large sections of opinion 
still draw no distinction between pure and applied 
science. 

If some fault in the system of values is responsible, 
then the blame lies rather with the olimate of society 
which has withheld ita due esteam from practical skills, 
and until recently from science itself, the real nature of 
which ib misunderstood. There is also another very 
significant facet of the situation. Great technological 
advances sre made, not necessarily by those with pro- 
found insight into the secrets of Nature but by those with 
alert, enterprising, ingenious but quite unacademio minds, 
in some ways at least as much men of action as men of 
thought, who ask the question not so much ‘Why does 
this happen ?' as ‘How could this be done ?’ or ‘What use 
could be made of this?’. In the past our educational 
system would largely have diverted young people of this 
sort from any kind of science, pure or applied, and their 
talents would have flowered in other flelds, where the 
rewards were greater. The damage is then done, sinoe 
clearly nobody can apply scientific facta if he does not 
know any of them to apply. 

Another trouble with our traditional methods of educa- 
tion, selection and promotion is the unjustified primacy 
which we have accorded to skill in purely verbal expres- 
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sion. It is quite wrong to suppose that all thought is 
through the use of words. Non-verbal images can be just 
as important. Bome people think with their hands, and 
we need to give much greater credit to manual skill than 
we do (oddly enough with the exception of athletics). 

It may indeed well be, as things are, that some appre- 
ciable diversion from the pure sciences to the applied 
sciences is called for. If it is really true that there is any 
impression abroad among young people that applied 
science is in itself a sort of second beat to pure goienoe in 
the scheme of things, then it ought to be dispelled. The 
adventure of controlling Nature is no leas great than that 
of understanding its deep secrete, and tho building of. 
bridges as much artistio creation as the building of 
abstract systems of thought. We should be foolish indeed 
if we rejected the creations of Michelangelo because they 
are hewn in stone and accepted those of musicians or 
writers because they exist only in the mind. 

But by no means all the reoruita for technology need 
oome from pure science. Many indeed could and should 
come from quarters which society has hitharto discouraged 
from developing any interest in science at all. It appears 
that lately there has been a turning away from pure 
science too. But can we blame young people with uncom- 
mitted minds for not choosing a course which means 
harder work and smaller prospects of esteem. They still 
feel, no doubt, that their ultimate succeas and influence 
will be limited by the old slogan of the administrator who 
proclaimed that thé scientists must always be on tap and 
never on top. The formula which should be followed is 
simple enough, however difficult its application may prove 
to the complex situations of real life. Since men with the 
talent and the temperament for turning knowledge to 
practical use may turn up anywhere, in any social stratum, 
in any academic discipline and with any general intel- 
lectual background, we should see that far, far fewer of 
them any longer remain ignorant of science and perhaps 
even proud of their condition, and that those who respond 
should not find themselves relegated to a subaltern 
status. 

Another important question of the day, and one not 
unrelated to what I have said, is that of the organization 
‘of research. In the grand perspective of world history the 
interplay of discovery and apploation has been largely 
an affair of chance. Now we wish to guide and plan the 
proceas, to rationalize and accelerate it. 

A popular idea sees the planning and direction of 
research as a logical process proceeding by obvious stages 
from point to point to a predetermined goal after an 
expenditure of time and money oceloulable in advance by 
accountants. It is unfortunately nothing of the kind. 
Anybody can state a goal, whether the cure of the common 
cold or the control of the weather, and the proper organ- 
ization may provide money for the effort. But inspiration 
comes only to rare individuals: it floats up intuitively 
from the subconscious. It is communicable from a leader 
to a team only if the members have confidence in him, 
both as a man and as a scientist. In some respects the 
situation in soientiflo research is rather like that in & 
football match. The players, the best available, must 
know the rules and will with advantage have concerted 
some general lines of strategy. The overall direction of 
play is predetermined. But after the start each new 
development grows out of what immediately precedes it, 
and depends on the inspiration of individuals as much as 
on the understood policy. Any captain who tried to plan 
too much in too great detail would lead the team only to 
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defeat. The captain himself must be at least a competent 
player in his own right. 

There-is little place in scientific research for philosopher 
kings, prescribing broad human objectives to teams of 
docile scientists kept ‘on tap but not on top’. Nor, how- 
ever, ia it expedient to leave the romantics, the artista, 
the creators and the dreamers in ivory towera (whether 
in affluence or poverty). Nor again is it wise to try to 
tranaform them, by persuasion or otherwise, into something 
radically different from what they are. The world would 
probably have been poorer had Beethoven been forced to 
carve statues. Nor is it any advantage to transfer all 
confidence to the practically mmded inventor, who would 
eventually be left without any new knowledge to apply. 
Again and again the key to a great discovery has been an 
unexpected observation, but generally speaking if it is to 
be quickly fruitful it must have been made in the context 
of & well-defined pattern of thought and effort. The 
famous Fleming mould would not have meant much to an 
administrator or even a nuclear physicist. But quite 
apart from these anecdotal accidents, and more important, 
is the fact that as the chart of the unknown becomes 
filled in, judgment of the moet profitable course to follow 
itself changes. Mysterious inlets may prove dead ends or 
may open into vast seas. Research on the distribution of 
energy in the spectrum of a hot body might have proved 
a mere student exercise in physics; in fact, it revolution- 
ized the whole structure of scientific thought. 

If we wish to plan research we oan only do so by 
assembling a community of people with varied and 
mutually complementary talenta, operating with strategic 
flexibility, and in an atmosphere of curiosity in which the 
members know and understand what the others are 
talking about and respect their leaders. We shall forgot 
ab our cost that an honoured place in such & community 
must be found for the dedicated thinker. We must 
remember the words of Newton who, when once asked 
how he made his discoveries, said: “By always thinking 
unto them. I keep the subject constantly before me and 
wait till the first dawnings open little by little into the 
full light" *. 

No committee structure, however logical and tidy, will 
replace the devotion of which Newton speaks. 

Let no one think that a scientific community can be led 
either on one hand by people uninterested in human 
relations, or on the other hand by professional humanista 
without reel personal understanding of what scienoe 
involves. 

A great deal of nonsense has at ane time and another 
been talked around the allegation that scientists are 
interested in things rather than people. I have only to 
look at my own friends to know that this is utterly 
untrue; but if it had any truth the fault would rest with 
the educational system of selection which has indeed 
quite often attempted to segregate impressionable youth 
in accordance with this false philosophy, and I am afraid 
may still occasionally try to do so. 

The prescription for future success in applied science 
is, after all, humane enough: a well-assorted community 
of human types, the analytical, the creative, the enter- 
prising, the manually dexterous, all enjoying equal status, 
so that each part of the task may be taken up by some 
when others have made their contribution. True, all con- 
cerned must know the rudiments of the same language, 
emis M PUER T 

I do not suppose he would have realized its 
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the general idiom of science. Is this an impracticable 
demand? Is it an aim lacking m humanity or social 
conscience ? 

We hear a good deal of talk about speeding up tho 
advance of discovery and application. We all hope this 
can be done. But let nobody suppose it can be done by 
mere administrative elaboration or by the imposition of 
political doctrines. Let us imagine that somehow we 
can find the rigbt balance between democratic equality 
on one hand and incentive and leadership on the other, 
and that by some miracle we achieve an administration. 
capable of fostering effort while curbing extravagance 
and waste: the fact will still remain that scientific research. 
of & creative kind is & very difficult business, and that its. 
application is both adventurous and laborious, calling not 
only for courage and skill but algo for that old-fashioned 
commodity known as faith. If the spirit is to spread 
more widely from the relatively few mdividuals of the past 
the whole climate of society must be favourable. 

I have spoken so far of the application of science, 
because at certain seasons the most urgent taak may be 
to gather the fruit from the tree. But woe betide thoae 
who kill the roots of the tree in this process: and this 
thought leads to deeper matters. I have the honour to 
be addreasg the British Association for the Advance- 
ment of Science. Let there be no doubt about it, 
science is one of the great activities of the human mind 
and soul, and in the last resort let us remember that 
society was made for men and not men for society. As 
Dante’s Ulysses says to hia companions: "You were not 
born to live like the beasts, but to strive after virtue and 
knowledge”. The question why we pursue knowledge is, 
I suppose, only part of that wider and nearly unanswer- 
able one, ‘“What is the object of life?”. Even if they 
cannot give a satisfactory answer to the riddle, many men 
will undoubtedly continue the pursuit. Some may answer 
that we pursue knowledge to gain afftuence and leisure. 
What affluence and leisure are to be used for is a personal 
question. To pursue knowledge will probably be the reply 
of the true scientist. 

How then do soientista work ? Does their work change 
their attitude to existence? Most of the conventional 
generalizations about them are quite crudely wrong, as 
becomes obvious if one reads the biographies of a few. 

The old-fashioned view, the infection of which still 
tends to be inherited, saw them as materialistic, ignorant 
or contemptuous of beauty and ethics, respecters of the 
narrow truth they can comprehend, and uninterested in 
human relations to the point of ruthlesaness. Sometimes 
they have been seen as supermen who could open quick 
and easy roads to affluence, though, it must be said, latterly 
sometimes also as supermen who can be mass-produced 
by administrative strokes of the pen. 

To see what kinds of generalization are possible at 
all let us oonsider briefly the case-histories of & few 
outstanding scientists of the last generation. We will 
begin with three great physiologists, all Nobel Laureates, 
who worked in related flelds: Pavlov, who created the 
science of conditioned reflexes; Ramén y Cajal, who was 
described by Sherrington as the supreme analyst of the 
cellular architecture of the nervous system ; and Sherrington 
himself, who charted the functioning of the nervous system 
as & whole. 

Tbe work of the Russian, Pavlov, on reflex responses 
has been much quoted in anti-religious propaganda and 
to a superficial view it might well seem to assimilate living 
creatures more closely than before to automate. Pavlov 
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himself is said to have spoken of religion as & social condi- 
tioned reflex. He was reputed to have been tenacious, 
hardworking, exacting and  oocasionally intolerant, 
averse to mathematica, chemistry and to too much theory, 
and to have preferred muscular to mental satisfaction. 
He was, however, not the product of a soientiflo environ- 
ment: his father was & provincial clergyman. 

The Spaniard, Ramón y Cajal, on the other hand, was 
the soa of a surgeon of sorte, who taught his son anatomy, 
but the boy spent most of his time reading romances, 
was ill-treated at school, apparently for objecting to Letin, 
and presently expelled to become the leader of a rebellious 
gang. His passions were aketching, verse, fiction and 
philosophy. Wonder was aroused in him when he first 
saw the blood circulate in the web of a frog under the 
microscope: he found it what he described as ‘‘an astonish- 
ing spectacle, an unforgettable event in my life”, and 
surely it was an artist who hed no sleep the night after 
he had first seen a finely stamed preparation of cerebral 
cortex in which, as he said, “all was sharp as a aketch with 
Chinese ink on transparent Japan-paper”’. 

Family mfluences interested i in medicme 
and he passed by more or leas conventional channels into 
research. He grew up among pictures of the Norwich 
school, wrote poetry and it has been said of him that the 
poet was never deep down. Though he, more than any 
other man, eluaidated the nature of nervous reflexes, he 
was strongly opposed to any mechanistic view of the world. 
"Mind," he wrote, “knows itself and knows the world: 
chemistry and physics, explaining so much, cannot 
undertake to explam Mind itself.” ; 

The work of these three men, revealing the marvels and 
subtleties of nervous mechanisms, could no doubt be cited 
to support the views of behaviourists and materialista. 
Pavlov may have been one: the other two were not, and 
Sherrington never ceased to protest against attempts to 
explain away the phenomena of consciousness. The trio 
differed in background, temperament and tastes. What 
they had in common was the passion for knowledge, for 
the discovery of things previously unknown, and for the 
unravelling of mysteries—& characteristic which reflects 
.8 strong vein of romance. Another major fact, and one 
which is true of most scientists, is the casentially aesthetic 
nature of the appeal which their work made to them. 
Ramón's wonder at the spectacle of the circulating blood 
and Sherrington’s poetry are indications of it and it appears 


indirectly in Pavlov’s love of collecting, which ranged 


from butterflies to paintings. But romantio curiosity 
and the enjoyment of wonder and beauty do not make 
the man of science unless they are allied to a deep wish 
not only to know but also to organize knowledge mto a 
ooherent picture of the world. Science, whatever else it 
may be, is a form of creative art. 

Let us now Bee how these themes appear in the lives 
of some great physicists of roughly the same generation. 
Max Planck at the turn of the century revolutionized 
thought by revealing an essential discontinuity in the 
working of Nature. But he came from the most reapect- 
able stratam of the German Establishment of his time. 
If we seek to pluck out the heart of his mystery we may 
listen to his own words: "the outer world," he says, 
“representa something independent of us and absolute 
with whioh we are confronted, and the search for the laws 
which govern this sbeolute has appeared to me ae the most 
fascinating work of a lifetime.” Rivalling the passionate 
concern with the scheme of Nature waa the love of music 
which was a major element in his life, and which he shared 
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with Ei in and with a isingly high pro T 
physioiste. 

Another man who sought with adventurous boldness to 
depict the system of Nature was Eddington, who had a 
basically mathematical approach in his interpretation 
of the world, and spent the latter part of bis life in a titanio 
attempt to find the inner relations between the micro- 
oo&m within the atom and the macrocoam of the stellar 
universe. 

Very different in origm and in his exuberant, extrovert 
personality was Rutherford, the New Zealander. Like 
Newton and like Wren, Rutherford had ss a boy a taste 
for mechanical construction—though he was also no mean 
scholar and he algo believed in keeping mathematics in 
its place. One of his reported obiter dicta is to the effect 
that no physical theory is worth much if it cannot be 
explained to a barmaid (a class of lady who still existed in 
Rutherford’s day). He, too, had the intense energy and 
the concentrated urge to discover, and he, too, created his 
own pictures of the world of Nature, but ones very different 
from the abstract patterns of Planck and Eddington and 
based on conceptions of atomio structure vivid and 
powerful enough to appeal to the most simple-minded. 

Just as these men differ, so does the actual idiom of 
scientific representation, whioh varies from the most 
concrete to the most intangible. Rutherford liked the 
most down-to-earth imagery. Yet he was far from simple- 
minded himself, and his own symbolixation moved 
chemistry and physica forward by & generation. Einstein, 
on the other hand, brought facta and ideas about the 
speed of bodies and of light and about gravity into formula- 
tions, which some philosophers declared contrary to com- 
mon sense and which certainly are of an extremely abstract 
character. Oliver Lodge, who presided over this Associa- 
tion just half a century ago, had a taste for more shadowy 
prescriptions. He wrote, ‘my instinct seemed to be more 
abstract, rejoicing i hidden forces . . . ultimately becoming 
more absorbed in the ether as & non-sensuous reality— 
than in the material objects themselves”. But the primi- 
tive models of Rutherford, the elusive ether of Lodge 
and the Lewis Carroll-like mathematics of Einstein were 
no idle playthings. They were the working tools with 
which radio was developed, the existence of nuclear 
energy predicted, and the method for ite release 
discovered. 

The creations of various men of science may be likened 
to pictures by artista of different schools, all conveying 
essential truth but in varied forms. The individual 
nature of its symboliam lays science open to the attack 
of those philosophers who like to question minutely the 
use of language in every statement. Men of science, 
although some of them play at this game themselves, 
tend on the whole to be impatient of purely semantic 
discussions and indeed most of them would probably feel 
that present-day linguistic philosophy has been not 
unjustly described as an affair of limited risks and small 
returns. In many ways creative science is just the 
converse of this. A philosopher once told me that the now 
notorious second law of thermodynamics was not so much 
false as meaningless. So be it. Force and energy them- 
selves as concepts can be subjocted to destructive analysis 
yet thess elements are combined by scientists into patterns 
which not only give artistio satisfaction but also lead to 
world-transforming practical discoveries. Newton's treat- ~- 
ment of force and mass can easily be represented as 5 
circular argument and Eimstein’s spatio-temporal schemes 
dismissed as illogical. Yet these things are part of the 
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foundation of nuclear physics, and nuclear energy and the 
hydrogen bomb, whatever else they may be, can scarcely 
be written off as meaningless. 

The creative scientist is in fact usually more concerned 
with the relations of things to one another than with 
precise verbal analysis of what these thmgs are. He seeks 
a representation of the world which continually grows by 
an extension or transformation of what is there already. 
Thus what many scientists are really after is the adven- 
ture of discovery itself. 

Rutherford used to talk about science as though he 
believed—and he did believe—that wonderful new revela- 
tions and illuminations were just about to occur. We 
are at & moet exciting stage, he would say. There is 
ample ground for such a feeling at tho present time. 
The last section of this address will therefore be devoted 
to & brief survey of some of the great flelds of present 
activity, and I shall try to say something of the funda- 
mental problems of science which are of the deepest 
signifloanoe in their own right. By a strange uncovenanted 
meroy it is indeed the study of these, if history has any 
lessons to impart, which in the long run will have the 
greatest effect on human life. But I hope that what I 
have already said will have shown that this observation 
implies no reserve about the urgent necessity of other 
work of shorter range. 

The questions which still remain the most absorbing are 
the oldest of all: the nature of the coamoe, the nature of 
matter, the nature of life. 

People have, I suppose, always wondered about exist- 
ence. The most primitive thinking scarcely distinguished 
the inner world of consciousness from the external world 
of space and matter, and many strange phantasmagorias 
of magio and myth have been conceived. Chinese philoso- 
phers saw in the world & conflict of positive and negative 
principles, and Pythagoras thought that geometry and 
number ruled the order of Nature. These systems are 
much more abstract than the atomic theory which even 
as expounded by the Greeks and by Lucretius gave a vivid 
idea of the hidden happenings underlying visible pheno- 
mens, and as developed in modern times served as a basis 
for most of the great triumphs of chemistry. But still 
more recently a great wave of abstraction has again 
swept over science. i 

What Jeans called the ‘Mysterious Universe” has lost 
nothing of the mystery which surrounds its structure, its 
origin and its history, and which extends to the stuff of 
which it is made and to the forces which act between its 
parts. But, in all these respects, lively imagination is 
continually playmg on a stream of new discovery. 

What is already known about the structure of the 
universe i8 surprising enough: thousands of millions of 
stars forming galaxies; countless galaxies rushing apert 
from one another with velocities which appear to increase 
with the distance from some assumed centre. This last 
fact has suggested, as everyone knows, thai at some ooamio 
zero hour a vast central agglomeration might have 
exploded, the parte which then received the greatest 
velocity having by now travelled farthest. I must 
remark in passing that to identify this zero with a mement 
of creation seems to me neither sound sefence nor sound 
theology but a sentimental pastiche of both. To speak, 
moreover, of a beginning of time itself marked by this 
spectacular event seems meaningless. If this singular 
moment actually oocurred it must have represented some 
sort of nodal point in & process on a still vaster scale, and 
of this we know absolutely nothing. But the words of 
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Hamlet to Horatio still remain one of the wisest warnings 
ever uttered. 

The whole idea of a unique origin of things has ite rival 
in that of & continuous creation of matter fed into the 
known universe steadily in the form of hydrogen, so that 
what we observe now may have persisted for all time 
(whatever the phrase ‘for all time’ may mean), 

Experimental discrimmation between the two theories 
is hoped for from observations on the remoter parta of 
space, but so far a deffnite or at any rate an agreed decision 
has not been achieved. In any event what is meant by 
continuous creation of matter raises questions as difficult 
and at present as unanswerable as those connected with 
the grand inaugural explosion. Against this bizarrely 
romantic background research continues with radio and 
optical telescopes, soon no doubt to be mounted in extre- 
terrestrial observation posts. Meanwhile Nature whispers 
warnings against over-simplification by revealing in very 
remote places the possibility of agglomerations of matter 
quite different from anything hitherto known, including 
what have been called ‘quasi-stellar radio sources’. 
According to previous ideas these are much too far away 
for their brightness and are fantastically more energetic 
than they should be in the emission of radiation. In 
astronomy it would seem to be one of Rutherford’s most 

The gravitational forces acting throughout the universe 
present one of the most epio of all problems. Nothing 


has diminished the grandeur of Newton’s conception of a 


force governing all the movements of the cosmos which 
he revealed for the first time as an understandable system. 
In the thought of Einstein this force, though its manifeste- 
tions were very nearly in &Booordanoo with Newton’s 
law, was not a real force but something simulated by the 
inherent geometry of space and time. Einstein’s equations, 
however, lacked the fine simplicity of Newton’s, and his 
thought, for all tts power, had no finality. There has bean 
& burst of renewed interest in relativity, and the theory 
of gravitation. If the geometry of space and time is a 
function of the masses present, what is mass? Mach 
had once suggested that the mass of any body arose 
somehow from its interaction with all the rest of the 
universe. Hoyle and Narlikar think they have overcome 
certain difficulties about this idea, and by combining 
it with Einstein’s kind of space-time geometry have 
constructed a more unifled theory. According to the 
equation which they develop there can be no description 
of ‘empty space’. Space iteelf depends on what it contains 
and an empty world is a non-existent world. 

If gravitation is the major force, or apparent force 
acting soroes the stellar universe, it has little to say 
about the structure and properties of matter itself, which 
has ite own special mysteries in plenty. The intuition of 
the ancients that matter is particulate has stood the test 


-of time, but the twentieth century has shown that the 


particles are particles with a difference. Thoy behave in 
ways which are not easily describable in everyday lan- 
guage, though to a mathematician they resemble waves. 
Nevertheless the quality of discreteness remains, and 
between the particles a whole hierarchy of forces act. 
Ordinary terrestrial life is very much an affair of 
chemistry, the whole panorama of which, including the 
variegated array of the elements and their properties, can 
be interpreted, on the whole very satisfactorily, in terms 
of the simple set of particles, proton, neutron, electron. 
But ordinary terrestrial life is an affair of low energies. In 
the stars and nebulae, Nature provides temperatures of 
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fantastic sounding magnitudes, and the great accelerating 
machines of modern laboratories provide, at fantastic 
sounding cost, energies which transcend many millions of 
times those met in ordinary chemistry. In this strange 
world of energy affluence and violence s bewildering collec- 
tion of new particles appear. Some are heavy, some light, 
some are stable, some transient. They appear and dis- 
solve: one type generates others. As discovery followed 
discovery it seemed that chaos and complexity were the 
rule of the subatomio microcoam. But at length some 
degree of order is beginning to emerge, though it is order 
_of a rather peculiar kind. 

The particles differ in mase and in charge: they differ 
in life-time and in the intensity with which they appear 
to aob on one another. Powerful forces exist which are 
neither electrical nor gravitational. The bizarre appear- 
ances and disappearances of these entities prove to be 
governed by rules according to which various measurable 
quantities must maintain fixed relations, the so-called 
conservation laws. A system of numerical labelling of the 
possible modes of this particulate existence proves feasible, 
and it leads to the definition of abstract quantities known 
aa ‘isotopic spin’ and. ‘hypercharge’. Observed values of 
these oan be plotted one against the other on charte, and 
it now appears that the known particles (or particulate 
states) yield diagrams with striking elementa of geometri- 
cal symmetry. This discovery indicated clearly an under- 
lying law, and in 1004 a gap, a misamg point, in one of 
these diagrams led to the finding of & hitherto unknown 
particle with even odder properties than usual (the 
‘omega minus’ particle). Within the past few months 
there have been reported indications not merely of a 
new particle but of & new group of particles. What 
it all means ia far from clear, but if we are here glimpeing 
a fundamental law of Nature it is oertemly one which 
would have appealed to Pythagoras, for geometry and 
number are indeed coming into their own. The theories 
about these matters are now being made still more powerful 
by the introduction of considerations based on relativity, 
go in nuclear physios too it is one of Rutherford's exciting 
moments *. 

The non-electrical forces between sub-atomic particles 
are profoundly puzzlmg. Some are immensely powerful; 
some, acting in the same sub-atomic microcosm, relatively 
feeble. There are mathematical theories about them, 
which while far from comprehensive are in some respects 
of great power, as was witnessed long ago by Yukawa’s 
feat in predicting one of the meson-type particles before 
it was ever observed. Here again we move in 4 strange 
world of mathematical ebetraotion. 

The world of chemistry, many orders of magnitude 
larger, in which the drama, not of the weird sub-atomic 
entities but of the more homely, entire atoms and 
molecules, is enacted 18 in most respects & more comfort- 
able one of those who like relatively concrete images of 
reality. Much is now understood, though plenty, both for 
enlightenment and for profit, ramams to be discovered 
about the nature of metals, minerals, dyes, drugs, natural 
products of all kinds and artificial polymers, in respect 
of their structure, their transformations and their pro- 
perties. . 

One of the greatest concentrations of reoent effort has 
been on the physics and chemistry of living matter. There 
is now an essential understanding of the complex molecular 
patterns which, repeating themselves in endless permuta- 


* In passing, I 


& remark that one sometmes wonders whether 'mani- 
featatlons’ would appropriate ‘partok’. 


be & more word than 
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tions, can store information in the sequence of their unite 
and in this way oonstitate a genetic code. A particular 
kind of chemical fitting together of complementary mole- 
cular structures is seen to play a major part 1n the replica- 
tion of these codes during the multiplication of cells and 
the handing on of life. Al this is & triumph of structural 
chemistry and of X-ray analysis. : 

It would be fallacious, however, to suppose that the 
major code-bearmg molecules, the nucleic acids, can sa & 
matter of pure structural chemistry replicate themselves 
in isolation. They do so only in the integrated organiza- 
tion of & living cell. The manner of this organization and 
the way in which it determines the characteristics of life 
are gradually bemg pieced together. 

From the organization of the cell and the specialized 
structure of ite surface the next step is to ask how cells 
can group themselves to form tissues and organisms. 
How the morphology of organisms is establiahed and. 
maintained is also a matter of chemistry and physios 
which is gradually yielding to patient search and thought. 
Great advances have been made in understanding the 
workmg of the nervous system, and we have a rough idea 
how that most subtle and elaborate of all computers, the 
human brain, performs ite functions. The conceptions of 
molecular codes and the chemical storage of information 
which have arisen from work on reproduction have 
stimulated fascinating speculations about the mechanism 
of memory and even about the ancient mystery of dreams. 

But what remains utterly incomprehensible is how and 
why the brain becomes the vehicle of consciousness. 
Great heat has sometimes bean generated by debates about 
whether scientists will ever, aa it has been crudely ex- 
pressed, be able to make life in a teev-tube. The heat at 
least is wasted. It need change little in our conception of 
things if they did. Suppose that in the course of centuries 
the transcendent technical difficulties are overcome, and 
that the appropriate enzymes, synthetic nucleic acids 
and Bo on are assembled together cunningly enough and 
that &oellis constituted. Suppose even that two suitable 
cells are made and unite and, in an appropriately con- 
trolled environment, develop into aman. The inscrutable 
mystery of the relation between this piece of chemistry 
and physics and the conscious mind remains precisely 
the same as if the cells were formed by tho biochemical 
proceages of human bodies. Some philosophers have 
wanted to talk away the mind-matter problem as 8 mere 
verbal confusion. I suspect that at bottom they simply 
attach no importance to the scientific description of things 
and are therefore indifferent to any divorce between ıt 
and the language which describes the world of conscious 
experience. If so, they are of course entitled to remam 
indifferent; but men of science presumably do not. 

At all the boundaries of science we come up against 
what are probably tbe inherent limitations of human 
understanding. At the edge of biology we meet the 
chaam between what science describes and what the mind 
experiences. In the physical sciences, too, we ‘enoounter 
insoluble contradictions if we try to contemplate the 
limits of space, or the beginning of time. Why, moreover, 
should numerical and geometrical laws govern the trans- 
formations of the transient entities of the sub-atomic 
world? If there is continuous creation in tbe ooamos, 
what can we really mean by this process? If reality is 
desoribable by a four-dimensional space-time oontiuum 
why does the time dimension present itself differently 
to our consciousness? If some universe of anti-matter, 
where our protons and electrons are replaced by their 
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electrical opposites, were to drift into ours & nearly 
inconceivable thing would happen. The two universes 
wodld annihilate one another and leave not a wreck 
behind. If Shakespeare has helped us to feel this 
event emotionally, the transformation of the whole 
world into energy is something which tho intellect can 
grasp only m the form of & mathematical equation and, 
like that of so many other ultimate things, ite eesence 
seems to pase outside the framework of our comprehension. 

There are, no doubt, some who on the basis of reflexions 
like this would depreciate the whole of science. But are 
they themselves sure that their own systems do not also 
contain ultimate incomprehensibilities and even inner 
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contradictions and that we are not all equal m the finitude 
of our vision ? 

If men of science are at all as I attempted to depict 
them eerlier in this address, they are not perturbed by the 
limitation of their possible understanding. There seams 
at any rate to be no foreseeable terminus to their own 
adventure. If the canvas on which they represent the 
world is bounded it still has plenty of room on it to paint 
magnificent pictures which inspire the enquirmg mind, 
delight those who have the sense of wonder, and, if the 
natural perversity of man does not frustrate the effort, 
show the way to benefit humanity for many centuries to 
come. 


SUMMARIES OF ADDRESSES OF PRESIDENTS 
OF SECTIONS* 


PHYSICS OF RAINDROPS AND HAILSTONES 


N his presidential addreas to Section A (Physica and 

Mathematics), Prof. B. J. Mason outlines recent 
advances in the physics of rain and hail formation and 
demonstrates same of the experimental techniques used 
at the Imperial College of Science and Technology for 
investigating these processes. 

Growth of raindrops. Raindrops are formed either by 
the melting of snowflakes and hailstones, or by aloud 
droplets of differing sizes and fall-speeds colliding and 
coalescing to form larger drops. In the latter case the 

rate of a drop depends on its collision cross-section 
or gmaller drops and whether, following collision, the 
drops coalesce or bounce apart. Theoretically this problem 
is difficult and, though some progreses has been made with 
the help of large computers, definitive answers are sought 
in the laboratory. 

Experimental work has recently been greatly facilitated 
by the invention of a vibrating-needle device capable of 
producing droplets of very uniform and controllable size. 
Collection efficiencies have been measured for drops of 
radius 20-60, colliding with droplets of radius 1-12u, 
and acoord well with theory. An important fact, predicted 
by theory and confirmed by i t, is that drops of 
radius <18, fail to collect droplets of any smaller size. 
These experiments, supported by high-speed photography 
of colliding droplets, show that oollisions produced by 
differences in terminal velocity are almost always followed 
by coalescence, and separation is rare. However, similar 
droplets impacting at relative velocities of metres/sec 
rather than cm/sec oscillate violently after coalescence 
and break up again. 

Collisions may ocour between equal-size drops falling at 
near-terminal velocity if one enters the wake of the other. 
Photographs of such events show that collisions occur only 
if the drop radius exceeds 85u and the Reynolds number 
Gxncedá unity: "When two dropa oolide, tha barricr fo 
coalescence is presented by the air film trapped between 
the drop surfaces, and this has to be expelled by the action 
of dynamical, gravitational, or electrical forces working 
against the viscous resistance of the air. The basic physics 
has been investigated by studying the impaction, bounc- 
ing and coalescence of small water drops at & plane 


* At Sir Peter Medawar's an abstract of his presidental address to 
feoction. D ) is fn this issue of Natmre. It ts hoped, 
However, to UE tte full nM in this ismo 


air—water interface. Whether the drops bounce or coalesce 
depends on their sire, impaot velocity and angle of 
incidence, and drops striking the surface normally behave 
quite differently from thoee which strike nearly tangen- 
tially. Deformation of the droplet surface on impact 
assists in the draining and rupture of the air film and 
raises the probability of coalescence. Drops series a 
net electric charge and drops polarized in an appli 
electric fleld coalesce with the water surface more readily 
than uncharged drops of the same size and impact velocity. 
izing, then, we now have fairly reliable data on 
collision efficiencies for water drops in air, with experiment 
and theory in reasonable accord, and evidence that 
gravitationally induced collisions are followed by coal- 
escence. Applying these data to the growth of raindrops 
in model clouds with simplified patterns of the air motion, 
wo find that raindrops may form by coalescence in summer 
cumulus clouds provided that they are sustained by 
upoeurrenie of at least 1 m/sec, attain depths of at least 
1 km, and persist for at least 1 h. The extent to which 
these conditions may be relaxed by the action of electric 
fields and turbulence in the cloud is not yet certain, but it 
seems that these effects aro unlikely to be very important. 

Structure and growth of hailstones.  Hailstorma occur 
most frequently in the continental interiors of middle 
latitudes where they cause extensive damage to crops, 
buildings and livestock, and t & serious hazard to 
aircraft. Hail damage in the United States is estimated at 
100 million dollars per annum. 

Hailstones vary widely in shape: spherical, ellipsoidal, 
conical, discoidal and irregular forms sometimes occur 
in one storm. The surfaces of the stones may be smoothly 
curved, scalloped, or irregular with protuberances and 
spikes. In size they range from currants to grapefruit. 
The stone ever reported, from Nebraska, was 
5-4 in. in diameter and weighed 1-5 Ib. 

A hailstone may originate either on an ice crystal or & 
frozen raindrop and grow by the accretion and freezing of 
supercooled cloud droplets. The structure and mode of 
growth have been investigated by studying natural stones 
and by growing artificial stones in the laboratory. The 
internal structure is studied by viewing 0-5-mm slices 
under the microscope in both trangmitted and polarized 
light.. The crystalline structure, as revealed by the size, 
shape, spacing and orientation of the component crystals, 
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is determmed by many factors, such as the number con- 

centration, size and impact velocity of the supercooled 

droplets, the temperatures of the air and hailstone surface, 
the detailed mechanisms of freezing. 

If the surface temperature of the ice pellet is well 
below 0° O, the impacting droplets freeze individually to 
produce & rimed structure of low density and composed of 
many small crystals. During rapid freezing at these low 
temperatures, numerous tiny air bubbles are released, 
remain trapped in the ice, and scatter light to give the ice 
an opaque, white appearance. On the other hand, if the 
transfer of heat between the pellet and the environment is 
just sufficient to allow all the deposited water to freeze and 
maintain the surface tamperature at 0° O, freexing proceeds 
slowly, the droplets have time to spread over the surface 
before freezing and then produce a compact, glaze ice of 
high density, composed of rather large crystals with few 
air bubbles, which is transparent. 

If the hailstone grows larger than about 1 om in 
diameter, it is likely to collect supercooled water at such 
a rate that it cannot all freeze immediately because the 
latent heat of fusion cannot be conducted sufficiently 
rapidly to the air. Only a fraction of the water freezes to 
produce a skeletal framework of ice that retains the 
remainder of the unfrozen water, the whole mixture bemg 
at 0°C. The hailstone now builds up a coating of wet, 
spongy ice which is often transparent, but sometimes 
contains small air bubbles which give it a milky appearance. 
The airflow past such a large falling at, perhaps, 
30 m/seo may deform the spongy ice and produce an 
ellipsoidal or diseoidal shape. Large stones are often 

of several alternate layers of opaque and clear 
ioo which reflect changes of crystal size and air-bubble 
content of the ice, these being induced by variations of 
temperature and water content inside the cloud. 

But why are giant hailstones so rare, and how is their 
manufacture in the cloud controlled? ‘Large stones of 
5 om diameter have terminal velocities of about 30 m/sec 
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and any theory of their production requires that the cloud 
shall be many kilometres deep and contain updraughts of 
comparable magnitude to keep the stones suspended for 
growth periods of about 20 min. But, because a strong, 
steady updraught will carry & nascent hailstone through 
the supercooled region of the cloud before it can attain a 
large mxe, it seems necessary to allow ib to re-enter this 
rone and continue ita growth on a second journey. It has 
been suggested that if the updraught were intermittent, 
the hailstone might repeatedly fall from a high level and 
then be carried up again, but there is no evidence that the 
strong updraughta are intermittent. 

However, these diffloulties largely disappear when wo 
recognize that, because in middle latatudes the horizontal 
wind usually ioreasee with height, the updraught is not 
usually upright but strongly tilted. Particles which 
achieve insufficient size on their first journey in the up- 
draught may be thrown out of it as they reach the tops of 
their trajectories, fall down outside it, and re-enter the up- 
draught at a lower level. If the updraught speed moreases 
with increasing height, then a small proportion of the 
re-entermg particles having just the right size may be 
Iifted slowly by the t, growing at such a rate that 
the increase in their fall-speed closely matches the increas- 
ing speed of the.updraught, and acquire a fall-speed equal 
to that of the updraught where it is strongest. Finally, 
they will fall down through the updraught again and reach 
the ground as very large hailstones. 

In other words, the storm acts as a sorting machine, 
winnowing out most of the stonee and selecting only & few 
for growth to the largest sizes. 

Although our understanding of the hail problem has 
greatly increased in recant years, we still have & great 
deal to learn about the organization and development of 
these damaging storms, in which the strong interactions 
between the dynamics of the air motion and the mioro- 
physical processes of droploet-freezing and ioe-partiole 
growth are of peculiar complexity. 


THE CHANGING FACE OF ORGANIC CHEMISTRY 


jio Chemistry" is the 
subject of Prof. D. Hey's presidential 
addreas to Section B (Chemistry). Organio aser is 
to-day passing through a period of change grester in 
aopa and more fundamental in character than ever 
ore. This is largely, but not wholly, due to the rapid 
advances which have been made in the development of 
physical techniques. Side-by-side with these advances 
must be placed what has been described as a “veritable 
hurricane of new theoretical concepts”. Foremost among 
the physical techniques must be mentioned the various 
branches of troscopy, mass spectrometry, and X-rey 
crystallography. The full exploitation of theee develop- 
ments has not only accelerated the process of structure 
determination but it has also to a large extent taken away 
from the organic chemist much of the interest and signifi- 
cance of the part which he has traditionally played in the 
analytical degradation and synthesis of a complex natural 
product. j 
If the total synthesis of a complex natural product has 
no longer an eeeential part to play in the elucidation of 
& molecular structure, there is nevertheless still wide 
scope for the study of reactions and transformations, 
which reveal much more than merely the relative positions 
of the atoms in a molecule. The changing pattern in 
organio synthesis is illustrated by a comparison between 
the synthesis of equilenin by Bachmann, Cole and Wilds 
in 1939 with the achievements of Cole, Johnson, Robins 
and Walker (1958), Velluz and his colleagues (1960), 
and Crispin and Whitehurst (1963), in the more difficult 


TI Changing Face of 


synthems of oestrone in which stereochemical control 
plays & dominant part. 

Recent developments in X-ray crystallography have 
made an enormous impact on organic chemistry. The 
year 1955, when Dorothy Hodgkin announced her oon- 
tribution to the elucidation of the structure of vitamin 
B,, marked the beginning of a new epoch in the relation- 
ship between the organico chemist and the orystallographer, 
the consequences of which have yet to be fully i 
More recent work on the antibiotic cephalosporm C is 
cited as an example of the organic chemist and the orystal- 
lographer working as complementary partners. 

Another characteristic feature of contemporary organic 
chemistry is the wider recognition of the participation of 
relatively unstable intermediates, such as the carbenes, 
nitrenes, benrynes and free radicals, in many organic 
reactions. Reactions of organic-free radicals are now 
widely recognized and examples are cited which show 
their relevance to a broad range of topics. These include 
the production of phenol and acetone from cumene, the 
reaction between acetic acid and ethylene to give butyric 
acid, the exploitation of fluorocarbon chemistry, the 
manufacture of nylon-7, and the mode of action of the 
new herbicides diquat and paraquat. 

Recent advances in the scope, control and ingenuity 
of synthetic processes are well illustrated by the prepara- 
tion for the first time of such structures as those of Dewar 
and Ladenburg for benzene, first put forward almost 
& hundred years ago but long since rejected. Even more 
remarkable are the syntheses of the hydrocarbons cubene 
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and congressane and of the interlocking ring structures 
known as the catenanes. 

The power now placed in the hands of the organic 
chemist is the pattern on which for so long he 
has worked, but in doing so new and exciting possibilities 
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are opened up. The new organio chemist has been aptly 
described as ‘one who is versed in all the disciplines of 
chemistry from chemical physics to chemical biology and 
who may be called an organic chemist solely because he 
happens to work on the chemistry of carbon compounds". 


ROLE OF THE FIELD GEOLOGIST 


WW is teranded by Dr .J. V. Hardioi HR caesi: 
ential address to ion C (Geology) that during the 
time of the French Revolution and also the Napoleonic 
Wars geology was evolving rapidly as fleld-work became 
popular and furnished abundant facta. Search for valuable 
minerals to keep established trades in existence had been 

going on for many centuries and had made rocks and 
ores familiar objects in some societies with special mtereste. 
Later, bedded rocks came to be recognized as baving 
‘ages’. In most the lower bed was the older 
and the higher one the younger. It was not until a century 
later that it was realized that ages of rocks could be given 
in terms of years. Fossils were discovered in many 
formations and their olasaifloation undertaken. Their 
distribution was found to be compatible with an age 


concept. 
Superposition of strata and their fossil sequences were, 


quse eo ee for recording his observa- 
y colouring and annotating EIN maps 
to oe the distribution and structure o 
This led him, after years of oarefal feld work, to produce 
and publish in 1815 & geological Govern- 
men geological maps o eruat and Dad 
soon followed as well as those of certain countries overseas, 
for example France. At about the same time, groupe of 


helped to establish the series of ‘systems’ familiar to all 
| Slit paal ists. Rooks of all ages, from the oldest 
brian to youngest Pleistocene, were included 

in an acceptable working plan, a warld-wide classification. 
Geologists were thus able to compare observations made 
in all parte of the world. Whatever the quest, the geolo- 
gist’s instructions were much the same: observe, record 
and interpret. Hach expedition required a map. The 
course of geological mapping in Britam was determined 


by the availability of topographical maps published by 
the Ordnance Survey from 1801 onwards. These provided 
splendid base maps for the geologist; but in most 
of the world such base mape were not available. en 
nowadays much of the time spent in geological exploration 
has to be devoted to the production of a base map. 
Sometimes this is done by using very approximate 
methods, as in Central America and Borneo, apd some- 
times by more accurate ones, such as in Persia 
and Peru, to fit with the requirements of the time-table, 
but nowadays vertical photographs taken from high- 
flying aeroplanes help to establish accurate base maps. 
has shown that the value of a geological 
depends largely on the clearness of the exposures. 
the maps made in countries where B are 
good are easy to i , and where they are not, help 
has to be from physical and chemical techniqu es— 
this has only possible since the end of the twenties 
when many useful techniques were refined. Gravity maps, 
seismic data, electric logs and oonoentr&tions of selected 
cleeots may tiolp mio aber ore eae ou 
If such geophysical and geochemical help is forth 
coming, why, it may be asked, should geologists be 
retained? The answer lies in the fact that each of these 
methods yields evidence about only one feature of the 
structure beneath. Their value depends largely on the 
[ng absens: of the immediate results; the geologist 
tramed by seeing and examining many rock 
structures. Someone must have knowledge of the rocks 
as they are, that is, as they are exposed on the surface 
of the Earth. In each generation they must be studied, 
and each student must start with something of the heritage 
handed down; by this means the new geologist can set out 
with freshly tutored eyes expecting to see something which 
has previously been overlooked and which may be a key 
to future revelations. Through discussion and contact 
with his colleagues in the fleld, the geologist oen tackle 
the problems of present geology with enthusiasm yet 
retain a good sense of proportion. The field geologist 
is as easential to-day as he was when fleld geology first 
became fashionable 150 years ago. 


THE CITY REGION 


hundred years ago, the British Association, then 
meeting in Birmingham, concerned itself with the 
problem of the growth of the industrial town, drawing 
illustrations from the social conditions which were accom- 
panying the industrialzation of the South Staffordshire 
coalfield. To-day the problems of urban growth are on a 
regional, rather than & local, scale and, despite the pro- 
grese made in town and country p and in ‘environ- 
mental control’, they present problems of at least equal 
difficulty ty and challenge. One of the most difficult of these 
is the problem of the ‘city region’, and it is pertinent that 
Prof. M. J. Wise should choose this as the subject of his 
presidential address to Section E ( ). 
While much work has been achieved, or is in progress, 
the soale of the research effort is not yet adequate. In 


Britain greatest attention has been focused on the city 
region of London. A. G. Powell’s paper to Section E in 
1960, and other studies of this and other city regions, 
have demonstrated the principal features of the changing 
urban form. These include the growth in scale of the 
operations of the city and the increasing intensity of their 
influence over an area of regional scale. The outward 
movement of population from the inner areas, the result 
of both planned and independent removals, has assisted 


increasing economic activity in the central areas of the 
city and in some other parts of the inner area, coupled 
idi d i c is linked 


1064 


with a further growth of long-distance journeys to work. 
Changes in the relationships between existing and new 
service centres are noted, and increasing specialization of 
area within the city region is seen to be an emerging 
trend. Individual localities within the region change their 
functions and their forms. Relationships between towns 
and oountrysides within the region become closer and 
provide new problems. 

Similar, if not identical, trends are to be seen in many 
lands and insufficient attention has been directed in 
Britain to the poasibilities of comparative city region 
study. The growth of city regions is a phenomenon of 
almost world-wide distribution. ite understandable 
differences, there are striking lances in the city 
region problam in countries of diverse character, for 
example, in Japan, Hong Kong, the U.S.S.R., Australia, 
India, es well as in Western Europe and in the United 
States. Comparative studies may throw new light on the 
forces promoting growth of the city region; on the pro- 
cesses of ; on the resulta of actions taken to 
contain rates of growth and to modify the newly emerg- 
ing urban forms; on the relations between transport 
changes and urban growth; and on the new relationships 
between the city region and the national economies 
and between the constituent parts of the city region 
itself. 

All these topics merit more attention from geographers. 
The exoellenoe of past achievements in, for example, 
central place problems, town—country relationships and 
urban morphology should enoourage the extension of 
research work into the problems of identifying the forces 
and processes of change. The detailed characteristics of 
individual city regions need to be established and oom- 
pared. While there are recent les of enoo i 
work, some major contributions are handicapped by 
of resources. There is a strong need for more inter- 
disciplinary work both among social scientists and 
between them and architecta, planners and engineers. 
The case for the formation of & national institute for 
urban research is a strong one. 

While the concept of the city region has gained wide- 
spread nee pines recently, it is not in itself new, perhaps 
at least a century old. While many British geo- 
graphers have contributed to ita development, the work 
of R. E. Dickinson is particularly noted. Further reflne- 


IS INFLATION 


R the purpose of his presidential addreas to Section 

F (Keonomics), Prof. E. V. Morgan defines ‘inflation’ 
as, “a situation in which either the national money 
income is growing faster than the national real income or 
there is a growing backlog of unfilled orders". 

In many sectors of modern industry, neither prices nor 
wages adjust themselves to changes in supply and demand 
mur and in a manner which will clear the market. 

e study of inflation, therefore, requires & theory which 
will explain how prioes and wages are actually fixed. 

Economista have sought to lain the movement of 
wages in terms of the demand for labour, the coat of 
living, the rate of profit, productivity, the 'pushfulneae' 
of Trade Unions and considerations of ‘fairness’ as between 
different industries and ong. À review of work in 
this field suggests that: (1) The demand for labour is an 
important influence, though it is eomewhat leas i t 
than it used to be, and it may now operate largely 
employers’ expectations of how far they can pass on 
higher costa in higher prices. (2) Recent changes in the 
cost of living are a very im t influence on present 
wage negotiations. (8) The growth of productivity is lees 
important than considerations of fairness, so that indus- 
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ment of the concept is needed. However, town and 
country planners should not expect to find ready-made 
solutions to such problems as the practical boundaries of 
appropriate planning regions emerging from academic 
work. Too little attention has yet been directed to the 
measurement of changes in the region. The concept is 
not a static one, as is sometimes assumed. City regions 
are in the course of continuous change and adaptation. 
New tools for analysis are required. 

- A dynamic view of the city region is especially necessary 
when planning policies are being devised. For example, 
new fis seg appear to be needed of the roles of 
oen iness districte. The problem of devising clear 
but adaptable regional land-use plans is especially difficult. 
The fact of city region growth must be accepted and 
plans laid to maximise its advantages and leasen its 
disadvantages. There are encouraging signa of new 
work in land classification which may draw back interest 
to the problem of agriculture in the city region. Some 
changes in the countryside are inevitable: + studies 
are needed if they are not to be disastrous. problem 
of changes in transport facilities in their effects on regional 
land-use patterns is especially evident and pointe again 
to the need for more effective links between economic 


planning and physical more ME 
Linked trends in planning t, related to the use 
of 'growth po ‘counter-magnets’, 
les’, are of relevance to the problem of the city region. 
what circumstances can positive planning for such 


The new forms of city growth override existing local 
government arrangements. How far does the regional 
nature of city growth provide possibilities for the creation 
of new forms of government and administration ? 

The scale of the city region problem ia immense. 
While it presents vital problems for immediate decision, 
the long-term implications demand the establishment of 
research effort on a much larger scale than oan at p t 
be attempted. To this end both universities and p i 
authorities should contribute. Oountries in many parta 
of the world look to Britain for guidance in the theory 
and practice of urban growth. There is a special task 
for geographers. 


INEVITABLE ? 


tries with widely differing rates of productivity growth 
often have much the game increase in wages. (4) There is 
little evidence of a close connexion between the growth 
of wages and that of profits in Britain, though this con- 
nexion appears to be much stronger in the United States. 
(5) The relative ‘toughness’ in ining of employers 
and Unions has some independent influence, though it is 
largely a reflexion of Unions’ fear of unemployment and 
employers’ expectation of being able to pass on increases 
in costs. 

Studies of methods of price-fixing are inconclusive, but 
it is that many prices are fixed at a level below 
that which would maximize short-run profits; that they 
are changed at fairly infrequent intervals; that they tend 
to reflect changes in cost; and that they are not very 
sensitive to changes in demand unless these are large. 

Prof. Morgan examines the genesis of inflation when 
some prices are adjusted so as to clear the market, but 
some prices and most wages 
here. It is concluded that: (1) Neither rising import prices 
nor rising profit margins can create a self-sustaining infla- 
tio tendency, but rising wages may do so, unless 

ed, at the risk of creatmg unemployment, by 


are fixed in the way described | 


A. 


BY 
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monetary or fiscal measures. (2) The changes in supply 

and demand that are part of a economy may 

impart an upward bias to the price-level. (3) Differences 

in the rate of growth of productivity between industries 
also impart an upward bias. 

"TV welll Bo iposib to escape these tendencies while 
there is excess demand for goods or for labour, and the 
rre Ei n stebility and of long-run growth would 

by running the economy a little less near to 
ihe ábeolute init of oapastty thao i hs bean ta recent 
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years. Other necessary conditions for the avoidance of 
inflation are the breaking down of expectations that 
higher wages costs can be automatically paseed on in 
higher prices; and the use of a greater part of the gains 
from increased productivity to reduce prices rather than 
to raise wages or profite. Discussions between Govern- 
ment, employers’ organizations and Unions can help in 
establishing these conditions, though it is necessary to 
guard against dangers of inflexibility which may be 
implied in an incomes policy. 


MAN'S USE OF NATURAL RESOURCES - 


F. E. M. JOPE, in his presidential address to 

Section H (Anthropology), pointe out that some 
natural resources have, in human hands, held hi 
poetei in shaping (or hindering) cultural development. 
tis man’s awareness of his just place in a finely balanced 
ecology at both subsistence and cultural levels whioh 
leads to civilized fulfilment. 

Some stages seem to have been particularly crucial in 
rising humanism. There is the long upsurge of controlled 
food-produotion through Asia into Europe and in the 
New World; there is the rise of metallurgy, particularly 
of steel, and the rise of power-technology in 
the West from the Middle Ages onwards; and there is the 
moreasing command over materials which has led to the 
creative molecular architecture of specifically designed 
synthetic substances. 

The evolution of effective food-production was a 
long-protraoted process, first in western Asia from about 
9000 to 5000 n.0., there and in south-east Europe adapted 
to & particular range of terrains. We should not too 
reedily aseume that this pattern of farming was implanted 
ready-formed into the very different conditions of tem- 

perate Europe, to yield the viable food-producing way of 
life found extending across European temperate forests 
from the west Balkans to the North Sea coastlands 
during the fifth millennium B.o. 

Early domestication of plante is perhaps a little better 
understood than that of animals which, in the initial 
stages, must be seen largely through the archaeological 
contexts of faunal remains differing little, if at all, from 
the wild. Biological data can, however, be most revealing 
of lines of ancestry in domestic stocks, particularly in the 
ancestral relations to be traced in their multiple protein 
systems, or even in polysaccharides. Such molecular 
genetica is of great potential, especially if it could be 
extended to the insoluble proteins such as keratins or 
those of bone structure, a residuum of which survives 
intact in ancient bone; it might also be applied to soft 
tissues preserved by special conditions, as with the Altai 
horses. With these insoluble proteins, two-dimensional 
mapping of the constituent peptides (‘finger-printing’) 
is probably necessary. 


The use of traction animals, and henoe of wheeled - 


transport, ure Den OTO acu pre er 
and properly designed essing of their effort is vital. 
Here the , 88 in many other matters, initiated 
crucial advances long before they appeared in the West, 
as with the padded horse-collar, or effective harnessing 


of wind-power in sailing ships controlled through the 
stern-post rudder. But it was only through the social 
urge of the medieval West that these germs were 
exploited to lead into modern power technology. That 
England, even in later Saxon times, was well to the 
forefront of these medieval advances is well shown by 
recent large-scale excavations, as of the tenth-oentury 
water-mill system at Old Windsor. 

Two inventions, the fire-piston and the crank, again 
initiated early in the Far , were not exploited in 
combination as a source of powered continuous rotary 
motion until the Western developments of steam 
engines in the nineteenth century and the internal- 
combustion engines of the twentieth century. In these, 
especially the former, Britain again led the field. Demand 
on her excellent coal resources increased all this (the 

ce of industrial archaeology), yielding & 
large pes d a industry from ite by- produot outfall. 

The archaeology and social anthropology of food and 
power resources are of the greatest importance in planning 
the viable use of the Earth, and the avoidance of man- 
made desolation, again as much at the level of cultural 
satisfaction as of subsistence. 

Unlike the more dynamic resources, statio resources 
are restricted and not continually regenerated from solar 
energy or as part of a natural biological cycle. But by 
expanding the use of varied materials into a profusion of 
man-made and man-designed substances, man has 
deployed the resources of Nature into an advantageous 
ecological pattern. Most important of all was the rise 
of alloy metallurgy, the interim stage of bronzes, then 
the carbon- and, fram the nineteenth century, the alloy- 
steels. The refined use of materials and of the subtle 
nuances of their texture for artistic expression must not 
be overlooked. The ultimate elegance is seen in our full 
understanding of structure in relation to behaviour in 
even the most complex molecules of Nature, and the 
recent development of artificial substances designed with 
increasing precision for specific purposes (molecular 
architecture or molecular structural engineering) is one 
of man’s greatest ecological achievements, for he has 
thereby created renewable cycles from the simplest of 
raw materials, the atoms themselves. The implications 
of extending this molecular architecture to full genetic 
control are serious and must not be ignored. It 
remains to be seen how these and the further extension 
into nuclear architecture can influence the nature of 
human society. 


THE ENERGETICS OF RUNNING 


RTY years ago the iia iu ect of Prof. A. V. Hill’s 
presidential addreas to Section I (Physiology and 
ces iet Rag “The Ph iological Basis of Athletic 
Records”, and Mr. B. B. Lloyd reverta to Hill's theme in his 


presidential address this year, applying Hill’s arguments 
and ideas to present-day records in the light of modern 
views on energy stores and supply rates and on the relation 
between the power output of a runner and his velocity. 
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As Hill pointed out, the energetic economics of running 
depend on two fundamental relations. First, the total 
energy, E, available to a runner in a time è is a store of 
energy, S, added to the product, Bt, of a rate of energy 
supply, E, and the time. Secondly, according to the most 


given distance y is proportional to 
the distance, independently of tiie velocity: that is, By, 
where B is about 65 calories per metre. Thus the total 
energy used in & race ing ¢ seo will be By + At, where 
. A representa the non-running metabolism. Thus By + 
Atm S + Rt, Bo that y = S/B + {R — A)/B; that is, 
distance run is a linear function of time taken. 

This is well borne out by plotting distance against 
time for the world running records, ranging from 50 yards 
to 600 miles, which give six distinct straight lines. The 
firat covers the sprints up to 20 seo, but it is a straight line 
only in so far as the effects of acceleration and the increase 
in oxygen debt with time cancel each other out. The 
second line runs between the half-mile and the mile, 
the energy store S being Hill's oxygen debt, and the rate 
R determined by the maximum oxygen usege of 
which the runner is capable, which itself depends largely 
on Ane bg ams ut. If the energy store corresponding 

debt runs down , there must 

Np eed ion between time and the logarithm of the 
vertical distance on the time-distance plot between the 
ints for the ts and the extension of the second line 
e tue he 000 Es 1000 Eee DAI RU. 
This is indeed found to be so, the half-life of the energy 
store being about 18 sec; this means that all the records 
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from the sprints to the mile can be regarded as governed 

by & single exponentially declining store, of about 11 

he ee rate of oxygen consumption, of about 
, yielding some 25 Oal/min. 

e third line runs from the mile to 10,000 m (28 min), 


Bhowinz aalightly lanier score ada rate ceduacd Dy d few $ 


per cent. The fourth line runs from 10,000 m to the 
marathon (2 h 12 min), a range over which not oxygen 
usage but fuel supply appears to be limiting. The fifth 
line applies to distances greater than the marathon up to 
more a hundred miles. Most of the fuel used must 
come fram outside the muscles, and the slope of the line 
is about half that of the second line. Finally, the sixth 
line covers intermittent running, at an approximate rate 
of 100 miles a day. The energy expenditure is about 10,000 
Cal a day, twice that of the most energetic lumberjack. 

Parea ae ee ee 
past fifty years. There seams to have been a 
Due anu dM 
though not in the oxygen debt, and on present trends 
Renee ds ntu S dani aa RO eee die 
ee e M IU NN. 
leas improvement, distances beyond 10 m nese 
tionately more. 

The scantier records of women runners fit the fo ing 
analysis well. Women have shown a bigger rate of im- 
provement with time than men. They also seem to be 
able to use up their oxygen-debt store of energy faster, 
so that it is possible that one day the momentary maximum 
speed of the champion woman sprinter will exceed that of 
her male contemporary. 


THE HEYWORTH REPORT, PSYCHOLOGY AND 
THE SOCIAL SCIENCES 


r view of the recent publication of the Report of the 
Committes on Sootal Studies (H.M.8.0., Cmnd. 2660), it 

t that Prof. George Westby in his presidential address 
io ion J (Psychology) has chosen to treat, as a contribu- 
tion to the inter-section discussion which has been planned 
for the Cambridge Meeting, some of the problems of 
peychology and the social sciences affected by rta argument 
and recommendations. 

The Committee on Social Studies, under the chairman- 
ship of Lord Heyworth, had terms of reference from the 
Ministry of Education and Science "'to review research at 
present being done in Government Univer- 
sities and other institutions and to advise whether changes 
are needed in the ts for supporting and oo- 
ordinating this research”. Prof. Westby ins by laying 
special Mel Bol on the important, but recently mis- 
represen: fact that even in those university depart- 
ments which have traditionally had close links with 
biological di psychologists have always bean 
aware that science had potentially high contribu- 
tions to make to society at large. Far from being tied to 
laboratory benches the ‘founding fathers’ of the subject in 
Britein undertook considerable obligations in the applied 
peychology of industry, education, health and other 
government services. 

It is suggested that attention should be directed to a 
radical recommendation which seems to be implicit in the 
Heyworth . This speaks of psychology depart- 
ments as having had their “main intereste” in the bio- 
ee Soe OL Mne PNI: The proposal seems to be 

» which has by some American 
ie ait peta in recent years out 
of close relati with the biological experimental 
aspoote of peyehology, should be considered either as a 
‘social science’ in some critical sense, from 
experimental ology and biology, or possibly (the 


Report is not clear) that psychology as a whole is ‘really’ 
& ‘social science’ and should be the special concern of the 
proposed Social Science Research Council. In any event, 
1t would appear that a rapid expansion of social psychology 
is proposed, marching along with the expansion proposed 
for the other social sciences. 

A number of arguments are adduced by Prof. Westby 
which suggest a pause for reconsidering such proposals. 
"The present shortage of scientific man-power in this field 
is acute and the first i i de ae Rater al 
finance, earmarked through the University Grants - 
mittee, for expansion at first-degree level. The increased 
output and improved d at this level which would 
occur 48 & Consequence wo then support the proposed, 
and necessary, ee ee ee 
and research studentships. An advance in applied re- 
search at the present stage which was too rapid would 
result in disappointment and disillusion for the many 
friends that the social sciences have gained in industry and 

t. ‘Furthermore, outstanding methodological 
and theoretical problems remain half-solved at the most; 
there is always a danger of distraction from these by the 
need (too often pressing in the applied fields) "to show 
something practical for the money '. There are signs, too, 
that the present atmosphere of ‘social science euphoria’ is 

university teaching standards; in psychology 
and sociology there Sal is dogmatiam. A 
rush of what can only be ‘social science fiction’ in 
the guise of sociology tempte even practical and informed 
administrators into premature policy judgments on the 
assumption that there is firm ‘scientific evidence’. 

In these circumstances it seems unwise to uproot 

or its off-shoot, social psychology, from the 
seed-bed of the natural sciences, either theoretically by 
denying any common methodology, or practically by 
making exclusive allies with the sciences of economics, 
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politics and sociology. This ia not to suggest that there 
can be a ‘pure’ psychology. Psychologists realize, like 
sociologists, that ‘man is a social animal’, but the bio- 
logical aspects of social problems become increasingly 
with advance in the biological sciences. 

Fe sy Toonane TP Gh cea n A PTO aa 

the degree-structures of some of the universities of tra- 
ditional pattern still offers the beet path of progress. 
Where psychology has memberahip of the three faculties of 
arta, science and social sciences, and has appropriate joint 
honours options in each, all the essential links of the 
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discipline, in:conformity with the prinorple of the ‘unity 
of knowledge’, will be safe ed. 

It is finally that the implementation of the 
1946 Olapham Report, though pe more cautious and 
sceptical than would meet the situation of to-day, 
put the stress of any expansion in the Mel eee 
proper staffing of disciplines which are fi 
ally time-consuming problems of applied saben ie in & 
period of exploeive interest in the social sciences among 
sixth formers and a Robbins expansion which will prob- 
ably, in these subjects, have been underestimated. 


PHYSICAL APPROACHES TO SOME 
BOTANICAL PROBLEMS 


go areae addreas to Section K (Botany), 
Prof. D. Preston considers the flne structure of 
plant oell walls as ene of the powers of physical 
OPa Ore problems. In common with 
other metabolic products, the polysaccharides of plant 
cell walls are the consequence of a chain of enxyme-con- 
trolled reactions specified by the appropriate DNA, and 
he takes the opportunity both of examining the bearing of 
wall structure on cell growth and shape and of tracing 
back some steps in wall biosynthesis as they appear to 
be demanded by wall structure, as part of the chain 
of events leading from DNA to the expression of plant 
form. 
The walls of almost all plant cells are based on a common 
lan involving, namely, an array of long thin rods (micro- 
rils) some 100 A-300 A in diameter and of indefinite 
embedded in a matrix. The rods are in part 
crystalline; so far as is known, they conaist in all higher 
plants of cellulose, a B-1,4-linked glucan, though in some 
lower plante, all seaweeds, they contain instead a B-1,3- 
linked xylan with distinotly different Noster structure 
and properties which are discussed. 


they are bonded together through other 

tise E E wie ee ecient kenrg 
tensions applied at right angles to microflbril direction. 
The (in this sense) anomalous condition of some other 
seaweeds, in which the crystallme component is B-1,4- 
linked mannan not organized into visible microfibrils, is 
not necessarily a departure from the common plan. 

The mechanical properties of an array of parallel micro- 
fibrils are, therefore, anisotropic; in particular, such an 
array, when subjected to stress, creeps much faster when 
the direction of strees lies at right angles to the micro- 
fibril direction than it does when streased parallel to this. 


Since plant ocells grow, at least in large part, through a 
yielding of the wall due to stresses invoked by turgor 
pressure, it follows that the rate of cell growth, and the 
direction of yielding of the wall and, therefore, the ulti- 
mate shape of the cell—and indirectly of the plant— 
should be a function of wall structure. Examples are 
given to show that, in those instances examined, these 
expectations are fulfilled. There is no doubt but that 
control of cell growth and cell shape is achieved in large 
part through wall structure. The control mechanism is, 
therefore, in principle on call from the first moment of 
deposition of the wall. 
The details of wall architecture vary widely over the 
plant Kingdom, bot it ip striking how many planta poem 
walls in which the constituent microfibrils of 
each lamella lie rather beautifully parallel to each other and 
in how many of these a single cell wall shows two or three 
different microfibril directions and no other. Detailed 
yHioal examination of these walls allows the main 
eatures of the microffbril-synthesizing and -orienting 
mechanism to be defined in principle. Each microfibril 
must be produced by end-synthesis through an enzyme 
complex which may be envisaged as particles larger in 
diameter than the microfibrils and attached to at least one 
end of each. These particles must be ordered at the 
surface of the cytoplasm, probably in cubic close packing. 
Buch arrays of particles have been seen in the electron 
micrographs of formalin-fixed material, but since then, and 
much more convincingly, in freeze-splintered material in 
Frey-Wyseling’s School at Zurich. It remains to be seen 
whether these can be identified with the particles shown 
by Hassid to build the glucose moiety of guanidine diphos- 
phate glucose into cellulose, and to assess the significance 
of the microtubules now known in many cells to lie near to 
the wall-syntheaizing cell surface. 


THE CHANGING AIMS OF FORESTRY 


R. O. W. SCOTT has chosen as the subject of his 

chairman’s address to Sub-Section K* (Forestry) 
“The Changing Aims of Forestry". The aims of forestry 
are to supply what is wanted from the forests, and as the 
demands change, so also must the aims. The trend of 
present demand is for woods of different type and size 
from those i in other centuries—or even recent 
decades. Growing wood is the primary function of forestry, 
though forests have other important functions. 

Great changes are in hand to meet the swift rise of buman 
populations and standards of living, and the rismg de- 
mands for wood on & great soale in the form of plywood, 
man-made boards, and pulp and paper. Other causes of 


change in forestry are new machmes and the cost and 
limited supplies of labour. Work and life in or near 
foresta are usually lesa atiractive to labour than on 
farms or in towns. 

The demand for wood in Hurope. In 1904 the United 
Nations published a valuable study in detail of the 
demand for wood in Europe, exclhidmg the U.S.S.R., 
during the period 1900-2000, and specially the period 
1950-75. During 1900-50 the growth of demand was 
modest; but during 1950-75 this demand is likely to 
double, with larger importa. By the year 2000 the gap 
between Europe'a annual growth of wood and her annual 
use may be 100-160 million m*, or some 3,500-5,000 
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million ft.?. a.D. 2000 is only See ea 
about half the time that it takes to a fair Boote 
saw-log m the north of Britem. magnitude 
raona cina of folare déménd mia De eompared 
with the initial needs of the new pulp and peper 
mill at Fort William, Sootland, which are for some 15 
million ft.* (true) per year. m fueris irri Mod 
present Boobtigh foresta (predominantly yUUnpt Sitka 

in that area) but also the present roads to supply y 10 
million ft.*. The balance must be imported. 

Sawn wood is losing ground to man-made panels of 
wood pulp and other materials, but the demand for sawn 
wood is still immense and likely to remain so if it is 
cheap enough. But the demand for wood-pulp is growing 
much faster. By 1975 half the total demand for wood in 
Europe is likely to be for pulp and panels, with obvious 
effects on sylviculture. 

The growing of wood in Hurope. There is a change of 
emphasis from slowly growing trees, like oak, to faster 
trees, such as poplar, eucalypte and conifers, and especially 
the faster conifers such as certain pines and Sitka spruce. 
Poplar gives four times the annual volume of wood per 
acre than does oak; and in Franoe a quarter of the total 
annual cut of broad-leaved trees ia now poplar. Prime 
oak has special value, but the day of oak coppice for fuel 
is over, or at least passing. The climatic, soil and water 
demands of various trees govern what oan be grown well 
nare DU Whey cod None today t s 
rightly tor the faster and cheaper production of what the 
markets want. 

How much wood Europe is to grow for itself and how 
much to import is a problem in land use and economics. 
So also is the matter of helping poorer countries by 
buying their surplus wood, if any, if only to help them 
buy European with which to help themselvee. 

In northern Europe the annual growth of wood a 
about 1-3 m?’ per hectare, with a tree-life or rotation of 
about 100 years. In the warmer south and south-west of 
Europe the faster species grow ab 15-20 m* per hectare 
per year, on suitable sites, with & rotation as low as 
twenty-five years, or lower for coppice. Slowly grown 
coniferous wood has special physical values, and both 
slow and fast wood are needed; but slowly grown trees 
alone cannot meet the future demand in Europe, and still 


^ 


TECHNOLOGY IN A 


T is commonly thought that the antithesis between 
‘liberal’ and ‘technioal’ education goes back to the 
ancient Greeks. This is at most only partially true, as 
J. O. Dancy points out in his presidential address to 
Section L (Education). The Greeks of the Golden Age 
the crafts along with the arte. It was Plato 
who invented the caste-system which set ideas above 
matter, theory above i t, pure above applied 
learning, and which lmked epistemological with social 
distinctions. 

Plato’s influence has distorted the British theory and 
practice of education. That influence has been exercised 
in part directly, but in part also through the great thinkers 
of the early nineteenth century, y Coleridge. 
Plato was one of the ancestors of the tic Revival, 
whose hatred of the Industrial Revolution and emphasis 
on literary values have for years dominated cur educe- 
tional thinking. Add these ideas to the traditional 
English social caste-structure, and you are in for trouble. 

In the hundred years ‘pure’ science has broken 
through barrier of socio-academic respectability, but 
technology has still to do go. Yet some aspects of tech- 
nology deserve a place as an integral part of a truly liberal 
education. No school would call its curriculum liberal 
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less so in Asia and Africa. Tho rising cost of forest labour 
and the need for mechanization with simplified and 
cheaper production favour even plantations of one 
species in each block, and blocks of considerable size. 


Monooulture is no more to be deplored in production — 


forestry than in agriculture, with proper soil maintenance 
and against pests. 

The defects of some natural forests. The late T. R. Peace 
warned the British Association i 1960 how wrong ib is 
to to worihip blindly the ‘“nataral forest” as a desirable aim. 

a acer repptei du lc 
meses rt very little timber beoeuse the 
E A das too hard and heavy, and often 
contain silica and extractives. The rain forests of South- 
east Asia and West Africa are at present much more 
valuable to man because they provide rts of moderate- 
or light-weight timbers. One reason for this difference 
may be that the Amazon has been leas disturbed; and 
human disturbance tends to bring in the lighter wooded 
trees, provided of course that the disturbance is not too 
severe. 

The wild rubber (Hevea) trade of the Amaxon flourished 
until about 1914 but was soon eclipsed by plantations 
of the game tree in South-east Asia. Even now the latter 
survive against synthetics only by cheap production, 
helped by abundant labour and tree breedmg which has 
raised the annual output per tree five-fold. 

The future. How much land and what land should bo 
used for farming, forestry, recreation and nature oon- 
servation is & problem in land-use in Britain aa elsewhere. 
Western Europe and America north of the Rio Grande 
are not typical of the world as a whole, in which many 
millions lack adequate food, fuel, housing and education. 
For the last of these four, paper seems likely to be wanted. 
on an immense soale. By the end of 1964 about 11 million 
acres of fast-growing tree plantations had been made in 
the poorer countries alone, with true teak 
(Tectona) and fast pines such as P. and, patula 
promment. Even if pulp and paper are eventually made 
on @ grand soele from materials other than wood, it is 
likely that cheap wood will long be wanted by the world 
88 & whole: but, aa the late W. E. Hiley used to emphasize, 
the coat of production is vital, and the consumer has the 

word 


LIBERAL EDUCATION 


unless it offered its pupils the creative experience of art 
and music. Bo all pupils should be given the opportunity 
of making things which work—the provided. 
in such places as Mr. Gerd BotaimerboT's Tedhiioal Ast: 
ivities Centre at Bevenoaks School, Kent. Such work is 
creative in three separable senses: it requires and de- 
velops the creative activity of mind, hand and eye; the 
activities of the scientist, the artist and the craftaman. 

Intellectually, technical project work can restore to 
science in schools the challenge, the excitement, the 
uncertainty, the open-endedneas which traditional school 
syllabuses and approaches (not excluding practical work) 
have gone so near to killing. Aesthetically, such work 
contains an element of design which is distinct on one hand 
from styling and on the other from efficiency, and is 
analogous to elegance in mathematios. Nor, thirdly, can 
we afford to scorn the skills of the craftaman: an activity 
in which hand and brain work together is a supremely 
human activity. 

Technology is indeed in many respecta a bridge between 
science and the humanities. It may even be that the 
psychological pean errs engineer is nearer to that of 
the artist than to of the scientist, and that the 
country’s shortfall of engineers should be made up from 
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the ranks not of our science sixth forms, but of our arta 
sixth forms. 

Over and above such theoretical considerations, the 
art of making things which work is one which gives great 
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satisfaction to the individual—a matter the importance 
of which increases pari passu with the increase of leisure— 
and which obviously stands to benefit society, both in the 
advanced and in the underdeveloped nations. 


ASPECTS OF SOIL, PLANT AND ANIMAL RELATIONSHIPS 


DX E eee ee aid 
about soil conditions in relation to both plant 
growth and animal health. In particular, it has been 
recognized that, in addition to the accepted majornutriente, 
trace amounts of & number of elements are essential to 
both plante and animals. It is this aspect of soil-plant— 
animal relationships which forms the main theme of Dr. 
A. B. Stewart's presidential address to Section M (Agri- 
culture). 

Because of variations in environmental and soil con- 
ditions as well as in crop and animal requirements, soil— 
plant—animal relationships are necessarily of considerable 
complexity. Unlike the plant, the animal may derive 
much of its food from sources unrelated to ita immediate 
environment. Direct relationships between soil oon- 
V ditions and animal health are in consequence more 
difficult to establish than are oo ing relationships 
between. soil conditions and plant growth. On the other 
hand, intensification of agriculture and restriction of live- 
stock to narrower ranges of soils has undoubtedly done 
much to direct attention to speciflo mineral deficiencies. 
Refmements in analytical procedures, the availability for 
experimental purposes of radioisotopes of most of the 
biologically important elementa, and developments in the 
fleld of enzymology have all contributed substantially to 
the striking advanoes which have been made in knowledge 
of the mineral, including traoe-elament, requirements of 
plante and animals. With continuing advanoes in these 
and allied fields of research, it ia probable that certain of 
the elements at present regarded as non-essential may be 
found to play vital parts in plant and animal nutrition. 

Following discussion of soil conditions im relation to 
plant growth, reference is made to the various macro- and 
micro-nutrient elements now known to be essential for 
either plant growth or animal health or both. These 
include carbon, hydrogen, oxygen, nitrogen, phosphorus, 


Potassium, calcium, magnesium, sulphur, sodium, iron, 
manganese, oo , zinc, boron, molybdenum, cobalt, 
selenium, chlorme, iodine, and possibly fluorme, bromine, 
berium and strontium. Others such as aluminium and 
silicon are beneficial to some planta under some oon- 
ditions, but the possible aiii ono in agriculture of 
many elements which are taken up advontitiously by 
plants is still uncertain. 

The principal factors determming the trace-element 
status of soils in Britam are soil parent material, dramage 
conditions and degree of acidity or alkalmity. The trace- 
element composition of plante depends, however, not only 
on soil conditions but also on such other factors as genus, 
species or strain of plant, environmental conditions during 
growth and, because of seasonal variations, the stage of 
maturity at which the plant is gathered or consumed. 
In many instances the moorporation mto fertilzers of an 
appropriate quantity of a particular elament may be a 
eomple means of remedying traceelement defloiency ın 
soil. It is of the greatest importance, howevor, to remember 
that with trace elements the range between deficiency and 
exoeas is & narrow one, and that unnecessary application 
of trace elements to a soil increases the risks of possible 
toxicity associated with the build-up of trace elemente in 
available form. Toxicity conditions associated with the 
natural occurrence in soils of excessive amounts of certain 
elemente such as nickel, leading to crop failure, and molyb- 
denum and selenium, affecting adversely the health of 
livestock, are not unoommon. In Britain, geological 
complexity and the transport of soil parent materials 
during periods of glaciation have led not only to regional 
but also fleld-to-field variations in soil contents of bio- 
logically i t trace elemente. Under such conditions 
the indiscriminate application of trace-element sup- 
plement as & general insurance measure against possible 
deficiency is inadvisable. 


THE SOCIOLOGY OF SECULAR RELIGIONS 


il eer purpoee of Prof. D. G. MacRae’s presidential 
addreas to Bection N (Sociology) is to attempt to 
correct a widely spread set of beliefs about modern 
industrial societice—beliefs which are held both by the lay 
publio and professional sociologists. Its second intention, 
which is & consequence of the first, is to correct certain 
at unconscious assumptions of theoretical sociology. 
t is widely accepted to-day that we are living in a 
period of intense secularization and that modern societies, 
particularly industrial societies, are the furthest advanced 
along this road. Churches and church attendance are 
believed to be in decline; material and scientific values 
are believed to be replacing non-natural and religious 
values, and patterns of behaviour based either on scientific 
procedures or economic calculation are believed to be 


It is, of course, not the intention of this addrees to deny 
the importance of scientiflo procedures or their i i 
role in our societies. No more is it the intention to deny 
that organized religion in Britain has probably lees grip 


on the general public and lees affects our social structure 
than was true in the past or than is true in almost any 
other non-Communist society (equally, as Prof. MacRae 
states, it is not intended that the very high rate of religious 
observation in the United States should be explained 
away). Rather, what is claimed is that we are in a period 
in which there is a marked rise in secular religions. 

By secular religion is meant: (1) The spread and 
elaboration of belief-systems based on non-natural 
authority, usually accompanied by specific ritual systems, 
and usually offering individual consolations based either 
on ordinary technical factors or on day-to-day social 
relationships. (2) In the strict sense these non-secular 
religions usually involve the idolatry of abstract idols: 
nationalism and communism will both be examined from 
this point of view. Not all secular religions, however, 
carry such heavy political weight, and various forms of 
scientiam (including sociologiam) are examined—by 
scientism is meant the idolatry of the appearance and the 
mimicry of the forms of natural science and specific 
technologies. 

In addition, it is argued that the contemporary world 
is pervaded by various forms of mythical thought. This 
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latter term is understood in the sense used by Casmrer in 
his Philosophy of Symbolic Forms and used also by such 
prehistorians as Frankfort. The connexion of the mass 
media advertising and new culture heroes and heroines 
with contemporary myth is outlined. 

Consideration of these social realities of our time must 
involve a criticiam of one of the fundamental aspecta of 
sociological theory: this is the unstated idea that some 
sort of equilibrium system or balance sheet formulation 
can be used in sociological study of religion and ideology. 
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Rather 1s it suggested that the logical incompatibility of 
ideological elements is no barrier to their simultaneous 
growth and development in social structures, although in 
certain specific circumstances such incompatibilities may 
emerge and be of real importance in precipitating radical 
social change. Finally, an attempt is made to relate the 
account of contemporary secular religion and the criticiam 
of sociological theory that this account entails to the 
general sociology of religion current among contemporary 
sociologists. 


SCIENTIFIC UNDERSTANDING AND THE CHIEF END OF MAN 


INCE the oollision between T. H. Huxley and 
Bishop Wilberforce at the British Association meeting 
in Oxford in 1860, further radical advances in scientific 
understanding have taken place. The enormous industrial 
productivity of a modern State is based on Faraday’s 
studies of electromagnetiam, the work of Joseph Black on 
latent heat underlying the perfection of the steam engine, 
chemical researches into large molecules leading to the 
present plastics industry and, more recently, on a com- 
bination of investigations of solid-state physica culminat- 
ing in the development of transistors combined with 
Babbage’s conception of a general-purpose digital com- 
uter. Dr. Magnus Pyke, in his preadential address to 
ion X (General), considers that all this and more is 
bringing about a state of affairs when earning a living 
can no longer be considered a major goal of human 
endeavour. 

In the past hundred years, advances in chemistry and 
biology have changed men’s ideas of the nature of famine 
and pestilence. The yields of arable crops have been 
consistently increased by the use of chemical fertilizers 
and, above all, by the breeding of improved strains of 
both plants and animals. Statistical evidence has been 
presented by Mayer! ing that the proportional 
increase thus achieved in world food supplies during the 
pest two decades has been greater than the perallel in- 
crease in population and that this is part of a general trend 
that has been proceeding since the 1850s. The effect of 
ecientiflo advance on medicine has been even more 
profound. Understanding of the nature of infectious 
diseases originated with Pasteur; aseptic surgery, anses- 


thetics and immunology are further examples of new 
knowledge; and chemotherapeutic agenta and antibiotics 
were only developed by scientista of the present generation. 

Great though the effect of scientific understanding has 
been on man’s material condition, ite influence on his 
thought and belief has been more profound still. Earth- 
quakes and epidemics can no longer be feared irrationally 
88 capricious retribution for public sins, nor need individual 
illnesses any longer be attributed to the evil eye. The 
universe has become a rational and, in many respects, & 
controllable place. The nature of the intellectual process 
which constitutes sciance which has brought this about 
can be seen to be an amalgam of observation, reason and 
imagination constantly refined by repeated reference back 
to Nature. Science can thus in many respects be compared 
with poetry as a way of finding truth. The present intel- 
lectual schiam is between those who base their behaviour 
on dogma and those who put their faith in the belief that 
the exercise of reason and imagination in search of truth 
is the basio human goal. 

MacKay’ has already pointed out that it was concern 
for truth which begot science, not science which begot 
concern for the truth. It is argued that to continue to 
pursue the truth, which is, in ita eseentials, the pursuit of 
a moral goal, by means which have already successfully 
brought material wealth, food, healing and understanding 
of Nature and of man himself, is a worthy end for human 
endeavour. 


1 Mayer, J., Wuirition Res., 82, 853 (1904). 
! MacKay, D. IL, in AMen end his Future, odit. by Wolstenholme, G., 372 
(Gbarchil, London, 1963) 


PRESIDENT FOR 1966 OF THE BRITISH ASSOCIATION 
Sir JOSEPH HUTCHINSON, C.M.G., F.R.S. 


IR JOSEPH HUTCHINSON, Dreper's professor in 
the University of Cambridge, has been elected preei- 
dent for 1966 of the British Association for the Advanoe- 
ment of Science. Sir Joseph will deliver his presidential 
address at the next annual ing in Nottingham. 
Bir Joeeph succeeded Sir Frank Engledow in the obair 
at Cambridge in 1957, and to repeat that phoe nen 
in Nature on that occasion should indicate ciently 
that the British Association has made an excellent choice 
in the successor to Sir Cyril Hinshelwood as president. 
Sir Joseph was born in 1902 and was educated at Ack- 
worth Bootham Schools, and at Bt. John’s College, 
Cambridge. After graduation, he took a uste 
course at tho Imperial College of Tropical Agriculture, 
Trinidad, and then joined. the Empire Cotton Growing 
Corporation's Cotton Research Station as asaasistant 
geneticist in 1926, the year in which the Station waa 
established. He soon proved himself & worker of notable 
quality, and began æ long series of researches on the 
genetics and taxonomy of the cotton plant which ultim- 
ately established him as one of the world’s leading 


authorities. After seven years in Trinidad he gained 
further valuable experience in India, where he was from 
1988 until 1037 geneticist and botanist at the Indore 
Institute of Plant Industry. Returning to Trinidad as 
chief geneticist at the Cotton Reeearoh Station, he oon- 
tinued, with the aid of his colleagues, Dr. R. A. Silow 
and Dr. (now Prof.) 8. G. Stephens, the elaborate series 
of genetical and evolutionary studies on the genus 

; which culminated in a joint work entitled 
The Evolution of Gossypium and the Differentiation of the 
Oultiwated Cottons. This book was highly praised and takes 
its place among the classics of biology as perhaps one of the 
most comprehensive studies of the evolutionary history 
of & single genus ever carried out. 

With the shutting down of the Trinidad Station in 
1949, Sir Joseph went to Ugands as the first director > 
of the Empire Cotton Growing Corporation’s Cotton 
Research Station at Namulonge. Elected to the 
Society in 1951, he was knighted in 1956. Since 1953 he 
has served as chairman of the Council of Makerere College, 
the University College of East Africa. 
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different poisons are known to be related by their effecta 
on the reactions involved in oonverting high-energy 
intermediates to ATP, the findings ere interpreted im 
terms of the necessity for ATP to communicate with the 
high-energy intermediates of the termmal stages of 
oxidative phosphorylation in order to energize the +m vivo 
synthesis of proteins. 

Thus it is seen, from a wide variety of differant 
approaches, that the evidence pointing to the importance 
of structural organization for protein synthesis is aocumu- 
lating. Biochemistry has made remarkable advances by 

i ing the cell into various independent metabolo 
steps. cell is & structure which is composed of struc- 
tures. Protein syntbeeis represents the combined activity 
of many integrated reactions which deal with.precursors, 
flow of information, energy supply, mterlinked enzyme 
reactions and controls. It is not surprising that the 
search ahould now be turned back into the oell to find 
places for the various parta that have been studied in 
iwolated systems. 


! Hendler, R. W., Nature, 163, 821 (1962). 
*Tant, J., and Hendler, R W., Drookim. Biophys. Acta, 
* Hendler, R. W., and Tani, J., PXookim. . Acta, 
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LOCALIZATION OF GAMMA-GLOBULIN WITHIN INCLUSION BODIES 
OF L. E. (LUPUS ERYTHEMATOSUS) CELLS 


By Dr. T. TAKAHASHI, Pror. C. L. LEE, Dr. C. BIAYA and Pro. I. DAVIDSOHN 
Departments of Pathology, Chicago Medical School and Mount Sina! Hospital, Chicago, lilinols 


OLUSION bodies of L. E. ocells are derived from 

nuclei of leukocytes as & result of changes induced by 
the L. E. factor present i the serum of patiente with 
systemio lupus erythematosus. The mechanism of action 
of this factor and the nature of the changes responsible 
for the transformation of nuclei into homogeneous inalu- 
sion bodies are not yet fully understood. Histochemical 
investigations have shown that the altered staming 
pro ies of the DNA in inclusion bodies with basic dyes 
is due to the presence of moreased amounts of proteins 
foreign to normal nuolei!. More specifically, investigations 
with immunofiuorescence techniques have demonstrated 
that inclusion bodies contain gamma-globulins not present 
in normal nuclei". However, to our knowledge, the histo- 
logical localization of gamma globulins with fluorescence- 
labelled antibodies has been carried out only in smears 
and not in sections of L. E. cells. As a consequence, it is 
not clear whether the demonstrated gamme-globulins 
diffusely permested the inclusion bodies or simply coated 
them. For the same reason, it is difficult directly to 


"correlate the resulta obtained with histochemioal and 


immunological methods. In our investigations on the 
composition of inclusion bodies, it seamed appropriate, 
therefore, to attempt amore critical localization of gamma- 
globulin on sections rather than on ameers of L. E. cells. 

The capillary test developed in our laboratory? has 
permitted us to obtain cell blooks of buffy coat which 
contained large numbers of L. E. oells and could be readily 
sectioned. The localization of gamma-globulin in the 


sections was &coomplishod with the help of labelled sera 
by means of autoradiography, fluorescence microscopy 
and electron microscopy. 

Autoradiography. The globulins of L. E. sera were 
labelled with iodme125 as recommended by Fitch, 
Winebright and Harper‘ and according to the technique 
of Bale e£ al.’ with the modiflostion that all rinses were 
carried out with normal human serum rather than with 
buffered salme. This modification was introduced in 
order to minimize the use of buffered saline, since the 
latter was found to interfere with the production of 
satisfactory L. E. oell preparations. The specific astivity 
of the labelled globulins was 5 uo./mg of protein oon- 
tained in a 0-3 ml. volume. The blood of a healthy donor 
was collected in heparinized capillary tubes. After centri- 
fagation, the plasma was replaced carefully with the 
labelled globulins. A stylet was inserted to mix the white 
cells and the labelled globulins thoroughly. The capillary 
tubes were then incubated at 37° O for 30 min and oentri- 
fuged agam. The resulting white cell pellets were removed, 
washed, and frozen in & t after infiltration with 
an embedding compound (0.0.T. for temperature zone 
0° C to —15° C, Lab-Tek, Westmont, Illinois, U.8.A.). 
Frozen sections about 4u thick were mounted on mioro- 
scopic slides, allowed to dry st room temperature and 
fixed in 95 per cent ethanol for b min. Sections were then 
coated in the dark room with Ilford K-5 nuclear research 
emulsion in gel form diluted with an equal volume of 
water. The slides were sealed m a dry, light-tight box and 


Fig. 1. Autoradiographs of sectionsd L B. oel produced with 1I- 
labelled globulin serum Note the concentration of over 
inclusion bodies, Sixteen days’ exposure. (x 8,700) 





kept at 4° C for one to three weeks. Sensitized silver grains 
were developed with Kodak D-19 and sections were 
stained with Wright’s stain‘. 

After 7 days’ exposure, the number of grains produced 
by !"I.l&belled globulins was found to be greater over 
the 15,olusion bodies of L. E. cells than in the background. 
The proportion of inclusion bodies with high grain counts 
increased with the exposure time. After 3 weeks’ exposure, 
more than 80 per cent of the inclusion bodies showed 
higher numbers of grains than the background. At this 
time, some inclusion bodies were overlaid by more than 
40 grains, while only scattered grains were found in the 
background. A representative sutoradiograph of sec- 
tioned L. E. cella after 16 days’ exposure 18 shown in Fig. 1. 
Increased numbers of grains were also seen over free 
haematoxylin bodies but rarely over unaltered leukocytes. 

Immumofluorescence. The direot method using fluor- 
eecein-labelled globulins of L. E. sera was found 
unsatisfactory because only a few L. E. cells were pro- 
duced by such globulins. The indireot method was 
therefore applied, by which L. E. ocells were produced 
"with unlabelled L. E. sera and afterwards exposed 
to labelled anti-human gamma-globulin globulins. The 
labelled globulins had been sbeorbed with dry mouse 
liver powder before use. Pellets of leukocytes containmg 
L. E. cella were washed repeatedly with normal rabbit 
serum to remove unbound L. E. serum. Frozen sections 
of the pellete were fixed in 95 per cent ethanol for 5 min 
and incubated with normal rabbit serum to block non- 
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binding sites and then with fluorescein-l&belled 
rabbit anti-human gamma-globulin globulins. Each 
incubation was carried out at room temperature for 
30 min. After washing with buffered saline, the sections 
were covered with buffered glycerin, and examined under 
a fluorescence microscope. In order to examine the 
morphological details of the structures exhibiting epociflo 
fluorescence, the same preparations were rwards 
stained with Wright’s stain. 

Inclusion bodies of L. E. cells and free haematoxylin 
bodies showed specific green fluorescence. In contrast, 
the leukooytio nuclei of the same L.. E. cells and of other 
leukocytes were devoid of any fluorescence. The specific 
fluorescence of the inclusion bodies had & homogeneous 
appearance (Fig. 2, 4 and B) which correlated well with 
the homogeneous character of the same bodies as seen 
with Wright’s stain (Fig. 2 0). Pre-treatment of control, 
preparations with unlabelled rabbit anti-human globulin 
sorum. blocked, the specific fluorescence completely. x 

Immunoelectron microsoopy. Globulins of L. E. gera 
and rabbit anti-human gamma-globulin globulins were 
labelled with ferritin by means of m-xylylene diisocyanate 
according to the method of Singer and Schick’. Labelled 
globulms of L. E. sera gave unsatisfactory L. E. pre- 
parations and could not be used for the purposes of this 
mvestigation. On the other hand, recovery of antibody 
activity in rabbit anti-human gamma-globulin globulins - 
was excellent following their conjugation with ferritin by 
the same teobnique. An i method was therefore 
applied as in the case of the immunofluoreecenoe. Pellete 
of L. E. cells were first prepared with unlabelled sera by 
the capillary method, washed thoroughly with normal 
rabbit serum, and fixed for 15 min in 8 per cent buffered 
formahn, pH 7-4. After rinsing with the same buffer, 
they were incubated at room temperature with ferritin- 
conjugated rabbit anti-human gamma-globulin globulms 
for 60 min. After repeated i they were fixed in 
osmium tetroxide and embedded in ‘Epon-812’. Ultra- 
thin sections were exammed both before and after stain- 
ing with uranyl acetate or lead hydroxide in order not to 
confuse ferritin particles with precipitates of the metallic 
stains. 

A survey view of an L. E. oell from & stamed section is 
illustrated in Fig. 34. Inclusion bodies appeared homo- 
geneous at low magnification and were always surrounded 
by a angle membrane. The latter could be demonstrated 
to consist of the in plasma membrane of phago- 
cytizing cells and not of a nuclear membrane of the 
altered phagocytized nuclei. These and other fine struo- 
tural characteristics of L. E. cella will be reported in 
detail elsewhere. Fig. 3B illustrates a field from the same 
inclusion shown in Fig. 34 before staining.  Eleotron- 
dense ferntin particles appear irregularly scattered 
throughout tho inclusion body. A detailed count of 
ferritin particles was made in several in- 
clusion bodies. Twenty to fifty particles 
per square micron of section surface were 
found in sections of an estimated thick- 
ness of 800-1000 A. There were no ferri- 
tin particles in the intact nuclei of phago- 
cytiring cells or in the platelets and intact 
lymphocytes usually present in the same 
preparations. Occasional particles, how- 
over, were attached to the plaama mem- 
branes of phagocytizing cells. 

The three techniques used in this in- 
vestigation are complementary, as they 
permit, by different means, the detection 
ond precise localization of gamma globulin ., 
in cells and tissues. They gave uniform 
and consistent resulta which are belioved 
reliably to demonstrate the presence of 
gamme globulin within the inclusion 
bodies of L. E. cells. While the in- 
direct methods using anti-globulin 
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Fig. 3. A, Survey electron mucrograph of an L. H. cell treated with 
fecrttin-labelled anti-human gamma giobuhn globulins. Urany! acetato 
stam. (x 5,000.) B, De of the melomon body in A, before 
staining. Note the electron-dense ferritm particles (arrows). (X 45,000) 
antibodies in conjunction with immunofluoreeoenoe and 
immunoelectron microscopy gave strong indication to 
this effect, more direct evidence was provided by sato- 
radiography in which the labelled globulin of L. E. serum 
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itself could be used. Since oy eee differences 
between L. E. factor and 7-9 gamma globulin have 
not yet been demonstrated, it would seem reasonable to 
assume that gamma globulin within inclusion bodies 
consists, at least in part, of the L. E. factor. 

This work was supported D rd by grant AI-05179 
from the National Institute of Allergy &nd Infeotious 
Diseases, U.S. Publio -Health Service, and by the 
Hematology Research Foundation, Chioago. 
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` CHEMI-LUMINESCENCE AND CHEMI-ELECTRON EMISSION 


FROM ALKALI AZIDES 


By G. D. SINGER and Dr. H. J. MUELLER 
Basic Research Laboratory, U.S. Army Engineer Research and Development Laboratory, Fort Belvoir, Virginia 


T elevated temperatures, Audubert e£ al.!-* observed 
a faint emission of ultra-violet light from various 
azides by means of a photosensitive Geiger-Mtüller 
counter. They ascribed emission to the thermal 
decomposition of the specimens and assumed that the 
intensity of the radiation was & direct measure of the rate 
of decomposition. Thus they were able to caloulate 
. activation energies for the decomposition process from an 
Arrhenius plot. For the different azides similar activation 
energies were found and the spectral characteristics of the 
emissions were practically the same; this was taken aa 
an indication that the same excited species was involved 
in all cases. Audubert et al. concluded, in particular, that 
the luminescence was due to excited nitrogen and made 
tentative designations of observed bands to electronic 
states of molecular nitrogen‘. Recently, a somewhat 
ı different designation of these bands has been given by 
R. W. Nicholls‘. 

It was suggested by Audubert and Mattler* that the 
influence of metal nuclei formed during decomposition is 
to decrease the intensity of luminescence, the energy of 
the activated molecule being used to detach an electron 
rather than to produce photons. Thus, chemi-electron 
emission might be expected as a result of the reaction. 
In a recent investigation of the thermo-luminescence of 
ultra-violet-irradiated alkali azides’ we observed the 
simultaneous oocurrenoe of a stimulated electron emission 
which we associated with the deco ition of the aride. 
The present investigation was in order to 
cheok this assumption as well as to investigate the 
feasibility of examining quantitatively the decomposition 
kimetios of azides by means of chemi-electron emission and 
chemi-luminesoence. 

In our experiments the chemi-Juminesoenoe of the azides 
was measured by a photomultiplier with maximum 
sensitivity in the near ultra-violet. The response 
of the system was determined by the cut-off of the quarts 
window of the le chamber. The limit of detection 

- was of the order of 10? photons/seo. Electron emission 
was detected by replacing the photomultiplier arrange- 
ment by an open Geiger counter which was insensitive to 
light, includmg the near ultra-violet. The sample was 
shiolded from the electric fleld of the counter by a wire 
grid which was kept at the potential of the counter 


cathode. With this arrangement we could distinguish a 
few . Some error was introduced by poisoning 
the counter with decomposition producta as the experi- 
ment progressed. The sample was mounted on a flat alide 
of ‘Pyrex’ glass which could be heated by means of an 
electric heater. 

In accordance with the work of Audubert et al, an 
emission of ultra-violet light was observed that increased 
exponentially with temperature. It was found that the 
presence of a gas atmosphere enhanced the luminescence, 
although the nature of the gas used (argon, air, carbon 
dioxide, methane) had little apparent effect. We obeerved, 
however, that there was always an optimum pressure 
(varying from 10 to 100 torr) at which to obtain maximum 
light emission; in vacuum or under rio pressure 
the luminescence approached the lower limit of detection. 
Slowly flowing argon at a preesure of 40 torr was used in 
most of our measurements in order to achieve a good 
lumineecenoe yield. 

In the experiments the temperature of the sample was 
raised or lowered at a rate of about 10 deg/min, while the 
intensity of the light or electron emission was measured 
as a function of temperature. Assuming that the intensity 
I of the emission is proportional to the rate of decom- 
position do/d¢ and that the amount of the specimen 
decomposed during the experiment is negligible, the 
differential equation for the kinetics of the reaction may 
be written as: 


de 
[= —g, © constant - exp ( — Z/RT) 


and the energy of activation E can be readily computed 
from the slope of an Arrhenius plot. Fig. 1 shows such a 
plot for the luminescence of KN,; in Table 1 the average 
values of E calculated from our measurements aro gi 
for various axidea. The spectral distribution of the 
luminescence was qualitatively determined by means of 
sharp cut-off filters since the low intensity of the light 
emission did not permit the use of a ter. More 
than 90 per cent of the ultra-violet emission was found to 
lie between 240 and 260 mp. There was also luminescence 
in the visible range, mainly around 500 mu, as well as 
some emission in the infra-red. 
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Log intemmty of emission (arbitrary units) 





At elevated temperatures, electron emission was found 
for all the azides both in the solid and liquid state. That 
the emission is entirely made up of negative particles was 
verified by an electric poteutial between the sample holder 
and the Geiger counter; when the sample holder was made 
negative a small voltage caused an increase in counting 
rate, while a reverse voltage reduced the counting rate to 
rero. Fig. 2 shows the electron emission of KN, as a 
function of i ture. Although the tem- 
perature ranged both below and &bove the melting-point 
of the specimen, there was within the experimental errors 
no change in the nential slope of the curves when 
passing from the liquid to the solid phase. At the fusion 
temperature, however, we frequently noted a peak of the 
electron emission as seen in Fig. 2. This increase in 
electron emission that accompanies the solidification of 
the molten azide is due to the under-cooling of the melt and 
subsequent sudden release of the heat of crystallization. 
The tendency of alkali azide melts for under-cooling is 
also known from calorimetric measurements‘. 

Although the individual luminescence or electron 
emission curves could be fitted very well to Arrhenius 
plots, the energies of activation calculated from such plots 
showed considerable variations. Average activation 
energies of about 85—42 kcal/mole were found for most of 
the processes. They are in the same renge as the energies 
observed by Audubert* and agree with values of 36 koal 
and 41:5 koal found by others*!!* for the decomposition 
of KN, in the p of potassium vapour. 

The ultra-violet emiamon from NaN, was dependent on 
the pre-treatment of the sample; initial runs on NaN, 
sometimes produced activation energies as high as 75 
kcal/mole. Energies of this magnitude were also found for 
the other arides when the runs were carried out in vacuum, 
or for initial electron emission runs of RbN, and CaN,. 
In all these cases, however, the one values showed 
such a large spread that computation of an average value 
was not considered to be meaningful, and therefore such 
values were not included in Table 1. In contrast to the 
work of Audubert, we did not observe different energies 
of activation for NaN, above and below 365° C. 

From isothermal experiments the order of the decom- 
position reaction was found to be zero for both lumin- 
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Table 1. 


AZIDES 
(koal/mole) 
From From. emimion 
luminescence Bolld Meit 

EN 41-7452 351463 415201 
EbÀ, 398237 1125+61 —— 405299 
GN 41-0436 415165. — 410279 
NAH, 862448 368171 


escence and electron emission. This result is in accordance 
with recent measurements of the nitrogen evolution during 
the isothermal decomposition of various alkali azides". 

The thermal decomposition of metal azides is known to 
proceed according to the overall equation: 2M@eN,— 
SN, + 2Me. The details of the reaction are not fully 
understood yet. The initial step, however, must be the 
detachment of an electron from the N,-, either in form of 
an excitron or by complete ionization. The fact that, Bo 
far, it has not been ible to find free N, radicals by 
spin-resonance techniques during the decomposition of 
inorganic azides suggesta the following two reactions in 
which free azide radicals are not involved: 


Ni + N — 3N, + 2e + energy (1) 


the excess electrons usually being captured by metal ions 
or specks; or in the presence of metal nuclei: 


N,- + metal nucleus — N, + N+ e (2) 

followed by: . 
N + N—>N, + energy (2a) 

or more likely: 
N + N,-— 2N, + e + energy. (2b) 


From theoretical considerations one should expeot for 
prooess (1) an energy of activation of about 70—80 koal/ 
mole, The experimentally observed activation energies 
with values as high as 75 koal/mole indicate that reaction 
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vacuum. where the metal formed during the decomposition 
may escape by evaporation. With progressing decom- 
position the metal produced by the reaction begins to 
. nucleate and the interface reaction (2) with an activation 
r energy of about 85-42 kcal/mole becomes predominant. 
We consider the simultaneous occurrence of two decom- 
position reactions which proceed with different E to be 
the maim reason for the comparatively large fluctuations 
of the # values computed from the Arrhenius plots. 
Although usually one of the competing reactions is 
dominant and, therefore, the intensity versus temperature 
curves can be quite satisfactorily fitted to Arrhenius plota, 
their slopes may differ in identical experiments depending 
on the contribution of each reaction. Thus, the experi- 
mentally determined energies of activation are easentially 
composite values partly depending on parameters such ag 
initial concentration of metal nuclei, size of interface area, 
presence of surface impurities, eto. These energies are 
I , however, in that they represent approxima- 
tions of the true energies of activation. The limited 
reproducibility of decomposition experiments with azides 
under identical experimental conditions 1s by no means 
typical for luminescence or electron emission measure- 
mente, but has also been experienced when using the 
yi evolution technique. It probably accounta for 
the different E values frequently reported in the literature 
for the decomposition of azides. 

From the thermochemical values given in the literature! 
and from the known energies of activation, the maximum 
energies made available for excitation by processes (1), 
(2a) and (2b) were estimated to be 180, 225 and 147 keal/ 
mole, respectively. If given to a single N, these energies 
are sufficient to lead to the emission of the observed 
ultra-violet chemi-lumimescence. Nicholls’ has 
that the emission in the ultra-violet is identical with the 
Vegard-Kaplan bands of N,, which may be considered to 
arise from the recombination of atomic N in the 4S state 
to N, in the 14 state. Process (2) could lead to a single 
N atom excited with the activation energy of the reaction. 
This energy, however, is not sufficient to account for the 
emission observed at 560 mu, which may be chiefly due 
to traces of excited oxygen". 

The fact that the energy of activation computed from the 
electron emission is practically the same aa that obtained 
from luminescence measurements or by observing the 
nitrogen evolution suggesta that the free electrons are an 

,immediate product of the decomposition process, rather 
than exoelectrons or photoelectrons. The decomposition 
was found to be a reaction of zero order, indicating a 
process proceeding at an interface, such as the 
proper of the aample or the interface between the azide 
and the metal nuclei. This view i8 supported by the 
consideration that, in contrast to luminescence, free 
electrons can be detected only if they are released in the 


RADAR INVESTIGATIONS OF 


NATURE 


(1) dominates in the early stage of decomposition, or in | 


1075 


surface region, but the same course of reaction was 
observed regardless of whether electron emission or light 
emission was monitored. It may be assumed, therefore, 
that reaction (1) occurs only on the surface. This is in 
accordance with the opinion held by other investigators 
that the decomposition in the axide matrix is unlikely to 
oocur unless there are metal nuclei present. As to 
reaction (2), it cannot be decided on the basis of our 
i whether the catalytically active nuclei are 
homogeneously distributed throughout the volume of the 
sample or concentrated at the surface only. In both cases 
& zero-order reaction is to be expected. The observation, 
however, that the Arrhenius plot shows no substantial 
change in the slope when passing from the liquid to the 
solid phase indicates that there is no difference in the 
catalytic reaction in the two phases. It also shows that 
reaction (2) is largely independent of specific solid-state 
defecta as well as of the crystalline structure of the solid. 
Audubert and Mattler proposed a mechanism, according 
to which the luminescence is quenched by resonance 
induction involving metal nuclei, to explain their obeerva- 
tion that the luminescence was enhanced by a moving 
gas. Our observation was that the pressure of the gas 
rather than the circulation was of primary importance, 
and we propose the following explanation for the existence 
of an optimum pressure. Tho increase of luminescence 
with increasing preasure can be understood as a pressure 
dependency of the decomposition reaction itself. The 
formation of metal nuclei is governed by two competing 
processes, that is, formation by the decomposition and 
simultaneous evaporation of the nuclei. An external 
will favour the growth of nuclei by reducing the 
eva; tion rate and thus eventually cause an increase 
of ths rosotüm rats. However, with i ing pressure 
the probability for ing of the luminescence of the 
excited N,* and N* by collisions of the second kind, 
either with metal atoms or molecules of the surrounding 
gas, will also increase, causing & decrease of the lumin- 
escence yield. ition of both effecta resulta in the 
occurrence of an optimum pressure for the luminescence. 
We thank Dr. Z. V. Harvalik, director of the Basic Re- 
search Laboratory, and Mr. R. C. McMillan for their advioe 
1 Audubert, B., and Muraner, H., C.R. Acad. Soi., Paris, $04, 431 (1087). 
* Audubert, B., O.R. Acad. Soi., Peris, 804, 1192 (1987). 
* Audubert, B , O.R. Acad. Sci., Paris, 806, 748 (1038), 
* Audubert, B., and Matter, J., O.R. Acad. Soi , Paris, 206, 1650 (1988). 
* Audubert, E., Trens. Farad. Soc., 35, 197 (1989). 
* Nicholls, E. W., J. Phys. Chem., 64, 1760 (1960). 
' Mueller, IL, and Singer, G. D., Z. Pkys., 198, 866 (1065). 
* Joobstl, J. (personal communication). 
' Garnett, W. H., and Marke, D. J. B , J. Chem. Soc., 657 (1086), 
1 Jacobs, P. W. M., and Tompkins, Y. O., Prec. Roy. Soc., A., R15, 285 (1052). 
u Mueller, H., and Joebstl, J. (to be published). 
u WeMillan, B. C. (personal communication). 
1? Hvans, B. L., Yoffe, A. D., and Gray, P., Chem. Rev., 59, 515 (1050) 
M Herxfeid, O. M., and Brolde, FL P., Phys. Ees., 101, 606 (1956). 
4 Peyron, M., and Broida, H. P., J. Chem. Pkys., 38, 1068 (1960). 


WORLD-WIDE IONOSPHERIC 


DISTURBANCES ASSOCIATED WITH SATELLITES 


By Paor. MARTTI TIURI 
Institute of Technology, Helsinki, Finland 


RN of high-frequency and very-high-frequency 
radar investigations are described, which seem to 
: herio disturbances aseociated with & 
large satellite oan detected by & north-looking radar, 
situated close to the northern auroral zone, when the 
satellite ia approaching the magnetic latitude of the radar 
either in the northern or in the southern hemisphere. The 
reflexions from the disturbances have no Doppler-shift and 


indicate that ion 


their occurrence is dependent on the local time and the 
heading of the satellite. These phenomena are detected 
during magnetic disturbances only and are thought to be 
correlated with magnetic shell enhancements of the 
electron density in the upper ionosphere. When tho 
satellite passes such an enhancement it may trigger a 
disturbance which can be detected at places close to the 
corresponding magnetic shell. 
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Fig. 1. Orbits of Bako 1 


Satellite associated ionospheric disturbances occurring 
close to the satellites have been searched with positive’* 
and negative resulta’. In the pulse radar investigation in 
Ohio in winter 1961-62 (ref. 2) the large radiotelesoope 
antenna was used to achieve high sensitivity. Only 
relatively strong echo ai were taken mto account 
in the analysis. It was found that these signals, which did 
not have any Doppler shift, tended to occur at times when 
the largest existing satellite Eoho 1 was close to the north- 
looking antenna beam. Disturbances seamed to occur in 
the antenna beam especially at the time when Echo 1 
was near to the moet northerly point of ita orbit about 
100—500 km westward from the longitude of the radar. 
This seems to indicate that satellite-induced disturbances 
can travel rapidly eastward along the line of magnetic 
latitude. 

Investigations using 17 Mc/s OW radar. In spring 1964 
an investigation was started in Finland to find out how far 
away from the satellite it would be possible to detect 
satellite-correlated ionospheric disturbances. Assuming 
that disturbances travel to the east along the lines of 
magnetic latitude, disturbances associated with Hoho 1 
can be detected in Finland only when Echo 1 is near to 
the most northerly point of ite orbit over the United 
States. The co ing equator-crossing longitudes of 
the orbita are about 120?—930? W (Fig. 1). Elsewhere the 
orbit is to tho south from the magnetic latitude of Finland. 
The orbit of the largest satellite Boho 2 reaches the latitude 
81-5? N and hence oroeseg the magnetic latitude of Finland 
twice during each revolution. 

The transmitter power of the CW radar was 1 kW at 
17 Mo/s. The antenna was a quarter-wave vertical mast 
with director pointing to the north. The receiving an- 
tenna consisted of two horizontal north-looking three- 
element yagis in parallel. The receiver bandwidth was 
about 1 ko/s. Owing to interference observations were 


possible only during night time, and were performed 
during two months beginning February 22, 1004. In 
the analysis all signals lasting over 25 seo and leas than 
9-b min and having a receiving power over —115 dBm 
were taken into account. Almost two hundred such 
signala were obteined, that is, on the average three signals 
& night. The lower limit of 25 seo was choeen to leave out 
of the analysis moet of the meteor signals. 

Echo 1 results. Fig. 2 shows the histogram of 65 signals -, 
obtamed during the time Wcho 1 was in the orbite 120°- 
280° W. ‘The number of signals per 10-min intervals is 


-16 0 16 35 65 mn 


Equator-orcmng time = 0 


received d the orbits 120*-2530* W 
Vinlend 


2. Histogram of the signals 
cu of Meho 1, February-Apnl, 1004 17-Mo/s Tadar m 
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Fig. 3. Posttions of Fako 1 when radar reflexions were received in Finland, February-Apni, 1064, 17 Mo/s 


shown with respect to the south-north equator-crossing 
time (ECT) of Echo 1. Fig. 3 shows the map of the 
itions of Echo 1 at the times when signals were received. 
ines of constant magnetic dip angle of 70° are also shown. 
They correspond approximately magnetic co-ordinate value 
L-3. The height of the satellite varied from 1,200 to 
1,600 km. The histogram has two peaks about 80 min 
before ECT and about 25 min after it. The postions of 
Echo 1 tend to concentrate close to the most northern 
and most southern pointe of the orbit. The most southern 
points happen also to be close to the southern magnetic 
latitude corresponding to that of the radar station. This 
unexpected result seems to indicate that satellite-associated 
disturbances are able to travel from the southern to the 
northern hemisphere with the same magnetic dip angle. 
The velocity of travel must be high in comparison with 


—15 0 15 35 55 mn 
After 


Wquator-crossing time = 0 
L of signals reoctved the orbita 120°-130° W of 
gb SD Land Posting a thee Go bon. ing Bear ale in ok 


the velocity of the satellite. In Fig. 4 only signals lasting 
more than 40 sec are shown. The peak at — 80 min has 
completely disappeared. This indicates that disturbances 
from the southern hemisphere are weaker. Satellite- 
related ionization effects between hemispheres have also 
been suggested by Kraus‘. 

Highty-three signals were received during the time 
Hoho 1 was on the orbits 280°-850° W. Fig. 5 shows the 
histogram of these signala with respect to the ECT of 
Echo 1. As expected it resembles a more uniform distri- 
bution. 


10 


—15 0 15 35 55 min 


After 
Equator-croming time = 0 


Fig. 5. Histogram of the signals recetved during the orbits 130*-350* W 
of Eako 1. February-April, 1964. 17 Mo/s OW radar in Finland 
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Echo 2 results. Echo 2 traversed approximately in orbita 
100?—200? W when the signals in Fig. 2 and 8 were obtained. 
The histogram of all the signals during the orbits 100— 
100? W with respect to the ECT of Zcho 2 i8 shown in 
Fig. 0. No prominent peaks are present. Echo 2 passed 
the radar station due south at midnight and just after 
midnight. 

The orbit of Echo 2 is approximately tangential to the 
southern magnetic latitude corresponding to that of Finland 
when the satellite moves in the south from Africa. The 
number of signals received during these orbits (equator- 
croseing longitudes 200?—280? W) waa 106 including moet 
of the signals shown in Fig. 5 and only a few from Fig. 2. 
Fig. 7 representa the hi of these signals with 
respect to ECT of Echo 2 and Fig. 8 shows a part of the 
map of the positions of Echo 2 when signals were received. 
The height of Echo 2 varied from 1,000 to 1,800 km. 
There is a distinot peak at 25-30 min before EOT when 
Eocho 2 has been directly to the south from Finland. This 
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Hote t. obrazy Ayet, 100 during the orbits 100*-200* W of 
1964. 17-6 OW radar radar in Finjand 


14 


No. of signals 
o 


-5 —35 —16 0 16 35 65 min 
Before After 
Equator-oroming time = 0 
. ot the orbits 200*-280* W of 
Wig. 7. Histogram duiing $ 


signals received 
Boke 2. 17-Mo/s OW radar 


NATURE 


September 4, 1965 | vo. 207 





reeotyed in 


Fig. 8. Posidons of Boho 2 when radar reflexions were 
Finland  Webruary-April, 1964 17-Mo/s OW radar 


seems to confirm the assumption that satellite-associated 
disturbances can travel from the south to the correspond- 
ing northern magnetio latitude. 

Spuinth 3 results. During the winter 1959-60 Sputnik 
3 was the only large satellite. 100-Mo/a OW radar observa- 
tions of satellite-associated ionospheric disturbances were 
made in Finland’. The geomagnetic geometry of orbits 
30°-90° W of Sputnik 8 was similar to the orbits 120°— 
230° W of Echo 1 except that Sputnik 8 the radar 
station almost at the most northerly point of the orbit. 
The analysis of observations shows characteristics similar 
to Fig. 2-4 of Hecho 1. 

Conclusions: related phenomena. The resulta obtained 

that large satellites ¡when orbiting at heights 
of 800—1,500 km close to the auroral zones (L co-ordinate | 
values between 3 and 6) are able to induoe ionospheric 
disturbances which can be detected at the corresponding 
magnetic latitudes on the northern and on the southern 
hemisphere. These phenomena imply & moderate mag- 
netio storm and are also dependent on the local time. 
Favourable times for are from about 4 to 
10 a.m. and from 4 to 10 p.m. The heading of the satellite 
18 also important. 

The satellite Ariel bas measured electron density varis- 
tions in the heights of 400—1,200 km (ref. 6). During 
magnetically disturbed periods sharp electron density 
enhancements were observed with & structure resembling 
magnetic shells (L values 3—6 for moderate storms). 
Tt is supposed that a large satellite, when gr&xing or 
crossing such & shell, can a disturbance detectable 
by high-frequency radar in the vicinity of the oorrespond- 
ing northern and southern magnetic latitudes. 

Very-low-frequency noise bands observed by the 
Aloustis 1 satellite between L values 2-5 and 4 (ref. 7) can 
be related phenomena. There are also similarities between 
gatollite-related ionization effects and the way the satellite 
Io controls the decametric radiation from Jupiter’. 
Decametrio radiation from Jupiter is obtained when lo 
is near local sunrise to sunset and at the same time near 
magnetospheric shells with the highest L-values (about 


; 
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6-5). These similar circumstances suggest that the satellite 
ionization phenomenon and the decametric radiation from 
Jupiter may be different manifestations of the same 
mechanism in which a satellite interacts with an electron 
shell in the magnetosphere’. 

This work was supported by the Foundation for 
Promoting Technical Research in Finland. 
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MATTER CREATION BY GRAVITATIONAL WAVES 


By M. CLUTTON BROCK 


Department of Mathematics, Northampton College e of Advanced Technology, 
St. John Street, London, E.C.1 


HE idea of a steady-state universe has an immediate 

aesthetic appeal which is marred by the reflexion 
that the spontaneous creation of matter appears to 
violate the most fundamental conservation law known 
to science. It is true that the quantities involved are go 
minute as to be undetectable by direct observation, but 
this does not leasen the surprise. For the conservation 
of energy and momentum is equivalent to the invariance 
of time and space under translation, and a minute 
violation of & symmetry principle is just as surprising as 
& large violation. 

If a particle is created in our locality, we should look 
for some asymmetry in the neighbourmg space time to 
&ooount for the apparent non-conservation of energy 
and momentum. I suggest that we might find such an 
asymmetry in the form of a rapid fluctuation of the 
curvature of time in the neighbourhood of the 
created particle. We should identify this rapid fluctuation 
with gravitational radiation, and we should say that the 
absorption of gravitational radiation had resulted in the 
emision (or creation) of matter. 

While there can at present be no direct ental 
evidence for the creation of matter by the action of 
gravitational radiation, there is at least some indication 
from orthodox relativity theory that such a mechanism 
should be possible. Wheeler’, in discussing the superdense 
star, comes to the conclusion that preasures enormously 
greater than those in nuclear matter must be able to 
convert nucleons into free radiation. Now, if this is so, 
the reverse transformation should be possible—free 


- gravitational radiation should be convertible into nucleons. 


MoOrea* has discussed the fall of a particle from infinity 
on to the Schwarzschild singularity of & large body. If 
the particle is brought to rest, and the kinetic energy 
traneaformed into radiation, then there is no increase in 
the proper mass of the body, and the energy of the 
radiation (observed at infinity) is just equal to the reet 
mass of the particle. Again, the reverse transformation 
should be poasible: gravitational radiation should be 
able to detach a particle from the Schwarrschild singu- 
larity of a body, and impart to the particle sufficient 
kinetic energy to escape. The proper mass of the body 
will be unchanged, and the energy supplied by the 
radiation will be equal to the rest mass of the 
perticle. 

The properties of gravitational radiation are difficult 
to observe experimentally and are theoretically obscure. 
Let us assume that gravitational radiation is quantized 
into gravitons, each of which has energy given by the 
Planck relation Æ = hy. Now, most known gravitational 
processes take place at very low frequencies, whereas the 
production of nucleons would ire high-energy i 
tons with frequencies of the order of 10™ o/s. 
can such high frequencies be found? I suggest that the 
answer lies in the advanced wave from distant sources. 


The Wheeler-Feynman! formulation of electrodynamics 
postulates a time-symmetric solution, with an advanced 
field as well as a retarded field. The advanced field is 
converted into a retarded field plus radiation reaction 
by the action of a distant absorber. Presumably, a 
similar formulation may be made for gravitation, with 
this difference—that the absorption of gravitational 
radiation is extremely low. The advanced wave, instead 
of being converted into radiation reaction, will be pro- 
pegated to the remotest parts of the universe with 
n je attenuation. 

ravitetiongl waves, like light waves, will be affected 
by the Doppler shift due to the galactic recession. 
Whereas the retarded wave ig shifted to lower frequencies, 
the papier wave is shifted to higher frequencies and to 
higher energi 

We can ap paren the Doppler shift most easily by sub- 
jecting the momentum 4-vector of the graviton to a 
Lorentz transformation. Considering for simplicity the 
case of one space dimension, we can write the momentum 
of the retarded graviton as {p,+ ip), and that of the 
advanced graviton, which travels backwards in time (80 
that dé/ds is fiegative), as (p,—sp]. If the observer is 
receding from the source with velocity veo, then the 
observed momentum of the retarded graviton will be 


LAS] bsp) | fin] 


while that of the advanced graviton will be: 


Is 


[rr Hia Zp] 


Here y= (1 —ß?)-1/3 and so the momentum, and hence the 
frequency, of the advanced graviton is increased by a 
factor of: 


BM 


Ya +B) 2 (1--B/Q —8r? 


The overall effect can be seen from a space time diagram, 
as in Fig. 1. Pulses emitted by the source are received 
at longer intervals at the retarded wave, and at shorter 
intervals at the advanced wave. 
As the advanced wave approaches the horizon of the 
E MUR the velocity of the source relative to the local 
approaches-the speed of light, and the frequency 
one the advanced wave increases without limit. Thus, 
even though the source frequency may be very low, the 
observed frequency will eventually be shifted above the 
critical frequency necessary for matter creation. 
Since a graviton has rero rest mass, momentum can 
be conserved during matter creation only by collision 


1080 


with another particle which can absorb the excess 
momentum of the graviton. Now MoCrea*‘, in an interest- 
ing paper, has suggested this postulate: that new matter 
is created only in the presence of old matter. If matter 
creation does take place by the action of gravitational 
radiation, then the conservation of momentum, which 
we have been at such pains to retain, automatically 
requires that MoOrea’s postulate be satiafled. 

The most likely spin for a graviton is 2, and so the 
annihilation of a graviton should result in the creation 
of four particles of spin 4: for example, two protons and 
two electrons, or perhaps four neutrons. The reverse 
reaction, in which four particles are annihilated in a 
collision with a fifth particle to.form a graviton, should 
also be possible. Since this involves a five-body collision, 
we may expect that this reverse reaction will only take 
place at extremely high densities, such as are produced 
by gravitational collapse. In moderately dense matter, 
NUN. Shee apenas te eee ante. ver cual 

on. 

If, as I have suggested, it is the advanced gravitational 
wave that is responsible for matter creation, then the 
matter created will be in the form of anti-particlee. This 
follows from the conservation of momentum. 

It is easiest to work in the rest frame of the incoming 
scattered particle, which then has momentum {O, +m}. 
Suppose the incoming graviton and the outgoing scattered 
pue have momenta (p, —ip} and {Pym, +iym}. 

the total momentum of the outgoing created 
particles will be 


[Aie] + [aim] - [Fm] Ln] 


The created particles thus have negative energy, and so 
are anti-particles. This at first sight contradicte the 
elementary obeervation that the universe consiste of 
ordinary matter, and not anti-matter. 





Fig. 1. 


Doppler shift or advanced and retarded waves 
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Fig. 2. Hmismion of ani-pertioies into the past 


However, as Fig. 2 indicates, the created antiparticles 
are emitted into the past, which is i bt to the 
emission of ordinary icles into the future. Presumably 
the antiparticles at some point on their world lines 
be scattered into the future as ordinary particles. In 
2n | event, the result is an increase in the net number of 

particles towards the future, since antiparticlea 
sien be counted as the negative of ordinary particles. 

I have suggested that matter may be created by the 
conversion of gravitational energy into mass energy, 
without violating any conservation laws other than that 
of baryon number. However, although on this model 
energy is conserved locally, it is not necessarily conserved 
on & ooamio scale. Indeed, on a cosmic scale there is 
probably no consistent way of attributing energy to a 
gravitational field. For the energy of & gravitational 
field is deflned by the integral of the energy momentum. 
peeudo tensor over a three-dimensional region which is 
chosen to be so large that the gravitational fleld vanishes 
outside this region. Such a region does not exist if we 
are considering the gravitational fleld of the entire uni- 
verse. There seems to be no reason, therefore, why the 
total amount in the universe of mass, and of such en 
as may be definable, should remain constant—i , 
it may fluctuate from epoch to epoch. 

Even tho this model may perhaps violate the 
perfect cosmological principle, it still poaseases some of 
the satisfying features of a steady-state model. In 
particular, it brings the phenomenon of creation within 
the soope of physical enquiry. Moreover, it does this 
without introducing any special modifications to terres- 
trial physical laws. We need not assume that the present 
laws of physics are inviolate, of course; but in view of 
ita speculative nature, UE. does not offer a very 
firm basis for suggesting which of the many possible 
variations are most likely to be correct. 


1 Wheeler, J. à., in Gravetation end Relativity, edit. by Ohtu and Hoffman, 
ch. 10 (Am eed 1964). 

? WoOrea, W. E, Astrophys. Norsegion, 9, 89 (1064). 

* Wheeler, J. A., and Feynman, È. P., Bes. Modern Phys., 17, 157 (1945). 

* MoOrea, W. H, Mox. Wat Hoy. Astron. Soo ,188, 344 (1904. 
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LETTERS TO THE EDITOR 


GEOPHYSICS 


Continuous Observation of the Auroral Belt 
by Means of Radio 


Tua purpose of this communication is to show that the 
southern edge of the auroral belt (the latitudinal range 
over which surorae occur at a given time and longitude) 
can be reliably tracked by radio means. With the multi- 

high-frequency system used at College, Alaska, 

the auroral belt can be tracked from overhead at 65° to 
above 80° north latitude. This wide coverage is possible 
because the high-frequency system utilizes ordinary 
ionospheric reflaxion to extend the northern limit of 
detection, and normal Z and F layer refraction to produce 
icularity between the wave and the geomagnetic 

The very-high-frequency auroral radar, on the other 
hand, can detect only those aurorally associated scatterers 
, located in the E layer near the relatively limited region 
where the line of sight is normal to the geomagnetio field. 
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The precise connexion between radio and visual aurorae 
is still relatively unknown. The phenomena appear to be 
closely connected, but, as Chamberlain! pointed out in his 
review of radio auroral work, the relationship is somewhat 
vague. Leonard, Romick and Belon? found that, although 
the region producing the very-high-frequency radio 
echoes was grossly associated with that containing the 
visual aurora, there was no detailed spatial correlation 
between individual echoes and &uroral forms. Using an 
ultra-high-frequency antenna and a 5577-A photometer 
with similar beam-widths, Kelly* found that auroral 
light was observed from the same angular portion of the 






sky as the received ultra-high-frequency scatter echoes, 
and that, furthermore, the amplitudes were proportional. 
Unfortunately, neither ranges nor heighta of the visual 
auroras were measured, so these resulte do not conclusively 
show that the radio and visual aurorae coincided in space. 

Results from the allsaky-camera network north. of 
College, the College and Fort Yukon meridian scanning 
photometers (5577 A), and the 4-64 Mo/s College step 
sounder were utilized in the work recorded here. The all. 
aky-camera photographs and the photometric records were 
used to determine the position of the auroral belt. From 
the backscatter records the ranges of the echoes were 
scaled and converted to latitude by assuming that the 
slant range of any echo trace equalled the ground distance 
to the corresponding scattering i ity. The auroral 
belt position and the backscatter range resulte were then 
plotted versus local time for the 12 days in December 1964, 
when simultaneous radio and optical data were available; 
the diagrams for December 7 and 31 are shown in Fig. l. 
Cross-hatched areas represent the optically determined 
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auroral belt, and solid blocks the backscattering ir- 
regularities. The agreement between tbe optical and the 
redio data illustrated in Fig. 1 is quite good considering 
the roughness of the method of scaling the radio data. 

The operating optical observing sites and their regions 
of coverage are shown in Fig. 1 along with the civil (C) 
and nautical (N) twilight lines up to 72° for the days 
shown. The December 7 record shows the beet agreement 
of the group while the December 31 record shows one of 
the poorer examples. 

Backscatter echoes frequently arise from discrete sheets 
located to the north of College and aligned along the 





Wie. 2. A backscatter ionogram from a discrete E-F sheet. The 
upward s g trace was produced by F supported groundseaiier 





Fig. 3. Four common ionospheric seatter modes observed at 
Modes 1 and 2 are direct E and F scatter, modes 3 and 4 are E 
whioh propagate via the F region 


CRM aan field through the E and the F regions‘. 
uch a backscatter record is illustrated in Fig. 2. The four 
moet frequently observed high-frequency scatter modes 
are illustrated schematically in Fig. 3. The method of 
determining the mode of propagation of a particular echo 
has been discussed ın detail by Bates’. Every recorded 
echo trace other than those from vertical incidence, 
meteor, groundscatter, and slant F (polar spur) echoes 
was included in making these plots. 

For the 12 days examined, the regions where the back- 
scatter echoes and the aurorae were produced generally 
coincided. In several instances identrflable backscatter 
echoes were observed in places where the aurara could not 
be detected on the all-aky-camera photographs but could 
be on the appreciably more sensitive meridian-scanning- 
photometer records. Generally, only the weaker back- 
scatter echoes showed the poor agreement; relatively 
strong echoes and strong aurorae showed the best agree- 
ment. (This may be partly due to the lack of photometric 
coverage above 71° latitude because much of the lack of 
agreement occurred between aurorae and echoes produced 
in the 75°—80° latitudes.) This finding indicates that the 
backscatter method is apparently sensitive to very week 
auroral disturbances. 

Normal incidence of the high-frequency energy on the 
geomagnetic field at any distance is produced by ordinary 
ionoepherio refraction. The high-frequency radar can, 
therefore, detect an auroral disturbance anywhere from 
overhead to far beyond the horizon, whereas very-high- 
frequency and higher-frequency radars can do so only 
in the limited ion where the line-of-sight perpendicu- 
larly intersects geomagnetio field. Thus, the bigh- 
frequency system has the considerable advantage of 
continuous spatial coverage along ite magnetic meridian. 

The results of this work show that the observed radio- 
wave scattering region is closely associated with the night- 
time auroral belt. No appreciable diurnal difference has 
been found between backscatter records obtained when 
the ionosphere was dark or sunlit for & given level of 
magnetic activity. Thus, the determination of the spatial 
and temporal variations of the auroral belt is possible 
from multi-frequency high-frequency backscatter records 
during daylight hours, and in particular during the 
Arctic summer, when ground-based optical observations 
cannot be made. 
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v 
The Mohorovicic Discontinuity 

Tris distmotive discontinuous layer se tes the orust 
and the mantle of the Earth and extends 80 km to 50 
km below the continents and about 10 km below sea-level 
in the ocean basins. It has been estimated! that this 
layer has a temperature of 500°-600° C at the base of the 
continental crust and 150°—200° O in the sub-oceanic dis- 
continuity. This layer is also under a compressive stress 
of about 10 kilobars (the mean pressure at 35 km is about 
10 lilobars) and it has an average density of about 4:0 
g/cm? as measured by the velocities of seiamic waves. 

Several theories have been proposed to explain the higher 
density of this layer in comparison with the density of that 
just above it, on the bams of (a) a chemical boundary*, (b) 
the gabbro-eclogite phase change or Fermor's theory? and 
(o) the olivine-serpentine reaction as proposed by Hess‘, 

It has been recently reported' that a considerably higher 
density in clay compacta can be achieved if the preasure 18 
present during the ition reaction of clays. An 
extension of this work was carried out to test this effect on 
some natural rocks and minerals usually present in the 
Earth’s crust. Tho range of temperatures over which the 
decomposition or phase transformation ocourred for each 
mineral was determined by the differential thermal 
analysis techmque. In most cases, the ture of 
initiation was found to lie between 500° and 600° C. 
Small powder compacta of these minerals were pressed in & 
standard hot press using induction heating and either 
Para or high-temperature steel dies which functioned 

th as susceptor and pressing component. The speci- 
mens were preased during the decomposition reaction (first 
series) and after the decomposition or phase transforma- 
tion was completed (second series). The final tempera- 
tures used in all experiments were above the decomposition. 
temperatures. This was to ensure that the decomposition 
reaction was completed in & short time. In tbe first 
series the preasure was applied from the start of heating, . 
and in the second series the specimens were preheated to 
the temperature and soaked for about 80 mm before the 
preasure was applied. The materials and experimental oon- 
ditions used and the results obtained are shown in Table 1. 

The most significant difference between this and other 
investigations is that, in the present case, the deoompoei- 
tion products (water or carbon dioxide) were allowed to 
escape, whereas in other experiments hydrostatic loading 
in a closed system was generally used, and this precluded 
the change of composition produced by the decomposition 
reaction. 

It is quite significant that higher densities can be 
obtained if the materials are under pressure during the 
decomposition reaction than if after the deoompo- 
sition is completed. In all cases, about a 10-25 per cent 
Suarens in density waa obtained in the frst seriet: In 
these experiments, however, pressures of about 12,000 
Ib./in. or leas were used. Further experiments were 
carried out in order to test the effect of increasing preasure 
on the densification both during (first series) and after the 
decomposition reaction (second series) of & kaolinitio clay. 
Fig. 1 shows the final densities of the compacta as a func- 
tion of the applied pressure for both series. The maximum 
preesure was limited to 25,000 Ib./in.* by the experimental 
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Table 1 
Experimental conditions Hesulta —Becond us 
t- t 1 Bulk 
"JE uum T ue 
» hn *) * 0) (mtn) (36) (Ib./tn.*) (g/o.0.) 
Basalt 10,500 680 10 7-20 200 1:76 
Ghlonto 10,500 720 10 4-00 5,000 2-01 
Serpentine 000 800 10 12 90 2,000 179 
Braolte 10,500 750 5 31-00 8,000 162 
Diaspore 11,750 700 10 10 20 1,700 $ 04 
Bauxite 11,750 700 5 31-00 2,500 130 
Proehlorite 10,500 850 10 22,000 12-20 9,000 2-02 
Anügorite 10,500 800 10 35 18-50 1,050 190 
Thurmglte 10,500 650 10 14,500 9 50 1,500 319 
11,750 760 10 26- 31,000 $13 26 60 14,000 2 80 
Natural magnesite 10,500 800 10 42-6 8,400 168 49-00 7,000 159 
te 10,500 650 10 8 30,500 282 9-00 8,000 2-04 
te 3,500 650 15 18 6,000 1-55 13-6 1,200 125 
26 RADIOPHYSICS 
Tenberdinre £00786 Latitude Effect on the Variation of Spread-F 
ei ids o Occurrence with Sunspot Number 
SEVERAL investigators have studied the variation of 
> percentage occurrence of spread-# with sunspot number. 
E First Series Wols! reported a decrease in the ocourrence of spread-F 
11 o with increasing sunspot activity at Huancayo. Consider- 
È ing the data for the period 1944-1951, Singleton? observed 
1 an inverse correlation between the occurrence of spread- F 
9 and sunspot number at Brisbane. Kotadia? found that 
F 29 at Ahmedabad spread-F occurrence decreases with 
97 o Second Series increasing t activity. These investigators have 
considered the data taken on all the days (in each month) 
18 in their studies. At Ibadan, Lyon ei al.* have shown that 
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Appiled pressure (1,000 Ib /1n.*) 
Fig. 1. Bulk density of kaolinitie olay compacts as a function of applied 


set-up. A change in density from 1:80 to 2-50 g/am? was 
obtained when the applied pressure was increased from 
5,000 Ib./in.* to 25,000 Ib./in.* in the first series. On the 
other hand, in the second series the increase was only from 
1-78 to 1-00 for the same increment of pressure. 

On the basis of these findings, it is suggested that the 
higher density of the Mohorovitié layer may be due to 
the effect of pressure (10-100 kilobars) at the temperatures 
of decomposition or phase transformation where the 
natural minerals are unstable and are particularly susoep- 
tible to densification. 

In drawing any conclusion, however, it should be noted 
that the density and strength reported here are those 
measured at room temperature and not those at high 
temperature and at high preesure. The nature of dense 
phases that can be obtained if the temperature and preg- 
sure are maintained for a very long period of time during 
the decomposition reaction is still not known and requires 
farther E 
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quiet days reached & maximum value for 
t numbers. Recently Rangaswamy and 
Kapaai* studied the variation of spread-F occurrence with 
sunspot activity in each season taking data for the five 
quiet days in each month for the period 1957-1962 for 
Trivandrum, Kodaikanal, Ahmedabad and Yamagawa. 
At Kodaikanal, a well-defined positive-correlation between 
the percentage oocurrenoe and the sunspot number was 
observed by Rangaswany and Kapasi in all the seasons, 
while at Ahmedabad a negative correlation was found 
for summer and a positive one for all other seasons. No 
definite correlation could be established for the date of 
Trivandrum and Yamagawa. All these investigators 
have studied the qualitative aspect of the variation of 
spread-# occurrence with number. The purpose 
of the present investigation was to study quantitatively 
the dependence of the spread- occurrence on sunspot 
number and its variation with latitude by analysing 
observations from a large number of stations both in the 
northern and southern hemispheres. 

Data from fourteen stations in the northern hemisphere 
and from eight stations in the southern hemisphere have 
been analysed. This group of stations is spread over a 
magnetic latitude range of 88° N. to 57° 8. The percen- 
tage occurrence of the spread-F from 1800 h to 0800 h 
for flve quiet days in each month has been taken from 
the published monthly f,P, characteristics. Data for the 
period 1954-63 have been used, but for certain stations 
only part of the period has been covered. A twelve- 
month running average has been taken for the monthly 
mean percentage occurrence for each station, following 
the conventional practice, in order to eliminate the 
seasonal variation. The values thus obtained have been 
plotted separately for each station against the amoothed 
obeerved Zurich sunspot number published in the 
Central Radio Propagation Laboratory (U.S.A) bulletins 
(Part-A). 

It has been noticed in all these plots that there is a 
clear linear variation of mean percentage occurrence of 
spread-F with sunspot number within a restricted range 
of sunspot numbers which varies from station to station. 
In general, the linearity is observed in the sunspot number 
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range of 40-120. It is found that the slopes of these linear 
portions vary widely from latitude to latitude, giving both 
pene and negative values. Positive slopes are obtained 

the stations sie which show positive correlation of mean 
percentage oocurrence of spread-F with sunspot numbers, 
and negative slopes are obtained with those which show 
negative correlation. For most of the stations used in this 
analysis only data for either ascending or descending 
sunspot cycles are available and, as such, the slopes 
obtained from either of these cycles are used assuming 
that there is no difference between the slopes obtained 
from the ascending and descending cycles for each station. 
With the view of determining whether there is any 
systematic variation of these slopes with latitude, the 
slopes thus obtained from each of the plots of the individual 
stations have been plotted against geographic, geo- 
magnetic and magnetic latitudes. Of the three plote, the 
date for the variation of slope with magnetic latatude fit 
best into a smooth curve (Fig. 1). 

Fig. 1 clearly shows that there is a systematic latitude 
variation of spread-# occurrence with sunspot number. 
For example, within the low-latitude range of 12° 8. to 
18° N., the slopes are positive, indicating that, for the 
low-latitude belt, the spread-F occurrence increases with 
the increase of sunspot number, the effect being greater for 
the stations nearer the magnetic equator. The sunspot 
effect on spread-# seems to be quite prominent for the 
stations close to the magnetic equator as can be seen 
from Fig. 1, in which the slope for Trivandrum i 
Lat. 0°) stands out prominently from the rest of the 
surrounding stations. There is a middle-latitude range of 
about 20°-60° in the northern hemisphere and 12°—45° 
in the southern hemisphere where the slopes are negative. 
This means that for all the middle-latitude stations in the 

ranges specified, the percentage occurrence of spread-F 
deetan with increasing sunspot number. Furthermore, 
the slopes attain a maximum negative value for stations 
situated about a latitude of 40° in the northern hemi- 
sphere and about 80° in the southern hemisphere. It 
may also be seen from Fig. 1 that the sign of the slope 
changes from negative values to positive values at high 
latitudes both in the northern and southern hemispheres, 
the change being more pronounced in the northern hemi- 
sphere. It may also be noted that the curve is not sym- 
Howie with respect to the magnetic equator. The 
resulta obtained m this mvestigation are in general 
agreement with those reported earlier. 
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PHYSICS 


The Bath-Tub Vortex in the Southern 
Hemisphere 


Ir has long been thought that water draining from a 
tank would rotate counter-clockwise in the northern 
here and clockwise in the southern hemisphere, 
ided other influences were kept small compared with 
the influence of the rotation of the Earth. This idea has 
only recently been tested, by Shapiro ın Watertown, 
Massachusetts, as part of a film on vorticity*“, and later 
by Binnie in Cambridge, England!. Shapiro and Binnie 
both &oquired confidence, after surmounting difficulties in 
their early experiments, that the counter-clockwise rote- 
tions observed in their later experimenta were due to the 
rotation of the Earth. 

The iment has now bean performed in Sydney, 
Australia. For this we should like to express appreciation 
for assistance from the University of Bydney, Tufts 
eei and the U.S. National Science Foundation. 

paratus was modelled on Shapiro’s. It was a 
aki ms in diameter and 9 in. high, with a central drain 
pipe 0-875 in. in diameter connected to a draining hose. 
The tank differed from Shapiro’s in ways suggested by 
early difficulties Shapiro and Binnie experienced. It was 
made of ply-wood instead of metal, to reduce thermal 
convection. The drain pipe projected up 1 in. from the 
bottom, and was tapered to a sharp-edged opening; and 
the tank was located in a small, cement-walled basement 
room which had an overhead louvre but no windows, and 
in which both room temperature and inlet-water tempera- 
ture remained within a degree of 20° O during the tests. 
As in Shapiro’s experiments, the tank was filled by hose 
to a depth of about 6 in. above the orifloe. The hose was 
directed so as to leave water swirling oounter-olookwise in 
the tank. 

Initially, the apparatus did not work as expected. In 
the first test, after a 60-h settling period, dust particles on 
the water surface showed no discernible rotation at any 
time during an 80-min draining period. This apparently 
meant that the water was moving to the centre go slowly 
that the viscous damping effect of the bottom was 
cancelling the water’s angular momentum to the point 
where no angular momentum was perceptible in the drain- 
ing fluid. To speed draining, the tank was raised to 80 in. 
above the floor. From then on, with the increased drop of 
the draining hose, drainage took about 22 min, and some 
form of rotation was always observed above the orifice. 

Clockwise rotation was observed in all five of the later 
tests that had settling times of 18 h or more. During the 
first 10 or 12 min of drainage, no rotation was i ee 
Rotation then developed as drainage progressed. 
of these teste & float 0-095 tu. in diemoter, e alios trom a 
wine cork, was used to indicate rotation. It reached 
speeds of about one revolution in 8 sec for the runs with 
sottling times of 18 and 20 h, and one revolution in 8 sec 
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in the one run with & settling time of 70 h. One revolution 
in 3 seo is what one would expect of a ring of particles 
rotating with the surface of the Earth at the latitude of 
Sydney, and then brought in from a diameter of 6 ft. to & 
- diameter of 0-375 in., provided the ring conserves its 
angular momentum. 

To provide & comparison with Shapiro’s work, a floating 
cross made of two matchstick segments 1 in. long was 
alternated in one test with the cork float. Both cross and 
' float rotated at approximately the pecie gie iro 

used a comparable cross. He repo * and fitmed‘ 
rotation speeds of one revolution in about 3-4 geo. His 
drainage time was also comparable, that is, 20-24 min, and 
he also reports rotation only after about 10-12 min of 


One early test did not fit the pattern of settling-ttme 
influenoe that emerged later from the tests. The tank, 
after a settling time of only 4 h 40 min, as if it 
had had 20 h of settling time. Near the end of the drainage 
period, a 0-5-in. patch of dust particles that had aocumu- 
lated at the centre was roteting-one revolution in 8 seo, 
clockwise. This was the only test in which the tank had 
not been mostly or wholly covered during the settling 
period. It was an unusually windy day outside, and just 
before drainage dust specks on different areas of the water 
surface were moving in several directions at large speeds of 
about 1 em/min. The test may therefore have been 
signifloantly influenced by sir currente. For subsequent 
testa, the louvre in the ceiling, which had been bloaked off, 
tho not completely, by ply-wood sheets, was addi- 
à covered outside with 'Plioflim'. The door was 
kept closed, except briefly to allow entry, and tho tank was 
kept mostly covered by two ply-wood sheets resting on 
two angle irons placed diametrically across the tank. The 
angle irons were usually spaced about $ in. apart, so that 
surface motions could be observed between them, and the 
direction of these supporting beams in relation to the 
room was varied from test to test in an attempt to detect 
any remaining influence of air currents. Air currents did 
not appear to be a significant influence in the later testa, 
but it is our opinion that they are likely to have been the 
ae of the disturbing influences. 

one early test, after a settling period of only 18h, the 
no-rotation period was followed by a period of counter- 
clockwise rotation, which changed to clockwise near the 
end of the draining period. (In this particular teet it is not 
known how the tank had been filled.) Shapiro reports one 
similar test, experienced after a settling time of 4-5 bh, 
attributed to undamped initial angular velocity residing 
in the upper water, while the water nearer the bottom was 
rotating in the direction of the Earth's rotation. In 
another of our tests, with a deliberately short settling 
time of 8 h, water drained out counter-clockwise during all 
but an initial 2 min of no rotation. Shapiro reporte a 
similar result. -In fact, it would seam that the results of 
these experiments at Sydney are quite similar to those 
obtained by Shapiro in the northern isphere, with one 
exception. After suitable settling periods, Shapiro ob- 
served counter-clockwise rotation. We, in Australia, 
observed tho opposite. 

These teste posed for us an unusual problem in experi- 
mental work. Normally, one does experiments in which 
there is some uncertainty in the expected outoome. In 
these experiments, however, our confidense in the idea 
that the Earth rotates, and in the applicability of oon- 
servation of angular momentum to masses of fiuid, was 
probably so strong that experimental denial would have 
been almost i iasible. We should have gone to 
Hotere feng apad gee oe See eee ee eee 
Realizing this, we found ourselves reluctant to accept as 
conclusive the results we were getting, resulta whioh 
apparently confirmed our ideas. One can never prove, for 
example, that ib was not some small air current which 
persistently maintained a circulation that gave the results 
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that can explain any set of observations. This difficulty 
in validation of scientific theories is not a new one and, 
in this instance, as in all instances, it cannot be proved 
that any one hypothesis is correct. Nevertheless, we have 
acquired confidence in the hypothesis that carefully per- 
formed experiments on liquid drainage from a tank will 
show clockwise rotation, if done in the southern hemi- 
sphere. 
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ENGINEERING 


Variation of Breakdown balay E of a 
Positive-point/Plane Gap with Applied 
Voltage Waveshape 

Ix recent years it has become 9 well-known experi- 
mentally observed fact! that the breakdown voltages of 
oertain non-uniform field gape are strongly dependent on 
the shape of the applied voltage impulses. For positive- 

int negative-plane gaps it has generally been found that, 
Er standard double exponential lied voltage impulses 
and with gap spacings of 1-5 m, the breakdown voltage 
decreases with increasing rise-time, for rise-times of 
100-200 seo, which it increases again. The 
magnitude of the effect increases with increase of gap- 
length and for a 5-m gap, for example, the breakdown 
voltage at the minimum can be as little as 50 per cent of 
that for a 1-pseo rise-time impulse. 

Tt was suggested? that the phenomenon might be due to 
pre-breakdown corona mechanisms which are dependent 
on time and could therefore vary with rise-time of any 
During the discussion on 4 


pre-discharge processes 
the fleld to become more uniform so that the breakdown 
voltage increases. 

During the course of an investigation of the mechanism 
of the long spark at CERL the pre-breakdown corona 
stage was investigated. It was found that the pre-break- 
down corona consisted of i and that the 
pulses carried considerable quantities of charge. Further- 
more, the intervals between pulses clearly indicated that 
space charge fields resulting from earlier corona pulses 
affected the development of later pulses. This suggested 
the following mechanism to lain the experimental 
observations of the dependence of the breakdown voltage 
with waveshape referred to above. 

For the poeitive-point negative-plane arrangement the 
i across the gap by the follow- 
ing mechanism. An electron occurring within a certain 
distance of the point causes the initiation of an electron 
avalanche towards the point. Photons produced by the 
decay of molecules excited during the avalanche produce 
more electrons further out from the point. These latter 
electrons start new avalanches. Thus the corona filaments 
are built up until the electric field is too weak to allow 
further avalanche propegation. 
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The distance from a point electrode at which the field is 
E, when tho applied voltage is V, is given by: 


z = TS (DR) (1) 


where D 18 the electrode separation and R is the radius of 
curvature of the point. 

For any particular value of V the maximum distance 
Za from the point at which an avalanche can be initiated, 
18: 


B= f(D, R) @) 


where E, is the minimum field in which an avalanche oan 
pro 

Thus for a filament to propagate across the entire gap 
the applied voltage has a unique value: 





y DE; 3 
z= F(D, R) oy 
from equation (2): 
dz, f(D, B) dV 
di E. ^d (9 
Now a is the speed with which the position of 


the boundary of the limiting field for avalanche propaga- 
A] = is dirseti 

proportional to the rate of rise of applied voltage which can 
be related to the rise-time of the applied impulse if the 
waveahape parameters are known. The shape of the 
experimentally observed curves ee the breakdown 


voltage and impulse rise-time can be explained in the 
following manner. 
dz, 


(1) Shori rise-tims impulss. noB case DS as 


large and therefore the position of E, moves very rapidly 
away from the point. For breakdown to occur an applied 
voltage is needed of such a magnitude that a field of at 
least E, ia produced everywhere within the gap. 


tion movee away from the point. 


dz 

time EUR wil be suoh that in addition to the eleotro- 
static fleld produced by the applied impulse there will be 
time for space charge flelds to form due to ionization 
produced in the electron avalanches. Now if the positive 
space charge drifts across the gap at the same speed as 
dz 
PUE and is just behind the filament tip, the electro- 
static fleld due to the applied voltage will always be 
enhanced by the space charge field. Thus the field. E, can 
be produced by & smaller applied voltage under these 
conditions than in the absence of space charge. The 
breakdown voltage will be lees than in case (1). 

(8) Slow risetime $mpulses. Beyond the value of 
dz 
= corresponding to the 
voltage the space charge will drift away from the point 
faster than He. In this case the space charge field will 
reduce rather than increase the electrostatic field and 
hence quench the discharge. This inhibiting charge 
then has to be removed by the applied field before a 
discharge can occur. As in (1) the applied fleld alone has 
to produce E, everywhere in the gap and thus a higher 


minimum breakdown 
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applied voltage is needed than in case (2). 
tior model is being developed further and it is Bia alse i 
that the complete breakdown process under all conditions 
will also be included. 
F. D. A. BOYLETT 
H. Q. J. EpwARDS 
B. G. WILLIAMS 
Central Electricity Research Laboratories, 
Leatherhead, Surrey. 


* Daseiyan H. X, Drago, H. N., and Stokoinikoy, I. S , Sos. Phys, Doklady, 5 
1 Udo, T., Trens. Amer. Inst, Nic. Eng., 83 (5), 471 (1004). 


* Ostano, P. and Bforzinl, M., Rendiconti delle LIV Huxine Annuals 
eel ABT, Palermo (1964). 


* Hughes, B. C., and Roberts, W. J., "A. of Flashover Characteristics 
of Arr Gaps to Insulation on", Proc. Inst, Hiec. Nag., 118 (1), 

* Udo, T., Trens. I.E. E.B., PAS- (4), 804 (1065). 

* Booth, i 8., wi Dos ee 7- L., and Forrest, J. 8., Prec. Ins. Flee. 


METALLURGY 
Orientation-dependence of Fati erated 
Creep in Aluminium Single Crystals 


Tma character of some of the creep-fatigue interactions 
in metals can be extremely complex, as reviews of the 
subject reveal!*, The fact that creep rates of relatively 
pure metals, such as leed’, copper‘ and zino", are signifi- 
cantly accelerated by a supermposed fatigue stress is 
nevertheleas well established. A sound explanation 
for the effect, and its associated features, is not casily 
advanced without more fundamental information, particu- 
larly in respect of the behaviour of single crystals. While 
some effects in single orystala have been examined (fatigue- 
activated recovery’, for example), no examination of 
fatigue-activated creep in single crystals appears to have 
been published so far. The purpose of this communica- 
tion is to report some initial resulta derived from experi- 
ments on aluminium single crystals in which particular 
emphasis has been given to the orientation-dependence of 
fatigue-aooelerated creep. 
crystals of aluminium spark-machined to the 
specimen shape discussed by Andrade’ were streased 
m @ thermostatic enclosure at 180° C by means of an 
hydraulic device. The experimental assembly enables 
the static and the alternating componente of stress to be 
controlled and monitored separately, with digital display 
of the creep strain during a test. The geometry of the 
specimens also makes it possible to reverse the 
streas direction if required. Crystals of two orientations - 
have been examined. The crystals of one batch were 
oriented for single slip, and those of the other for double 
alip, that is, for symmetrical <110> slip on two sete of 
{111} planes. 

The results of the teste on both batches were remarkably 
similar, and there was no distimotive difference between 
the behaviour of orystels in the two orientations. A 
large f&tigue-&ooelerabtion effect was observed (Fig. 1, 
curve A), much largor than that which ariscs from a 
static stroas equal to the peak stress in the cycle (see 
Fig. 1, curve B), and the hardening introduced was similar 
to that noted previously in polyorystelline materials’; 
the hardening is manifest by an incubation period of zero 
creep following the removal of the fatigue stress, with 
moroi eee cv. eee ATO 
creep (Fig. 1, curve C). As unexpectedly high values of 
Ue deine Dl aieo. the onset 
of plastio strain in the two orientations as deduced from 
stress-strain measurements was particularly examined. 

The resulta are summarized m Fig. 2; the differences 
between the behaviour of the two types of crystal are 
clearly small and, as with the creep resulte, no significant 
distinctions emerge. The poesible occurrence of some 
double slip in the crystals oriented for single slip only 
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cannot be ignored. This seems unlikely, but is being 
cheaked. 


This particular series of experiments suggesta, then, 
that the acceleration does not necessarily arise from the 
enhanced activation of croas-slip, that is, from the mechan- 
ism primarily responsible for initial fatigue damage. 
The point-defect generating hypothesis, which associates 
the acceleration with a more rapid dislocation climb, is 
not ruled out, but remains unsatisfactory on several 
counts. We are left with the observation that vibrating 
dislocations appear to circumvent barriers in their slip 
planes more easily than statically stressed dislocations, 
and although the sumen ie this has been oommented 
on previously (for example, Forsyth et a4.*), a convincing 

tive theory is lacking. The snswer may lie 
Aiseiated over a band of ediderit place jus aad 
distributed over a band of adjacent slip planes, just as it 
is in proper’, due to intersections between the 
primary dislocations and those lying in other alip systems. 
If the properties of these zones are the key factors, then 
it remams to explain why these are relatively harder in 
creep, when stressed , than statically-formed 
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banda are, but effectively softer if an alternating com- 
ponent is present. 
A. J. KENNEDY 


N. C. MoGnr 


Department of Materials, 
College of Aeronautica, 
Oranfleld, Bedford. 
x AJ. en and in Metals (Ohver and Boyd, 
Kennedy, tee af Oresp Fatigue ( 
* Melaka, A. E., po NEN 
* Kennedy, À J., Pros. Intern. Conf. Fatigue of Metals, 401 (Inst, Meoh. 
Hng., London, 1950). 
t Meleka, A. H., and Mvershed, À V., J. Ins. Metals, 88, 411 (1959). 
* Kamal, R., and Bessa, F. À., Aata Met., 13, 19 (1065). 
* Melek, A. H., and Dunn, G. B., J. Inst. Metals, 88, 407 (1959). 
' Andrade, H. N. da O., Nature, 187, 404 (1960). 
* Kennedy, mney, A. J. Proc, Joint Intern, Conf. on Orerp (Indi. Mech. Bog. 


"Tori ES Hf pepe, C. A, and Wileon, E. N., RAB. Teoh, Note 


4 Wood, W. A, cue H. ML, Trans. Amer. Inet. Min. (Metall) Erg., 
£94, 18 (1063). 


CRYSTALLOGRAPHY 
Preparation of xor Crystals of Barium 
de 


Tum need for large, optically clear crystals of barium 
axide of high purity for research studies has been realized 
for some time. It was first necessary to obtam pure 
barium azide powder to satisfy the requirements necessary 
for obtaining optically clear crystals. A method for pre- 
paring high-purity barium azide powder was developed 
ieee Hépcneoh Laboratory by Reitmer and 
this method, dry gaseous hydrogen azide was 
made to react with spectral grade grade barium carbonate in 
aqueous suspension. Using irati ay acetone, barium 
azide was precipitated from. reaction. Table 1 gives the 
elemental impurities found in BaCO, and BaN, m parts 
per million (atomic) and indicates that even such, ‘spectro- 
scopically pure’ materials contain many impurities. The 
results of this analysis were obtained Battelle 
Memorial Institute by mass spectrographic techniques. 
An investigation was then undertaken to develop a tech- 
nique for growing optically clear seed crystals of barium 
azide from which larger orystals could be obtained. 

Spectral grade barium carbonate (Johnson and 
Matthey) was reacted with dry hydrogen azide gas from 
the Reitmmer-Manno generator: 

2 HN, +BsC0O,;>BaN,+H,0+C0, t 

All reactions were carried out in polyethylene containers 
to eliminate impurities such as silicon and sodium from 
glass surfaces. BaN, was precipitated at pH 4 with an 
excess of spectral grade acetone. The water used in the 
reaction was triply distilled and de-ionized in an ion- 
exchange column as a purification measure. The material 
was filtered under nitrogen and placed in a vacuum 
desiccator over CaSO, to dry. 

A successful method of obtaining seed crystals of 
barium azide was to place 50 ml. of saturated BaN, 
solution in water in a 250 ml. graduated cylinder. Three 
ml. of @ 50/50 water/acetone mixture was placed on the 
surface of this solution by means of & long, thm capillary 
tube. This procedure prevented immediate precipitation 
of BaN, when acetone alone was placed on the surface. 
On top of the intermediate layer, spectral grade acetone 
was added to the 250-ml. mark in the graduate. The 
graduate was kept at room temperature and was not 
moved after the acetone layer had been added. Beventy- 
two hours later, by the diffusion of one liquid into the 
other, small barium sxide monohydrate crystals were 
precipitated on the surface of the graduate in the water 
and the acetone levels. Crystals also appeared at the 
bottom of the graduate. After.10 days, when the 
had grown to approximately 6-5 mm in length, they were 


(a p-p.rn.) 

Fenni —— B«OO, BaN, Hemeni —— Ba00, BaN, 
Il 2 0-07 ag 0-004 0-01 
Be 0-04 0 006 0-004 005 
B 0-6 0-8 In 0-02 0 008 
F 04 0-8 Bn 0 025 0-03 
Me 4 1 Bb 0 008 0-01 
Mg 4 150 Te 0-004 0-02 

2 11 I 0 008 0-006 
Bi 10 1 Cs 0-004 0-006 
P 11 1 Ia 0-08 0-008 
B 10 TO Os 0-02 0-008 
a 150 04 Pr 0-02 0-008 
K 6 40 Wa 0-12 0-03 
Oa 4 6 8m 0-6 0-12 
Bo 06 01 Xa 004 0-06 
Ti 0-15 0-04 G4 012 [2] 
Y 0 015 0-03 Tb 008 0-08 
Or 0-15 0-08 Dy 0-08 0-12 
Mn 004 0-03 Ho 0-02 008 
Te 0-4 3 Hr 0-04 0-02 
Co 0-004 001 Tm 0-02 0-03 
m 0 04 0-3 Yb 0-12 0-1 
Oa 008 1 Iu 0-02 0-03 
Zn 0-03 0-25 Hf 0-1 0-01 
Ga 0-008 0 08 Ta 0 08 o3 
Ge 0-2 0-01 wW 0-04 0-07 
Às 0 08 .011 Re 0-01 003 
Be 0 006 001 Os 0 006 0-02 
Br 0 008 0-06 Ir 0-002 0-01 
Rb 0 003 0-01 Pi 0-03 0-02 
Br 0-03 0-01 Au 0-006 0-02 
Y 0 0015 0-006 Hg 0-004 0-01 
Ir 002 0-03 T . 0-003 0-01 
Nb 0015 0-006 Pb 0-6 O-15 
Mo 0-006 0-15 Pi 0-008 0-006 
Bu 0-012 0-02 Th 0-02 0-008 
Bh 0-08 0-06 U 0-0015 0-006 
Pa 001£ 0-03 


taken from the solution by siphoning out the liquid. 
Several dozen seed crystals were obtained from each 
graduate by this method. 

The 6-5-mm seed crystal of BaN.H,O was fastened 
to & glaas rod with an adhesive made by dissolving 
‘Styrofoam’ in benzene. Fifty ml. of & saturated aqueous 
BaN, solution was placed in 250 ml. graduate and the 
seed crystal was suspended in the centre of the solution. 
An intermediate layer of 50/50 acetone/water solution 
was placed on its surface using the capillary tube. Acetone 
was then added to the 250-ml. mark and the graduate 
sealed with a polyethylene-covered rubber stopper. 
The graduate was kept at room temperature. After five 
days at room tamperature (24° C), the seed could be seen 
to have grown. Thirty days later the crystal was taken out 
and found to be 12-10 mm in length. 

A saturated BaN, water solution was made and one o.o. 
of excess water added. ‘The solution was placed in & 
graduate and the aforementioned crystal placed in its 
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centre. The intermediate layer and precipitatmg solvent 
were added as described. After 24h, a rough surface could 
be obeerved on the crystal face aa a result of ite dissolving 
in the exoees water. Several days later new 

could be observed without & line of demarcation of one 
growth period on another. After 30 days the orystal 
was extracted and measured to be 19-05 mm long by 4-76 
mm im diameter. 

Diffusion is the movement of molecules which in time 
will tend toward an equilibrium situation in which there 
are no concentration gradients. With the diffusion 
technique im the liquid phase, the most abundant arystal 
habit of barium azide was of the monohydrate variety 
obeerved in the water layer (Fig. 1). However, in the 
Me solvent, acetone or aloohol, mnall 

I ide orystels were observed (Fig. 2)*. When 
an ether/aloohol mixture was used as the intermediate 
layer, clear flat plates of barium azide were obeerved in 
the ether/aloohol which may be a new crystal habit. 

Blow cooli of saturated barium azide at 55? O in 
water, water/aloohol, water/methanol, water/acetone, 
&loohol, methanol, and acetone was found to be an 
unsucoeesful method for the growth of good crystals. 
These experiments resulted in the formation of a flne ` 
powder and some decomposition of barium azide. However, 
further experiments utilizing these techniques should be 
undertaken. Slow evaporation of barium azide from water 
solutions produced large crystals that were in general 
rough surfaced and uneven. Evaporation from other 
solvents produced a fine powder and afterwards these 
techniques were dropped. 

I thank Dr. T. Richter, Lieut. P. Marinkas and Dr. P. 
Kemmey for their advice. 

RarnrH P. MAwNO 

Exploeives Leboratory, 

Feltman Research Laboratory, 
Picatinny Arsenal, 
Dover, New Jersey. 
eae B., end Manno, fe P., Tech. Mem. 1186, Pisationy Arsenal (May 


1 Martnkas, P., and Abel, J. (to be published). 


Habit of Triglyceride Crystals 
Wa have examined the habit of purified tripalmitin 
crystals of the B form grown from the melt and a variety of 
solvents. The resulta are summarized in Table 1. 
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se a EL 
of tripalmitin grown from the me (xe. 125) 





Pes ey aA AER NE EINA 
Fig. 2 Crystal of &ipalmitin grown from hexane (x oe. 170) 


Identification of the crystal faces is based on measure- 
ment of angles and comparison with the work of Vand? 
and Jensen and Mabis" for the B form of trilaurin and 
tricaprin. Tripalmitin may be expected to have a similar 
structure with & larger o axis parameter. 

Thickness of the crystals along the c axis has been 
measured for a few crystals. This dimension is extremely 
small for melt grown crystals and relatively larger for 
solution growth. The crystals grown from acetone were 
about 300p long in the a— plane and 15j thick along the 
0 axis. 

The interesting feature of these results is that crystals 
grown from hexane, benzene and chloroform are elongated 
in the b axis direction and bounded by large 100 faces. 
Crystals grown from acetone are bounded by {110} faces 
with small 100 faces sometimes visible and crystals grown 
from the melt have only {110} faces parallel to the ¢ axis. 

These observations are consistent with the electron 
microscope studies of Okads?on very small crystals, which 

` also suggest that tho orystals grown from ether are 
similar in habit to those grown from acetone. 

Laresont has analysed the structure of trilaurm in 
detail and shown that in the 6 direction there is an 
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Fig. 4. Orystals of tripalmitin grown from ohloroform ( x e. 76) 
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Fig. 5. Crystals of tripalmitm grown from acetons (xe 150) 
unusually short intermolecular distance and probably & 
considerable polar attraction. This evidently resulta in 
enhanced growth in this direction when hydrocarbon 
solvents are used. 
Several examples of solvent effects on crystal habit have 
been reported by Wells*:*. 
N. Arson 
A. PAGKER 
Unilever Research Laboratory, The Frythe, 
Welwyn, Hertfordshire. 
1 Vand, V., and Bell, I. P., dete Oryet., 4, 485 (1961). 
* Jensen, L. M., and Mabis, A. J., Nature, 197, 681 (1003). 
* Okada, M , J. Elexronmicrosoopy, 18, 87 (1064). 
* Larsson, K , Aris. Kemi, 83, 1 (1064). 
* Wells, A. F , Plat. Mag., 87, 184 (1046), 
* Wells, A. F , Disc. Farad Soo., No. 5,107 (1049). 


CHEMISTRY 


An Improved Method of calculating Particle 
Size Distribution from Centrifugal 
Sedimentation Experiments 
CaINTRIFUGAL sedimentation methods are widely used 
for determining the particle-size distribution of suspen. 
sions of fine solids in liquide. Donoghue and Bostock! 
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givo methods for calculating the cumulative weight size 
istribution of a sample from the experimental figures. 
This method is based on filling the centrifuge with the 
sample under examination, as opposed to the method 
initially used by Marshall*, and afterwards developed by 
others*:4, in which the sample is introduced as a thin layer 
superposed on a clear medium of slightly higher density. 
This latter method is likely to give inaccurate resulta with 
some systems due to the phenomenon of ‘streaming’. 
Using the former method, the icle size analysis 18 
performed by running the oen for & given time at 
constant speed and then measuring the amount of sample 
which haa either sedimented to (or past) a certain radius 
in the centrifuge, or which remains above this radius. 
It is rmmaterial for the purpose of this note which method 
of measurement is used. The complete sire distribution is 
determined by one of three methods: 

(1) The inner radius of the liquid surface and the outer 
radius of collection are kept constant and samples are 
collected after ing running times of the centrifuge. 
(We assume the centrifuge speed is kept constant for all 
experiments. ) 

(2) The running time of the centrifuge is kept constant, 
aa is the inner radius of the liquid, and the outer collection 
radius is varied. 

(8) The running time of the centrifuge is kept constant 
as before, but the outer collection radius is kept constant 
for successive measurements, while the inner liquid surface 
radius is varied. 

Donoghue and Bostock give methods for calculating 
the size distribution from experimental data obtained 
by methods 2 and 8. A simpler and more accurate calcula- 
tion than that given by theee authors exists for method 
3 und does not appear in the literature. This can be 
developed on a physical basis by considering & centrifuge 
with a collecting plane at radius R, and filled to a radius 
S. We also need to define the speed of rotation of 
the centrifuge, œ, the viscosity of the liquid, m the 
density differenoe between solid and liquid, Ap, and the 
running time of the oentrifuge between sample insertion 
and collection, % It is assumed that all these latter 
conditions are constant. If the inner radius of the oentri- 
fuging: suspension is decreased by & small amount dS, 
then the extra weight of is introduced into the 
centrifuge is 27:89 T'c.dS, where T is the thickness of the 
suspension in an axial direction and c is the weight of 
solid per unit volume of suspension. For this extre amount 
of material added, all that with a particle size larger than 
a Stokes diameter D will reach the collecting plane at 
R, and all that smaller than D will be at a smaller radius 
than R at the end of the running time i. This diameter 
D is given by the equation: 

In (R/S) = D*ApoM/18n (1) 


The extra weight of sample ited at a plane at radius 
R due to this change in radius dS of the top surface of the 
sample is therefore: 

aW = — inSTodS [ f(D).dD (2) 
The negative sign occurs because the extra added layer 
causes & decrease in S. TR opa an ane ted 
apparatus where the liquid is run off and e deposited 
layer is reteined for analysis, whereas in the type of 
apparatus where the over-lyi liquid layer is removed for 


estimation of the weight of solids*, the following equation 


should be used: 
D 
dW = — 2n8To.dS | fD}-aD (8) 


In both these equations /(D).d.D is the weight fraotion of 
the sample lying in the sire range D to D + dD, and hence 


j f(D)dD is the cumulative weight percentage in the 
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sizo range stated. It is seen that the cumulative weight 
peroen: can be obtained easily from experimenta in 
which S is varied but all the other conditions of the experi- 
ment are kept constant. Considering equation (8), the 
weight of sample collected, W, is plotted against S, and . 
the tangent to the curve found for varying values of S. 
This is divided by S.(21T'o), the bracketed term being & 
constant for any one sample and apparatus. The result- 
ing figure is the cumulative weight percentage below 
diameter D, where D is related to the value of S at which 
the tangent was drawn by equation (1). A similar result 
can be derived for equation (2). 

Equations (2) and (3) can be derived mathematically 
from the equation for the total weight of material ool- 
lected, for example, in the oase of equation (3): 

E . 
W -sTo] (Rto-29D* — 81) ((D)dD, where 9 = Soot (4) 

Differentiation of this with respect to S leads directly 
to equation (8). Ref. 1 treata the whole problem in terms 
of the fraction of material in the centrifuge which is 
collected, rather than the total weight collected, and this 
resulta in a much more complicated and leas accurate 
method of calculation. It will be noted that the problem 
of calculating the size distribution when the radius of 
collection R is varied, that is, when equation (4) is differ- 
entiated with respect to R, is not so simple, and hence is 
lees accurate. In this case the method of Donoghue and 
Bostook is as good as any other. : 

Donoghue and Bostock also state that no analytical 
method exists for the derivation of the particle size 
distribution of a sample when £ is varied. This is correct, 
though with modern computers iterative methods can 
be developed for calculating the required results at quite 
low cost. In our experience this is not as accurate as the 
method outlined here. 

R. D. MURLEY 


British Titan Products Co., Ltd., 
10 Stratton Street, 
London, W.1. 
1 Donoghue, J. K., and Bostock, W., Treas. Inst. Chem. Eng., 38, 72 (1055). 
* Marshall, O. H., J. Soc. Chem. Indust , 50, HAT (1931). 


' Disk centrifuge manufactured by Joyoe-Loebi and Oo. Lid, Gateshead, 
under lleenee from LOI. LiL, Diveion, A 

‘Ke B. H, Brit. Patent No. 805,222 (1062), also The Analyst, 88, 173 
arch, 1563). 


BIOCHEMISTRY 


Fatty Acid Synthesis In Rabbit Thymus 
Preparations 

Ix connexion with our earlier studies on the lipid meta- 
bolism in human white blood oella'*, a study on the 
metabolism of acetate-1-1*C and malonate-2-“C by rabbit 
thymus preparations was initiated, in order to investigate 
lipid synthesis in this gland. Information from such 
experiments does not only apply to the physiological role 
of the thymus connected with lymphocyte production, 
but also, eventually, to other functions of this gland‘. 

Two- to three-month-old rabbits were killed by a blow 
on the head and the thymus immediately excised and 
chilled in ice. The glands were sliced with & razor and 
homogenized with 9 volumes of ice-cold 025 M sucrose 
solution in a motor-driven Potter-Elvehjem homogenizer 
with a ‘Teflon’ pestle for 1 min. The homogenate was 
passed a cheese cloth and separated into two 
particulate fractions and the perticle-free supernatant 
(Sb), essentially as described previously for human 
leucocyte preparations’. Any floating fat appearing 
during centrifugation was removed. 

The incubation used in these experiments is 
shown in Table 1. (+) biotin was added, as it was 
shown that in some preparations the addition of 2 mumoles 
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Table 1. 


te buffer H6 5), 0 U 


ADP,1 NÀD, 


O0 citrate 
-MQ, 5 m., or 0-18 1-40, 3 
volume was 1 ml. and oontamed 0:2 to 
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of it resulted in a maximum incorporation of &oetato-1-1*C. 
Preliminary experiments showed that CoA and ATP 
were the absolute t of the systems for the 

ration of acetate-1-*C by both particulate fractions 
and Bb, while Mg** stimulated the reaction and could 
replace Mn+, A ial requirement for NAD and NADP 
could be shown for the mitochondria. When Sb was 
treated with ‘Dowex-1 Cl-’ the system showed a partial 

t only for NADP. 

Table 1 shows that both “C- are efficiently 
incorporated into all tested cell Satine: The presented 
data for malonate-2-!*O must not be taken as a measure of 
ite rate of i es ration by the various fractions, since 
part of it ma decarboxylated and moorporated as 
&oetate-2-1«, A the presence of ATP". 

The high percentage of radioactivity found in the 
carboxy carbon, after decarboxylation of the total fatty 
acids synthesixed from acetate-1-C by the various 
fractions of the cell, indicates that a large of this 
substrate is incorporated through the elongation or mito- 
chondrial system’, that is, by direct addition of one or 
more acetyl-CoA unita to p isting fatty acyl-CoA 
unite. Since this is a usual finding only for the particulate 
fractions*'!*, the operation of the mitochondrial system 
in the partiole-free supernatant must be due either to a 
peculiarity of the tissue studied, or to an extraction of the 
system from the particles during the separation procedure. 
A similar i has been reported by Christ and 
Hül&mann!! for rabbit heart and pigeon liver mitochondria. 
They suggested that the major part of the lipogenio 
activity is actually present in mitochondria, but is 

extracted and appears 1n the centrifugal supernatant. Our 
~ data, although they may indicate a release of the mito- 
chondrial system into the supernatant, do not show that 
the malonyl-CoA pathway system has a mitochondrial 


origin. 
Table 2 shows that both particulate fractions synthesize 
similar fatty acids, predominantly with a chain-length of 
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1l. Autoradiogram thinlayer ohromatogram of lipids 
ymus inoubated with acetate- 
1-40 dr matonste 2-10 (ID). i lamiera y diea ee al eth 
water, 3 v/v. The abbreviations show the position where the 
neutral H U, unidendfed; Or, cerebrodes; PA, PU, PS ie 
phatidy! (ethanolamme, choline and serine, respectively); Sp, 


18, or more, carbon atoms, which are characteristio pro- 
ducts of the mitochondrial system®1°. The quantitative 
difference in the fatty acids, formed by Bb from aootate-1- 
MO and malonste-2-14C, is consistent with the resulta of 
decarboxylation and indicates that not all aoetate-1-1*Ü is 
inoo via the malonyl-CoA intermediate. It 
should be mentioned here that resulta reported for the 
Sb of other tis&uoe*-*:1*-5 ghow that malonate is mainly 
Incorporated into palmitate. In oontradiotion to the 
foregoing, in the 8b of thymus, malonate is almost equally 
ted into myristate and palmitate. We have no 
explanation at the moment for this high rate of myristate 
synthesis. 
Fig. 1 shows that when Sb from the same tion 
was incubated with &oetate-1-140 (U,) or malonate 2-14) 
(U,), the radioactivity was mainly associated with one 


Table 2. Farry ÀGOIDS SYNTHBSIZXED BY RABBIT THYMUS PREPARATIONS 


Percentage of total radioactivity eluted from the eolumn 


sou | ov [ovout| ou | oro | o | 
See pee) pee tele 


93,0009 sediment + 
E CC IMIESPN NENNEN 








* Average from two experimenta + deviation from the mean, 
T Dashes indicate that the compounds were trapped with the C. 


11:8 81 
eel ns [om 


T4X23|247:05 | 11-3421 | 255r05 | 11-5436 














extracted as demoribed in Table 1, chromatography 
Piers fice pa Tis tatiy alt T: were ene end sparta by peers ga Bou ona Pye argon chromatograph 
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fast-moving spot, which moved to different positions, 

ing on the precursor used. In addition, it was 
shown that by mild alkaline ig and silicio acid 
chromatography", when Sb was incubated with acetate- 
1-40, only 10-80 per oent of the labelled fatty acids were 
linked in ester bond to the complex lipid, whereas the 
opposite was true when malonate-2-14O was used as 
substrate. It is unlikely that the differences in fatty 


resistant to mild alkalme hydrolysis. 


0. J. Minas 
J. D. Mazrros 
G. M. Lavis 
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Role of Cysteine in the Production of Fc 


and F'c saloon of YG Myeloma 
; lobulins 


RacaxtLY, Osserman and Takateuki! have described a 

E E 

y destroyed by the action of papain. A 

ginilay protein (myeloma M) wea dently examined 

in this laboratory. This protein was found to be suscept- 
ible to papain and trypsin’. 

Immunological typ has characterized this protein 
as shown in Table 1. Zu (ref. 3), Vi (ref. 4) and y20 
re A ee ae Be 

All ensyme-susceptible Fo fragments so far 
belong to this group. The resulta of Grey and Kunkel‘ 
indicate that monkey ae but not rebbit anti- V4, 
develops an Fo on immunoelectrophoresis. 
This would fa anes EI roan cE 
proteins is fi in this H chain sub-group. 

Bome of the factors which might be involved in this 
susceptibility were now examined. Cebra ef al.*, using a 
water-insoluble papain derivative, have shown that 
cleavage of rabbit y-globulin is a two-stage process. 
The initial stage of the reaction involved the splitting 
of some peptide bonds by papain, and the subsequent 
reduction of the products into smaller fragments by 
eysteine. Hsiao and Putnam’, using merouripapain, 
have shown that proteolysis of human y-globulin m the 
absence of cysteine results in the liberation of 3-55 
ments, and a variable amount of 6-69 material. Acco 
ingty, tho role of cysteine in the proteolysis of myeloma N 
was examined. In our papain digestion 
(crystallized papain x2, lot No. 5575, FP Worthington 
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Biochemicals), in the absence of was conducted 
in 0-1 M phosphate buffer, pH 6-0 ab 87° C at a protein 


to enzyme concentration of 100:1 for 18 h. im- 
munoeleotrophoretio patterns in Figs. la and o show the 
uction of an Fo- but not F'o fragment under the -~q 


oregoing described oonditions. The imoorporation of 


0-01 M cysteine into the digestion process resulta in the 
dn of boili tko Fo end Fo prod bands in 
human yG (Cohn Fr II) (Fig. 1b), but in destruction 


of both these fragments in the case of myeloma N (Fig. 1d). 
Ultracentrifugal analysis has shown that under the former 
conditions, myeloma N protein digested with and without 
cysteine yields only 3-5 S fragmenta. Under similar 
conditions in the absence of cysteine, human y-globulin 

and papain insensitive yG myelomas yield 
sedimenting at 3-6 S (80 per cent) and 6-7 S (20 per cent). 
A large number of yG myelomaa and human y& (Cohn 
Fr li) were studied with the aid of .starch-gel electro- 
digestion. The Fe component of 
those proteins resolves into a series af bands which are 
identical as to concentration, number and Eg pes 

The sub-unita of the Fab fragment are specific for 

To eee 
Fig. 2 comprises human yG ( ee 
pp seer ch or (papain sensi- 
) digested by papain with and withoub cysteine. 
Fin S4 end B, Aarte, aho Ehe tv plos] distémbution ^ 
of Fo sub-componenta of human yG and T myeloma 
proteins in the presenoe of i There are . 
at least 9 bends of which No. 6, counting from the applica- " 
tion slot toward the anode, stains the most intensely. 
O and E represent, respectively, similar proteins digested 
in the absence of this sulphydryl agent. It can be seen 
that the number, migration and intensity of the Fo 
gub ta aro the game, but differ from those of 
A and In contrast, D and G, respectively, show 
myeloma N cleaved without and with Complete 
dissolution of the Fo sub-componenta is seen in Fig. 2G. 
The Fo fragment and ita sub-components, which are only 
produced in the absence of cysteine (Fig. a) Ane De 
similarity to those of myeloma T or myeloma N, and 
human YG similarly treated. In Figs. 2B and OC, several 
bands can be seen on the anode side of the application slot. 
These have a similar rate of migration to native myeloma 
protein T' (Fig. 27) and may be identical. It is suggestive 
of the 6-7 S sedimenting material seen in tho digesta of 
HT ee ee 

, and to a lesser extent in 


The four bands m 
Fig. 2G, which migrate S qo the cations mido of the: 


application slot, have a mobility similerto native myeloma _ 





id NM FAS b 


Tg L Immunosiectrophoretic analysis af human yG (Cohn Fr 
myeloma: N protein after dumeuon Vith papau 1. Hia: prognos 


Ti uman »-giobultn; e, 4, myeloma F; 6; 0; Maetel wi 


rintit anserum containing’ witibodiee dir 
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Tig. 2. a n nt A T 
Human y-globuln: A, Z, oyeteine present; E, cysteine absent; Z. patro protei 


naive protem, Myeloma N: G, cystene present; D, 
protein N (Fig. 2H). Although no 6:8 S sedimenting 
component was seen in myeloma N treated without 
cysteine, this may be no more than due to concentration. 
In determining Svedberg constants, 0:4 per cent solutions 
were used as. posed to 5 per cent on the gels. 

Another erence in the patterns obtained with and 
without cysteine in the papain digestion mixture is seen 
in the F’o region. All materials digested in the absence 
of cysteine (Figs. 20, D and E) are characterized by the 
lack of the 7’o fragment in contrast to teolysis with 
dynen (fics 24, Band.) where tlie throe typical Io 
bands appear. These observations were also confirmed 
by immunoelectrophoresis (Fig. 1). 


Table 1. PROFERTING OF yG MrmLoms N 


a Phystoo-chertoal |—. 
Solubility 75% soluble in salme at 1% w/v 
Ballo aoi content 0-16% dry weight 
Ta (iris batter) Cathode 
ppm L hein 
Vi (vie, £ 
rr spa aU ex oo) Ta at) 


* The Gw(b) group was negative at 0 25 mg/ml , but poattive at 5 mg/ml. 


In summary, it should be noted that the number and 
position of the F’c and Fo fragments of human yG and 
papain insensitive ~G myelomas are characteristic for 
each mode of papain digestion. When proteolysis occurs 
in the presence of cysteine, the F’e bands evolve and a 
distinct set of Fe sub-components is separated on starch- 
gel. However, when digestion occurs in the absence of 
cysteine, the F’o sub-components do not appear and a 
new set of Fo sub-componente is demonstrated. For 
each mode of digestion, the F’o and Fc sub-components 
. are identical in all the papain insensitive YG myelomas 
and human y@ (Cohn Fr II) thus far tested. 

A unique YG myeloma protein has been described where 
the integrity of the Fo and F’c sub-components depends 


Myeloma T. b ager re I 
absent; H, native protem. FACE P eS 


on the presence or absence of cysteine during digestion. 
The Fe sub-oomponenta of myeloma N can be produced by 
cleavage in the absence of this sulphydryl compound, and 
the separated Fc sub-oomponenta show a different distri- 
bution from thoee described here. Short periods of digee- 
tion (leas than 1 h) can also result in production of an 
Fo precipitin aro. The Fab component typifies cach 
myeloma ewe and ita pattern on starch-gels is inde- 
pendent of the action of cysteine, suggesting the primary 
&otion of this agent is on the Fo fragment. From the 

ractical point of view one is now able to isolate an Fe 
fragment of papain-sensitive myelomas for further investi- 
gation. 

From the aforementioned experiments, it appears that 
cysteine acta on some crucial disulphide bond(s) which 
may unfold or denature the Fc intermediates’, making 
the latter more susceptible to Pepsin 

This work was grants from the 
National Institutes yid "AP os: antes fien the National 
Institute of Allergy and Infectious Diseases, and HE 07495 
from the National Heart Institute, and in part by the 
Ohildren's Leukemia Foundation of Michigan. 
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Specificity of Pigment Formation by 
Penicillium rubrum Stoll 


Tuouau Penicillium rubrum Stoll can often be isolated 
from mould growth on organic substance and is, indeed, 
very widely distributed, the appearance of the red pigment 
at the site of the growth, which is one of its important 
characteristics, is not at all frequent. This fact suggests 
that some strict specificity exists in pigment formation by 
P. rubrum. ing & imi study! on pigment for- 
mation by P. rubrum Stoll, interest was aroused by the 
fact that while a number of hexoses and pentosea, pro- 
viding a source of carbon, gave good pigment formation, 
a few of them invariably failed to produce the pigment, 
although they served the birea requirements of the 
mould equally well. Experimental evidence indicates that 
the source and quantity of nitrogen, within wide limite, 
had no effect on pigment formation nor was it dependent 
on the presence of trace elements. That pigment forma- 
tion was closely connected to some specificity of the 
sacoharide molecules used. as the carbon source in the 
culture was evident from such observations. 

A close scrutiny of the conventional molecular structure 
of saccharides used in this study and their effect on pig- 
ment production by P. rubrum (Table 1) suggests that the 

tion of the saccharide molecules themselves is 
i cant and that only those hexoses and pentoses 
having a oore of HCOH at the 4-carbon and 2-carbon 
respectively, taking the carbon core of D-glucose as stan- 
dard, are able to produce the pigment, no matter whether 
they are of D- or L-variety. This obviously suggests that 
the formation of some specific intermediate in the biogenic 
pathway of the pigment synthesis is strictly dependent on 
the oore configuration of the ‘sugar’ molecule. 


Table 1. PIGMENT PRODUCTIOX BY P. rwhrwm IN MEDIUM OONTAINING 10 
PER CANT (W/Y) BACTOPEPTONE AND 2 0 PER CENT (W/Y) 'BUGARS' pH 5 3 


'Bugars OD) 85 days d REDE 

erem and hexose alcohols : Core at 4-carbon atom * 
D-Glucose 0 424 H--0H 
D-Mannose 0-420 1don 
D-Galactose 0 000 OH-C-H 
D-Fructose 0 850 HALOH 
L-Borbose 0 316 H-d-0H 
D-Maznitol 0174 H-LOH 

* D-Borbitol 0 000 OH-(-H 

Pentoses Oore at 2-carbon atom* 
D-Xylose 0-194 HOH 
D-Arabinose 0 000 OH--H 
I-Arzbinose 0 434 H-Ó-0H 


O.D.—Optioal denmty (measured tn 1:1 dilute culture filtrate). 
* Taking the core at 4-carbon atom in D-glucose es standard. 


It is known that one of the biogenic pathways to aroma- 
tization from glucose and similar co unds is through the 
P gn acid-dehydroshikimio seid -«hüim io acid system’. 

o in igate whether such a pathway also existed in 
aromatization to pigment formation, cultures in peptone- 
glucose, peptone-galactose, alanine-gluoose and alanine- 
galactose were periodically tested for quinio acid and 
shikimio acid chromatographically*. A yellow spot on the 
paper corresponding to quinic acid in position and Ey 
value was obtained with glucose media but not with galac- 
tose. Any spot corresponding to shikimio and dehydroshi- 
kimic acid was, however, absent in either case. The obser- 
vation of quinic acid alone and not shikimio dehydro- 
shikimic acid in gluooee media became conspicuous for the 
fact that quinic acid, by itself, ia not considered to be in 
iis ino Ot dpt ead uU Bur UN 
tho the dehydroshikimic and shikimic acid system‘. 
eeo tis Gouutltty of quado eai being (ariana an a 
casual metabolite instead of an easential intermediate 
could not be ruled out, and it was considered pertinent to 
investigate whether the addition of quinic acid to a culture 
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Table 2. PIGMENT PRODUCTION BY P. rubrum IN MEDIA OONTAINIXG f- 
ALANINE (05 PER CENT W/Y) 48 THE SOLE NITROGEN BOURCOE AXD QUINIO 
AOD OR GLUCOSE 48 THE ONLY OTHER IWGREDINENT. pH 53 


Pigment production (0.D.) In days 
14 18 24 


Modia 
B-Alantne + gincose 2-0% (w/y 0-000 0-086 0-068 
Ciao 19 LUN 0-000 0 000 0-000 
Alanine uoome Y, 
M guo a 0-1% (w } a 0 02 0:180 
Alanine + qutnie E 0 256 0-450 
f- Alanine + quinio acid 0-5 0-062 0 152 0-446 
B-Alantne + qutnio 0 0 022 0 062 0 270 


Optical density (O.D.) was measured tn 1:1 diluted onlture filtrates. 


could produce the pigment which was otherwise negativo. 
This would establish the intermediate role of quinio acid 
as well as of conditions prevailing in the oulture for ite 
conversion to pigment. Results obtained in this direction 
are recorded in Table 2. 

The fact that in a chemically defined medium quinic 
acid can supplement glucose, or can itself act as the carbon 
source for pigment production, sufficiently indicates the 
role of quinic acid as an intermediate in the biogenesis of 
this pigment. It was further confirmed speotrophoto- 
metrically that ir all cases, either with saccharides or with 
ee eee (Fig. 1 A 

Identification of & compound as an intermediate in 
microbial metabolism, or in the biogenesis of a particular 
end-product, depends on the detection of the supposed 
intermediate in the culture and the ability of the inter- 
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mediate to support the growth of the organism to give 
the particular end-product’. The fact that quinio acid haa 
been detected in the mould culture in peptone-glucose and 
alanine-glucose media prior to pigment formation, and that 
quinio acid by itself as the carbon source can form the 
pigment in medium containing B-alanine as the only other 


muc un E y shows that the pathway to this 
pigment formation is through quinio acid. 


The biogenesis of pigment in P. rubrum Btoll, as ob- 
served here, does not reveal the complete pathway but 
does indicate that quinio acid is one of the essential inter- 
mediates in the process and that, onoe it is available in the 
required concentration, pigment formation becomes a nor- 
mal sequence to it. The evidence suggests that the struc- 
tural specificity of the saccharides is the main determinant 
of ane acid formation and consequently of production 
of the pi t 


I thank Dr. Y. Nayudamma, the director, for his 
interest, Drs. D. Ramaswamy and K. N. S. Sastry for 
spectrophotometrical data and detection of quinic acid, 
and Mr. E. O. George for chromatographic analyses. 
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Glucose Space of the Corn Scutellum 


Rr1oEsS of the corn scutellum (Zea mays L., var. *Funks 
G-76’) do not accumulate glucose although they take up 
glucose from a glucose solution at an appreciable rate!. 
Our resulta indicate that the scutellum tissue contains an 
rius aei. qeu paa tas mue ea eee 
in equilibrium with bathing solution. Glucose space 
is defined as the volume of tissue water necessary to 
contain the glucose of the tissue at the concentration of 
the bathing solution". 

Slices (0-5 mm or leas in thickness) were prepared from 
scutella obtained from 8-day-old, etiolated seedlings. To 
determine the glucose content, the slices were washed on 
a Buchner funnel for 2 min with oold water (1-2?) and 
then extracted with boiling 80 per cent ethanol. After 
removal of the ethanol, the extracte were taken to volume 
with water, cleared with Zn80, and Ba(OH), and analysed 
for glucose by the glucose oxidase method (‘Glucostat’, 
Worthington Biochemical Corp., Freehold, N.J.). 

The slices took up glucose at a maximum rate of about 
70 umolee/h/g fresh weight. This rate was obtained at a 
glucose concentration of 0-1 M in the bathing solution. 
At this concentration the glucose contained only 
about 8 oles of glucose and thus it contributed very 
little to net uptake (Fig. 1). The presence of 5 x 10+ M. 
2,4-dinitrophenol (DNP) in the bathing solution inhibited 
net glucose uptake by 80 per cent. However, DNP caused 
a doubling of the glucose space (Fig. 1). Mannose (0-1 M) 
also inhibited net glucose uptake! and increased glucose 
space (to 0-16 mL). The mannose results (not shown in 
Fig. 1) were similar to but fell slightly below the results 
with DNP. The size of the glucose space was independent 
of the glucose concentration of the bathing solution m the 
range of 0-1-0.3 M when DNP or mannose was present. 
In the absence of these compounds the glucose space 
decreased slightly when the concentration of cose in 
the bathing solution was below 0-2 M (Fig. 1). glucose 
space made up 12 per cent of the tissue water when the 
tissue was incubated in glucose alone, 24 per cent when 
the slices were incubated in glucose + DNP, and 20 per cent 
when the slices were incubated with glucose +mannose. 
Finkelman and Reinhold, using segments of sunflower 
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2 5 g 


8 


Glucose content of alioes (amotes/g) 
Glucose space (mL/g tissue) 


m 
o 





0 01 0-2 03 
Gineose concentration of bathing solution (M) 
Fig. 1 Glucose content ( ) and. glucose space (@) of the soutellum 
eonoentraton bathing solution. 


slices as a funotdon af the 
‘The altoes were tnonbated (1 h, tn (bottom two lines) or glucose 


plus 5x 10-* M DNP (top two lines) 


hypocotyls, found that DNP brought about an increase 
in the apparent free space both for fructose and inulin’. 
The movement of glucose into the glucose space was 
rapid, and equilibrium with the bathing solution was 
reached within 80 min (Fig. 24). In the absence of DNP 
or mannose (which inhibit glucoee utilization), measure- 
ment of the glucose content of the slices as a function of 
time indicates the rate of glucose build-up in the glucose 
space, not the net rate of glucose movement from the 
bathing solution. This is apparent from the fact that 


| 
i 
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glucose was being utilized by the slices at'& rete i 
1 umole/min. The rapid rate of gtucose utilization probably 
accounts for the break in the tissue glucose curve of Fig. 1. 

Since DNP inhibited glucose utilization and imcreased 
the glucose space, it was used in the study of the movement 
of glucose from the slices into the bathing solution. Slices 
were incubated with glucose and DNP to fill the glucose 
space. The slices were then washed and placed m DNP 
and the movement of glucose into the bathing solution 
was measured as a function of time ab two temperatures 
(Fig. 2B). At 30° the glucose of, the slices rapidly equili- 
brated with the bathing solution, but at 1° there was only 
& Blow movement of glucose into the bathing solution. 
The effect of temperature on the movement of glucose out 
of the slices indicatea that there is a barrier to free dif- 
fusion. Presumably, therefore, the glucose was intra- 
cellular. 

Fructose, mannose, methyl-p-glucose, glucosamine, N- 
acetyl glucosamine and mannitol did not inhibit the entry 
of glucose into the glucose space. Fructose and mannose 
occupied & space of similar size to that for glucose. 
Mannitol, which was metabolized by the slices at very 
low rates if at all, also entered a space similar in site to 
that for glucose. These results do not indicate that the 
movement of glucose into the glucose spece is carrier- 
mediated, 

We thank Mr. Parvis Bolourtchi for his assistance. 
This research wan in part, by a grant, AM 
0729902, from the National Institute of Arthritis and 
Metabolic Diseases, U.S. Public Health Service. 
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Surfactant Lipids of Plant Quantasomes 

Tum plant sulpholipid, 6-sulpho-«-p-quinovopyranosyl- 
(1-1) -2’,8’-di-O-acyl-D-glycerol, has been found in all 
photosynthetic organisms so far investigated!* and only 
in such organiams. Although ita biological role and its 
localization in photosynthetic tissues have not been experi- 
mentally elucidated, the observed relation between ita 
occurrence and photosynthetic activity suggested a pos- 
sible relation between this surfactant lipid and plant 
photosyntheeis*. 

We have now demonstrated that the sulpholipid and 
the Iyeoeulpholipid* of Lemna are specifically concentrated 
in the quantasomes, the particle fraction of chloroplast 
first demonstrated by Park and Pon‘ to be responsible for 
the light reactions of plant photosynthesis. 

Lemna perpusilla 6746, uniformly labelled with 10O or 
"fS, was prepared by growing it in a mineral medium’ 
under photosynthetic conditions with “OO, or "BO, 7 
for 3-7 days. We used Lemna, a small aquatic plant 
with leaves 1-3 mm long, as supplies of chloroplasts 
and various subcellular componenta could be easily 
prepared and labelled with radio-isotopes. Micro-analyses 
of components were made by radiochemical techniques. 

Preliminary experiments with the chloroplasts isolated 
from Lemna uniformly labelled with C revealed the 
virtual absence of major glycolipids, sulpholipids and 
gal&ctolipids* in both the membrane (14,0009 pallet) 
and the 145,000g supernatant fractions of sonically 
ruptured chloroplasts. Since most of the glycolipid oon- 
tent was found in ite 145,000g pellet fraction, the latter 
could be deemed to represent whole chloroplast as far as 
the glycolipid content was concerned. 
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*§-labelled Lemna perpusilla was gathered by filtration 
and washed with 0-1 M potassium phosphate, pH 7-4. 
The whole plant was well ground in a chilled morter with 
a amall amount of the same buffer, and disintegrated by 
sonic oscillation at 9 ko/s for 2 min. The sonicate was 
centrifuged at 14,000g for 10 min, and the pellet was 

in the same phosphate buffer and i 
at 14,000g for 10 min. This re-suspension of the pellet 
and centrifugation were further repeated twice. The pellet 
(14P) became completely colourless. The combined super- 
natant was centrifuged at 145,000g for 30 mim. The 
pellet was washed once in water and collected by re- 
centrifugation (145P). This dark-green pellet should 
have contained all quantasomes of the starting plant 
tissues. The supernatant (1455) was completely colourless. 

Each fraction was by two-dimensional chroma- 
tography on Töyð No. 51 peper, first in phenol-water 
(600: 180 w/w), and then in n-butanol-propionio acid— 
water (142:71:100 v/v/v)*; afterwards autoradiograms 
were prepared. The sulpholipid content was determined 
by measuring the radioactivity of corresponding spots 
with & Type 5006 Geiger-Müller tube (Nihon Musen Co., 
Tokyo). Table 1 demonstrates that the sulpholipid and the 
lysosulpholipid are practically absent in the two colourless 
fractions and are specifically concentrated in the quanta- 
some fraction which represents the major part of tho 
lamellar structure of the chloroplast and is responsible 
for the light reactions of photosynthesis*»*. 


Table L DINTRIBUTIOK OF THE BULPHOLIPIDS IN Lemans perpwsilia-' "8 


14P 1458 146P 

Bulpholtpid *B o p.m. 570 1,980 28,800 
Per cant 2 6 02 

TLysosulpholrpid a8 e. p.m. 0 $35 4,890 
Per oent 0 6 94 


A quantesome preparation isolated from non-labelled 
spinach leaves by our method was analysed for its chemical 
composition. The resulta shown in Table 2 indicate the 
lipoprotein-like nature of the preparation. Amino-acid 
composition of the protem moiety was studied and was 

with those of average plant proteins: somewhat 
higher contents in neutral amino-acids and lower in basic 
acids were observed.” 
Table 2. OHARACTARIXATIOX OF SPINACH QUANTASOMES 


Weight per cent OComposition* 
is Chlorophyll f : 64} 
yil ‘bs 
0-08, H—10, N 21:3, 8B—0:3 
Protetnt 35 
17 O=—46, H —6-9, N —=9 8, 8—0-9, Ash =1 2 
Nuoledo add T 3 
* Weight per cent In each group. 


+ Calculated from the optioal densities at 603, 644 and 624 mu m aqueous 
eostons solution”. 

1 Amount recovered as amino-acids after hydrolysis with acid. 

$ Hot perohlorie acid-insolnble fraction minus protein. 

SO uite froti the: OpHest densiky ay MX AN et ee 


The plant sulpholipids are the only lipids so far des- 
cribed the oocurrenoe of which is limited to tissues with one 
common biological activity—photoeyntheeis. The present 
findings that the sulpholipid and the lysoeulpholipid are 
specifically located in the quantasomal or lamellar of 
the plant cells further suggest the importance of role 
of these surfactant compounds in the photosynthetic 
reactions of plants. 

Preliminary experiments revealed that two galactalipide, 
galactosyl diglyoeride and digalactosyl diglyoeride', are 
also concentrated in the quantasomes, whereas phospho- 
lipids and triglycerides are rather rich in other fractiona, 
suggesting different biochemical roles for these lipids in 

lants. 
à The quantasome preparations described here may be 
contamined by non-chloroplast components such as mito- 
chondria and ribosomes. The possibility that such oon- 
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taminating particles contain a considerable proportion of 
the sulpholipids is, however, very small, since our preli- 
minary studies showed the absence of the sulpholipids in 
isolated mitochondrial as well as in ribosomal fractions. 
We thank Dr. M. Miyano and Mr. C. 8. Chen of this 
“Institute for their assistance in the cultivation of Lemna. 
Isao SHIBUYA 
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PHYSIOLOGY 


Release of Acetylcholine from a Nerve 
Terminal by Electric Pulses of Variable 
Strength and Duration 


Ir has recently been shown! that the release of acetyl- 
choline from a motor nerve ending does not occur 
immediately when the action potential arrives at the 
terminal, but starts after a delay of about 0-5 mseo at 
20° O (and considerably later at lower temperaturese!). 
To find out more about the relation between the electrical 
changes in the nerve ending and the subsequent secretion 
of the transmitter substance, it is desirable to apply 
graded electric pulses locally to the presynaptic terminal. 
This has been difficult to achieve because above a certain 
strength a locally applied depolarizing is initiates an 
&ll-or-none impulse in the terminal’. overcome this 
difficulty we have used the substance tatoan which 
is known to abolish impulses in nerve and muscle fibres 
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pare duration (absciess) was varied, and the current intenaty 
relative units plong the ordinate) was determmed which caused ocos- 
sonal umi appear at the end of the The lowest 
current (Z0 meco pulse) was approximately 15 mmp. Temp- 


without blocking the depolarizing action of acetylcholine 
on the end-plate*. Quite recently, Elmqvist and Feldman‘ 
showed that the spontaneous miniature end-plate 
potentials (m.e.p.p.'s)—which are indicative of an inter- 
mittent spontaneous secretion of packete of acetylcholine 
from the terminals'—are not affected by tetrodo-toxin, 
and that their frequency can be raised, much as in a 
normal preparation, by increasing the external potassium 
concentration. Thus, tetrodo-toxin has the remarkable 
property, unlike other blocking agente such as curare or 
procaine, of paralysing the nerve and muscle fibre while 
leaving the special properties of the neuromuscular 
junction 

The following experimenta were made on frog sartorius 
FE reis eE e pe be euis. Apre 
a concentration of 1—4 x 10-* g/ml. (about a hundred 
times more than required to block the motor nerve im- 
pulse). Under theee conditions, brief negative-gomg 

pulses hear ai through a micropipette (2—4u tip) to the 
a nerve terminal evoked end-plate tials 
which were recorded with an electrode inside the muscle 
fibre (Fig. 1). The response had the well-known quantal 
character: that is, it was composed of a fluctuating whole 
number of m.e.p.p.'s. With leas than a certain intensity 
of the ae Ie no response was observed. As the 
ulse strength was raised, single m.e.p.p.’s 
SUDoSrod in an all-or-none manner, their 
average number growing gradually as the 
intensity of the applied pulse was further 
increased. Similar effecta were observed 
Wen ane PEARU na Kept Constant end thé 
duration increased. Finally, a ‘ 
duration’ curve could be obtained for a 
constant size of response, as in Fig. 2, 
showing the relation between length and 
intensity of equally effective depolarizng 
pulses. The experiments showed that 
depolarizations lasting no more than 100 
pseo (which is much shorter than the action 
potential) can be effective in releasing 
acetylcholine, provided they are made strong 
enough. 

A point of particular interest was the time 
relation between the pulse and the com- 
mencement of the response. It has previ- 
ously been shown that the start of the e.p.p. 
oah be taken aa a fairly accurate signal of the 
instant at which the first packet of transmit- 


ess m tus uale TO. DAMM pulses applied UR iic bs ing 

wi 

nervo terminal indicated in bottom trace of each column. ‘orient to delay between pulse and response, its 

0-5 mace Left column 3 Greni, he 6 top records eonaist af paira of superrmposed statistical distribution in one particular case 
There are 3 unit o.p. p's m pulses. t column: being shown in Fig. 3. With brief pulses 
current. The 3 top records conalst of : : P 

ones topi intel a flame It was oonsistently found that the release 
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Pulse 1 2 3 4 5 i 
Meo 
Fig.3 Latency distribu distribuon of end-plste potentials evoked by constant 
ourreni pulses of 0 68 msec duration Temperature 4°5° O. 
number of observed responses. Abedsea. between start peer 
depolarizng pulse and start of e.p.p. 

does not begin until well after the end of the pulse; 
the probability of release then rises rapidly to a peak 
and gradually deohnee agam within a few msec. The 
time-course of the probability of release after a brief 
pulse suggesta that the secretion of acetylcholine is the 
end-product of a sequence of reaction steps set off by the 
displacement of the membrane potential. Little is known 
as yet about the nature of the intermediate reactions 
except that calcium 1ons must be involved in at least one 
of them’. i 

We thank Dr. F. A. Fuhrman, of Stanford University, 
for the gift of orystalline tetrodo-toxin. 
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Uncoupling the Sodium Pump 


Ir is now widely &ooepted thab the extrusion of sodium 
from living oells is associated with the splitting of ATP 
at the inside surface of the cell membrane’. The 
mechanism responsible is inhibited by cardiac glycosides 

and it is affected in a complicated way by potassium ions. 
With membrane preparations from most cells, glycoside- 
sensitive ATPase activity can be demonstrated only when 
both sodium and potassium are present‘, and in red cells 
and nerve there is evidence that the sodium ions must be 
inside and the potassium ions outside’. This fita in 
with the known ooupling between sodium efflux and 
potassium. influx in these tissues, and suggests that under 
normal conditions the transport mechanism catalyses an 
exchange of sodium ions for potassium ions scross the 
membrane using energy from the hydrolysis of ATP at 
the internal surface. 

Under certain abnormal conditions, the transport 
mechanism appears to behave in a different fashion. In 
the absence of external potassium, red cells still show 
quite a large glyooside-senmtive sodium efflux, and they 
also show an increased sodium influx, which is partly 
glyooside-sensitive*. It has been suggested that this 
behaviour comes about when the carrier mechanism 
shuttlea sodium ions backwards and forwards across the 
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membrane':!*; there is evidence for a similar ‘exchange 
diffusion’ in muscle and in nerve. 

The experimenta reported here were designed to 
elucidate the factors the efflux of sodium, and 
ita coupling to the influx of potassium and the hydrolysis 
of ATP, in red oells. By the process of ‘reversible ` 
haemolysis'!3* cells were prepared containing ATP, 
magnesium, r&diosodium ad: other constituenta in pre- 
determined quantities, and the efflux of sodium into test 
solutions waa meesured. 

Unless ATP or ADP was present, no glyooaide-sensitive 
efflux of sodium was observed. (The ability of ADP to 
maintain transport is not surprising as the oells contain 
adenylate kinase.) 

When cells were prepared containing a high oonoen- 
tration of sodium and a high concentration of ATP, it 
was found that the glycoside-sensitive sodium efflux 
could be abolished completely by the removal of external 
potassium (Fig. 1, top). Under these conditions efflux 
of sodium by the carrier mechanism appears to be tightly 
coupled to influx of potassium. 
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No other stereoscopic microscope 
Incorporates 

so much for 

so little 


Compare these featmres: For only £167.10.0 you can 
purchase a precision-made stereoscopic Instrument with a 
magnification range from 4x to 100x and a free working 
distance up to 100 mm. In addition, standard specification 
Includes incident and tranamrtted Illumination » A fully com- 
prehensive range of accessories Includes: Mechanical and 
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WE have been producing industrial chemicals 
long enough to know that many of them have 
a diversity of uses. One industry may use a 
compound for an entirely different purpose from 
another. The manufacturer knows his own 
business best! But the fact remains that Bush 
chemicals are used in a host of industries in 
every part of the world. Apart from our estab- 
lished compounds which every good chemist 
knows we make, Bush research is constantly 
engaged in developing new compounds... new 
chemicals—and one industry or- another is 
usually glad of it. Whatever you require, our 
technical ‘know-how’ and resources are at your 
service—wherever you are. 
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Partial uncoupling could be achieved either by lowering 
the mternal sodium concentration or by incorporating 
enough inorganic phosphate inside the calls to give a 
low ATP/P; ratio (say 1/5). The ‘partially uncoupled’ 
cells allowed e seduoen eodinin eur tu the abeonos of 
external potassium, but ouabain caused a further reduc- 
tion. Fresh intact red cells loaded with sodium-24 
behaved in a similar manner (Fig. 1, middle). 

When cells were prepared with & low internal sodium 
concentration and with a low ATP/P; ratio, it was found 
that the efflux of sodium was slightly mcreased by the 
removal of external potassium (Fig. 1, bottom). 

Whatever kind of cella were used, in & medium oon- 
taining 10 mM potassium the external sodium concen- 
tration did not affect the sodium efflux except ab high 
concentrations, when the efflux was somewhat reduced. 
This reduction is to be expected, because at high sodium 
concentrations competition by sodium ions for the 
potassium selective sites becomes appreciable. Quite a 
different effect of external sodium was observed, both in 
intact cells and in re-sealed cells, under conditions which 
allowed *unooupled' efflux of sodium into & potaasium-free 
medium. Replacement of all but 6 mM of the sodium 
by choline reduced the glyooside-sensitive sodium efflux 
to zero. This effect is easily explained if the ‘uncoupled’ 
sodium efflux represents exchange diffusion of sodium 
across the membrane. Rather surprisingly, at external 
sodium concentrations near zero, a glycoside-sensitive 
efflux of sodium was again detectable. The significance 
e He Bee cn DR ne 
comparable conditions (O, K; O, Na) Baker’ found that 
an ouabain-sensitive efflux of sodium. waa accompanied 
by & loss of amino-acids from the cell—in crab nerve 
dibasic amino-acids are the chief internal anions. 

Although it is clear that a low internal sodium concen- 
tration and a low internal ATP/P; ratio both tend to 
uncouple the pump, it ia not at all clear why they do. 
It ia tempting to suggest that the low internal sodium 
acts by increasing the amount of energy required to 
expel sodium ions, and the low ATP/P; ratio acta by 
reducing the amount of energy available from the hydroly- 
ais of ATP (compare the suggested role of ATP/ADP ratio 
1n the squid axon"); but even if this is true it is difficult 
to think of & plausible mechanism. The resemblances 
between the observations reported here and recent 
findings in frog muscle“ and squid nerve! suggest 
that, whatever the mechanism is, it is not peculiar to 
red cells. 

When red oells are expelling sodium in exchange for 
potassium there is evidenoe that, whether the sodium 
movement is downhill‘, on the level!’ or uphill”, approx- 
ims three sodium ions are expelled for each molecule 
of A’ Split by the pump. In attempting to invent 
hypothetion] mechanisms for the transport system, it is 

rtant to know whether the same stoichiometry 
holds for the ‘uncoupled’ flux. We have therefore 
compared glycoside-sensitive sodium efftux and glyooeide- 
sensitive ATP hydrolysis in ‘partially led’ cells 
with and without external potassium. It turned out that, 
though ATP was required both for the ‘uncoupled’ efftux 
of sodium and for the coupled exchange of sodium for 
potassium, the rate of hydrolysis of ATP associated with 
the ‘uncoupled’ flux was very much less. It was, in fact, 
not signifloantly greater than rero (Table 1), but because 
of scatter in the resulte a small utilization of ATP cannot 
be ruled out. We have also found that both the 'un- 
coupled’ and the ‘coupled’ efflux of sodium are inhibited 
by oligomycin. With 1 yg/ml., inhibition of both fluxes 
was about 48 per cent; with 10 ug/ml., the ‘uncoupled’ 
flux was reduced by 91 per cent, the ‘coupled’ flux by 
74 per cent. 
The fact that the 'unooupled' efflux requires the 
of ATP, though it ia associated with little or no 
Bydrolyais: suggests that ATP is required for the formation 
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Table 1. Hrract oF RITERNAL POTASSIUM OX THN RELATION BETWEEN Na 
HrFLUX AXD ATP HYDROLYSE IK PARTIALLY LY UxOOUPLED’ ReaD ONLL 


GHOSTS 
(ATP/PI ratio = 1/5) 


ghosta/h) 
Wp. 1 10 474442 0-828 + 0 004 
0 224432 0 015+ 0-020 
Hop. 2* 10 296 + 20 0200 10 
0 185+11 0 02210013 
pone activity of the intracellular sodium was not the same in the 


of a sodium oarrier which, in the absence of external 
potassium and under conditions that allow uncoupling, 
shuttles sodium ions backwards and forwards across | the 


change. If potassium 18 present externally, sodium 1s 
exchanged for i and this process presumably 
leads to own of the carrier and utilization of 
ATP for its resynthesis. Two points remain difficult to 
explain. Exchange diffusion requires a high level of 
sodium externally!*; even in the absence of external 
potassium, it occurs only when the internal sodium level 
is low or the ATP/P, ratio is unfavourable energetically. 
We thank the Medical Research Council and the 
Nuffield Foundation for granta for apparatus, and the 
Consejo Nacional de Investigaciones Cientificas y Técnicas, 
Argentina, for a personal grant to one of ua (P. J. G.). 
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HAEMATOLOGY 


Relation between Gm(f) and the Structure 
of the -Globulin Molecule 


Tua serologically detectable genetically determined 
antigens Gm(a) and Gm(b) are restricted to the F, (fast) 
fragment of the A (Heavy) polypeptide chains of human 
gammag-globulin!. In contrast, Gm(bw) is present in the 
Fa» (slow) fragment, and ite serological activity seams to 
depend on the ‘quaternary’ structure of the intact 
gammag-molecule*. Gm(f) activity also is localized to the 
F,» fragment of gammag-globulin’*, and is also present 
in the 5S product obtained by pepsin digestion of the 
7S gammag-molecule* (Table 1); Gm(s) and Gm(b) 
activities are lost during pepsin digestion. Recent studiee* 
indicate that Gm(f) and Gm(bY*) are similar but not 
identical. We report here the resulte of experiments with 
anti-Gm(f) and isolated A and B chains of gammag- 
globulin. 
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Table 1, INHIBITORY ACTIVITY IW Gu(f) amp Guía) BYFTEMS 

fragments Ohains 

78 5S “B” “Y À B 
Gma) (f) (a) (f) (a) (f) (a) (f) (am) (f) (a) (f) 
2 normal Gm(a+f+) + + 0 + 0 + + 0+4 0 0 0 
1 normal Gm(a-f+) 0 + 0 + 0 + 0 0 0, 0 0 0 
1 normal Gm(a+f-) + 0 0 0 0.0 + 0 + 0 0 0 
3 myeloma Gma +f-)+ 0 0 0 00 + 0 + 0 0 0 
3 myeloma Gm(a-f+)0 + 0 + 0 + 000 0 0 0 
A and B chains were prepared by the method of Porter* 


from the isolated gammag-globulins of three Caucasian 
normal subjecta, from the gammag-paraprotein of six 
Caucasians with mulirple myeloma, and from a pool of 
20-80 African donors in a village in Gambia. (The latter 

preparan aod re eee S RET E BRE UR igated 
in l were kindly lied by Dr. 8. Cohen.) After 
ieolation of the À and. B they were suspended in 
distilled water at concentrations of 10 and 5 mg/ml., 
respectively, then diluted five-fold with normal saline. 
To avoid itetion the protein solution of the A chains 
was added to the saline and mixed rapidly. (No haemolyuis 
due to hypotonicity or to low pH was noted in the gub- 
sequent serological tests.) The A and B chains in each 
instance were shown to be free of significant contamination 
by contralateral chain or by intact gammag-globulin as 
judged by agar diffusion studies with speoiflo antisera to 
A and to B chains. 

In additional experiments 16 gammag, 8 gamma, and 


8 gammay- ins and 16 Bence—Jones proteins, all 
fibt PEE PAS oantarninsbion Arabia be epus aiteien 
studies with polyvalent and monospecific antisera, were 
also tested for Gm(f) activity. 

The serological testa utilized stock O RR, cells and 
also O D - -/D - - cells, stored in glycerol but reconstituted 
by dialysis. The oells were coated with anti-D (P.H.A.) 
which sensitizes for Gm(f) but not for Gm(b) (ref. 7). 
After washing, the sensitized cells gave strongly positive 
antiglobulin reactions with rabbit antisera. Anti-Gm(f) 
Mau, diluted 1: 4 for use with the R,R, cells, and 1 : 20 
with the D - - cells, was used to establish a Gm(f) agglutina- 
tion system. For inhibition studies, suitable dilutions of 
A chains, B chains, or a mixture thereof, were mixed with 
the anti-Gm(f), left for 10 min at room temperature, and 
the sensitized cells then added. In the Bristol studies, the 
tests were performed on tiles, and the tests read macro- 
scopically 10 min after addition of the cells. In the 
serological studies in Ban Francisco, the teste were read as 
outlined elsewhere’ after 2 h incubation at room 
ture in 10 x 75-mm test-tubes, and subsequent centri 
tion for 80 sec in a serological centrifuge. 

Neither A nor B chains isolated from three Caucasian 
Gm(a+f+) normal individuals inhibited these Gm(f) 
agglutination systems, whereas the A but not the B chains 
strongly inhibited standard Gm(a) agglutination systems. 
In the latter systems, inhibition by the A chains was 
greater than that of the intact y-globulin, as also noted 
independently by Cohen’ and Lawler e$ al.*. Similarly, 
neither A nor B chains of either Gm(a+f—) or 
Gm(a —f+ ) myeloma proteins inhibited the Gm(f) system, 
although the A chains of the Gm(a+) but not of the 
Gm(a—) paraproteins inhibited the Gm(a) aggtutination 

. (Addition of B chains to the A chains did 
not affect the degree of inhibition of the Gmía) test 


systems.) 

When A and B chains derived from Caucasian Gm(f 4-) 
y-globulin were mixed together in lar amounts 
(asecniing a melooalar weight of 91,000 for L Ghata and 
54.000 for H chains), Gm(f) activity reappeared (Table 2); 
in contrast, an equimolar mixture of African A and B 
chains did not inhibit Gm(f). Further, a mixture of 

imolar amounts of African Gm(f—) A and Caucasian 
Gm(f+) B chains did not inhibit, whereas & mixture of 
eqrimolar amounts of Caucasian A and African B chains 
produced partial inhibition of the Gm(f) system. 


NATURE 


September 4, 1965 vor. 207 


Table 2 EFFECT oF MIXTURES OF A AXD B CHAINS ON Gif) AGGLUTINA- 
TION BYETEX 


i chains Caucasian  Cauceman African African 
+ + + + 
. Caucasian African Caucasian African 
(1) Mau1:4- 
BR, calls 0 + +++ +++ 
(2) Mau 1: 20+ 
sonal t sed. 
D- -7D- - eels 0 T +++ +++ 
0, Lack of viuis rani ien inhfbidon. +, ++, (+++), and 
+++, degrees of 
* -Gm(f) Mau + oonatised cells + chatne In mlino tested for for inhfbtiion 
(laok of uünasdon) in a solution of equimolar rato and of total protein 


When amounts of A and B chains from a 
Qm(f+ ) Caucasian donor were mixed together and assayed 
for Gm(f) activity, such activity decreased in direct rela- 
tion to the degree of departure from equimolarity (Table 3), 
for example, a 1:2 mixture of A:B produced 
inhibition and a 1: 8 mixture only very week inhibition 


Table 3. Mryecr or Vatyore RATIOS or A AND B ORAINB OF GX(f-4-) 
a GAXXLe-GLOBULIN OW Gu(f) AGGLUTDUTION BYWTEN 


Molar tatio of A/B 
1:1 1:2 1:8 1:4 : 3:1 4:1 
Ani-Gméf) Mau 
1:4 plus 
sensitized 
RR, cells O + ++ +++ (+++) +++ +++ +++ 


* Total protain of each solution is 3 mg/ml. 
0, Laok of aggiutination = complete inhibition, 


Saline 
control 


The reported resulta are tentatively interpreted aa 
supporting the hypothesis that Gm(f), like Gm(bw ) (ref. 2), 
depends for its serological activity on the tertiary structure 
of the H chains; this in turn depends to a great extent on 
the configuration of the mteot y-globulin molecule. The 
connexion between (Gm(f) and A chains is furtber 
supported by recent results obtained with rabbit and 
primate antisera to A chain 1° and with peptide 
mapping experiments of Gm(f+) and (f—) normal and 
myeloma proteins". Further, Gm(f) activity was absent 
from 16 purified Benoe-Jonee proteins (at 4 mg/ml.); 
Bence—Jones proteins, as shown by Edelman and Gally!*, 
are B chains devoid of A chain. 

These results are of interest since the two currently 
defined allotypic loci in rabbits Aa and Ab define antigens 
present in the Heavy and Light chains ively of 
rabbit gammag-globulin, and sinoe the allotypio antigens 
Si ne oe ee 
which is within the Fab t, , tho six cur- 
rently defined allotypic antigens Aa 1, 2, 8 and Ab 4, 5, 6 
are all present in as well as -globulin14.15, 
Hence, it might be anticipated that Gm(f) would also be 
preeent in a portion of the A cham (presumably within 
the ‘A piece’) shared in common by the gammag-, gamma, - 


and gammsy-giobulins. However, in additional experi- 
mente, none of 8 à- and none of 8 gammay-para- 
pas displa; f) activity at concentrations of 


Gm( 

, whereas 7/16 purified gammag-paraproteins 
fnhitted Gm(f) agglutmation systems at concentrations 
as low aa 0-25 mg/ml. In one n) irae ma ea gre 
the isolated gammag-globulin was positive for Gm(f), but 
the isolated purified gamma,- and gammay;-globulins 
were not. Hence the Gm(f) antigenic determinant appears 
to be restricted to gammag-globulin, and probably is 
localized to a portion of the gammag A chain other than 
the A piece. Similar conclusions have been obtained 
from peptide-mapping studies!*. 

We thank Dr. D. Bergsasel for some of the Bence—Jones 
proteins used in these studies, Dr. G. H. Tovey for advice 
and help and Miss Hope N for assistance. This 
research was supported by U.8. Public Health Bervice 
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Sensitization to Khaya anthotheca 


AFRICAN mahogany is & timber which has been used 
extensively in the furniture trade sinoe the early part of 
the century. It is derived exclusively from the Khaya 
genus and commercial supplies consist principally of 
K. ivorensis and K. anthotheca with smaller amounts of 
K. grandsfoliola?. The timber is not usually regarded as 
troublesome as an irritant and, indeed, only a very few 
cases have been reported’. It was rather surprising, 
therefore, to have our attention directed to an outbreak 
of dermatitis in & factory in which large quantities of the 
timber were being proceased, and it was decided to investi- 
gate this more fully. 

Seven or eight cases among approximately 75 employees 
had oocurred some two years previously, and the cases 
recorded here, involving a similar number, occurred in the 
three months prior to the start of this mvestigation. Men 
engaged on finishing operations (sanding, eto.) were mainly 
concerned, the face, forearms and back of the hands being 
affected, the eyelids swelling slightly or moderately. The 
beck and sides of the neck were not involved. This 
pattern suggested a direct contact sensitization to & dust 
or volatile agent and not & photodermatitis. The erup- 
tions usually subsided with varying (but usually brief) 
periods away from work and on return the affected men 
were moved to other jobe and remained clear. 

To determine whether one or all three Khaya spp. were 
imvolved in this sensitization seven employees affected 
were patch tested to dust from &uthentio samples 
of K. teorensis, K. anthotheca and K. grandifoliola and four 
of these to wood dust from the factory. (It is not posaible 
to distinguish between the woods comprising the com- 
mercial Khaya spp. by anatomical examination of the 
wood alone.) The tests were carried out by the standard 
method? and read at 48 and 96h. Two other men who had 
developed a sensitivity to African mahogany (though not 
employees from the same factory), who were seen as routine 

ta by one of us (D.8.W.), were also tested. Apart 

one ‘false case’, negative to all woods and extracts 
(see following), the remaining eight reacted strongly to 
authentic K. anthotheca (three giving & strongly intensified 
96-h reaction), and in four cases co positives were 
obtained with the actual sawdust from the factory. No re- 
actions were obtained with K. worensis or K. grandsfoliola. 

The sawdust of K. anthotheca was then Soxhlet-extras- 
ted successively with light petroleum, ether, acetone and 
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methanol, and the crade extracts were used to patch teat 
six men. In addition patches were also lied of the 
fully extracted sawdust and of anthothecol (I) (ref. 4), & 
pure crystalline constituent which has been isolated from 
K. anthotheca but not from the other two species‘. Five 
out of the six men reacted to the extracta, often with 
delayed reactions, there bemg little variation in the degree 
of reaction obtained with each extract, though one man re- 
acted only to the petroleum extract. In five cases the oom- 
pletely extracted sawdust (10 per cent in petrolatum molle) 
gave no reaction ; in the sixth case a quickly subsiding posi- 
tive reaction occurred (probably a false positive). Finally, 
reactions, some severe, occurred with 1 per cent and 0-1 
per cent anthothecol in acetone on all six men tested. 





As controls K. anthotheca dust was added to a routine 
battery of patch tests in ten patients not sensitized by the 
wood, and in four cases anthotheool (0-1 cent) patches 
were also added. No reactions occurred in either group of 
tests. 

From these results it is clear that K. anthotheca contains 
sensitizing substances which oan be removed by solvent 
extraction. The testa with anthothecol, & compound 
found mainly in the petrol extract, show that this is one of 
them. However, the equally sensitizing action of the 
subsequent ether, acetone and AAA] acacia IA 
that other active constituents may be present, though the 
presence of traces of anthothecol in each of these extracts 
cannot be excluded. : 

The resulta establish without doubt that K. anthotheoa 
dust can cause sensitization and that this was the cause of 
the trouble in the cases investigated. It should be 
remembered, however, that African y has been 
used, for many years, apparently without trouble. One 
possible reeson for the present outbreak may be that the 
consignment contained a particularly high proportion of 
K. anthotheca. Another possibility is that logs unusually 
rich in the sensitizing ee may have been 
included in the This phenomenon is en- 
countered in teak in w. ich a cottain variety rich in deoxy 
lapachol has enhanced irritant pro ies’. The results 
recorded here should be consid in the light of the 
amount of African mahogany used annually, which must 
contain s considerable proportion of K. anthotheoa. The 
apparent almost trouble-free use of this timber for many 
years may indicate that the present outbreak is non-typiocal, 
and further evidence is necessary before K. anthotheca can 
be generally regarded as a troublesome irritant timber. 
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Cathepsin A in Nutritional and Hereditary 
Muscular Dystrophy 

Durma the past few years, several laboratories!-* have 
reported that the activities of many of the acid hydrolases 
of skeletal muscle are greatly increased in wasting diseases 
from different causes. Although the progressive loss of 
muscle mass in these conditions is generally attributed 
primarily to this enhanced activity of the acid hydrolases, 
there is little direct experimental evidence in support of 
this hypothesis. Furthermore, other enzymes involved in 
protein catabolism, such as alkaline protease’ and pep- 
tidases*, have: been shown to be elevated in dystrophic 
muscle. The normally low levels of these enzymes in 
skeletal muscle and the limited knowledge of their sub- 
strate specificities have hindered a better understanding 
of the mechaniam of the proceas. 

From skeletal muscle of rabbits and chickens we have 
isolated a highly purified proteese!*, similar in ita 
properties to cathotain D of spleen™, which in liver has 
been shown to be localized in the lysoeomee!*. Unpub- 
lished date obtained with this purified enzyme freed of 
other known cathepsins show that it does hydrolyse 
certain muscle constituents but that, in iteelf, it cannot 
account for all the observed increase in dystrophic muscle 
autolysis. 

This communication reports our finding that tho activity 
of another proteolytic ensyme, cathepsin A, shown by 
Fruton and Bergmann to hydrolyse a number of peptides 
begs tyrosine or phenylalanine and glutamio acid”, 

gi ager increased in skeletal muscle of dystrophic animals. 

ional muscular dystrophy was produced in rabbits 
by feeding them a vitamin E-defloient diet!*. Two types 
of control were used: animals maintained on the deficient 
diet but given’ oral supplements of pr-a-tocopherol, and 
animals maintained on stock diete. There were no 
demonstrable differences in enryme-levela in either type 
of control. Chickens with hereditary dystrophy“, and 
some controls, were raised from eggs supplied by the 
Department of Genetics, University of Connecticut; other 
controls were purchased from commercial suppliers. 
There was likewise no difference in enzyme-levels in either 
type of control. AIl chickens were 8-4 months old when 
used for these experiments. 

T E T i err perci pi iex: 
in mixed thigh, leg and back musoles of the rabbit were 
measured in a 2 per cent potassium chloride homogenate 
(rdv) prepared ina Waring leaden to whick ‘Triton. 
X-100' had been added in a final concentration of 0-2 per 
cent. In experimenta to be reported elsewhere, cathepsin 
A has been found to be associated with the lysosomes 
isolated from liver and to be fully released under these 
conditions. The release of tyrosine due to the enzymatic 
hydrolysis of carbobenzoxy-a-glutamyl-r-tyrosine (Mann 
Research Laboratories, Ino.) by cathepsin A was determ- 
ined by the ninhydrin colorimetric procedure of Moore 
and Stem'!*. There was no detectable non-enzymatio 
release of tyrosine under the assay conditions used, nor 
did the substrate itself react with ninhydrin. The reaction 
mixture, containing 0-4 ml. homogenate, 0-2 ml. 0:2 M 
sodium acetate, pH 5-0, and 0-4 ml. 0-088 M substrate or 
H,O, was incubated at 87°-88° O for 2h. The reaction 
was stopped by the addition of 1-0 ml. of 10 per cent 
trichloroacetic acid and the mixture was heated in a 
50°—55° O bath for 10 min and centrifuged for 15 min at 
low Tho tant was diluted 1: 5 with water. 
Aliquots of 0-10—0-20 ml. of the diluted supernatant were 
used for the colorimetric ninhydrin determination, with 
the appropriate level of tyrosine as a standard. Protein 
was estimated by the procedure of Lowry e al."". The 
results are shown in Table 1. 

The data indicate that the activity of cathepsin A is 
significantly increased in both of muscular dys- 
trophy. It is noteworthy that the skeletal muscle of 
AOR rabbia appears bo bo aliabel Gres oF this protocse: 
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Table 1. CATHEPSIN 4 ACTIYTTY IN DYSTROPHIO MUBGOLE 
mmoles tyromne liberated 


per mg protein 
t 
Control (5 0 012 [0-0 
tamtn E detiolent (5) 0-197 [0 Dus 
Ooniral 129 [0 094—0-170 
erent (8) 0-230—0 ded] 


The rumbers in permüese refer to Qu namber ena in tk gro 
and the square brackets enclose the range of values obtamed. 


wherees in the breast muscle of the chicken the level of 
this enzyme is comparatively high and approaches that 
seen in muscle of the vitamin E-deficient rabbit. The 
significance of these resulte in terms of the overall enzym- 
atic hydrolysis of proteins in various species and m 
dystrophy cannot be evaluated until a more highly 
purified enzyme preparation, free of other cathepsins, has 
been obtained. Indeed, it is not yet known whether 
cathepsin A does actually have proteolytic activity or 
whether it is restricted in ita action to the hydrolysis of 
amall tides. However, preliminary data obtained with 
a pacttally purifled cathepsin A preparation indicate that 
haemoglobin, at least, is not a good substrate for this 
enzyme 


Our present investigations with isolated cathepsin 4, 
as well as other proteases, are directed toward the 
elucidation of the role of these enzymes in protein cata- 
boliam and & better understanding of the wasting process. 

This work was supported by grants from the Muscular 
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HISTOLOGY 


Visualization of the Nuclei of the Basal 
Mel es of the Black ere and of 
Human Skin under the Bright Field 
Microscope 
Taa nuclei of the melanocytes isolated from the black 
guinea-pig and from human skin by the method of Shukla, 
Karkun and Mukerji! are always masked by the dense 
melanin present in the cytoplasm (Figs. LA and 2B). A 
method to demelanize the cells and visualize the nuclei is 

reported here. 

A saline suspension of melanocytes isolated by the tech- 
nique of Shukla e al. from the skin of the dorsal surface of 
the black region of the ear of the spotted guinee-pig, or 
the peroneal surfaoe of the leg of normally pigmented 
human subjecta, is mounted on albuminired slides and 
dried at 58° C in an oven. After an hour of drying the 
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f the melanocytes. 
at the anterior end as shown at s. 


cells are affixed to the slides, and fixed in 5 per cent formal- 
saline for 30 min and washed in running water for 4h. The 
slides are placed in 40 per cent peracetic acid freshly 
prepared by the method of Findley, Swern and Scanlan’. 
They are taken out after 12 h, washed in running water 
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for 1 h and stained by Harris’s haematoxylin and eosin and 
Mayer's haemalum by the method of McManus and 
Mowry?. These are then dehydrated in ascending series 
of alcohol, cleared in xylol, mounted in balsam and 
examined under the microscope. 

The nucleus of the basal melanotic melanocyte of the 
quinos pig hen been onec t bus contends Sure 

philic structure in the centre of each oell (Fig. 1B) 
It is large in size, occupies nearly the whole of the oyto- 
plasm of the cell and is concave in the long axis corres- 
ponding to the curvature of the parent melanocyte*. In 
the antero-posterior aspect, the nucleus has a smooth and 
regular border and is like an elongated egg, the 
narrow end towards the dendritic process 
which is stouter than the others (Fig. 10). A little pos- 
terior to the narrow end there are two smooth indenta- 
tions, one behind the other, on the boundary wall of the 
nucleus. 

The nuclei of the basal melanotio melanocytes of the 
akin of human subjects also occur as constant basophilic 
structures. The concavity in the long axis of the nucleus 
of the melanocyte of human skin appears more pronounced 
and, therefore, is visualized often as a folded structure 
(Fig. 2B). Occasionally, the nucleus in the unfolded form 
is Been; it is egg-ahaped, and indented like the nucleus of 
the guinea-pig melanooyte (Fig. 20). It is smaller in size 
than the nucleus of the gumea-pig and there is a broad 
rim of cytoplasm around it. 

Visualization of the nucleus of the melanotic melanocyte 
of the guinea-pig and human skin under the light micro- 
scope haa led us to the study of the structure of the nucleus 
as related to the formation of melanin. 
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BIOLOGY 
Manganese Dioxide as a Remedy for a 
Physiological Disease of Rice associated 


Reduction of the Soil 


A PHYSIOLOGIOAL disorder of rice known aa ‘suffocation 
disease’ occurs on the poorly drained soils of north- 
eastern Taiwan. The disease, which is characterized by 
a reddish-brown discoloration of the older leaves, stunted 
growth, root rot, and low yield, has been attributed to 
exoeesive reduction of the soil". As the recommended 
remedy? of draining the fields to facilitate oxidation of the 
soil by atmospheric oxygen is not feasible during the rainy 
season, chemical retardation of reduction of the soil was 
investigated in a greenhouse experiment. 

Of the five retardanta of reduction examined (potassium 
chlorate, potassium perchlorate, sodium nitrate, man- 
ganese dioxide, and 4-chloro-3,5-xylenol), manganese 
dioxide at 0-4 per cent by weight of the dry soil (the single 
level used) retarded soil reduction, corrected the physio- 
logioal disorder in the problem soil from Taiwan (Fig. 1), 
and improved the growth of rice on three other problem 
soils (Table 1). 

The benefita apparently were not a response to the 
micronutrient, manganese, or to impurities in the mangan- 
ese dioxide because: (a) all soils had adequate concentra- 
tions of water-soluble ese; (b) 25 p.p.m. of man- 
ganese as manganous chloride applied to the soils produced 
no response; (c) manganese dioxide prepared in the 
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Fig 1. Tungxban ult loam with 3in0, (nght), without MnO, (left) 





Fig. 2 An acid sulphate soil with MnO, (right), without MnO, (eft) 


laboratory from chemically pure potassium permanganate 
gave a better response than commercial manganese 
dioxide. The higher redox potential and smaller ooncen- 
trations of ferrous iron organic reduction producta 
in the soil solution of the manganese dioxide treatment 
than in the control (Table 2) suggest that the benefits 
were associated with retardation of soil reduction. Re- 
moval of carbon dioxide as the sparingly soluble man- 
genous carbonate may have been an additional benoflt*. 
The dramatio response to manganese dioxide in the acid- 
sulphate soil from Viet Nam (Fig. 2) may be ascribed to a 
slightly higher pH (ApH = 0-2), markedly lower oon- 
centrations of aluminium (AAl = 80 p.p.m.) and iron 
(AFe = 600 p.p.m.) in the soil solution, and perhaps to 


INFLUXNCE OF MANGANREE DIOXIDE ON THE YIELD OF Rion 
ON FOUR ACID SOOS IN A GRENNKHOUSB EXPERIMENT 


pH OMt Straw t) Gram 
(4D! control “WEG, control “ind, 


Table 1 


Boll type 
Tungzhan silt loam * 58 34 3204 558 181 480 
Casiguran sendy loam 48 44 74-9 859 607 746 
Luinans 47 82 88:5 40-4 293 361 
Acid sul clay 36 96 0 166 0 40 


* Bou from a alte where ‘suffocation disease’ occurs 
T Organie matter. 


Table 2. INFLUENCE OF MAKGAWRER DIOXIDE OX BA OF THE BOIL SOLUTION 
AXD OONCERNTRATION OF WATER-SOLUBLE REDUCTION PRODUCTS IN 
TUXGSHAN SILT Loam IN A POT HIPERDCONNT 


Oxidirable 
Weeks ul o ) Mn** matier* 
sub- Inv. .pm pm m.equtv. 
merged Control! MnO, oona MnO, Oon Mn, EU vii. 
1 196 201 5 2 11 13 85 29 
21 45 185 54 21 28 35 81 
—#7 —19 108 88 7 8 22 24 
-87 -H4 122 107 6 9 30 29 


*001 X X MnO, consumed under standard conditions. 
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a more favourable iron: manganese ratio than in the 
control. 

Manganese diomde retarded the accumulation of 
harmful reduction products, corrected a physiological 
disease of rice on & problem soil and improved the growth 


of rice on three acid soils. Because manganese dioxide: - 


(a) undergoes reversible oxidation-reduotion when rice 
soils are alternately drained and flooded; (b) is not likely 
to suffer appreciable loases in poorly drained soils; (o) 
is & relatively inexpensive commercial commodity, its use 
as a remedy for physiological diseases caused by soil 
reduction and as an amendment for acid lowland rice 
soils merits attention. 
F. N. PONNAMPHRUMA 
Wax Liv YUAN 
Mar Tat My Naona 
International Rice Research Institute, 
Los Bafios, Laguna, 
The Philippines. 
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Carbor-I4 Labelled Photosynthate In 
Wheat Root Exudates 

Temmes is abundant evidence that organic compounds 
are exuded from the roots of intact plants’, but the 
amounts are small, and to obtain sufficient material for 
identification even by paper chromatography it is neoee- 
sary to collect exudates from & e number of plante or 
from one plant over a long period. To overcome these 
difficulties a sensitive method using radioactive labelling 
has been developed which enables short-term studies on the 
exudation by roote of individual wheat plante to be used. 

Wheat seed (variety ‘Gabo’) was surface sterilized with 
calcium hypochlorite, germinated on agar plates and two 
seeds planted per test-tube (8:5 cm diam. x 20 om) con- 
taining sterile Hoagland and Arnon medium! adjusted to 
pH 6-5 after autoclaving. The seeds were supported on 
glass fibre 2 mm mesh stretched over one end of a glass 
oylinder standing in the nutrient solution. After 5-6 days 
in the glasshouse, whon the leaves and roots were 10-12 
em long, the solutions were checked for sterility. The 
plante were carefully removed from the tube together with 
the supporting mesh and cylinder. The mesh was out 
away so that the roota were not handled, and in this way 
damage and contamination were avoided. The plants 
were then transferred to an apparatus made of ‘Perspex’ 


(Imperial Chemioal Industries, Ltd.) designed to support 


them so that the tope could be exposed to “CO, and - 


isolated from the roots which were immersed in sterile 
liquid. The apparatus was sterilized before use by soaking 
overnight in a solution of sodium hypochlorite. Air con- 
taining approximately 10 yo. of “CO,, prepared from 
Na,“CO, and lactic acid, was injected through & port into 
a tube enclosing the foliage. After 1 h in sunlight, when 
100, was almost completely assimilated, the tube was 
removed and the plants were allowed to photosyntbesize 
in the normal atmosphere. The liquid around the roots 
(water or plant nutrient solution) was changed at intervals 
and aliquota were checked for sterility. Usually the solu- 
tion remained sterile or showed insignificant contamina- 
tion over 24-h collection periods. 

In addition to exuded organio compounds the solution 
surrounding the roots would contain dissolved “CO, 
derived from metabolism of root tissue. This was removed 
by adding Na,CO, as unlabelled carrier, acidifying the 
solution to pH. 2-8 and bubbling air through it for 80 min. 
Other volatile compounds may have been removed by 
aeration. Approximately 80 per cent of the total counts 
of a solution which had not been aerated during collection 
of exudate were removed by this treatment. The solution 
was neutralized, 5 mg glucose added, then evaporated to 
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dryness in a silica boat in a vacuum oven at 55° C. The 
dry residue was combusted to carbon dioxide in a furnace 
and the carbon dioxide evolved collected in sodium hy- 
droxide and precipitated as barium carbonate. The radio- 
activity of the barium carbonate was determined by 
liquid scintillation counting after suspending it in  thixo- 
tropio gel-toluene counting solution. The reproducibility 
of this method was checked using !*C-glucoee, uniformly 
labelled. From the resulta of 5 replicates, the standard 
error, expressed as a percentage of the mean, was + 3-6. 

Radioactivity first appeared in the exudate 4-5 h 
after the start of exposure of the to “CO, and con- 
tinued for the final period of collection of 24-48 h. The 
radioactivity of the exudates collected over a 48-h period 
from roots in plant nutrient solution indicated that approx- 
imately 0-1 per cent of carbon-14 assimilated was exuded 
by the roots. The amount of exudate, as indicated by 
radioactivity, was increased when roots were immersed in 
distilled water rather than plant nutrient solution during 
the course of the experiment (Table 1). There are indica- 
tions that exudation of !*C-labelled compounds from 
roota is affected by aeration of the roota—less radio- 
activity being exuded at low oxygen tensions. Several 
radioactive compounds were detected when chroma- 
tograms of the root exudates were examined by auto- 
radiography. 


Table 1. HXUDATION or RADIOACHYITY BY WHEAT LOOTS IX WATER AKD 
PLAWT NUTRIENT BOLUTIOX 


7848* (455) t 4570* (610)t - 
TAQUAAE 100 050 DE SEUAEIR EQUI planta ENTE 
This investigation has shown that labelled photosyn- 
thate oan be used to trace the exudation of organic 
unds from intact roote. Application of carbon-14 
to the plant as CO, is considered superior to the applica- 
tion of labelled sugars or amino-acids to leaves or cut 
petioles, since the normal translocated materials of the 
plant become labelled and there is no danger of loading 
the plant with unrealistic concentrations of any particular 
compound, a factor which might alter exudation patterns. 
The use of !*CO,-treated planta for root exudate studies 
has been reported previously?, but the work recorded 
here has shown that the technique can be used for ahort- 
term studies for which complete asepais is unnecessary, 
measuring the exudation from individual plants and even 
from different portions of the same root. By growing 
plants in the presence of ‘CO, for longer periods it may 
be ible to obtain equilibration of labelling in the plant 
and the radioactivity exuded should then yield quanti- 
tative data of exudate components. 
Barpara M. MaDovuaaLn 
A. D. Rovma 


Soil Borns Plant Prelude to 
Biolegios] , K. F., 571 (Unt. Preas, 1062). 
abet ee Univ. Cahf. Agric. Bap. Sta. Oire., 347 


* Mankis, Y., Runeokies, V. O., and Krotkov, G., Phystol. Pient, 17, 801 (1004). 
‘ yir EMOL, EG: ee L., Canad. J. Bot., 40, 


Method to study Germination of Fungus 
Spores in Soil 


VARIOUB methods have been devised to study the germi- 
nation of fungus spores in the soil'**. These methods have 
the disadvantage that the spores are held under conditions 
different from those in natural soil. Boosalis* developed a 
method which eliminates the disadvantages of other 
methods but is rather cumbersome. The following method 
was found to be satisfactory for application in studies on 
soil-fungistasis and for determining the effect of various 
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soil amendmenta on the germination of conidia of Helmin- 
ium sativum P.K. and B. in the soil. 

The soil is air-dried and sieved through a 1-mm mesh 
sieve to obtain a uniform maximum perticle size. Both 
halves of a Petri dish are then filled with the soil and the 
surface of each levelled. To retain a smooth surface the 
soil is moistened by means of a spray gun operating at 
5 Ib./eq. in. Care must be taken not to blow holes in the 
soil surface by holding the spray gun too close to the soil. 
Tf an absolutely Jevel surface is not required, the soil can 
be moistened by means of a pipette. The amount of water 
applied will be determined by the soil and the nature 
of the test. The spores (in suspension) are applied by 
means of a pipette to the soil in the lid part of the Petri 
dish (Fig. 1). The number of spores must be sufficient to 
permit easy recovery after incubation. A disk of plastio 
or nylon mesh (approx. 2 mm), with a diameter similar to 
that of the Petri dish, is placed on the other half and pressed 
down firmly. The purpose of the mesh is to separate the 
soil surfaces and yet provide contact and air spaces. The 
Petri dish is then assembled as indicated im Fig. 1 and the 
two parts lightly pressed together to ensure contact be- 
tween the soil surfaces. It is then incubated under con- 
ditions suitable for the germination of the spores. 





1. Dyagrammatio representation of Petr-diah assembly for tests of 
"n spore germinaton in the soll 


After incubation, the two parte of the Petm dish are 
separated. , &nd a spore print is made with an 
agar strip? which is examined microscopically. The agar 
strips can also be incubated in a moist chamber to 
determine the viability of ungerminated spores. 


W. J. Joosta 
Agricultural Research Institute, 
Potohefstroom, South Africa. 
1 Chinn, B. H. F., Cenad. J. Botany, 81, 718 (1053). 


"Dobbe; O. Qi, UR LAN Pe abd Braiter; ee f Soll: Tungi 
* Boosalis, M. G., Phytopathology, 60, 860 (1960). 


Male and Female Influence of Adult 
Individuals on Undifferentiated Larvae of the 
Parasitic Nematode Paramermis contorta 


PnsvioUB experimental infestations of Ohsronomus 
tenions larvae with the nematode Paromermis contorta 
confirmed that crowding plays & major part in aera! 
the sex of the parasites'. Observations by Caullery an 
Comas? on natural populations ahowed that an increase 
of the degree of infestation resulta in an increase of the 
relative frequency of the males of Paramermis. It was also 
established that, at a given degree of infestation, the 
relative frequency of male Paramermés decreases with the 
increasing lengths of the Chironomus larvae at the moment 
when they are penetrated by the nematode’. 

Work has now been carried out in order to establish 
whether, in cases of two successive infestations, the indi- 
viduals which develop first in the haemocoele of the host 
can influence the sexual differentiation of the young 
individuals that penetrate successively the OMronomus 
larva. 

About 4,000 larvae parasitized by a le nematode 
were obtained from about 10,000 larvae of Ohtronomus 
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tentans which were subjected to a first hght infestation 
with Paramermis contorta. The remaining OMronomus 
larvae, which were parasitized by more than one nema- 
tode or were not parasitized at all, have not been 
considered in the prosecution of the experiments. Nine 
days after the infestation, with the parasites reaching 
the medium length of 18 mm, a second massive infesta- 
tion has been carried out on the Chironomus larvao para- 
Bitized by the single nematodo. 

A second lot of 10,000 Chironomus larvae of the same 
age as those which were previously parasitized was sub- 
jected ın the same way as the first and single massive 
infestation of Paramermis. 

Repeated controls demonstrated that the death rates of 
both the itized larvae and of the nematode remained 
at such low levels that they could not influence in the least 
the resulta of the experiments. 

All the Chironomus larvae were fixed fifteen days after 
the last infestations and were afterwards opened in order 
to sex the parasites. 

This allowed aignifloant differences to be established in 
the sex ratios of the following three groups of parasites: (1) 
the parasites which penetrated the Chwonomus larvae 
simultaneously in the course of a single infestation; (2) 
the nematodes which penretated Chironomus larvae which 
already contained a single female Paramermis; (3) the 
nematodes which penetrated Chwonomus larvae which 
already contained a single male Paramermis. It is easy 
to make out at this stage the parasite which has been 
introduced at the first course of infestation from those 
which have been introduced in the second course and are 
much smaller. 

84-53 per cent male individuals (15-47 per oent female 
individuals) were obtained in the first group (Fig. LA). 
This group is represented by 6,595 parasites which were 
obtained from 4,517 OMronomus larvae which had been 
subjected to the single massive infestation eleven days 
after their births. 

94-56 per cant male individuals (5-34 per cent female 
individuals) were obtained in the second group (Fig. 10). 
This group is represented by 1,581 nematodes which 
penetrated 1,082 Ohironomus larvae which already oon- 
tained a single female Paramermis from the first course of 
infestation. 

61-80 per cent male individuals only (88:20 per cent 
cud were obteined in the third group (Fig. 1B). 

is represented by 6,860 nematodes which 
AT 2,887 Oheronomus larvae which already con- 
tained a single male Paramermis from the first course of 
infestation. 

In the first, second and third groups (which are all 
perfectly comparable) the sex ratios are significantly 
different. A close examination shows that the percentage 
of females is significantly lower ın the group which pene- 
trated the Chironomus larvae which were already parasitized 


by & single female nematode (group 8) than it is in the 
group of parasites which penetrated the Chironomus larvao 
in a single course of infestation (group 1). The percentage 
of females is, on the other hand, significantly higher in 
the group which penetrated Chtronomus larvae which 
were already parasitized by a single male nematode 
(group 2) than it ia ın group 1. Tho percentage of females 
of group | is thus intermediate between the percentages of 
groupe 2 and 3. 

Buch results show that a female individual of Paramermis 
which develops first influences the sexually undifferen- 
tiated larvae of Paramerm4s which penetrate, at a later 
time, the Chironomus larva by favouring their differentia- 
tion in the male direction. A male individual of Paramer- 
mas which develops firat influences on the contrary the 
undifferentiated larvae in the female direction. 

The following influences are thus ascertained concerning 
sexual differentiation of Paramermis contorta; (1) the 
degree of infestation; (2) the length of the host; (8) the 
sex of the parasite which first penetrated the Chwonomus 
larva. 

It is already known through such classic examples as 
those of Bonellia, of Orepidula and of Jone that adult 
females may exert a maledetermining influence on 
younger individuals. The female-determining influence 
by adult male individuals has now been demonstrated 
for the first time. 

U. PARHNTI 

Istituto di Zoologia, 

Universita, 
Torino, Italy. 
1 Parenti, U , Arch, Zool., 47, 200 (1062). 


* Caullery, M. , and Comas, M , O R. Acad. Sot., Pars, 188, 646 (1028). 
* Parend, U , Boll, Zool , £8, 458 (1962). 


A Method of Increased Sensitivity for 
detecting Single Antibody-forming Cells 


Tzu plaque techniques of Jerne et al.1 and of Ingraham 
and Bussard* for assaying single antibody-producmg oells 
involve the lysis of erythrocytes suspended in three 
dimensions around the active cells in a supporting medium, 
agar or methyl cellulose. Maximum sensitivity with 
this system would be expected if a single layer of lymphoid 
cells and target erythrocytes was examined. A method 
has been devised which dispenses with supporting media 
and allows detection of cells producing antibody sufficient 
to lyse only 10-20 adjacent erythrocytes. 

A sheet of paraffin wax 2 om x 2 om and 10p thick is 
cut with @ microtome, and & hole 1 om diameter then 
punched in it with & cork borer. This sheet is dried on 


to a microscope slide forming è shallow ‘abamber’. A. 


suspension of the antibody-producing cells to be examined 
is made in Hagle’s medium at 0° O, and complement and 
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the efferent pophteal lymph 


Tod lls coated Pees 


a smail plaque by Iyuis of adjacent 


target erythrocytes added to final concentrations of 10 
per cent each. The mixture is warmed to room tempera- 
ture for a few seconds, and a small drop (about 5 ul.) is 
pipetted on to the glass at an inner edge of the chamber. 
A round coverslip, 1-3 om in diameter, is lowered slowly 
on to the drop, which to fill the chamber and 
overflows it. Eixoees fluid is sucked off with a filter-paper 
around the edges of the coverslip, which settles on to the 
rim of peraffn beneath, and the chamber is sealed with 
heated paraffin-*Vaseline'. 

Plaques begin to appear in the monolayer within 1-2 
min when the slide is incubated at 37° C, and a maximum 
number may be counted after 20 min. Most plaques do 
not merease in size after 1-2 h. The number of nucleated 
eu e Ce) Gee Ana ie 
by counting several (calibrated) flelds under 
the microscope. Slides ey ie ie quite roughly 
without disturbing the monolayers. 


Table 1. OOMPARIBON OF THE 
TROHNIQUES FOR 


Buraso FORMING ONLLS 
after Plaque-formers oF 
1 
Origin af cells ingan Tncleated 
: ‘Free 
stimulus pam ; 
A B* A* B* 
OBA monse spleen 96 10° sheep rbo 1,090 1,080 2,880 2,760 
OBA mouse spleen 144 10° sheep rbo 67 40 144 184 
mouse lymph 120 10° sheep rbo %82 2315 875 950 
: efferent 83 10° boiled Sel- <10 <10 11,200 10 
duct from popii dist 


* Plaques were counted by me (A) and by an independent observer (B). 


The main advantages of this modified technique are: 

(a) Increased sensitrviby: about three times as many 
haemolysm uoers are counted with the ‘free suspen- 
gion’ method as are seen with the ‘agar plate’ technique. 
Using sheep red cells coated with Salmonella lipopoly- 
saccharide’ as the target, sheep lymph node cells 
antibody to the bacterium were found to produce large 
numbers of very small (80—40p. diameter) plaques which 
could not be detected by the agar plate technique! (Fig. 1). 
Buch very small spheres of lysis in are probably 
aired iy istak red dalla Abre ox below: 

(6) All ocells in à chamber are unobecured, and may be 
examined at high magnifloation. 

(c) The free-suspension technique detecta the character- 
istic localized agglutination of lipopolyasocharide-costed 
erythrocytes around sheep lymph node cells producing 
antibacterial antibody in a response‘. 

The main disadvantage of the method is that not more 
than about 300,000 lymphoid cells may be incubated in 
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one chamber. Increasing the size of & single chamber is 
unsatisfactory. 
A. J. CUNNINGHAM 


Department of Microbiology, 
John Curtin School of Medical Research, 
Austrelian National University, 
Canberra. 


1 Jerne, N. E., Ni ALA, and O., in Oell-bound Anisbodies, edit, by 
Aes. E. end oposa, ib, 100 (Wistar inet Pre, Fulddniphi, 


1 Ingraham, J. 8., and Bossard, A., J. Exp. Med., 119, 667 (19%). 
ar W, J., and Webb, M., Austral. J. Kap. Biol. Med. Soi., 48, 163 


t Smith, J. B., and Cunningham, A. J. (to be published). 


Unique Occurrence of Complemental Males 
in a Sessile Barnacle 


ALTHOUGH most thoracic barnacles are hermaphrodite, 
males and females are known in some of the unculate 
species. Darwin!, who was the first to obeerve males, found 
them associated with both h hrodites and females in 
the two related genera, [bla and Scalpellum. The females, 
exoept for lacking male organs, were similar to the herm- 
aphrodites of related species. The males, however, were 
always very amall and one or more were attached, either 
just inside the operculum or in pits on the inside of the 
scutum. As the association of males with hermapbrodites 
was unknown in the animal kingdom, Darwin! made a 
very careful study of the attached organisms and, by 
finding the characteristic soelpelliform antennae, male 
organs and proved conclusively that they 
were the males of their respective i The males 
attached to the hermaphrodites he called complemental 
males. 

Darwin!, who had only gix species of Scalpelium available 
for study, distinguished two types of males, both associated 
with either females or hermaphrodites. One type was 
similar in basio structure to the latter forms. This 
was also found in the two species of Ibla. The second bore 
no resemblance to the female or hermaphrodite or, for that 
matter, to any peduncalate barnacle. These males lacked 
a mouth and prehensile cirri and were, when mature, mere 
sacs of spermatozoa. By 1908, one hundred and seventy 
species of Soalpellum had been described and mtermediate 
types of males had been found. At this time, Pilsbry? 
divided the genus into four genera and, using the charac- 
ters of the male as well as those of the hermaphrodite and 
female, he constructed & more or lees natural key to the 
scalpelliform barnacles. 

Since the monographs of Darwin’*, many new species 
of both pedunculate and sessile barnacles have been des- 
oribed and many of the previously known species have been 
more fully studied, but males have never been found in any 
barnacles except in Ibla and Soalpelkim (senso lato). Con- 
sequently, we were astonished to find complemental males 
in & member of the sessile barnacles. In preparing & des- 
cription of a new species of Balanus, it was noticed that 
frequently the rostrum, which is strongly concave inter- 
nally, had a deep depression in the vicinity of the sheath. 
From these depressions, cyprids and males in various stages 
of development were recovered. Each of the barnacles to 
which a male was attached has an extremely long penis 
and, therefore, must be classed as hermaphroditic. The 
male is degenerate; it lacks a mouth but has vestigial cirri 
and typical antennulee. Testes and seminal vesicles, as 
well as spermatozoa, are present in mature males. 

This species primarily agrees with Sokdobalanus, a sub- 
genus of Balanus, which is one of the moet highly evolved 
of the seasile barnacles. A full description of the new 
species is in preparation. However, since the ocourrence 
of complemental males in & sessile barnacle is so note- 
worthy, it seemed worthwhile to call this phenomenon to 
the attention of other cirripedologiste. This work was 
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supported by grant GB-1684 from the National Science 
Foundation. 


ee of Oceanography, 
niversity of Washington, 
Seattle, Washington. 


1 Darwin, O., A Monograph on the Sub-Olase Cirrtpesha (Ray Society, 1851). 
t Pflabry, H. å., Pros. Acad. Nat. Soi. Pkiad., @0, 104 (1908). 
* Darwin, O., A Monograph on the Sub-Olsse Oirripedes (Ray Boclety, 1854). 


Dora Prravrx Heey 
Parsy A. MaLAUGHLTIN 
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Attachment of Marine- and Fresh-water 
Bacteria to Solid Surfaces 


DuzimwG an investigation of the factors influencing 
choice of substrates by the marine amphipod Oorophwum 
volutator (Pallas), I obeerved that distilled water induced 
many bacteria to detach from the surfaces of particles of 
marine sand}, A search of the literature revealed that 
this phenomenon had not been reported, and that there 
was httle mformation on why aquatic bacteria attach to 
surfaces**. 

It was therefore decided to examine the attachment of 
aquatic bacteria to surfaces under imental oondi- 
tions. The experimente were conducted as follows. 
Marine bacteria were grown in a sea-water nutrient broth 
ee Ee ee ee e 
water 1 1.; the broth used for -water bacteria was 
made up of beef extract 1 g, yeast extract 1 g, peptone 1 g, 
de-ionized water 11. Cultures were always used during 
the log phase of growth. The mixed cultures were obtained 
by inoculating sea-water or freah-water into broth. Clean 
glass microscope slides were suspended for 3 h in a particu- 
lar culture. ing this time many bacteria attached. 
The slides were then removed one at a time and placed 
into different test solutions. After 1-5 h the slides were 
removed. When they were examined, it was found 
that varying numbers of bacteria had detached, depending 
on the nature of the test solution. 

In view of my observation on the effect of distilled water 
on marine bacteria attached to sand grains, it was of 
interest to determine the influence of reduced salinity on 
attachment. Mixed cultures of marme and fresh-water 
bacteria were therefore tested as described here. Experi- 
mente were run in triplicate. The test solutions used were 
100, 25, 5 and 0 per oent sea-water; these dilutions were 
obtained by diluting sea-water with de-ionized water. 


whereas the peak of attachment for fresh-water bacteria 
oocurs in 5 per oent sea-water. These results have been 
substantiated by others on pure strains of marine and 
fresh-water bacteria, including the fish pathogen Vibrio 
onguitiorum NOMB 829. 

Further experiments with marine bacteria have shown 
that sea-water can be replaced by solutions of sodium 
chloride of the same ionio as sea-water. If, 
however, a solution of glycerol of the same oamotio strength 
as sea-water is used, many marine bacteria detach. 
This is not true of fresh-water bacteria. 

It seems, then, that marine- and fresh-water bacteria 
require different ionic environments before they will 
remain attached to surfaces. 

These results have implications for a number of flelds 
of investigation. In rivers and estuaries, marine bacteria 
will only remain attached to solid structures when tidal 
fow quoduose water oF PUER elit es E 
them to the mouth of estuaries. Similarly, freah-water 
bacteria will only remain attached up- river, where salinity 
is low. These are important pealigioal considerations; it 
has, for example, been suggested that organic substances 
adsorbed on surfaces are there in higher concentration 
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than in the body of the water mase, and hence are more 
readily available to bacteria as a food sourco. 

The resulta described here are also of interest in relation 
to the development of fouling communities. It seams 
probable tHat bacteria are among the first organisms to 
attach to newly immersed surfaces in the seo". Fig. 1 
shows that they do not remain attached in low salinities. 
Under these conditions, any flim which developed would 
consist of fresh-water micro-organisms. Now it is known 
that the larvae of sedentary marine invertebrates, when 
they explore surfaces as & prelude to settlement, are 
sensitive to the numbers and types of attached muoro- 
organisms’. A change in these numbers and types, 
caused by low salinity water, would ahnost certainly be 
detected by such larvae, and would m all probability 
induce them to settle elsewhere. This, and larval mortality 
in low salinities!*, are factors which may play & part in 
limiting the spread of marine fouling communities into 
fresh-water. 

It is difficult to suggest reasons for the observations 
reported here, for not & great deal of information is avail- 
able on the way aquatic bacteria attach to surfaces, or on 
any differences in the physical chemistry of the cell surface 
between marine- and -water forms; however, a report 
of a correlation between membrane stability and salt 
tolerance in Gram-negative bacteria is of imterest}. 
Certainly mortality does not appear to be a limiting 
factor. These and related problems are at present under 
investigation. 

I thank Vera Collins and Dr. G. D. Floodgate for helpful 
discussion and the Royal Society for a grant for apparatus. 
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! Ferguson Wood, H. J., Austral. J. Mer Freske. Heos., 1, 85 (1950). 
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‘Lincomycin’ Treatment of Staphylococcal 
nfection at High Altitude 


ExPERUMBNTAL data previously reported! indicate 
that exposure to simulated altitudes of 18, 000 or 35,000 ft. 
reduces the resistance of mice to infection caused by 
respiratory challenge with airborne Klebsiella pneumoniae. 
This effect was most marked in mice kept at 35,000 ft. 
for 1 or 14 days 

In the end ‘studies the resistance of mice to Staphylo- 
cocous aureus and the efficiency of antibiotic treatment at 
85,000 ft. were determined. 

The gaseous environment used consisted of 85 per cent 
oxygen and 10 per cent carbon dioxide. At reduced 
preasure, 179-3 mm Hg, this environment corresponds to 
sea-level-equivalent partial preasure of oxygen (pO, 152) 
and elevated partial pressure of carbon dioxide (pCO,— 
17.8). The temperature in the chamber was maintained 
at 22° + 1? O at relative humidity 50 per cent. 


Table 1. MORTALITY OF MIOB IMYECTED WITH S. eurem 
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1xLD 8x LD 100 x LD, 
x x x 
(day) Ambient Altitude Altitude t Alubude 
8 10* — 7[10 7h10 0 90 10/0 
7 hir] df HT ans ono oao 
1 5/10 10 810 4/10 o/10 90 
80 56/10 4/10 7/10 7/10 10/10 10/10 
Mean % — 475 ATS 700 67d 915 — 050 
* Dead/total. 


Swiss albino mice were kept in this environment oon- 
tinuously for up to 30 days. At various times they were 
challenged intraperitoneally with virulent S. aureus, 
strain 284 (UO—76). The dose concentrations of S. aureus 
hig Ss 8 and 100 LD,, per injection. The data summarized 

le 1 show that no differences were observed between 
the mortality of mice kept at 35,000 ft. and that of control 
mice kept at ambient environment. 

To study the efficiency of antibiotic treatment, Swiss 
albino mice exposed to 35,000-ft. altitude for 8, 7, 14 and 
80 days were infected intraperitoneally with 100 LD, 
unite of S. aureus 284. ‘Lincomycin’ (the Upjohn Com- 
pany) was selected as the antibiotic and was injected 
subcutaneously at three dose-levela: 0-5 ODs» OD; 
(median protective dose), and 8 OD,,. The 'Linoomyoin' 
treatment was initiated within 30 seo after inoculation 
with S. aureus and was repeated on three consecutive days 
for a total of four injections. 


Table 2. HFYBC? OF TE ALTITUDE OX 'LIXYOOMYOD)' TREATNIEDCT 
$ or YIxrymROTI0X 


ot Control 050D. OD» 3-0 OD 
Am Alt- Am- Am- - Am- Af - 
( bien$ tude bient tude bient tuado bient tude 
3 90* 100 20 70 10 50 10 10 
7 90 90 20 60 20 40 10 10 
14 90 90 41 59 28 34 6 16 
9*0 100 100 20 80 10 30 10 15 
Moan% 026 96-0 252 54.8 170 36-5 115 128 
* Percentage mortality. 


Table 2 summarizes the results. Treatment with 
‘Lincomycin’ at 0-5 ODs or 1 ODs level was lees effective 
in reducing the mortality of the altitude-streased mice 
than of the control mice. At the 8 OD,, concentration of 
‘Lincomycin’ this difference was absent. The duration of 

of the mice to the elevated altivude also affected 
the therapeutio value of the antibiotic. Increased mor- 
tality was observed in mioe kept at alutude for 3 and 7 
days. At 14 days the mortality was still higher than in the 
controls. ee ee 
both experimental grou 

For statistical shaman ( t’ test) the data from ambient 
and altitude experimenta were pooled irrespective of the 
level of antibiotic or the duration of exposure. The 
differences in mortality between the two groups were 
aer at P < 5 per cent. 

these exploratory experimenta It appears that the 
efficiency of ‘Lincomycin’ therapy of staphylococcal 
infection is reduced when the host is kept at an altitude of 
35,000 ft. for up to 14 days. 
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We thank Dr. J. Grady, the Upjohn Company, for the 

samples of “Lincomycin’ used in this work. 
pegs ExmxgLICH 
. J. MrgszkUGC 
Life Sciences Research eae 
IIT Research Institute, 
Chicago, Illinois. 

1 Ehrich, R., and Miesxkus, B. J., J. Infect. Dis.,110, 278 (1062). 
1 Mhrhoh, B., and Missxkne, B. J., Develop. Indust Mscrobyol., b, 207 (1904). 


GENETICS 


Paucity of Albumin Variants in Man 


PLA28MA albumin in mammals is a protein of molecular 
weight about 69,000 and consiste of a single kind of poly- 
peptide chain!. Until recently, the only genetic variante 
of this protein recognized in any mammal have been the 
very rare cases of ‘bis-albuminaemia’ in man**, However, 
it has recently been reported‘-* that some breeds of horses 
and zebu cattle are polymorphic (as defined by Ford‘) 
for electrophoretically different albumins, and these find- 
ings have prompted me to enlarge and record some data 
indicating that certain human populations are not simi- 
larly polymorphic. This conclusion is to be anticipated 
from the fact that filter-paper electrophoresis of human 
plasma has been carried out routinely in clinical labora- 
tories all over the world for more than & decade with only 
a few cases of bis-albuminaemia being reported, even 
though this condition gives a conspicuously abnormal 
electrophoretic pattern with two well-resolved compo- 
nents. In this context one may note that starch-gel, 
which has now widely replaced filter-paper as supporting 
medium, is not more sensitive than filter-paper for the 
study of albumin in undiluted plasma, because the large 
quantity of albumin present distorts the eleotrio field in 
the gel, leading to reduced resolution. However, as noted 
also by Ashton‘, multiple albumins can be very sharply 
resolved in starch gels if the plasma is diluted, and the 
present survey is based on this technique 

Plasma or serum specimens, diluted 1 10- fold with dis- 
tilled water, were examined by one-dimensional starch gel 
electrophoreeis in discontinuous buffer systems at pH 8-6 
and pH 5-1^*. Each gel contained, as a control, a sample 
of 10-fold dihited serum from a known case of bis-albumi- 
naemia, in which the mobility difference between the 
usual (faster) and unusual (slower) components is probably 
due to two charge units’. The separations obtained were 
such that a difference as great as or greater than one- 
quarter the magnitude in the contro] would have been 
recognired with certainty. 

Seven hundred and forty-eight specimens were cxam- 
ined, without a single variant being recognized. The 
specimens came from the following populations: Glasgow 
hospital patients, 548; South Indian leprosy petiente, 50; 
East African Karamojo, 50; West African Yoruba, 50; 
New Guinea ers, 60. Of the Glasgow sample, 
202 were collected in 1961 and were analysed at pH 8-6 
only; the remainder were collected and analysed in 1965. 
The South Indian sera were collected in 1964, and the 
other foreign samples were collected earlier. AIl the sera 
had been stored frozen, the oldest of them for about six 


years. 
These results show that the observed frequency of 
unusual alleles determining net charge differences in 
human plasma albumin is leas than 0-001 in a Glasgow 
population, and less than 0-02 m some other populations. 
In another random survey an allele frequency of about 
0-0005 was obtained in a largely Norwegian population’. 
Consideration of the work of routine clinical laboratories 
and of other research workers suggests that these values 
are much higher than the real values. It thus & that 
man is not polymorphio (sensu strictu) for alleles detectable 
via electrophoresis at the structural locus for albumin. 
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The simplest and most aparece of the mechaniams 
leading to polymorphism is heterozygous advantage and, 
for any locus controling an enzyme or other protein, 
heterozygous advantage will usually result from increased 
activity or altered specificity of the protein. Such a change 
oan be a property of only few of the poasible mutations at 
& locus (since most will result in decrease or loes of func- 
tion) and may not be possible at all loci; thus one is led to 
expect that many protein structural loci will not be 
polymorphio. 

That serum albumin is one of the protems unlikely to 
be polymorphic in man receives some support from the 
existence of an-aJbumimaemic individuals who show no 
serious impairment of health due to their almost complete 
lack of albumin*. This suggests that albumin function(s), 
far from being limiting to fitness, may in certain circum- 
stances be almost di ble. 

I thank Dr. H. E. Hutchinson for providing the Glasgow 
sera; Dr. A. E. Mourant, Miss B. Povey and Mr. L. J. 
Horton for the Indian sera; Dr. J. P. Garlick for the 
African and New Guinean sera, and Prof. H. Harris for 

B. L. Cone 
t of Genetica, 


Departmen: 

University of Glasgow, Glasgow, W.2. 

"Phe RA. and Putnam, F. W., in The Plasma Proteins, odit. by Putnam, 
148 (Academic Prem, New York and London, 1960 

* Gordon, iun., R. 8, in TAs Maelo Dals Inherited Diseases, a: ont by 

GENERE Eri. ow an io and Lona 1960 960). Bre 

* Kfremov, G., and Braend, M., Soienos, 164, 1679 (1964). 

* Stormont, O., and Buraki, Y., Pros. Soe, Esp. Biol. N.Y., 114, 678 (1963). 

* Ashton, G. O., Gomatios, 58, 1421 (1064). 


* Ford, E. B., Brot. Rev., 90, 75 (1945). 
1 Poulik, M. D., Nature, 180, 1477 (1967). 
* Lorh, T. H., Genet. Res. (Camb.), 5, 257 (1904)... 


* (Hütn, D., Belunid, K., Earle, D. P., and Gtvelber, H., J. Olin. Insest., 40, 
820 (1951). 


Chromosomes of the Striped Indian Squirrel 
(Funambulus pennenti) 

Funambulus pennenti, the striped Indian squirrel, is 
a small arborial rodent characterized by three white 
stripes on ite dorsal surface and two on the aides and is the 
predominant species of Northern India. So far as we are 
aware, the chromosome number of this species has not 
been reported. In fact, no information is available on 
chromosome numbers of any member of the genus 
Funambulus, family Boiuridae!. The resulta of an in- 
vestigation into chromosome number and karyotype of 
this species are summarized in this report. 

Bone marrow was for chromosome 
tions by the method of Ford and Hamerton*. Hach 
E T ‘5 ml. 0-025 per cent oolahioine 

ion and killed 1 h later. Marrow from femurs was 
removed into hypotonic solution of 0-95 per cent sodium 
citrate in water warmed at 87° C. After 15 min in hypo- 
tonic solution at 87° C the cells were settled out by 
centrifugation at low gravity and fixed for 15 min ina 
freahly prepared chilled (1 : 8) mixture of glacial acetic 
acid and methyl alcohol. Air-driod preparations were 
made by the method of Rothfela and Siminovitch’ and 
stained with 2 per cent aoeto-oroein. The slides were made 
ent by passing them through two changes of 
n-butyl alcohol, and mounted in neutral canada balsam. 
All drawings, measurements and photographs were made 
from permanent slides. Only un and well-spread 
cells with uniform contraction were selected for recording 
data. For chromatin length measurements, five cells were 
drawn with the help of camera lucida. The chromatin 
length figures given in the text are an average of fivo 
mitotic metaphase cells. The chromosomes were matched 
into pairs using relative length and arm ratio as criteria. 

All but one of the 50 cells examined critically from two 
male available for study had 54 chromosomes in 
mitotic cells (Fig. 1). The only oell with a number devi- 
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ating from the normal had 52 chromosomes. Fig. 1 (below) 
shows the 54 chromosomes matched into 27 pairs and 
arranged in descending order of length, the pair of sex 
chromosomes being placed at the ead. e longest 
chromosome in the complement was 6-674 in length 
and the smallest measurable one, chromosome 24, 
measured 1-464. Chromosomes 25 and 26 are too small 
to be drawn accurately for length measurements. The 26 
autosomes can be grouped into the following categories: 

(A) Large chromosomes, ing in length from 6-67p 
to 3-96, include: (1) Subterminals: Chromosome numbers 
1, 2, 6, 8, 11 and 18. Chromosbme 11 has a satellite on 
the short arm. (ii) Telooentrice: Chromosome numbers 
3, 4, 5, 7, 9, 10 and 12. 

_(B) Medrum long chromosomes, ranging in length from 
3-75u to 2-08u, include: (i) Subterminals: Chromosome 
numbers 17 and 19. (ii) Telocentrics: Chromosome 
numbers 14. 15, 16, 18, 20 and 21. 

(C) Small chromosomes, ranging in length from 1-66p 
to 1-46 and leas, include: (i) Metacentric: Chromosome 28. 
(ii) Telocentrics: Chromosome numbers 22, 24, 25 and 26. 

Since the two animals examined were both males, it 
is difficult to say with certainty which of the sex chromo- 
somes is the X-chromosome. It is more likely, however, 
that the longer one measuring 8-33p is the ‘X?’ chromo- 
some. The ‘Y’ then is a very short acrooentrio chromosame 
indistinguishable from chromosomes 25 and 26. 

Note added in proof. Since this report has been in the 
press, Rao and Sharda (Cytogenetics, 3, 342) have also 
reported the diploid chromosome number of Funambulus 
pennanti to be 54. V. L. CuoprzA* 
R. A. Par 
Division of Botany, t 
Indian Agricultural Research Institute, 

New Delhi, India. 

* Present address: Institute of Antma! Genetics, Hdmbargh. 

1 Makino, B. (ed ), An Atlas af Chromosomes Humbers in Animals, 200 (Iowa 

Btate College Press, Ames, Towa, 1948). 

* Ford, O. H., and Hamerton, J. L., Sten Tesksolory, 31, 247 (1956). 
* Rothfola, K. H., and Stninovitoh, L , Stein Teckuelogy, 88, 73 (1068). 
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R all that its orrticiam is restrained, the new Depart- 

mente and Ministries do not come too well out of the 
scrutiny which the Estimates Committee has given them 
in its third report for the Session 1964-65*, nor particu- 
larly does the Ministry of Technology, from the evidence 
taken before Sub-Committee G. This is the more apparent 
in that the Estimates Committee is obviously unwilling to 
preas & new Department hard. Concerning the Ministry 
of Overseas Development, for example, it comments on the 
relatively amall numbers of staff who have been trans- 
ferred from other Departments surrendering functions to 
the new Ministry and on the small size of the further staff 
savings anticipated in some of these Departments. Even 
80, the view that the savings would only be achieved 
after a fairly long process of internal re-organization was 
unacceptable to the Committee. z 

Here the prodding by the Estimates ‘Committee is 
addreased to the Treasury, as also is a further comment on 
the Diplomatic Service. The present reserve of manpower 
is 200, representing about 4 per cent of the complement 
of home-based staff; however, this is expected to rise to 
435 or about 6-5 per oent of complement, as compared 
with the 7:5 per cent fired by the Government following 
the Plowden Report. The division of this reserve between 
home and overseas staff was admitted to be somewhat 
arbitrary and the Estimates Committee recommends that 
the total strength of the reserve should be shown separately 
under the heading ‘Common Services in the Home 
Organization”. It also recommends closer liaison between 
the inspectorate responsible for reviewing overseas posts 
at least onoe every three years and the Organization and 
Methods Section and that interchange between the two 
should be encouraged. 

To the scientist, as to the technologist, the interest of 
the Estimates report, however, lies essentially in the 
observations on the Departments of Education and 
Science and of Technology, and on the Ministry of Land 
and Natural Resources. However, the memorandum 
submitted on behalf of the Minister of Overseas Develop- 
ment describing the organization and staffing of that 
Ministry is of considerable interest and shows that the 
staff in some of the special units has been strengthened for 
1965-66: that of the Directorate of Overseas Surveys 
has risen from 515 in October 1964 to 525; of Overseas 
Geological Surveys from 106 to 128; of the Anti-Locust 
Research Centre from 66 to 71. There are equally welcome 
memoranda outlining the functions and organization of 
the Ministry of Technology and of the Ministry of Land and 
Natural Resources, but not of the Department of Education 
and Science. This omission is surprising in that one of the 
first pointe of concern to the Estimates Committee was 
whether & clear line had been drawn between those funo- 
tions appropriate to the Science side of this Department 
and those appropriate to the Ministry of Technology. - 

* Third 
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RGANIZATION OF SCIENCE AND TECHNOLOGY 
IN RETROSPECT 


Steff numbets in the Science side of the Department 
have risen since 1964 from 107 to 124, mainly through the 
establishment of the Office of Scientific and Technical 
Information and of the new Council for Scientific Policy. 
The Department has now become the accounting Depart- 
ment for the Votes, of all four Research Councils—the 
Medioal Research Council, the Agricultural Research 
Council, the new Natural Environment Research Council 
and the new Science Research Oouncil. It has been 
agreed with the Treasury, however, that the accounte of 
each Council, signed by ite chief official, will be annexed 
to the Estimates of the Department of Education and 
Science. The Vote for the new Science Research Council, 
which has a staff of nearly 2,000, amounts to more than 
£28 million in the current financial year, and besides ita 
responsibility for the support of university research, 
formerly entrusted to the Department of Scientific and 
Industrial Research, it is responsible for the control of the 
Royal Observatories and the Rutherford and Dewesbury 
Laboratories for Nuclear Physica. Its Headquarters staff 
is expected to increase from about 200 to 250 during the 
current financial year, but the increase is partly due to 
Treasury reluctance to allow recruitment of new staff 
pending the re-organisation. - . 

As & result, the Council faces a temporary shortage of 
staff which at present prevents it from carrying out more 
than eesential day-to-day functions. The Estimates 
Committee’s hope that this situation will be speedily 
rectified will be shared by scientists generally, who may 
also be concerned that in the meantime the present credit 
squeeze may have made reotifloation more difficult. 
Apart from this, however, the Committee, in this report, 
does not probe further into the functions of the Depart- 
ment of Education and Science. Behind ita comments as 
to the vital necessity of keeping the Department and the 
Ministry of Technology fully mformed of each other’s 
scientific activities may be sensed & certain uneasiness as 
to how far a broad division of responsibility between basio 
research and applied research may really be practicable. 

Clearly there are likely to be problems and difficulties ; 
however, given goodwill these will be removable, but if 
there is any cheeseparing and misguided attempt to out 
for economy it is likely that they will become accentuated. 
It is not, however, at this aspect of the Ministry of 
Technology that the Estimates Committee looked in the 
first instance, although it is highly critical of its organiza- 
tion which is regarded as top-heavy, even when allowance 
is made for this being & common tendency in the early 
stages of a new Ministry. The Ministry is at present divided 
into six administrative divisions, responsible for financial 
administration and general policy, and two departments 
responsible to Controllers and responsible for the scientific 
and technological aspects of the work of the Ministry. 
It is intended that there should be & partnership between 
the two sides of the Ministry with consultation at all 
levels; of the present Headquarters staff of about 500, 
368 were formerly employed at the headquarters of the 
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Department of Scientific and Industrial Research. A 
net increase of 190 in headquarters staff is expected by 
the end of the year and the total staff of the establishments 
under the Ministry is nearly 6,000. 

Where the Estimates Committee is critical is in the 
appointment of two Controllers as well as two Deputy 
Secretaries, one of whom is a scientist and a former 
member of the scientific offlcer clase and was assisting 
the Permanent Secretary in supervising the laboratories 
transferred from the Department of Scientific and Indus- 
trial Research. The Committee saw no reason for four 
such posta and shortly before the report waa finally 
agreed learned that 1t had been decided that there should 
be only one part-time Controller responsible for all the 
non-secretariat functions of the Ministry. It still recom- 
mends, however, that the Treasury should further examine 
the need for a second Deputy Secretary. 

The Estimates Committee notes that while the head- 
quarters of the Ministry will be in London it is establishmg 
regional offices in each of the newly formed regions as 
soon as the necessary staff are recruited. Three of these, 
in Edinburgh, Cardiff and Newcastle, were inherited from 
the Department of Scientific and Industrial Research, 
and the main function of the offices is to advise industry 
on the appropriate sources from which it can obtain 
edvioe and assistance. The Industrial Liaison Service, 
which originated in Scotland, is also being expanded and 
provision in the current year is expected to be £63,000 
as against £35,000 in 1963-64. The Committee did not 
look closer either at this Service or at the functions of the 
regional offices; in this field of information and advice 
there to be an inherent possibility of overlap 
with the work of the Office for Scientific and Technical 
Information withm the Department of Education and 
Science: here again close contact between the two 
Ministries seems essential. 

More serious, however, is the Estimates Comunittee’s 
criticiam of the approach of the new Ministry to what 
Mr. Cousins has insisted on as one of its most important 
new functions—that of initiating technical and economic 
studies in depth of selected industries and processes to 
determine whether action is needed and if so in what 
direction. The four such studies so far announced involve 
the electronica and telecommunications industries, which 
were formerly sponsored by the Ministry of Aviation and 
the Post Office, respectively, and the computer and the 
machine tool industries, both formerly sponsored by the 
Board of Trade. The Committee was not satisfied that 
the teams being set up for these initial studies had the 
appropriate memberahip or that they were being set up 
with sufficient speed; the minutes of evidence suggest 
that on both points the Estimates Committee’s comments 
are very mild. That some at least of the investigators 
should have had up-to-date experience of the industry in 
question seems & pre-requisite: that they should have 
been drawn mainly from within the Government service 
seems as indefensible as the dilatoriness with which the 
teams are being appointed. 

Nor is this all. Apart from the uncertainty which such 
procedures are likely to cause in the industries concerned, 
the Estimates Committee has doubts as to the work of 
theee appraisal teams overlapping or duplicating studies 
which are being carried out under the aegis of the Depart- 
ment of Eoonomic Affairs. It would appear that the 
Committee was not entirely satisfied by the assurances it 
received as to close oonteot and liaison between the 
Ministry of Technology and the Eoonomio Development 
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Committee, which is itself studying the economic per- 
formance of the machine tools industry. 

The debate on the Civil Estimates for the Ministry of 
Technology in the House of Commons on July 14 was 
held immediately before the Estimates Commuttee’s 
report was published, but Mr. Cousins scarcely touched on 
the pointe raised in this report dealing with the postion 
of the Atomio Energy Authority and the National Research 
Development Corporation. Of the Authority's Trading 
Fund, he stated that sales of fuel elemente, eleotricty 
and isotopes amounted to some £30 million per annum, 
and of hovercraft developments that some ferry services 
using the smaller craft were already running, while firm 
orders had been received for at least seventeen and 
possibly exght more. Generally the debate was unsatis- 
factory and inclined to make party points in spite of 
several suggestions that technology should not be a 
matter of party politics. However, both Sir Lionel 
Heald and Mr. R. Sheldon raised the question of the delay. 
in starting the new reference library for science and 
invention, as well as raising the question of ite location. 
Sir Lionel was concerned that the Patent Office should 
remain in London. The beet part of the debate was, in 
faot, that in which questidns of the structure of Govern- 
ment generally were disouseed rather than the particular 
organization of the Ministry of Technology. 

The Estimates Committee in ita report also considers 
the Ministry of Land and Natural Resources, and while 
the memorandum from that Ministry, already noted, refers 
to the existence of a Natural Resources Planning Unit, 
it is curious that the Committee does not comment on the 
need for appropriate laison and contact with both the 
Ministry of Technology and the Department of Education 
and Science, within the orbit of which falls the newly 
established Natural Environment Research Council (of 
which the Nature Conservancy now forms a Committee). 
The potentialities for overlap and confusion are as implicit 
as they are between the Ministry of Technology and the 
Department of Education and Science. 

While the Estimates Committee is not entirely happy 
about the present arrangements, its misgivings find 
expreasion in regard to two matters only—staff and the 
sharing of responsibility for water between the new 
Ministry, the Ministry of Housing and Local Government 
and the Welsh Office. Welcoming, however, the state- 
ment of January 19 that the present arrangements for 
Ministerial responsibility are to be kept under review to 
see whether experience in implementing them oelle for 
any change, the Committee makes no speoiflo comment 
other -than that such evidence as came before it suggests 
that more experience will be needed before a final decision 
can properly be made about ministerial responsibility for 
water. 

On staff, it is noted that about half the present staff 
of 150 was seconded to the Ministry. along with their 
former work; the total is expected to increase by 20 by 
the end of the financial year, partly to set up the Land 
Commission, partly to strengthen the section dealing with 
the Ministry’s responsibility for water, and partly to staff 
the expanding work of the Natural Resources Planning 
Unit, which is working in close association with the new 
Natural Resources Advisory Committee. It is visualized 
that this Unit will have an administrative scientist and a 
professional scientist as joint heads, but it does not appear 
from the evidence that the structure is much more than 
tentative, although it is expected that the Natural 


sh 


Resources Advisory Committee, of which Sir Dudley : 
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Stamp is chairman, will advise on the extent to which 
use could be made of the universities and other institutions. 
At present the eatabliahed staff of the Department aro on 
loan from their former Departments, and although the 


,- arrangement is regarded as temporary it remains to be 


seen whether the Department will become large enough 
to provide adequate opportunities for a career. 

The Estimates Committee does not think that this 
situation should be allowed to continue for any appre- 
ciable length of time and, while the point is not preased, 
the report leaves the general impression that more regard 
might well be paid to the point of view of staff in other 
new Ministries. Conditions of service can make all the 
difference to efficiency and enthusiasm at a time of 
change and experiment when a certain amount of flex- 
ibility is desirable; as a consequence some unoertamty 
is unavoidable. What above all emerges from this survey 
of the new Ministries is the undesirability of making some 
of the arrangements other than tentative until they have 
been firmly proved by experience. It is equally clear that 
the misgivings with which some of them are regarded are 
well founded and not to be dismissed as party prejudices. 
The Ministries would do well to heed the restrained 
criticism of the Estimates Committee and to respond to 
constructive suggestions. Especially in this matter of 
staff, they should spare no pains to establish full oon- 
fidence and to provide the conditions of service which will 
encourage full and effective co-operation between depart- 
ments and sections and the keanness and interest that are 
vital where scienoe and technology are concerned. To per- 
sist in impeccable aelf-satisfaction such as Mr. Cousins pre- 
sented to the House of Commons on July 14 would be fatal. 


DESALINATION OF SEA WATER 


Fresh Water from the Sea 
Proceedings of the International Symposium held in Milan 
by Federariane Delle Associazioni Scientifiche e Techniohe 
and Ente Autonomo Fiera di Milano. Edited by A. 
Girelli. Pp. xxii+179. (Oxford, London and New York: 
Pergamon Press, 1965.) 60s. 
WV TT. ihe increase in world population, tho spread of 
urbanization with ita accompanying industrial de- 
velopment, as well as the higher standard of hygiene in 
the emergent nations, the demands for water both potable 
and industrial are ever on the increase. _The supply, on 
the other hand, by precipitation from the aky is limited 
with & yearly average of some 750 mm. It is thus natural 
that the attention of several nations is being drawn to the 
problems of water conservancy and the production of 


. Binoe the production of potable water confronted ship- 
ping lines at an early date this problem has received more 
attention than that of water conservancy. Some seventy 
per cent of the annual precipitation is entirely wasted, 
either by evaporation or passage into drains, and even. 
tuall into rivers; thus it is to be hoped that economics in 


Fresh Water from the Sea gives an account of a sympo- 
sium held in Milan in which the state of development of 
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desalmation in a number of countries is described. These 
include Holland, Japan, Germany, Great Britain, Italy, 
Israel and the United States. Some of the conclusions 
result from a world-wide survey under the aegis of the 
United Nations t af Eoonomic and Social 
Affairs, and a very full bibliography completes the volume. 
- The majority of processes involve distillation, but the 
early form of direct heating stills has given place to flash 
m a8 well as that using a falling or compression 
with forced circulation for the vapour. Intereeting forma- 
tion is given by the authorities in the different countries 
on the chemical engineering, power sources, and distri- 
bution problems invalved in the construction and opera- 
tion of such planta. 

While reverse oamosis is theoretically probably the most 
efficient proceas from thermal considerations, no effective 
plant has been constructed as yet on theeo lines. On the 
other hand, several planta utilixing electro-oemotio methods 
are in operation and on a relatively amall scale at least are 
almost competitive with distillation processes. The suc- 
cessful development of such plants has been made possible 
by the fairly exhaustive enquiries which have been made 
into the properties of ion-exchange membranes and their 
technical production on a large scale. It seams doubtful 
whether these eleotrolytio plants are economic in the pro- 
duction of pure water, but these, combined with a subse- 
quent treatment by ion-exchange resina, offer some hope of 
& successful method. The more recently developed weakly 
acid and weakly basic resins present the posibility of 
extending the ion-exchange methods from the treatment 
of brackish to saline waters. 

Brief mention is made of some other methods by which 
conversion of salt to potable water might be achieved on 
& large scale: these include fractional crystallization of ice 
and its tion by centrifugal methods, the utilization 
of oryoh; tes for & similar purpose and finally the use 
of solar energy for evaporation. . i 

The various sections are written in English, German and 
Italian and give very.readable accounts, containing but a 
minimum of highly technical material, of the progress 
which is being made in this at present important and, in 
the near future, very necessary field of human endeavour. 

E. K. Rogan 


EDUCATION AND VALUES 


Education and Values . 
Essays in the Theory of Education. By Q. H. Bantock. 
Pp. 182. (London: Faber and Faber, Ltd., 1965.) 25s. net. 


2U04TION ond Values consists of a oollection of 
essays which concern contemporary discussions and 
controversies in education. The author, whose outlook is 
predominantly literary, bases his ideas on T. S. Eliot's 
attempt to define a culture for the twentieth century. 
Prof. Bantook has an Ayer-like consideration for the nature 
and meaning of words, he shows a close concern for the 
of education discourse &nd reveals some of the 
ambiguities and i ies of present-day formulations. 
The subjecta trea include the relation of education 
and society, the problem of freedom in education, the 
influence of educational sociologists and the role of literary 
intelligence, where it exista, in assisting thought in educa- 
tion. Of icular interest is Prof. Bantock’s diagnosis of 
what is trouble with so many investigations which are 
glorified with the title of “Research in Education”. This 
short section could have been expanded with advantage, 
for his criticisms could have been extended to many 
investigations of & sociological nature. This is not to say 
that we expect the same degrees of accuracy, which are 
commonplace in the physical sciences, but that there must 
be a more intelligent asseasment of subjective factors, 
some of & subtle nature, which are involved in researches 
in education and sociology. More is required than an 
application of suitable statistical techniques. , 
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“The discipline of social research has not succeeded in 
creating a specialized language of ita own; indeed, in view 
of the nature of its subject matter ia unlike that of the 
physica] sciences in that it deals with what already has 
meaning apart from that assigned to it by the scientist, it 
is that the social sciences will never succeed in creating & 
fully technical vocabulary. Since, then, the statement of 
research topics usually involves the use of words common 
in everyday usage, the prime requisite in the consideration 
of research problems is the conceptual clarification of the 
terms employed, at least to the extent that possible am- 
biguities are cleared up or that ostensive definitions are 
offered. It is disturbing to find how little modern philo- 
sophical techniques of linguistic analysis and clarification 
have affected our thinking about social science research; 
yet as a prelimmary to any such research it is important 
at -least to decide what questions involved are really 
conceptual and what empirical.” 

If Prof. Bantock's criteria are applied to much which 
has passed as research in sociology and education and has 
been published, the value of the resulta ia seen in a much 
dimmed light; indeed, if it is seen at all. No doubt the 
on more skilful i igations. The remedy is not so much 
to take a leaf from the book of the more successful research 
&oientists in the physical and so-called ‘applied sciences’, 
but to develop a more critical and subtle series of experi- 
thental techniques peculiar to the social sciences, beginning 
by clearing the waste-land, as Linnaeus did man: decades 
ago in biology, by Tore sementios which to more 
precise methods of description end classification. 

The greater part of Prof. Bantock’s book deals with the 
aima and Pe of education. This is stimulating, 
titnely few would contradict him. His chapters con- 
stitute a warning against the technocratic state, when 
everybody therein ceases to be a person, as many do even 
now, and becomes a number of holes punched in an IBM 
card, stored in some state-controlled records offlce. 

W. L. SUMNER 


IMMUNOGLOBULIN TURNOVER IN 
MAN 


Metabolism of Human Gamma Globulin, 
By Stig Bryde Andersen. Pp. x+139. (Oxford: Blackwell 
Scientific Publications, 1064.) 80s. net. 


ee ie access eon telatea undue. 
ciated with at least 8 distinct but related immuno- 
obulins (Ij); these are now y referred to as I,G 
7 S y-globulin), IgA (y,A-globulin) and 19M (19 S y- 
globulin). These proteins may carry identical combining 

ificitios -but their biological effects are modifled by 
differences in their distribution in the body. For example, 
the three classes of antibody oocur in widely different 
relativo amounts in various tissue fluids and secretions; 


passage 
nal to foetal circulations and in their capacity to attach to 
various tissues, including the skin. In addition, the im- 
eir rates of overall synthesis and 


myelomatosis and macroglobulmaemia. ` 
A comprehensive account of what is known of the dis- 
tribution and metabolism of immunoglobulins jn health 
and disease would form & weloome contribution to the 
immunological literature. Dr. Andersen’s book is far more 
limited in scope. He describes results obtained with one 
class of immunoglobulin, namely I,G, using & single experi- 
mental technique to measure overall distribution and turn- 
over in & large series of patients. The labelling of IgG with 
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11I was carried out by techniques which have been deve- 
loped and meticulously tested by Dr. A. 8. McFarlane, 
and the quantitative interpretation of data is based on 


An appendix contains an outline of several alternative . 


methods of analysis and includes a discussion of the 
significance of the iodide ] in calculations of iodine 
labelled protem turnover. are presented for hoe- 
pitelired patients considered normal and for two other 
groups of subjects with increased and reduced levels of 
y-globulin respectively. The findings re-emphasize the fact 
that hypergammaglobulinaemia is always associated with 
an increased rate of y-globulin synthesis and seams never 
to result from reduced cataboliam. Similarly, h 
globulinaemia is usually the result of un uction, 
although it may be due to abnormal loes of y-globulin 
through kidney or sometimes aggravated by an in- 
creased rate of y-globulin catabolism. . 

This book does not constitute a down-to-earth practical 
guide for anyone wishing to set up the techniques employed 
in labelled protein turnover I te. However, there 
is & detailed bibliogrephy &nd the date illustrate the 
clinical applications of a method which has elucidated 
some aspects of the exceedingly complex problem of 
y-globulin metaboliam. B. Comm 


THE SMOKER’S DILEMMA 


Smoking, Health and Personality 
By Prof. H. J. Eysenck. Pp. 166. (London: Weidenfeld 
and Nicolson, 1905.) 258. net. 


HE hypothesis that lung cancer and the habit of 


genotype was 
bas now 

hypothesis’, as it is known, the assumption that the 
common genotype is an oxtraverted personality. He 
defines an extravert as a person who gives appropriate 
answers to such questions as: ‘Do you usually stay in the 
background at parties and get-togethers 2” “Do you find 
it hard to really enjoy yourself at a lively party ?” “Can 
you usually let yourself go and enjoy yourself a lot-at & 
gay party 1” ‘Do you hate being with a crowd who play 


` Jokes on one another ?", and be claims that stram dif- 


ferences in rats similar to those in man can be establiahed 
with respect to extraversion and introversion. (One 
wonders how many 
sufficient time to go to enough parties to enable us to 
decide whether they are extravert. It is also rather bard 
to imagine how a rat is expected to conduct himself at & 
gay and lively get-together or what a rat’s joke would 
consist of.) 

By his dogma that the lung canoer linked with cigarette 
smoking is due to innate extraveraion, Eysenck would 
have us believe that the genetic composition of many 
countries, especially in urban areas, changed uni- 
formly towards extraversion during the past half-century. 
Furthermore, he assures us that “men are very shghtly 
more extraverted [than women] although the difference is 
too alight to mention”. If so, and if lung canoer is a disease 
of extraverts, why should the lung cancer sex ratio have 
changed from 1:5 to 1 in 1930 to more than 6 to 1 in 19617 

He begins with a discussion of methods of study in 
microbiology and bacteriology, topics m which it is 
unusual for & psychologist to display special competence. 
This is followed by an evaluation of epidemiological 
investigations which, he asserta, ‘‘can give wrong con- 
clusions as readily and as easily as correct ones”—e 


dictum which is demonstrably either trivial or untrue. ' 


He goes on to consider alleged criticisms of the smoking— 
lung cancer hypothesis. Here, guidance from & medical 
statistician would have helped him to avoid an error in 
steting the difference between expected and observed. 
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from lung cancer. On p. 40, when it is a ques- 
tion of a correlation between &moking and lung canoer, 
Eysenok (quoting Thurstone) describes a correlation oo- 
efficient a8 a confeasion of ignorance. On p. 80, when 
referring to his questionnaires, he declares approvingly 
that the similarity between two traits is assessed by “a 
mathematical technique known as correlation”. More- 
over, while he insiste that correlation is no evidence of 
causality when dealing with 'smoking' he has no hesitation 
in interpreting correlation as causality when moriminating 
‘amoke’. For m Chapter 7 he seams to abandon extre- 
version and brings forward a "logical mdictment of 
smoke”. But he soon leaves smoke and comes down in 
favour of insufficient enzymatic fermentation in the 
processing of cigarettes as the cause of lung cancer. 

As for breaking the habit of amoking, the method to 
use is “quite obviously to have punishmg consequences 
follow the smoking of a cigarette before the rewarding 
consequences have any chance to establish themselves’. 
This can be achieved by the aid of an apparatus called a 
ventilator heater which blows hot air at the smoker 
“while he pronounces the auto-suggestive Pr ‘I want 
to give up smoking’ ”. Eysenck concludes: ‘‘There is 
no reason why society should be allowed to poison our 
lungs, but every reason why we should be allowed to 
poison our own if we want to”. JOEN COHEN 


STIELTJES'S MOMENT PROBLEM 


The Classical Moment Problem 
And some Related Questions in Analysis. By N. I. 
Akhiozer. Translated by N. Kemmer. (University 
Mathematical Monographs.) Pp. x+258. (Edinburgh 
and London: Oliver and Boyd, 1965.) 70s. j 
Tu systems show that different line- 
density distributions may have the same masa, 
centroid (first moment) and moment oi inertia (second 
moment). Stieltjes (1894) asked if a knowledge of all the 
higher-order momenta would allow and imply a unique 


density; more precisely, given a sequence py of numbers, 
can & non-decreasing function o(u) be found such that: 


a 
J ud do (u) = py. (k—0,,2, . . .) 
0 

The problem established the concept of the Stieltjes 
integral, and gave scope for Stieltjes’s mastery of con- 
tinued fractions. A little earlier, Tohebychev (1873) had 
discussed a similar problem: given the length, mass, 
centroid and second moment of a line segment, to find 
bounds for the mass of any sub-segment; more precisely 
and more generally, given: 


b 
| ut f(u) du, (k—01,...,n- 1) 
a 

to determine bounds for: 


fa 


for variable v in (a, b). Tohebychev’s interest lay chiefly 
in the probability application. 

Various extensions can be made: the interval may be 
replaced by a set of pointe, or extended to ( —c0,co). 
Essentially, the main questions are: Does a solution exist; 
if 80, how many simifoantly different solutions are there; 
and how can they be constructed ? 

The fleld remained relatively unexplored until just after 
the First World War, when im a burst of activity the first 
full discussion and solution were given by Hamburger, 

iokly followed by Nevanlinna, M. Riesz, Hellinger, and 

leman. The problem was seen to have connexions with 
many branches of analysis; thus Hausdorff, in two masterly 
papers, showed the relation with summation methods. 
ter, the development of functional analysis and linear 
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operators provided new ways of looking at the problems, 
and new fields for applications and extensions. While 
many questions remain, so much has been done to codify 
the theory that the time is ripe for a broad survey. Prof. 
Akhiezer, who has himself contributed largely to recent 

in this domain, provided such & survey in his 1961 
book, of which we now have a welcome translation in the 
new Oliver and Boyd ‘University Mathematical Mono- 
graphs”. After a preliminary chapter on sequen- 
ces and the related orthogonal polynomials and Jacobi 
matrices, he gives the main results of Hamburger, M. Riesz, 
and Nevanlinna, often using the present-day language of 
abstract spaces and functionals, and then deala with the 
moment problem as an instance of the spectral theory of 
operators; here the reader must know at least the elaments 
of modern operator theory. The final chapter discusses a 
trigonometric moment problem, related to Carathdodory’s 
problem about the conformal mapping of the unit circle on 
a half-plane when & correspondence between two point- 
sequences is prescribed; this leads on to certain continuous 
analogues of the moment problem. 

The reader who is content to study the main text will 
obtain & sound and precise knowledge of the principel 
themes; but to master the subject he will be well advised 
to spend time and effort on the “addenda and problems” 
which complete each chapter, for theee are not drill 
examples, but serious (and sometimes difficult) develop- 
ments and extensions of the mam text, relegated to a 
secondary position simply to reduce bulk. The young 
research student who appreciates abstract analysis while 
not deepising manipulative akill should find here matter 
and questionings to his taste. T. A. A. BROADBEMT 


KANTIAN STUDIES 


Experlence and its Systematization 
Studies in Kant. By Nathan Rotenstreich. Pp. vii-- 178. 
(The Hague: Martinus Nijhoff, 1965.) 21 guilders. 


IE this work, the traditionally high standard of the house 
of Martinus Nijhoff is well maintamed, and the author 
need have no reservations about the desirability of offermg 
& selection of ‘pivotal issues’ which have become definitive 
for Kantian scholars. The master spent practically his 
whole life in his native city of Koenigsberg analysing 
empirical knowledge, and erecting on this ratiooination 
& systematic structure, which, at least in principle, in- 
volves ethics and aesthetics. It is a measure of the 
stature of this intellectual adventure that only compara- 
tively recently has the suggestion been made that these 
axiological studies might eventually become subject to the 
power of lio logic. If ever they do, then Prof. 
Rotenstreich will have provided a suitable springboard for 
the transition, since the leap could scarcely be made from 
the Orisiques in their original form, including, as they do, 
& number of inconsistencies and ambiguities. 

For Kant, formal or general logic 18 almost a calculus 
for thought without regard to the differences which its 
objects present, whereas transcendental logic deals with 
origins—actually of our a priori knowledge of objects. 
This is the point of contact with the Husserl school, and 
the development of phenomenology, including the realiza- 
tion of empathy. If there is one word which expresses this 
connexion it is Anschauung, or intuition. Kant epistemo- 
logically allows time preference over space, although in 
terms of “true no matter what" they are supposedly 
equal. If, on the other hand, the criterion is ontological 
(following Parmenides and Spinoza), then the order is 
reversed. Twentieth-century physics was in fact to elimi- 
nate this distinction in the well-known relativistio pro- 
pheey of Minkowaki. All of which goes to show the value 
of a re-assesament of Kant’s technique. 

In a discussion of the primacy of practical reason, it 
appears that immortality and God are not implied by 
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action, whereas duty must contain certain empirical con- 
cepta. Strangely parallel with this, it may be mentioned 
“that there is a recorded conversation between F. W. H. 
Myers and George Eliot (when her Middlemarch had just 
appeared in book form), which took place in the Fellows’ 
Garden at Trinity College, Cambridge. She pranounced 
God to be inconceivable, immortality to be unbelievable, 
and ‘‘yet how peremptory and absolute” was duty. What- 
ever may be thought of the first two assertions, it is 
manifest that Kant’s practical sense was subconsciously 
underlying the Victorian emphasis on ‘must’. 

The appendix may be styled, m brief, ‘from Schopen- 
hauer to Heidegger’, and contains an appraisal of the 
position of the Marburg school, and a reference to 
Vaihinger’s philosophy of Als ob (‘As if). Off the main- 
land of Europe, the latter discipline has been sadly 
neglected, to the detriment of our of certain fundes- 
t's purpose is 
moral, whereas Vaihinger's aim is practical. His fictions 
are consdious fictions, forged to secure orientation. 

Such ions as these, and many others, are well 
displayed. There are & few failures to achieve idiomatic 
English, but considermg how closely the author’s theais is 
argued, the reader gets a clear picture of the Kantian 
mode. F. I. G. RAWLINB 


FOUNDATION OF MODERN 
NETWORK THEORIES 


Tensor Analysis of Networks | 
By Gabriel Pp. xxix +635. (London: Macdonald 
and Co. (Publishers), Ltd., 1965.) 70s. net. 
R. KRON has been, and to a certain extent still is, 
& centre of oontroversy, but his genius is now 

acknowledged and his reputation firmly establiahed. The 
experience of many years has proved the immense value 
of his pioneer work to engineering practitioners and 
teachers as well as theoriste. His recent researches are too 
advanced for most engineers to understand, and some 
years must elapse before an assured and durable assess- 
ment oan be made of his total contribution to knowledge. 

His first imaginative pro made about 80 years ago, 
was to apply the tensor calculus to electrical engineering. 
It was brought to the attention of his fellow engineers by 
a series of articles in the G.H. Review entitled '"The Appli- 
cation of Tensors to the Analysis of Rotating Electrical 
Machinery", later revised and republished in book form. 
Meanw. he had written Tensor Analysis of Networks, 
& book published shortly after the series ended. Kron 
refers to these two books as A.T E.M. and T.A.N.; they 
form the basis of all his t work. Their publica- 
tion immediately evoked vehement and extensive criti- 
ciam, a little of which was perhaps justifiable, for it could 
scarcely be expected that so unusual & work would oom- 
mand universal assent; we cannot all accept Kron’s 
approach in ite entirety. But much of the criticism was 
destructive, ill-informed and grossly unfair. Even among 
those who approved and admired the work there were some 
who regarded it as an academic exercise of no practical 
value. If this had been so, the two books would have been 
isolated publications, whereas they proved to be forerun- 
ners of many books by various authors on this topic. For 
what eventually vindicated Kron and established his hi 
had enormous practical and pedagogic usefulness. They 
worked. Many experienced engineers now believe that the 
application of tensors to electrical engineering was a major 
advance that ranks Kron with Steinmetz and Heaviside. 

Clearly both A.T.E.M. and T'.A.N. are important books 
and should be available to all who to this 
subject. They were published in the United States and un- 
fortunately have been out of print for some years. It is 
therefore gratifying to see T' A.N. reproduced by British 
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publishers. As it is a reproduction without revision it is 
probably sufficient to say that ita title effectively indicates 
its soope. The author includes an astonishing amount of 
material, so much that the beginner may well be be- 
wildered by the wealth of information offered. Kron says 
that this volume scratches the surface of the vast 
possibilities in the subject, but the scratch is deep enough 
for most of us to be going on with. : 

The only new part in the book is the 16-page intro- 
duction included at the expense of the original intro- 
duction. I should have preferred to see the revention of 
the original with the new introduction added at the end 
as an epilogue, for two reasons: ono is that for new readers 
the old introduction is understandable without knowle 
of what is in the rest of the book, whereas the new one 1s 
not; the other is that, for all of us, both are of great 
interest, and comparing them brings out the progress of 
thought over a quarter-century. The new introduction 
looks to the future, and Kron has some scathing things to 
say about those who confuse linear graphs with electric 
networks, which is something like ing diagrams 
with vector space configurations, or matrices with tensors. 

Kron's achievements assure us of his genius, but the 
new introduction reveals parte of his personality. Among 
other traits we see a man gifted with unusual i mation, 
great induwy Bad TAUA! MURE A P igh arder. 
Both opponents and admirers note thab he ex- 
preæly disclaims mathematical rigour in his proofs. Like 
Heaviside, he is guided by an amazing intuition. His aim, 
he says, is to get definite answers to definite engineering 
problems; he rightly claims that his methods do just that. 

The lishers are to be commended for their enterprise 
in lishing this notable book; I hope that ite reception 
NUlenopurego Shera eo) pte, seme M Ae aes : 

= . J. GEBS 


PSYCHOSOMATIC RESEARCH 


Psychosomatic Research : 
A Collection of Papers. By J. J. Groen-e al. . x 4-818. 
(London and New York: Pergamon Prees, 1904.) 805. net. 


HE peyohoeomatio hypothesis takes two forms. 
OT angus e onc detur ive of people hostis 
measurable personality traite, are more likely to suffer 
from specified diseases than others. According to the 
other, certain life x of an emotional kind are 
iable to predispose le to develop certain specified 
diseases. It is widely believed that these psychosomatic 
theories are of recent origin, and spring from the work of 
Freud and the early psychoenalysts; this is not true. 

put forward explicitly views of a 
matio kind and these were widely held in the Mi Ages; 
indeed psychosomatic theories were flourishing during the 
first half of the nineteenth century and were applied even 
to such disorders as cancer and tuberculosis. Pasteur and 
the success of scjentiflo medicine temporarily eliminated 
these hypotheses, but more recently they have been re- 
introduced by psychiatrists, although even now their repu- 
tation among oritical experte is not high. This low 
standing of psychosomatic research is due in part to the 
great difficulties involved in measuring personality or 
quantifying the life circumstances which are to 
contribute to the development of disease; in part it is due 
to the low level of rigour and experimental expertise 
shown in many published investigations. 

Psychosomatic Research, edited by an eminent Dutch 
physician who has done much work in this fleld, is a set 
of i ted articles from his laboratory at the Wilhelmina 
Gasthuis in Amsterdam, originally published in a variety 
of journals by him and his collaborators. Groen explains 
at the beginning of the book that “progress in modern 
medicine was largely due to the introduction of exact 
methods of thinking, the application of physics and 
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chemistry to the study of disease, and the introduction of 
an experimental and quantitative approach to clinical 
problems. The human mind, however, . . . had not been 
similarly explored and it was chiefly through the lack of 
suitable methods of research thaf peychiatry had lagged 
behind”. This is an interesting statement because it 
reveals an unawareness on the part of the author thes 
many experimental and quantitative methods for the 
study of the mind have in fact been developed by pey- 
chology, and that the failure of peychiatry to become 
scientific has been largely due to the fact that these 
methods have not been applied. 

Groen and his colleagues have tried hard to overcome 
the difficulties of their task, and to apply experimental and 
quantitative methods, but they have done so only in & 
half-hearted manner, and the leve] of the work is not 
always as high as it should be. 
in the study by Valk and Groen on the electric resistance 


mentation then than it would now, but in a book published 
in 1964 ane must judge the oantenta in terms of the present 
level of sophistication. In another paper, Barendregt haa 
studied the effect of group psychotherapy by using the 


UNCONTROLLED INSECT 
PHYSIOLOGY 


The Physlology of Insecta 
Vol. 2. Edited by M. Rockstein. . Xvi+905. List 
Price 2355.; subscription price 211s. Vol. 3. Pp. xiv + 
692. 178s. 6d. (New York: Academic Prees, Inc. ; 
London : Academic Preee, Ino. (London), Ltd., 1904.) 
PEE two weighty volumes lete Rockstein’s 

book on The Physiology of Insecta, the first volume of 
which was published in 1964 (Nature, 205, 116; 1965). I 
cannot claim to have read the 1,600 
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ent names, and the larva and adult of the same species 
are under different genera in the same table (Volume 3, 
P. 116, Table 1). One author, whose name is unaccount- 
ably printed in italice in the text, has also been elevated to 
insect rank and appears with them in the index to Insecta. 
Indexing deserves more serious consideration than this if 
& work is to be used for handy reference. Separate indexes 
to authors, insecta and subjects are a good feature; a 
combined subject index in the last volume would have 
partially overcome the disadvantages of the awkward 
subdivision of the work. It is a pity that the biblo- 
graphies do not include titles: the time saved the reader 
justifies the increased cost. 

The editor has grouped his subjects into three sections, 
which unfortunately do not match the volumes. Biology, 
development and ageing (Section A) was finished in 
Volume 1, which also had seven chapters from Section B 
on the insect and the external environment. Volume 2 
completes this part with six further chapters. Markl 
and Lindauer consider insect behaviour in 130 pages, of 
which as many as 50 are devoted to the mechaniam of 
orientation. Lindauer then follows this with 65 pages on 
social communication. The chapters on migration by 
Johnson, terrestrial locomotion by G. M. Hughes, swim- 
ming by Nachtigall and flight by Pringle are all much 
shorter ? 


Section C, ‘“The Insect and tho Internal Environment — 
is", has eight chapters in Volume 2 and eleven 
in Volume 3. Huber writes on neural integration and 
Graham Hoyle discusses the neural control of skeletal 
muscle. Hoyle’s Fig. la on p. 410 is quite unnecessarily 
repeated by Maruyama on p. 453 in an article on the 
biochemistry of insect muscle. Maruyama apologizes 
for not discussing the controversial topic of the mechaniam 
of muscular contraction. 

Sacktor’s 100-page chapter on the energetics and meta- 
bolism of muscle uses, without any explanation, all the 
usual biochemist’s abbreviations for the many substances 
which come into his story. This seems unwise if the book 
is to be useful to the general reader. Ohefurka follows in a 
similar vein with two long on the metaboliam of 
carbohydrates, nitrogenous lipid compounds. House 
completes a useful account of nutrition and digestion in 
leas than a hundred pages. 

Volume 3 deals with various aspecta of blood in three 
chapters by Jones, Florkin and Jeuniaux, and bri ee 
There is an informative chapter on salt and water ce 
and excretion by Stobbart and Shaw. Briggs writes on 
immunology and Perry on insecticide resistance. Locke, 
Hackman and Ebeling have three chapters on the cuticle. 
All use data fram Baker’s study of the waxes of the mor. 
mon cricket. Ebeling quotes this in detail in hia text 
and the other two each have tables izing it to 
different degrees. The work ends with two chapters on 
respiration by Miller and by Keister and Buck. 

Most of the illustrations are good and some useful new 
diagrams are included. Some have been reduplicated and 
some (for example, Volume a pom show nothing and 
should have been replaced by wings. 

The book is extremely patchy. Oontributors cannot 

have seen the chapters by their co-authors on closely 
related topics. The duplications and omissions show 
that the editor has exercised quite insufficient control. 
The work as a whole has the character of Recent Advances 
$n Insect Physiology. It cannot stand as a definitive text 
of reference. Even though many of the articles are 
individually exvellent they do not between them cover the 
fleld y. 
A book of this length and character cannot be recom- 
mended for student reeding. Research workers whose 
interests are covered by one or more chapters will find it 
helpful. The articles would, however, have bean more 
useful separately than bound up in these three volumes, 
which together weigh 9-5 Ib. G. O. VARLEY 


1120 


Nuclel and Radloactlvity 

By G. R. Choppin. Pp. ix+150. (New York and Amster- 
dam: W. A. Benjamin, Inc., 1964.) Cloth back, 5.50 
dollars; paper baok, 2.15 dollars. 


Nees and Radioaciweiy is one of a series of short 
monographs primarily intended for imolusion in & 
first-year university c i course. It covers the 
fleld commonly described in the United States as nuclear 
chemistry—nuclear forces, radioactivity, the radiations 
and their detection, accelerators and the production of 
radioactive species, and the study of nuclear species and 
reactions, including fission. The final ter, however, 
is devoted to an outline of the applications of radio- 
activity in chemical, biochemical and technical studies. 
Brief appendixes on the biological effects of radiation 
and & table of isotopes are included, ae well as & glos- 


sary. 

All this is a great deal to attempt within such & brief 
monograph. Inevitably much must be discarded and 
opinions will differ on what can be regarded as expend- 


able. A chapter is devoted to fission, culminating in an 
outline of the principles of & reactor; yet the yed 
neutrons are not mentioned and the i ion is 


e daten penis A 
An outline of nuclear spectroscopy, the shell model and 
of the different modes of nuclear reaction is included; 
but the procedures by which decay schemes are unravelled 
are not described and one has an uncomfortable feeling 
that some studente will find that nuclear chemistry is too 
completely dissociated from the rest of their subject. 
Nevertheless, it is cartainly desirable that the chemistry 
graduate ahould be familiar with the whole of the contents 
of this book and I am by no means sure that this is yet 
true in Britain. A. G. MADDOOK 


Tellhard de Chardin 

The Man and his Theories. By Abbé Paul Grenet. 
Translated by R. A. Rudorff. (Profiles in Science.) 
Pp. 176 + 16 illustrations. (London: Souvenir Preee, Ltd., 
1805.) 21s. 


HE Abbé Greneb has written & concise and well- 

balanced book and has set out the many strands of 
Teilhard de Chardin’s energy and intellect. The author 
deals with his scientific work, his philosophy and his 
theology. He shows how the writer of The Phenomenon 
of Man and The Future of Man exercised such a great 
influence in the fleld of prehistoric archaeology. No 
doubt Teilhard has been extravagantly praised in recent 
years: “He has emerged as one of the oentury's most 
remarkable prophetic thinkers, an Aquinas of the atomic 
era” and “some people rank him as the greatest thinker- 
prophet of the twentieth oentury”. 

Although Teilhard himself seems to have arrived at a 
satisfactory synthesis of his science, philosophy and 
theology, his superiors in his Catholio order seam to have 
been leas happy about some facets of his thought. He was 
ordained a priest in 1011. He taught physics and chem- 
istry, but his true interest was in ogy and palaeontology. 
In 1928, he was sent to help with excavations in Central 
China, where he found traces of Palaeolithic man, a prelude 
to the discovery of Peking Man six years later. From that 
time much of his life was spent in China, and all his 
soientiflo work and his prehistoric studies were related, 
through his deep religious feeling, to the origin and future 
of mankind. The theological implications of his reflex- 
ions on evolution led his superiors to forbid the publica- 
tion of much of his non-technical work. As & Jesuit priest 
he remained obedient to his order but nevertheless he 
freed and inspired the imaginations of others working 
on palasontology and prehistoric archaeology. He was 
able to build up the strongest personal relations with all 
the major workers in his fleld. The citation of his promo- 
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tion as an officer of the d'Honneur read: ''in the realms of 
palaeontology and geology he may now be considered one 
of the glories of France”. Teilhard de Ohardin concludes 
with some revealing extracts from his own writings, 
commencing with letters from the War front in 1917. 
It is well illustrated and has been ably translated by R. A. 
Rudorff. W. L. SUMNER 


Stability of Nonlinear Control Systems 

By Solomon Lefschetz. (Mathematics in Boeienoe and 
Engineering: a Series of Monogra and Textbooks, 
Vol. 18.) Pp.xi+150. (New York: ic Preas, Inc. ; 
London: Academic Preas, Ino. (London), Ltd., 1065.) 
60s. 


eerie of the stability of a linear dynamical system 
with linear control is a fairly well-organized domain, 
sinoe tho full linearity permite use of standard algebraio 
techniques. But with non-linear control, even of a linear 

theeo techniques lose their efficacy. Here, thanks 
to Soviet mathematicians in the first place, the direct 
method of Liapounov has been exploited; some five years 
ago, the Rumanian mathematician Popov produced two 
remarkable theorems on sufficient conditions for stability, 
using convolution and Fourier transforms. This has 
prompted further work in the United Btates, with 
Lefschetz: himself, Kalman and LaSalle making important 
contributions. 

Lefschetz gives a terse description of this work, the 
high points being Popov’s theorems and some comple- 
menta; the book has the master's customary vitality, 
illuminating phraseology, and unerring selection and 
emphasis of critical points in the argument. Of course, 
the reader is expected to be sophisticated, and reasonably 
industrious in supplying details; but knowledge assumed 
ia pot more than the amount of matrix theory and trans- 
form methods normally contained in & good honours 

course. Thus the young mathematician, oon- 
templating research in a field which is likely to i 
large dividends, should find the present monograph an 
efficient survey and guide, bringing him right up to the 
front line of advance. T. A. A. BROADBHNT 
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The Structure of Atoms 

By J. J. Lagowski. (Classic Researches in General 
Chemistry.) . vii--130. (Boston and New York: 
Houghton Mifflin Company, 1904.) 1.95 dollars. 


d= purpose of the series of paperbacks of which The 
Structure of Atoms is a member is to give first-year 
students of science a glimpse of the crucial discoveries 
through the eyes of the discoverers. Wilder yeas une n 
from original papers are set in a narrative which ibes 
the development of the essential ideas in our modern 
picture of the atom, presenting each discovery against the 
background of contemporary ideas and knowledge. 

The present work achieves its purpose very satisfaco- 
torily. It takes the reader through the evidence for the 
existence of atoms from chemistry and from the physics 
of gaseous discharges (quoting from Dalton, Avogadro 
and J. J. Thomson). A reasonably fall account is given 
of the discovery of radioactivity and isotopes (quotations 
from, inter alia, Becquerel, the Curies, A. 8. Russel, F. 
Soddy and H. G.-J. Moseley) and of the nuclear atom 
(Rutherford). The final chapter deals with the extra- 
nuclear structure (Bohr). For a short book the coverage is 
fall, though one wished that Marie Curie’s recognition that 
radioactivity is an atomic phenomenon had been discussed 
explicitly and not merely mentioned incidentally. 

This book provides an opportunity to glance at some of 
the most important publications of the modern age for 
studente who might not otherwise be able io read them. 
Tt should algo interest those whose primary studies are in 
fields other than ecience. [The late] K. E. B. Jay 
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INTERACTION OF TECHNOLOGIES 


Fag 


AWARDS BY THE SHELL CHEMICAL CO., LTD., AND THE BRITISH ASSOCIATION FOR THE 


; ADVANCEMENT OF SCIENCE 


S LBS resulte have recently been announced of the world- 

ide award being sponsored jointly by Shell Chemical 
Co., Ltd., and the British Association for the Advance- 
ment of Science on the theme of “The Interaction of 
Technologies”. The judges have decided that the main 
prizes should be shared between the authors of two papers, 
of equal merit—Mr. J. W. 8. Hearle and Mr. L. W. Boxer— 
and they have both received a prise of 150 gui 

Among the members of the. of ju were Sir 
Robert Robinson, F.R.S., Mr. G. B. R. Feilden, F.R.8., 
Dr. D. O. Martin, O.B.E., and Mr. L. J. F. Brimble (editor 
of Nature). 


The prizewinning papers were read at the recent British 
Association meeting at Cambridge. 

The Award is being offered annually for seven years and 
the terms of reference for the 1965 Award were as follows: 
“It is acknowledged that there are divisions and barriers 
between different technologies at the moment and it is 
agreed that these impede scientific and industrial pro- 
gress. We believe that there is more common ground 
between these existing technologies than is normally 
conceded”. 

The first of the prize-winning papers follows. The 
second will be published in the next issue of Nature. 


f INTERACTION OF TECHNOLOGIES 
By L W. BOXER 


Counsellor and Head of the Technial and Economic Division, 


European Nuclear Energy Agency, Organization 


for Economic Co-operation and Development, Paris 


Ta conjunction of a rapidly increasing interest in 
the role of science and technology in modern society, 
and the relative multiplicity of practitioners in the fleld 
to-da: compared with only 40-50 years ago, means that 
it is becoming maronsingty diouli to Say cavities woe 
when attempting to explore & topic as complex aa the 
interaction of technologies. Notwi 


and the forces within man has never been more pertinent 
in the history of human civilization than to-day, whan we 
find ourselves precariously balanced at the fulcrum 
between man-manipulated natural forcea of immensely 
constructive and destructive potential. 
It is also peroral knowledge that, until recent times, 
discoveries of the nature of our environment and the 
, evolution of scientific thinking had had relatively little 
impact on the organization of society, and that changes 
which resulted in human attitudes were confined to 
minority groups isting chiefly of natural phil ers 
and theologians. “With the adver] of the industrial (pani 
tion, the expansion of manufacture and trade—stimulated 
by t wars—the situation changed rapidly in those 
countries whoee political institutions and resources 
in manpower materials were in a balanced relationship 
for such development. A 
These facta have long been recognized and need only 
to be repeated to emphasize the fact that we are already 
turning point from when man’s growing 
knowledge of the eternal forces of Nature wero atill in 
eae to relaie- tho i lications of such 
knowledge to hi contemporary needs. -day it is gener- 
ally conceded that the two factors are very much out of 
step and that the individual—whether scientist or layman 
—is beginning to experience a growing sense of personal 
impotence in adapting to the avalanche of scientiflo and 
technical knowledge, and a growing concern over the great 
tracta of isolation which appear to exiat between areas of 
intellectual activity. 

Unf the fragmentation of scientific thought 
and activity cannot be oonoeived in such a way that the 
situation presenta itself as a rough jig-saw puzxle, where 
it is only neccesary to relate the boundaries of the frag- 
ments to each other in order to peroeive the correspondence 


between their Obviously, discoveries are yet 
to be made, these may alter the intellectual shape of 
many areas of scientific investigation, and reveal funda- 
mental links which were previo 


ve become inginuated between various branches of 
scientific activity have their origin in human weakness 
rather than in the incompleteness of human knowledge 
of the natural order. 


to the full extent of contem knowledge, as waa 
feasible for his historical EE BAE Compartmental- 
ism then appears. in its true ivo as a purely 
arbitrary expedient to enable groups of individuals to 
concentrate in depth on & programme of education and 
application in a icular branch of science. However 
necessary it may in the interests of p to pursue 
& particular investigation in depth, it is tediously neceg- 
gary to bear in mind the old maxims that a horizon is 
invisible from the bottom of a mine shaft, and that scienti- 
fle knowledge and truth are the eternal parents of all 
technological offspring. Just as it may seem incongruous 
to project barriers between the technologies, it would be 
equally inoongruous to examine a family illness without 
examining not only the interrelationships of the children, 
but also their joint relati ip with the parenta. This 
leads me inevitably to the conclusion that in any examina- 
tion of the interaction of technologies, a good deal of 
attention should be given to the interaction of technolo- 
gista, both within the scientific community and with 
society in general. It might, therefore, be more profitable 
to place particular emphasis on the complex humanistic 
elementa of the contemporary situation, rather than to 
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mcus e re pore scientific principles which 
underlie all technological activity, and to arrive at purely 
abstract conclusions. 

Bub before doing so it would be relevant to direct 
attention to a particularly prominent example of failure 
of one technology to interact with others. It 1s astonishing 
to observe the comparative isolation of the knowledge 
gained in the workings of the conscious mind and of the 
revelations of man’s role as & rational being, in other 
words, of his capacity for objective evaluation of the 
relative significance of applying scientific thought and 
discovery in a developing society. A second example is 
the lack of cohesion between the current situation in 
science and technology, and knowledge and experience 

i in recent years of the forces which control and 
influence the development of society. Bo to begin with, 
there are two technologies which have so far been largely 
missed out of the interaction altogether, namely psycho- 
logy and sociology, and which could otherwise provide us 
with some insight to self-knowledge and the behaviour of 
human beings in their social environment. This is a 
significant oversight in & period in which there are frequent 
professions of awareness of the narrowneas of mind and 
prejudice engendered in us by our educational and social 
background. Is it not likely, then, that man is frequently 
attempting to exercise highly skilled judgment of mind 
over matter without a fuller understanding of the mechan- 
iam of the mastery of mind over mind ? If, then, it may 
be that the present i ion of discontinuity 
within the scientific and technical community is a purely 
behavioural phenomenon, then it may be relevant to 
ettempt an appraisal of the current thinking habits 
acquired by scientists and technologists as a fundamental 
factor in this enquiry. 

Tt is facile to repeat that the instinctivé human regard 
for the preservation of the intellectual and material 
interests of the individual is the root cause of the forma- 
tion of autonomous clans within the scientiflo and techni- 
nal community, which are uniquely absorbed in the 
i of their own affairs, and interested in their 
relationship with other clans primarily with the view of 
maintaining the tion of relative status. This 
platitude misses the point, first, that for practical reasons 
arising from homan limitations recent advances have 
made it essential to provide autonomy in different 
branches of science in order to achieve & desirable degree 
of organizational efficiency, and secondly, that practically 
all professional groupe to-day are faced with overwhelming 
difficulties in communication not only between other 
specialized groups but also within their own speciality. 
There is the perpetual problem of determining the optimum 
roportion of total working time which can and should be 

ted to keeping up to date, even within a limited fleld, 
and the way in which such time oan be spent to the best 
advantage. A great deal of discrimination is now needed 
to discern the personal usefulness and relevance of the 


enormous amount of material which is now available 


through the media of publications and organized meetings. 
Some progress is being made onthe Daniar Aona dt 
information retrieval and information er; but is 
factual knowledge in iteelf enough without an individual 
readiness to see oneself as an in rather than an 
isolated, entity within the scope of human learning? 
lf it were possible to sum up the inestimable number of 
gapa in knowledge and understanding between individual 
people with a similar tradition of scientific training and 
discipline, the total might even surpass in magnitude the 
muoh-publicized single gap between science and the 
humanities—which have recently been presented as the 
‘two cultures’—and where again the recognition of the 
inherent problems does not seam to have 
expressions of awareness, to 
paniment of a good deal of unconstructive argument. 
The very terms ‘science’ and ‘the humanities’ in them- 
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in creating distinctions in flelds of learning. ‘Science’ 
has been ted as & convenient term for grouping the 
manifold ies of animate and inert matter, and the 
forces which influence ita behaviour; and ‘the humanities’  . 
has become an equally convenient term for grouping the -— 
branches of study of human activities. But is it not ~ 
beyond the bounds of human capability to assert that 
these two arbitrary concepts are entirely unrelated and can 
never become integrated within a continuous intellectual 
perception of reality? It is inevitable, therefore, that 
the. barriers created by our present basic thinking habits 
should be reflected in a certain lack of communication 
between many of our institutions. Indeed, contemporary 
paychological attitudes among many practitioners of 
science and technology probably present the most formid- 
able problem in the effort towards achieving greater unity 
in theee fields. We have to reaffirm to ourselves that 
science and technology must be maintained as branches 
of learning, and must not deteriorate into becoming 
attitudes of mind. 

Perhaps the most obvious issue is the rigid 
distinction between scientists engineers or technolo- 
giste, which is aggravated to some extent by the unfor- 
tunate connotation of scientific activity into the categories 
of ‘pure’ and ‘applied’, from which the inference is often 
drawn that exercise in the abstract field is anintellectually 4 
clean occupation aa opposed to a supposed vulgarity 5. 
associated with activity in the material field, particularly 
where commercial considerations are important. The 
root of this distinction can probably be traced back to 
more than 150 years ago when craft technique first began 
to be used on an industrial soale in advance of the direct 
application of science, so that technology origi became 
established in industry as i ip with 
very little tradition for intelleotual training. The scienti- 
fic approach was most likely with some suspicion, 
and was only adopted to the extent that it was able to 
produoé a practical and profitable result. 

It is understandable that, m such circumstances, 
scientists would feel that the aims of industry would 
have little real connexion with the aims of science, 
and that industry would in fact tend only to im 
restrictions on scientific intellectual liberty. Times have 
changed, however, and with the enormous growth of 
competitive industry, the evolution of skilled industrial 
workmen from artisans and craftamen to engineering 
scientists and technologists ‘has been every bit as rapid 
as the evolution in scientific knowledge. Furthermore, » 
the training of engineers in the technological applications 
of science has become just as rigorous as that of scientista, 
who can now no Jonger claim a monopoly over objective 
and creative thinking, nor justify an attitude of condascen- 
sion towards the more pragmatioal of their art. 

Nevertheless, as we all know, the scademic isolation 
of the scientist from the engineer, however unreslistio 
and harmful to human development, still persista in 1965 
and is actually fostered by a cult of snobbery which is as 
equally indefensible as the isolationiam itself, and which it 
would be hypocritical to ignore. The outdated images of 
white coat and greasy overalls, intellectual and non- 
intellectual, are still unconsciously or even conscioualy 
preserved, prompted perhaps by a peeudo-aristooratio 
and anachronistic attitude towards the ‘anathema’ of the 
industrial revolution. Social distinctions between scient- 
iste and technologists in 1065 are just as artificial, as any 
Such distinctions have always been between composers 
and musicians, playwrights and actors, sculptors, painters 
and architects or in any field which requires a duality of 
origination and interpretation for ita expression. The 
one is the essential complement of the other and there 4 
is no foundation whatscever for any kind of distinction 
which attempts to compare two different kinds of mental- 
ity of equal quality, but trained in different orientations. 
In spite of the diffidence which still surrounds the mention 
of the whole delicate question of class relations in Britain, 


+ society is still classified 


^ 
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the social image of applied science could well be a signifl- 

cant factor in explainmg why so many engineering places 

are now going begging in such British universities as 

provide them. : 
In effect, then, the professional engineer in modern 
many as being associated with 
craft industry with a non-scientific tradition, and indeed 
he still shares the generic title ‘engineer’ with to-day’s 
skilled or semi-skilled workman who has not sought the 
rigorous educational training and imtellectual discipline 
necessary to achieve professional competence. The 
situation is now further camplicated by the introduction 
of a new category of specialista, the ‘technicians’, whose 
fonction and formation lie somewhere between that of 
the two arbitrarily defined ‘engineers’, although there is 
no reason for supposing that their relations with pro- 
fessional i annot be modelled on those developed 
assistants in other professions, as, for example, in medicine. 
In Britain, recognition in terms of a more prestigious title 
such as ‘chartered engineer’, and more enlightened teach- 
rue Bie e eecione pi Mie protean | engineer in 
perspective with those of people of lesser akill and training 
but who are nevertheless free to borrow the same generic 
tatle, may help to raise the status of the i i 
scientist in the public mind. The recent decision to grant 
fellowships of the Royal Society to more engineers and 
applied scientista generally is a weloome recognition of 
overall contributions of technology to the advancement 
of science. Nevertheless, the social nuance still continues 
to be an insidious element in the peeudo-intelleotual flux 
of forces which tend to isolate scientista and engineers 
from each other. 

The seriousness of all the psychological obstacles which 
block incentive towards free communication should not 
be underestimated in any attempt to reconcile the two 
camps of abstract and practical activities. How then will 
it be possible for both sides to arrive at a mutual under- 

at the individual level, of the problems en- 
countered in these two basic forma of scientific activity, 
and to gain an iation of the nature of the creative 
thinking which has to be applied in order to make their 
particular contributions to progress ? There is, of course, 
excellent scope for improvement in interdisciplinary 
relations in many large research establishments where 
closely co-ordinated teamwork between scientista and 
engineers is essential for the development of the sophisti- 
cated experimental techniques which are vital to succeas 
“Yin certain flelds of advanced research, notably in the 
structure of matter and in radio astronomy. Furthermore, 
the rapidly increasing use of computers is likely to make an 
pan ierra contribution to fundamental investigations in 
oy ios, as well as liberating the whole scientific an: 


& balanced 
ip between scienoe and engineering in achieving 
& high quality of contribution to further knowledge. 
However, situations in which people of different iali 
training are able to work together in a healthy jumble 
of practices are still rare, and the vast majority of scientists 
and engineers are destined to spend most of their working 
lives in the relative isolation of laboratories, universities, 
ip se inan production mitem, eto. s 
the problem is again basically one of the practical 
means of communication, but like most men dedicated 
toa rofeseion, the first concern of scientists and engineers 
will to do a speciflo job to the best of their ability. 
It would be unfair and unrealistio to expeot people with 
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primarily sectarian interests to-take the initiative in 
establishing the necessarily complex means of communioe- 
tion and in formulating the broad lines of policy designed 
for a general rapprochement in the different sectors of the 
scientific and technical community. Surely the responsi- 
bility here lies with management, which is uniquely placed 
to take the horizontal view, and which is becoming of 
increasing importance with the present high degree of 
organization in science and in science-based industries, 
particularly with the general tendency away from indivi- 
dual research and development effort to co-ordinated team- 
work. 

Nevertheless, managers themselves are not always 
exempt from the ain of narrowness of interest, although 
awareness is half the battle—the most comfortable half. 
The already growing interest in the relatively new science” 


of management is an encouraging sign, as supplementary 
training of this kind is bound to the field of interest 
with different 


and sympathy between individuals 
flelda of responsibility, and may help also to achieve a 
more rational distribution of skills and aptitudes. 

In spite of the financial and practical diffloultics, the 
principle of ‘sabbatical’ leave might be applied more 
generously and more generally to individual 
incentive and capacity to go on learning, to promote 
& general realization of the need for education to be a 
continuing process throughout the life of the individual. 
The inconvenience and loss of manpower 
would surely be more than ted by the general 
stimulus which would result from the successful coaxing 
of management into a i approach to its re- 
sponsibilities, and the possibility for specialista at all 
executive levels to bring themselves up to date in their 
own fields, and to realize where current advancements in 
knowledge have produced scientific and technological 
‘fall-out’ in allied fields of activity. The value of this 
kind of movement of between industry, univer- 
sities and research establishments has already been demon- 
strated on a modest scale, and there is now not only a 
justification but an urgent need to enlarge the practice 
both within and between national boundaries. 

Furthermore, the successes of CERN in the field. of 
fundamental research in the structure of matter, of ENEA, 
Euratom and the IAEA in nuclear science and technology, 
of ESRO and ELDO in research and engineering, 
and of the FAO and WHO in the support and conservation 
of human Hfe have all demonstrated the sclentiflo and 
technical as well as the political value of international 
co-operation, and such organizations deserve every future 
encouragement as a means towards the objective of greater 


unity in science. 
Nevertheless, both national survival and the stimulus 
for technical advancement d on competitive trading, 


and it is therefore inevitable that commercial secrecy 
should certain. obstacles to a free flow of informa- 
tion in ial circles. It would be quite impossible to 
quantify the resultant losses represented by patents, 
secret design information and closely guarded manufao- 
turing techniques in terms of impediments to scientific 
and industrial progress, or of the inefficiency engendered 
under the cloak of such commercial . This will 
only become apparent in when each sector of 
industry has been able to determine what is to be gained 
by less restrictive policies on the flow of knowledge and 
information, and whereas industrial federations have 


must rely on Government initiative. 

In this respect, and in view of the significance of expendi- 
ture on & national scale in the overall pattern of the 
alliance between scientific and technological develop- 
ment, Government can play an important part in sponsoring 
the closest contact between national scientific research 
programmes and industrial development work. However, 
the achievement of good relations between the public and 
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‘private sectors is often adversely influenced as a result of 
a Government's own commercial activities in certain 

It is an unfortunate fact that in the public mind, and 
‘particularly since the advent of nuclear energy, the men 
and women in the ranks of scientific and technical oom- 
munity still tend to be regarded as something apart from 
the run of ordinary mortals, even though as individuals 
they share the disadvantages of being at the mercy of 
their personal prejudioes and quirks of temperament as 
all human beings. Nevertheless, the dispassionate objeo- 
tivity of the soientiflo outlook, and the readineas—in. the 
face of undeniable evidenoe—to admit the possibility of 
being wrong, rouses strong (oven if inarticulate) emotions 
of hostility among those who are devoted to the perpetua- 
tion of fantasy, and who respond by ing science 
with inhumanity. There is ample evidence that the 
scientific community ia becoming increasingly conscious 
of its responsibilities to society and is willing to meet 
those responsibilities in terms of twentieth-century reality. 
Many scientista and engineers have also come to realize 
that the source of ideas has become of secondary impor- 
tance to the influence behind the expreasion of ideas, and 
they are now more prepared to compete for positions in 
which their professional activities are subordinated to their 
political functions. 

A great deal still remains to be done to improve the 
public image of science and to remove public suspicion of 
the morality of scientific pursuit, and there is still scope 
for further exploitation of all the powerful media now at 
our disposal to stimulate frequent and persistent ublio 
argument and informed discussion of the issues afteoting 
the relationship of scientista and engineers with each 
other, and with society at large, including dispassionate 
analysis of the human motivations which impede improve- 
ments in relations. 

80 much for short-term solutions in counteracting the 

cea of our self-created problems. There is 
still one fundamentally i rtant factor in the evolution 
of thinking habits which, in the longer term, presents & 
much greater problem in the development of science and 
technology, namely, education. There is no doubt that 
nowadays many young people in the later stages of their 
baaio education, when with the seemingly irrevoo- 
able choice of & life vocation, are still puzzling over the 
fundamental problem as to whether education is the key 
to a way of life or the means of earning a livelihood. 
Students and the public in general are continually being 
reminded of an apparently insatiable demand for more 
and more scientists and technologists, to continue the 
economic growth ratea which have become the principal 
objective of all Governments. 

On the other hand, relatively little is known either about 
tho degree of efficiency with which the specialized training 
of scientiflo and technical personnel is already employed 
in a great diversity of organizational structures, or to 
what extent such specialized traming is essential prior 
to a specific professional activity. But when, in spite of 
possibly unfavourable social prospects, and faced with 
the exigencies of getting a job, the would-be scientist or 
engineer poses hia candidature without having been 
equipped to view the whole scope of science in broad per- 
spective, he is so overwhelmed by the potential breadth 
of his studies, and by the vast accumulation of know- 
ledge to be acquired in depth, that not unnaturally he 
seeks refuge in the specialization for which he has shown 
the greatest aptitude under the restricted conditions of 
his earlier formation, to the everlasting detriment of his 
future capacity to appreciate the problems in other 
flelde of learning. We have arrived, then, at the paradoxical 
situation where collectively man knows more now about 
himself and his environment tban ever before in history, 
put is incapable of providing himself individually with 
more than a fragmented appraisal of this aocumulated 
knowledge, before plunging into- the relative mental 
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security of a particular pattern of specialist thinking 
(always assuming that he still chooses to go on thinking 
at all). 

Reoent history shows us that educational reform has 
been a continuous process throughout more then a century 
and at a rate which has been more or lees in correspondence 
with social and economic evolution. However, to-day our 

i of the rapid changes in civilized society in the 
past few decades, and our consequent ability to forecast 
the trends of the future, should provide us with an un- 
precedented opportunity to anticipate the kind of educa- 
tional pattern which will be needed in the future, and the 
nature of the reforms which must therefore be put in hand 
to-day. Once again, fundamental rethinking is i 

inning with a thoroughly objective reappraisal of the 
relevance of the present content of education and teaching 
methods to the needs of modern society, and a critical 
of the basic criteria in education which should 

be afforded to everyone, even though this might involve 
the relegation of some sacred pillars of learning which 
have masqueraded for years under the guise of logio and 

The disruption caused by radical changes need not be 
enormous and could be introduced in such a way as to 
take due account of the inertia of the present educational 
machinery. A golden opportunity now oxists in Britain, 
where the ground has already been broken by the estab- 
lishment of the comprehensive schools. Governmental 
initiative would, of course, be vital and oould take the 
sponsorship of experiments in a number of provincial 
centres in which a specially designed course of secondary 
education would be dovetailed into a special degree course 
at selected institutes of further education. The aim should 
be to direct secondary and tertiary studies away from & 
strict subdivision into relatively isolated subjecta, and 
to place particular emphasis on the evolution of ideas 
over the history of civilization, and an understanding of 
the factors which controlled their success in their oon- 
temporary settings. Detailed and lively instruction in 
the history of natural philosophy and religion, and their 
relation to the evolution of scientific thought would place 
the concept of entirely separate cultures in & perspective 
of total irrelevance to a unified concept of cultural activity. 
The development of mathematical philosophy, technique 
and application (including ultimately tho elamenta of 
logic as embodied in computer theory) would then fit 
into these studies as part of a naturel oe. The 
special secondary course should also include English and 
at least one other modern language (taught by the most 
up-to-date language laboratory techniques) with particu- 
lar emphasis on those aspects of language which limit the 
communication of ideas between people of different 
nationalities. Furthermore, the importance of self-know- 
1 and the awarenees of human physical and intellectual 
limitations could be revealed to some extent by & study 
of the fundamentals of physiology and psychology. An 
equally eaeontial tributary to this main stream of thought 
would be a study of historical influences on art, musio and 
literature, and in order to gain some insight into the 
problems of modern Western society, the elements of 
economics should complete the list. 

Such & special secondary course should perhaps give 
first priority to the philosophical treatment of the whole 
range of the syllabus, technological aspects being intro- 
duced as consequential and sequential, and left for further 
development in the tertiary oourse which would make 
provision for the study of one or two subjects in depth in 
addition to the continuation of the broad basic programme 
previously outlined. Each student would thus have an 
opportunity of creating & personal concept of the full 
scope of the intelli of civilized man over the centuries, 
which is easential for a balanced view of the contemporary 
soene and for the difficult teak of choosing the subsequent 
emphases in one’s personal further education. Buch & 
programme will seem over-ambitious and hopelesaly 
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Hopes eel Jedaed by present concepts of what ia vital 
what is useful for an educated person to know. Even 
if an optimum solution could be found, it is fairly inevit- 
able that the completion of some kind of specialized study 
course and the resultant feed-back of the imdividual’s 
7 educational background into society would add one or 
two years to the present time-scale of formal education. 


But given the resources, ia this such a great sacrifice in - 


the long term in order to achieve a society which has a 
greater consciousness of ita scope, together with a balanced 
[ade aad of specialist activity and ita contribution to 
uman ? 

The idea is far from being new. Plato is quoted as 
saying the following in his famous Republic about the 
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Studente of his equally famous Academy: "They will be 
offered all at one time the sciences which they have 
studied at random in their adolescence, go that they can 
get & broader view of the relationships between these 
sciences and by this means become acquainted with the 
true nature of reality”. 

In the fourth century 5.0. ib was, of course, possible to 
read the output of practically all the contemporary 
thinkers—a task which is beyond human capability 
to-day. Nevertheless, it would be ironio if, more than 
twenty-three centuries later, man has become so over- 
whelmed by the revelations of his own intellectual in- 
dustry that he finally becomes the slave, rather than the 
master, of knowledge. 


THE NATIONAL PHYSICAL LABORATORY, TEDDINGTON, MIDDLESEX 


N April 1, 1965, the National Physical Laboratory, 
together with most of the other stations of the formar 
Department of Soientiflo and Industrial Research, became 
` Eby the National Ghatiel and Neto and on the same 
pen Pegi e Chemical and National Physical Labora- 
under one director. This year, 
iuste erac eerie it was the combined Labora- 
tories that were open for inspection during open days 
which were held on May 19-21, when 330 items were on 
display. Some 3,570 visitors attended during the first 
two days, while on the final day visita were made by more 
than 1,200 sixth-form pupils from 62 schools. No lectures 
were arranged, but two fllms were shown: one, Ship Shape, 
dealt with the work of Ship Division, and the other, 
Precise Measurement tn Engineering, with the metrological 
work of Standards Division. 

It is convenient to consider the various Divisions of the 
Laboratory as constituting a number of groups, each group 
having common interests. Thus there are two Divisions— 
Aerodynamios and noerned essentially with the 
movement of a solid y through gaseous or li media. 
Four othere—Applied Physics, Chemical Standards, 
Light, and Standards—are interested in accurate measure- 
ment and standardization. Autonomios and Mathematics 
devote much of their effort to automation and computers, 

t while Basic Physice and Metallurgy are concerned with 
the investigation of materials. The common interests 
between groups of Divisions were apparent from the items 
on display during the open days. 

In Aerodynamics Division, research has been in progress 
for several years on base flows. This type of flow occurs 
behind wings or bodies, moving through the air, which 
are not shaped so as to converge to a sharp edge at the 
rear but are truncated earlier, leaving a bluff rearward- 
facing area or ‘base’. Similar flows exist behind down- 
stream-facing steps in a wall (the outer skin of an aircraft, 
for example) past which air is flowing. The problem is of 
considerable practical importance because the air preasure 
whisk kale od tie reatudrd: &rea is usually low, 
making a contribution to the total drag of the aircraft 
or vehiole. 

One of the Division’s exhibits illustrated vafious 
methods which have been lored for reducing the drag 
arising in this way. One tusthod of pfésent being tives 
„ated consista of hollowing out the base, so that at the 
rear of the wing or body there is a thin-walled cavity 
with ite opening facing downstream. The walla of the 
cavity are ventilated so as to allow air to bleed through 
into the cavity from the outer surface. This has the 
m eis Dado Dress cuu DD. e Dole: 
The preliminary results are encouraging, and further 
research on the.method is in progress. 


Eb iy csetera e cec iiri isis iu aiias 
die the ment of turbulent boundary layers are 

Saa with the ultimate objectives of improving 
en e ee eee 
ships, and icting the undesirable phenomenon of 
Pi peii the flow from the surface. One method reliea 

correlation of nearly all existing data and 
ionli Da mobs Pelable than dhe more Atoiy based 
existing methods; the second method uses the equation 
for the flow of turbulent kinetic energy to obtain a relation 
between the velocity and turbulent shear stress and 
their spatial derivatives, which is then solved simultane- 
ously with the boun -layer equation and the con- 
tinuity equation on the #9 computer. This method 
requires a fairly small quantity of empirical information 
about the turbulence structure, which is being obtained 
as part of a wider experimental programme using a special 
wind tunnel. Experimental work is also being done on 
surface preesure fluctuations under turbulent boundary 
layers, which cause structural vibration, fatigue and 
noise. 

The effort devoted to non-aeronautical aerodynamics 
is steadily increasing. One interesting investigation in 
this fleld concerns the co. of cooling towers under 
wind loading conditions. is has been investigated 
using scale-models in the compressed air tunnel in which 
the increased air density raises the impact pressure of 
the airstream sufficiently to buckle i prepared 
thin metal models (wall thickness 0-005—0-012 in.). 
Associated mathematical analyses have been made 
in the Mathematics Division. Work is also in 
on the aerodynamic stabili of suspension bri " 
with special reference to the Severn Bridge. Tall build- 
ings, chimney-stacks and other tall, alender structures 
represent other examples where the natural wind can 
introduce loadings, particularly those of an oscillatory 
nature, for which no provision is made in 
current Standard Codes of Praotce. Wind-tunnel in- 
vestigations have been undertaken to ensure that no 
unacceptable oscillations will ocour on the General Post 
Office towers for London and Birmingham. Another 
interesting investigation, at present in progress, is that 
for the World Trade Center, a 1,850-ft. twin aky-scraper 
development for Manhattan, New York, which when 
built will be the world’s tallest pair of buildings. On show 
also was a landscape model of a section of the Lan- 
cashire—Yorkshire motorway, on which wind-tunnel tests 
had been made in order to investigate the airflow with 
special reference to snow drifting in a deep cutting. 

Another aspect of the problem of drag was illustrated 
by a hydroelastic model of a fully cavitating propeller in 
Ship Division. 
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The blade sections of fully cavitating propellers must 
have thin leading edges to avoid high cavitation drag 
with consequent loss of power and low efficiency. Despite 
the use of high-strength materials such as stainless steel, 
fully oeviteting propellers with thin leading edges have 
failed structurally in service, and experiments are being 
made to determine the steady and unsteady stress levels 
in such propellers. Unsteady stresses occur mainly because 
& propeller has to operate in a non-uniform wake. 

In order to predict full-scale steady-state streases from 
& model propeller, the deformation under load of the 
model must be similar to that of the full-size screw. 
This condition may be closely simulated by making the 
model from a more flexible material; here this is an epoxy 
resin with a suitable filler added to adjust the elastic 
modulus to the required value. 

The strains at selected positions on the blades are 
measured by means of very thin electrical strain-gauge 
rosettes attached to the blade surfaces. The energization 
of the strain-gauge bridges and the resulting output 
signals are controlled and measured from outeide the 
tunnel by means of alip-rings and leads passing along the 
shaft into the propeller. Streas-levels in the blades are 
then Salodisted- rami these strain measurements. 

The Division has recently also been investigating the 
potentialities of passive tank-type roll stabilixera to 
supplement the activated types at present commonly 
fitted to ships. Most encouraging resulta have been 
obtained. The passive ship roll stabilizer has certain 
advantages over the activated type. It requires no 
instrumentation, moving parte, or power supply, ite 
action depending on the free motion of water from side 
to side in a rectangular tank. 

The tank is incorporated in the ship structure as high 
as possible and usually extends from aide to side using 
the maximum beam of the ship. The depth of water in 
the tank is such that at the resonant responso frequency 
of the veesel the water moves from side to side with the 
same period of oscillation as the ship but lagging the ship 
motion by & 90° phase angle. The quantity of water 
transferred is such as to create large damping of the 
motion. 

The design and development of the system are both 
simple and economic, and a scale model of the vessel to 
which it ia to be fitted is used to prove the design. A 
demonstration of a 108] installation in a ship model 
showed the principle of the stabilizer and the reduction in 
roll angles possible with such a : 

‘The Radiology Section of the Applied Physics Division 
which is concerned with the establishment of all of 
standards in the fleld of radiation physics was able to 
exhibit this year the new 3-MV Van de Graaff positive 
ion accelerator. The acquisition of this machine con- 
siderably widens the range of the Section’s activities. 
It will permit the establishment of standards of neutron 
flux density which are required for the calibration of 
neutron detectors and for the measurement of neutron 
Teaction orose-sections. The machine accelerates beams 
of protons, deuterons or a-particles which may be directed 
along one of three drift tubes to bombard targets of suit- 
able material. One such drift tube leads to a target 
situated in a low scatter environment in which the source 
of neutrons is at least 20 ft. away from all walls, ceilmg 
and floor, the essential equipment being supported on a 
light open-mesh grating (Fig. 1). By suitable choice of 
particle, bombarding energy, target material and angle of 
detection, monoenergetic neutrons can be obtained at 
many energies from a few keV up to 20 MeV. A second 
drift tube, leading to another area of the accelerator hall, 
will enable a beam of deuterons to be rapidly oscillated 
between two targets situated in a large graphite moderator. 
At & point midway between these targets a well-thermal- 
ized neutron flux of about 10’ njom*/seo and having & 
very small jent over & volume of about 100 cm’ 
should be obtained. By this means it is hoped to estab- 
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lish a standard thermal neutron flux density standard 
which will be used to calibrate flux measuring foils; 
alternatively, & amall beam of neutrons can be extracted 
from the moderator to calibrate neutron detectors for 
protection measurements. 


Work in the Acoustica Section of the same Division lies ~~ 


largely in the field of psychoacoustics, and much interest 
was attracted by an exhibit showing the preliminary 
results from the latest in a series of subjective experiments 
designed to gain information on the relation between 
noise-levels and environmental factors on people's 
reactions to specific classes of noise, in this case aircraft 
noise. The tests were oarried out at Farnborough during 
the SBAC Show in 1964. One object was to examine the 
validity of rating scale procedures for testa of this sort 
and to refine the techniques for subsequent use. One of 
the principal findings is that noisiness judgments depend 
not only on the noise-level received, but also on the 
listeners’ inference about the noisinees at source. No 
significant difference was observed, however, between 
judgments of landmg and take-off noige at corresponding 
sound-levels. The teats, for which 150 subjects took part, 
were spread over five afternoons. On the first afternoon 
the subjects were divided into four psychologically 
matched groups by means of their responses to ‘annoyance’ 
and ‘semantic differential’ questionnaires administered 


by the Applied Psychology Research Unit of the Medical ^ 


Research Coun], The aircraft noise testa occupied the 
remaining four afternoons during which the four groups 
were situated at indoor and outdoor locations variously 
sited with respect to the flight paths. The results accord 
closely with those of a smaller-scale iment carried 
out at the time of the 1961 SBAC Show for the Wilson 
Oommittee on Noise, and their validity is now believed to 
be high aa a result of the balanced-design cross-checks 
in the present series. 

The new Chemical Stendards Division, formerly the 
Division of Chemical Physics of the National Chemical 
Laboratory, illustrated work in chemical thermodynamics 
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and molecular spectroscopy, the two main items on ite 


programme. 

Thermal properties (heat capacities, heats of transition, 
heata of fusion, triple points) of substances are 
in the chemical industry for the d t of the best 

uction methods. Heat capacities of 12*—478? K are 

ing measured to a high degree of accuracy by adiabatic 
calorimetry. The apparatus exhibited has been largely 
automated. In each of the four sets of equipment, the 
temperature of a shield isolating the calorimeter is auto- 
matically maintained within a few thousandths of a degree 
of that of the calorimeter. Heat inputs to the calorimeter 
are calculated from voltage observations recorded auto- 
matically on . Temperature increases are 
measured to a tho of a degree by means of platinum 
reaistance thermometers and an automatic a.c. resistance 
bridge, readings of which are also recorded on tape. All 
een ee ee dila 

Values of Gibbs energies and heat contents of substances 
are needed by~ chemical engineers engaged in plant 


and an aldehyde was shown; the vaporized compounds, 

mixed with hydrogen, were passed over a catalyst held 

at a known constant temperature and the products 

OBAMA Dy gas chtumatopreptor The results confirmed 
: Jerived 


quantities and data inacoessible by other methods were 
secured, for example, a value for the entropy at 208° K of 
&-butyl aloohol, which could not be derived from low- 
temperature calorimetric studies because the aloohol did 
not oryatallixe. 

Important information concerning the vibrations of 
some molecules can be obtained from the study of their 
absorption spectra in the infra-red and far-infra-red 
regions. Examples of the use of infra-red, far-mfra-red 

to obtain fundamental frequencies 
e results are used to caloulate thermo- 


complementary to measurements of the same quantities 
and permit extension of the results to a wider temperature 


ite of the most intersting item on display in Light 
Division were a colour ture meter and 
film componente for the visible and ultra-violet. 

A very simple and convenient oolour temperature 
tee ee ee eee 
1° K between in + tungsten filament lampe. 
This instrument can be used in the National Physical 
Laboratory and similar laboratories to inter-compare 
standard 

The colour difference detector is a sector disk with yellow 
and blue filters revolving in front of a photocell. With 
incident light at a certain colour temperature, the a.c. 
output from the cell will be zero; but any slight change 
of colour temperature will produce an a.c. signal which 
can easily be greatly amplified for detection on a meter. 
If, as is probable, the light ia not at the ‘matching’ colour 
temperature, it may be made so by sliding across a coloured 
wedge. The displacement of the wedge required for a null 
signal is then a measure of the colour temperature of the 
light, provided that the spectral distribution is similar 
to that of a full radiator. 

Extensions of this principle could produce an extremely 
simple and sensitive colorimeter which could be used in 
industry to detect deviations from colour specifications 
in goods such as textiles, and hence, possibly, to control 
the process automatically. 

Work is proceeding on the development of a very 
efficient polarizing beam-splitter which consists of a glass 
cube split on a diagonal, the interface an inter- 
ference filter comprising many alternate thin layers of 
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fluoride and ceric oxide. This reflects only 
light of one direction of polarization, light of orthogonal 
polarization being transmitted. Samples made so far 
give an efficiency of separation of the two beams of more 
than 90 per cent. 

Such beam-splitters find application in interferometry, 
where they can give efficiencies of four times those given 
by conventional beam splitters, and where the two beams 
being ‘labelled’ Ey thei poler ikption gap De aap aies 


isse d without in: 

film componente for the vacuum ultra-violet are 
apeded in. epace Sessa oh, pase: DR E 
spectroscopic applications ost materials used in such 
components absorb strongly below 2000 A, and work is in 
progress to determine the oonditions necessary for 
efficient components. 

Aluminium mirrors protected by thin layers of mag- 
nesium fluoride have gi reflectivities of more than 
80 per cent at 1216 A, but deteriorate with time. It is 
ho that further work will disclose the reason for this. 

application of lasers in the fleld of accurate measure- 
ment was illustrated by an exhibit in Standards Division. 

For many years engineers’ reference end bara have been 
measured accurately by means of wave-lengths of light, 
but such measurementa have been limited to short bars 
by lack of complete purity in the colour of the light 
from the usual sources. The advent of separated isotopes, 
notably mercury-198 and -86, permitted the 
production of purer radiations; but even then measure- 
ments could only be extended to 1 m with difficulty. 
The helium-neon laser, on the other hand, emits almost 
p monochromatio light the wave-length of which 

been measured at the National Physical Laboratory 
in terms of the krypton-86 radiation defining the metre. 
d Ch ees of e albo. 


conjunction with other pania et of laser radiation, 
' extends the possibilities of measurement by light waves 
far beyond the usual measurement of end bars. A 
i -measuring machine using & laser has been 
and constructed using standard engineering 
techniques which will automati measure the position 


errors of the lines on a scale with an accuracy in the 
region of 0-2 um. Although there may be up to a thousand 
lines, their measurement takes only a few minutes; 
whereas by the classical methods a corresponding measure- 
ment used to occupy many hours. Moreover, the resulta 
are automatically recorded on tape and the subse- 
quent analysis carried out by digital computer. Further 
developments will include application of the machine to 
metrological gratings and other types of scale, and 
refinement of its accuracy to better than 0-1 um by closer 
control of ambient conditions. 

Another exhibit which attracted attention in the same 
Division was an instrument designed for the easy and 
accurate measurement of distances up to one mile. This 
instrument known as Mekometer II, and believed to be 
the first of ita kind in the world, can be regarded as a 
truly electronic tape-measure. 

The device utilizes a light beam which is polarization- 
modulated in the ultra-high-frequency region. This 
measures the distance from the instrument to a reflector 
placed at the far end of the line. The modulation wave- 
length is conditioned by i and constructed 
E eee ee 
atmospheric temperature By these means 
the velocity oC nene is ecole fern Gs basic measuring 
equations and the resulta indicated by the device are 
scarcely affected by the state of the atmosphere. The 
accuracy is better than one part in one hundred thousand. 
Distance is indicated on dials directly in feet and the whole 

takes but a few minutes whereas existing methods 
take hours. The first testa have been made using the 
National Physical Laboratory 800-m (984-ft.) base and 
the results obtained from Mekometer II differ from 
the true length by lees than 0-005 ft. It is hoped to 
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improve the difference to + 0-002 ft. later in the year. A 
commercial licence to manufacture has been granted. 
Considerable attention is being given in Autonomics 
Division to the poasibilities of the automation of industrial 
processes, and visitors to the Division were able to see 
an automated small-scale distillation column in operation. 
The column, designed to separate & mixture of ethanol 
and water, is now coupled to a Ferranti Hermes digital 


and optimal control. © computer accepts signals from 
temperature, flow-rate and product composition trans- 
ducers. The last of these is a newly developed instru- 
ment based on the use of very-high-frequency resonators 
immersed in the liquid. Control is exercised by the 
computer over input heater and reflux rate. 
Alterations oan be made in the feed co ition. 
A steady-state model, based on the materials balance 
equations for the column, has been in the 


behaviour of the column. These estimates are continually 
updated to keep pace with changes in the 
dynamio behaviour and they th define an adaptive 
model for use in more sophisticated control techniques. 
ing for full adaptive control is well advanced 
and will include investigations of hill-climbing methods 
and of techniques based on dynamic programming. 
_ Another problem being investigated in the Division 
is that of information retrieval. The retrieval of scientific 
information is now a formidable, but important, task. 
It presents many challenging problems which, with the 
possibility of mechanixing many of the routine operations, 
' are receiving much attention. 


A mechanical system is being developed in which _ 


documenta are indexed and enquiries are expressed in terms 
of iptors. Each descriptor is & ground of associated 
key-words, the grouping being based on statistics of word 

- 60-occurrence in documents. During the retrieval procees 
& comparison is made between the set of descriptors 
assigned to each document and the set used in formulating 
the request. Documents for which a perfect oorrespond- 
ence is found are retrieved, but it is also worth retrieving 
documenta that have been assigned most, but not all, of 
the required i . The retrieved itams are there- 
fore rapk-ordered according to their degree of ocorre- 
spondence with the request. 

The standard of retrieval which has been 
achieved entirely by computer is illustrated by the follow- 
ing example. An enquiry for information on ‘magneto- 
strictive band-pass filters’ was made with reference toa 
collection of 12,000 abstracts covermg electronics, com- 
puters and aspects of physics and geophysics pertinent to 
radio communication. The five abstractas which follow 
were at the top of the rank-ordered output: 

_ (4) Electromechanioel filters for use in telecommunica- 
tion equipment. Includes descriptions of construction 
and performance of reed type magnetostrictive and piezo- 
electric filters. 

(2) A practical electromechanical filter. Details of 
materials and fabrication techniques are given for narrow- 
band torsional filters. 

(3) A theoretical analysis of the torsional electromechan- 
ical filters. The mechanical properties of a torsional 
system are expressed in terms of electrical equivalents. 
By introducing a transducer transfer ratio with the dimen- 
sions of charge a method is developed for the design of 
electromechanical filters based on equivalent electrical 
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networks. Pass band ripple spurious modes and trans- 
ducer matching are discussed. 

(4) Surface magnetostatic modes and surface spin waves. 
The general existence of surface wave modes in the fre- 
quency region above the spin wave band is shown. 

(5) parameter theary for mechanical quadripoles 
in compressional or torsional oscillation. The equivalence 
of the parametera of a mechanical system itti 
compressional or torsional oscillations and the 
of an electrical transmission line is establi The 
design of mechanical filters is described and design 
formulae with response characteristics are given for the 
basio filter sections. 

Much of the pioneer work in the design and lication. 
dioamputem was carried Gus in the Motherietios Divuicn, 
which now has a KDF9 in addition to ita older machines 
Ace and Deuce. For many years the Division has concen- 
trated on developing techniques and for 
facilitating the scientifle applications o computers. 
These have bean used not on the Division 8 own 
research in numerical analysis, applied mathematics, 
theoretical physics and engineering problems but also on 
work for Laboratory as a whole and for outside 
organizations. The attention of visitors was directed to 
a variety of such studies. These included the calculation 
of streases in concrete cooling towers, which was associated 
with experimental work on show in the Aerodynamics 
Division, and work on the mathematical design and 
analysis of ahip hulls. 

For any and stxe of cooling tower, the stresses 
induced by the wind and by the tower’s own weight can 
be computed by solving a set of rather complicated 
differential equations. For routine office work, however, 
it is more convenient to refer to date sheets or graphs 
which summarize the results relating to suitable skeleton 
sete of shape parameters. The design of cooling tower 
shells for the Central Electricity Generating Board 
is now based entirely on data sheets derived from 
the method developed at the National Physical Labor- 


atory. 

The blem of mathematical ship fairing has been 
su treated; mathematical surfaces are fitted to 
the detailed measurements of a ship’s hull taken from the 
naval architect's design drawings, and these can be 
used to simplify the construction of the ahip. In addition, 
improved hull forms have been estimated following a 
statistical analysis of model testa which has produced 
an empiricel relationship between resistance and suitably 
Se ea Be Papelera 

The work in Metallurgy Division on high- super- 
conductors, besides constituting a field of research, is an 
illustration of the part the National Physical Laboratory 
can and does play in undertaking from time to time the 
technical direction of national projecte financed by 
Government. 

The technological importance of superconductors has 
been recognized by the formation of a national Super- 
conductivity Advisory Oommittee of which Dr. N. P. 
Allen, superintendent of the Metallurgy Divimion, is the 
chairman. This Committee is responsible for oo-oardinating 
the research and develo t effort 
country formerly on 
and Industrial Research, and now of the Ministry of 
Technology. 2 

The area in this field in which the Metallurgy Division 
is iteelf engaged is concerned with endeavouring to 
elucidate the relation between the metallurgical p ies 
of superconductors and the ability of certain of these 
materials to sustam large current-densitiee in high 
magnetic fields. To this end, niobium has been selected 
for investigation since it exhibits the required behaviour in 
relatively low magnetic flelds, thus making the necessary 
Den ta somewhat simpler to perform. 

e relation between the deformation of single crystals 
of niobium end their superconducting properties has 
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previously been investigated in the Division, 
&nd this work has now been extended to 
heavily deformed polycrystalline niobium. 
Cold-swaged niobium wire has been progres- 
sively annealed for fixed periods of time at 
tem tures of 200°C, 500°C, 700° C, 

C and 1,100? O, and measurements of 
Magnetization, critical current, and restor- 
ation of resistance taken from 4-2? K to 1-5° 
K after each heat treatment. A peak in the 
mechanical hardness for the 500° O treatment 
is matched by peaks in the various critical 
flelds as defined by magnetic and resistance 
meesuremente, and it is believed that strain- 
ageing provides pinning oentres which pre- 
vent the motion of magnetic flux through 
the material. 

An additional piece of work involving the 
examination of the superconducting pro- 
perties of sintered mixtures of copper 
and niobium was motivated by the present 
interest in adding large quantities of 
copper to superconducting wire to miti- 
gate the effects of ‘degradation’ and 'flux 
jumping’ when the wire is wound into coils. The proper- 
ties of the resulting are found to be strongly 
dependent on the distribution of the niobium particles 
- in the sintered mixture, in addition to its density and 


composition. 
Another in ing item on display in the Division was 
a goniometer stage adjustable over a wide range of angles, 


and built at the Laboratory for use in the 
H.M.0 electron microscope, together with les of the 
much increased information it has been possible to obtain 
as a result. 
When a metal deforms at normal the stroes 
- increases continuously with the amount of deformation. 
‘This is the phenomenon of work hardening. The enforced 
of shape is accommodated by blocks of metal 
sliding over each other on certain erred atomic planes 
(alip planes), & process facilite by movement along 
these planes of a particular type of atomic defect known 
as a dislocation. During deformation the number of 
dislocations may increase from 5x 10'/cm? to more than 
1x10'*/em', and as they move they interact with each 
other, i together to form an irregular cellular 
structure (Fig. 2). Moreover, the degree of strengthening 





Fig. 2. A tangle of disioostions tn tron (xc. 10,000) 
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ad. wide of balt 
Tig. 3. Tho gontometer stage, Justahte over a range of angles, designed and 


produced during deformation is known to be proportional 
to the square root of the number of dislocations present. 
It is therefore necessary to obtain as much dbtail as 
possible about the dislocation tangles so as to find out 
which types of dislocation are in ing with each 
other and why strength ahould be dependent on their 
number. 

The technique for di ishing between the disloca- 
tions makes use of a result obtained from electron diffrac- 
tion theory, that a dislocation produces no contrast, that 
is, ita image can be made to disappear, when electron 
diffraction conditions are such that the diffracted beam 
lies normal to the displacement fleld of the dislocation. 
This di t fleld characterizes the type of dis- 
location; it is called its Burgers vector, and hence by 
knowing the diffraction conditions when a dislocation 

Until now a bright fleld technique has been used in 
which the specimen is viewed in the usual manner using 
the directly transmitted beam. Under this condition, 
however, in order that the disappearance condition shall 
be unambiguous the diffraction conditions have to be 
arranged so that apart from the transmitted beam only 
one other diffracted beam operates. This is normally 
difficult to achieve. _ 

A considerable improvement has now been made by 
the use of & high-resolution dark-fleld technique in which 
the specimen is viewed using a chosen diffracted beam 
instead of the transmitted beam. Two beam conditions 
are no longer essential though it is necessary to be able to 
tilt the electron beam so that the desired diffraction spot 
may be brought to the centre of the microscope. This 
been achieved by the use of a rotatable beam tilt device. 
To vary.the diffraction conditions it is also necessary to 
tilt the specimen inside the electron microscope so that it 
can be made to lie at a variety of angles with respect to 
the electron beam. Since the commercial specimen tilt 
device only permitted this within an angular range of 
+5°, the new goniometer was designed (Fig. 3). The 
specimen which is mounted between special grids, 2-3 mm 
in diameter, is placed in the hemispherical ball Æ which 
is tilted by the action of the three small push-rods housed 
in the cartridge B. The movement of the push rods is 
controlled by the swash plate O which is motor driven 
from outside the mi . The specimen can also be 
rotated through 360° in ite own plane by action of the 
worm and wheel D, so that, by a combination of rotation 
and tilt, the specimen can be accurately manipulated to 
lie in any plane within the angular range of +30° with 
respect to the electron beam. Some success has already 
been obtained with this goniometer in determining th, 
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Burgers vectors of dislocations in iron and an iron alloy 
deformed over a range of temperatures. 

At the open days last year, the Basic Physics Division 
released news of the discovery of a powerfully stimulated 
emission source in the sub-millimetre region at 0-34 mm 
wave-length. This year visitors were able to see the 
progreas made in the development of this discovery into 
a practical laboratory source. The device is a gas dis- 
charge maser utilizing a rotational transition in the 
ON molecular radical, and has been given the name 
Teratron derived from the frequency of the radiation 
emitted. Discharge tubes only 8 ft. in length give useful 
amounts of power, and a commercial model with a 
portable power-paok is now being developed in oo-opera- 
iion wi an industrial organization. Although the 
device is still at an early stage of development it is believed 
that great value is to be derived from making a powerful 
sub-millimetre source commercially available as soon as 
possible. At the Laboratory, the Terairon has already 
been used to measure errors in the lead screw of a lathe, 
and for dielectric measurements. The source promises 
also to be of value in teaching institutions because the 
wave-length is particularly suitable for demonstrating 
interference and diffraction phenomena. 

A new field of research—Non-linear Optice—has 
recently been opened up in Basic Physics Division, and 
one of the items on display showed the results so far. 
The basic objective is to devise a modulator which will 
mix together optical and microwave signals in such & way 
that the output is a monochromatic signal the frequency of 
which equals the sum of the frequencies of the two incident 
waves. This follows work at low frequencies by Buhrer, 
Baird and Conwell!. Present experiments are aimed at 
producing an efficient mixer in which the microwave 
energy is used to the best advantage. The system uses 
a tunable resonant cavity in which a circularly polarized 
10 Go/s microwave field is set up, and it is expected to 
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obtain complete frequency conversion with a microwave 
input of 10 W or less. 

e High Tem ture Group in Basic Physics Division 
is concerned with the behaviour of elements and com- 
pounds at elevated temperatures. Species, different in 
composition from those which exist at normal tempera- 
tures, often exist under these conditions and may be 
condensed to form new materials at normal temperatures. 
Gaseous reactants may be heated to 5,000°-20,000° K in 
the familiar d.o. diecharge and radio frequency induction 
plasma torches which were exhibited. The RF plasma 
torch was used to demonstrate the oxidation of a mixture 
of metal halide vapours in oxygen plasma to form mixed 
oxides of small particle size and controlled stoichiometry. 
These devices are unsuitable, however, for reactions in 
which solid feed-materials must be used since heat transfer 
from plasma generated in these ways is generally only 
sufficient to melt the icles. 

A rotating plasma was also exhibited in which 
the plasma of a d.o. arc column is expanded by tangential 
bombardment from cool gas molecules to oocupy a volume 
of approximately 2-5 1. Solid feed materials may be 
vaporized in this device. Although arc expansion by this 
principle has been demonstrated before with low-current 
(~10 amp) discharges, the device exhibited is the first 
to include an electrode configuration by which high- 
current ( ~ 400 amp) expanded discharges may be stabilized 
at atmospheric preasure for long periods of time. The 
power (~ 20 kW) dissipated in this device and the reei- 
dence time of particles fed into the plasma are great 
enough to enable solid feed materials to be vaporized 
completely. It is intended to use this furnace in funda- 
mental studies of vaporization in and for a 
variety of chemical syntheses which involve high- 
temperature species. H. A. BLOMAN 
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Prof. Wilson Smith, F.R.S. 
Pror. WirsoN Burr, emeritus professor of bacteriology 


may be considered as in three succeeding phases. His 
reputation was built on his early research, when he was 
& full-time worker under the Medical Research Council. 
Later, though by no means giving up his own investiga- 
tions, he became an excellent teacher; and he finally 
devoted more and more time, &s an elder statesmen, to 
D. guiding scientific policy. 

was born on June 21, 1897, in Great Harwood, 
Lancashire, and always remained something of a Lanca- 
shire man. He went to school there at Accrington 
Grammar School and served with the 107th Field 
Ambulance during the First World War from 1916 until 
1919. He then entered as a medical student at the 
University of Manchester, qualifying in 1928. 

After a short while in general practice, he felt the call 
of bacteriology and took the course for the diploma in 
bacteriology at Manchester under Prof. Topley. He not 
only obtained the diploma but also married one of Topley’s 
young demonstrators. He then came to London, joining 
the staff at the National Institute for Medical Research, 
then at Ham z 

Those were days when filter-passing viruses, as we then 
called them, were first becoming a subject of serious study. 
Wilson Smith took part in the exciting developments in 
this fleld, working at first under 8. R. Douglas on vaccinia 
virus. Then, in 1933, came his most important contribu- 
tion to knowledge. He and I were making an all-out 
endeavour to find a virus in influenza: even as we planned, 


I fell giok with the disease and Smith carried on, in- 
oculating my filtered throat washings into various 
laboratory animals. Guinee-pigs, rabbits and mice were 
injected, mostly intramusoularly or subcutaneously; and 
nothing happened. Then came the turn of ferrets, avail- 
able because of their use by Laidlaw and Dunkin in current 
work on distemper. Somehow inspired, he this time put 
some of the washings up the ferreta’ noses and two days 
later one developed nasal discharge and sneezing. This 


first step led on to an immense amount of work on the’ 


‘flu virus and subsequent developments kept him inter- 
ested for the rest of his life. Discovery of the susceptibilty 
of ferrets to 'flu entailed the building of a ‘ferret hospital’ 
with 82 isolation unita at Mill Hill. Laidlaw, Smith and 
I made daily clinical rounds of our ferret ‘patients’ every 
morning for some years, working in the laboratory at Mill 
Hill in the morning and returning to the Institute at 
Hampstead for other work in the afternoons. It was 
duly revealed that mice as well as ferrets could be infected, 
that neutralizing and  oomplement-flxing antibodies 
developed in the sera of both man and ferret, that our 
virus was related to that of Shope’s swine influenza virus 
and that a formalin-inactivated vaccine could be used to 
immunize. All this came out of the team-work: particular 
contributions made by Wilson Smith himself were to 
show that the virus would grow in fertile hens’ eggs and 
in tissue culture. 

In 1939 Wilson Smith left Mill Hill to fill the chair of 
bacteriology in the University of Sheffleld. With the 
outbreak ‘of the Second World War it was a difficult time 
to begin a new kind of life. Besides his teaching duties, 
he was put in charge of local public-health bacteriology 
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and of the penicillin treatment of local Service casualties. 
He had the unpleasant experience of having his house 
collapse on top of him as a result of an air-raid; fortun- 
ately be was in a cellar and was unharmed. - 

Boon after the War, in 1946, Wilson Smith returned to 
London to the chair of bacteriology at University Oollege 
Hospital Medical School, where he remained until his 
retirement in 1960. At University Oo Hospital he 
stimulated much further work, on influenza 
and poliomyelitis. He showed that some host components 
became integrated into the structure of influenza virus 
particles, but his conclusion that this in tion is of 
basic i ce in virus evolution is somewhat doubtful. 
Wilson Smith’s on as a teacher and investigator 
rests mainly on his olariby of thought and utterance, his 
eritioal faculty and his very high standards of accuracy. 

These qualities invaluable in his later years 
when he came to much in demand as a member or 
chairman of numerous compittteos of the Medina] Fessarch 
Council and other bodies. He was a member of, the 
Medical Research Council from 1961 until his death. 
Beveral of these committees were concerned with virus 
vaocines—for influenza, poliomyelitis and measles. Sir 
Harold Himsworth has written of Smith: ‘The devel 
ment of the safe and effective vaccines now available in 
this country is in no small measure due to his own efforts”. 

On his retirement he became consultant adviser to the 
Microbiological Research Establishment at Porton. ‘While 
here he edited a book on Mechanisms of Virus Infection, 
of which he wrote the introductory chapter himself. 

Wilson Smith was elected a Fellow of the Royal Society 
in 1949 and delivered its Leeuwenhoek Lecture in 1957. 
He became a Fellow of the Royal College of Physicians 
in 1959. The University of London gave him a Graham 
Gold Medal in 1960. His very high standards contributed 
greatly, through his own work and that of those whom 
he taught, to the advance of virology in its rapidly 
developing years. At the end, when he developed a pro- 
-gressive and debilitating disease, he showed great courage 
m extracting the last ounce of energy from himself in 
the service of medicine. Though his enthusiasms had 
‘their ups and downs, he had a keen sense of humour. 
He was an enthusiastic violin player and derived much 
enjoyment, and some profitt, from buying and selling old 
violins. 

"Haven eae Sud oaa dang AE 

C. H. ANDREAWES 


Prof. B. Lindblad 
Bam LriwpBLAD was born on November 26, 1895, at 
Grebro, Sweden. After studying at the University of 
Uppeale, and later becoming an assistant at the Observa- 
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tory there, he joined the Stockholm O . He 
became director of the Observatory in 1927 and held this 
office at the time of his death. 

Lindblad was an important pioneer in the determinatiort 
of absolute magnitude from studies of stellar spectra and 
also in the development of the kinematics and dynamics 
of our own Galaxy. Following on the work of Adams and 
Kohischutter, who .demonstrated that the difference 
between giants and dwarfs could be seen in stellar spectra, 
Lindblad showed that the cyanogen bands were an im- 
portant criterion of absolute magnitude. He derived 
absolute magnitudes from his own scheme of spectral 

and used these absolute magnitudes, com- 
bined with the available apparent e P and 
motions, to give distances and transverse velocities Pie 
-was able to show by means of these data that the motions 
were consistent with his concept of the Galaxy as an 
assemblage: of rotating sub-systems, the rotation and 
dispersion of the internal velocities varying with the 
degree of flattening of the sub-systems. He considered the 
high-velocity stars as forming one of these sub-systems, 
and explained the tendency of the directions and motions 
of these stars to avoid the , the centre of which 
is in the galactic plane at longitude 60°—in modern terms, 
to avoid the direction in which the Galaxy rotates. 
Lindblad demonstrated that the phenomenon of star 
streaming was connected with galactio rotation, and that 
the direction of the preferential stream was a ximately 
the centre of the galactic centre. Lindb is therefore 
a ipar tasi faro ui de develope’ orwell Geen 
from the early work of Schwarzschild and Eddington to 
the later work of Oort, in which the notion of galactic 
rotation is fully recognized in galactio kinematics. He 
later extended his interests to the dynamics of galaxies 
in general, and wrote many papers about the development 


ot While Tindbled 

e Lindblad's work on stellar luminosities was very 
practical in character, and consisted of 
luminosities from the cyanogen band and from an extended 
scheme of spectral classification which he himself de- 
veloped, his work on galactic rotation and his researches on 
spiral structure were mathematical, and in 
many topics which are of interest to-day in connexion 


- with theories of the Galaxy it will be found that the 


leading ideas are contained in Lindblad’s work. 

His influence over Swedish astronomy and Swedish 
astronomers was very great and he was extremely well 
known in international cirales—he was president of the 
International Astronomical Union from 1948 until 1952. 
He wás also president of the International Council of 
Boientiflo Unions from 1952 until 1955. He received the 
Gold Medal of the Royal Astranomical Society in 1948. 

RucHARD WOOLLEY 


.-. NEWS and VIEWS 


Commonwealth : Advisory Committee on Advanced 
Education (Australia) : Dr. |. W. Wark, C.B.E. 


Dz. I. W. Wanx has been appointed chairman of tho 
Commonwealth Committee on Advanced Educa- 
tion (Australia). Dr. Wark is at present a member of the 
Executive of the Commonwealth Scientific and Industrial 
Research Organisation. The Committee will make 
recommendations to the Cammonwealth Minister in 
Charge of Commonwealth Activities in Education and 


: Research as to the distribution of funds available for 


support of both capital and recurrent expenditure for 
projects recommended by institutes or colleges or State 
Governments and accepted by the Commonwealth as 
suitable subjects for suppott in colleges of advanced 


education. The Commonweelth's decision to assist the 
States-in developing advanced education facilities arose 
from ita consideration of the roport of the Committee on 
the Future of Tertiary Education. ‘College óf advanced 
education’ is the title chosen for new tertiary colleges 
which will provide courses requiring an entry standard 
equivalent to university entrance and providing a diploma 
qualification on completion of such courses. These 
colleges will in many cases be developed from and around 
the sections of existing technical colleges in the 
States, one of the Committee’s principal tasks will be 
to encoùrage their development, not only in technology 
but also in the liberal arte. The Commonwealth’s assistance 
to these colleges will be to and expand their 
diploma courses, but it does not intend to support finan- 
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cially their conversion into universities under another 
name. 

Dr. Wark's appointment is & full-time one, and he will 
be aasisted by & small number of part-time members. 
Dr. Wark has been & member of the Executive of the 
0.8.I.R.O. since 1961 and was formerly director of that 
Organization’s Ohemical Research Laboratories and the 
chief of ita Division of Industrial Chemistry. 


Prindpal of Chelsea College of Science and Technology: 
: Prof. M. R. Gavin 

Pror. MaLooLw Ross Gavux, profeasor of electronic 
engineering and head of the School of Engineering Science 
in the University College of North Wales, Bangor, since 
1955, has been appointed principal of Chelsea College of 
Science and Technology and the vioe-chanoellor-elect of 
the new University. Prof. Gavin was educated at the 
Hamilton Academy, Glasgow, and the University of 
Glasgow, from which he graduated in mathematics and 
natural philosophy in 1929. He was awarded a D.Bo. 
degree by the University of Glasgow in 1949. After an 
early career in school teaching, he jomed the Research 
Laboratories of the General Electric Co. (now the Hirst 
Research Centre) at Wembley. In 1947, he entered the 
rate of the Scottish Education Department. 

During 1950-55 he was head of the Department of Physics 
end Mathematics in the Birmingham Oollege of Tech- 
nology, where he waa also vioe-principal during 1953-55. 
Prof. Gevin was then appointed to the University College of 
North Wales, Bangor, where he has since built up a School 
of Engineering Science noted for ita progresaive approach 
to the education of applied scientists. He is a member of 
the Science Research Council and vice-president of .the 
Institute of Physics and the Physical Society. He was a 
member of the Electronic Research Council of the Ministry 
of Aviation during 1960-64. Prof. Gavin has been closely 
associated with Chelsea College since 1964 as a member 
of the Academio Advisory Committee set up by the 
Go ing Body in consultation -with the University 
Grants ittee. Prof. Gavin succeeds Mr. C. QC. 
Hentachel, who retires in September 1965 after thirty-four 
years, full-time service at the . Mr. Hentechel 
became principal in 1962 on the death of Mr. N. M. H. 


Lightfoot, having previously been vice-principal since’ 


1861 and head of the Department of Botany and Zoology 
since 1952. 


Pathology In the University of Liverpool: i 
f rof. H. L. Sheehan 

AT the end of September, Prof. H. L. Sheehan will 
retire from the George Holt chair of pathology im the 
University of Liverpool to which he was appointed in 
1946. At the time of his appomtment he was already an 
authority on the pathology of pregnancy and the puer- 


perium and had shown that necrosis of the anterior lobe : 


of the pituitary gland, which commonly occurs during 
obstetrical shock, is a cause of chronic ill health in women 
that have survived an episode of obstetrical shock. Durmg 
his tenure of the chair in Liverpool he clarified the clinical 
icture of post-partum hypopituitarimm, now known as 
Bheshad'e syndrome, and contributed monographs and 
many papers on the morbid histology and experimental 
logy of renal cortical necrosis and hydronephrosis. 

is enthusiasm for clinical endocrinology and the impor- 
tanoe of endocrine factors in cancerous conditions led to 
the establishment in Liverpool of an Endocrine Unit 
with Prof. Sheehan as director, and gradually the problems 


of neoplasia became one of his main interests; he plans to. 


devote his official retirement to cancer research. Prof. 
Sheehan’s effectiveness as a lecturer and his willingness 
and ability to lecture in foreign languages led to many 
invitations to lecture abroad; he has gi many lectures 
in Europe on both sides of the Iron in and in Aus- 
tralia, New Zealand and the United States. He is to 
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begin his ‘retirement’ with a series of lectures in South 


Prof. J. R. Anderson 


Dez. J. R. AwpERSON has been appointed to succeed 
Prof. H. L. Sheehan in the George Holt chair of pathology 
in the University of Liverpool. Dr. Anderson graduated 
B.Bo. (1939) and M.D. at the University of 8t. Andrews 
(1955), gaining a University Gold Medal for his theais on 
"Immune Antibodies in Haemolytio Anaemia”. He was 
the first to produce in the rabbit haemolytic disease of 
the new-born that closely patterned human disease, and 
these studies led to extensive in igations on auto- 
immune disease in man, a field in which he is a recognized 
authority, with more than 80 lications mainly on the 
so-called collagen diseases. His work on non-tuberculous 
Addison’s disease has helped to identify the site of forma- 
tion of various adreno-corticostervids. After initial 
experience in pathology with Prof. D. F. Cap in Dundee, 
Dr. Anderson served for three years as a pathologist 
in the Royal Army Medical Corps, chiefly in west and 
north Africa. In 1947 he returned to rejoin Prof. Cappell, 
now in Glasgow, as lecturer and became senior lecturer in 
1954 after a Rockefeller fellowship with G. H. Whipple 
and L. E. Young in Rochester, N. Dr. Anderson is a 
lucid and interesting lecturer who has had a wide experi- 
ence of undergraduate and uate ing and 
examining; his publications (with Dr. Lennox) on the 
use of multiple choice papers (1957) and on selection 
procedures in the light of students’ examination perform- 
ance (1964) have attracted much attention. His extensive 
experience of hospital diagnostic pathology has given him 
an enviable reputation as & sound opinion in such matters, 
which is much sought by his clinical colleagues. — ' 


Director of Research, Marcon! Company : 
Mr. G. D. Speake 


Ma. G. D. BrmaxaH has been appointed director of 
research in the Marconi Company. Mr. Speake was formerly 
chief of research at the Great Baddow Research Labor- 
atories, and development manager for the Radar Division. 
This new appointment will enable Mr. Speake to concen- 
trate on the task of reorganizing and strengthening the 
research activities of the Company. George David Speake 
was born in 1919 in Newport, Shropshire. He was 
educated at Adams Grammar School, Newport, and took 
his degree in physics at 8t. Catharine’s College, Cambridge. 
He joined the Marconi Company in 1950 and was engaged 
in Radar Systems Research until 1954, when he was 
appointed chief of the Vacuum Physics Section of the 
Research Division. Two years later he became chief of 
the Microwave Physios Section, and in 1960 he was 
appointed deputy chief of research under Dr. E. East- 
wood. In 1962, when Dr. Eastwood was appointed director 
of b cpu. ing and research for the Company, Mr. Speake 
became ief of research, and he has remained in this 
position until this new appointment. Before joining the 
Marconi Company, Mr. Speake was a flight-lieutenant in 
the Technical Branch of the Royal Air Force, and, later, 
instrument in the Plastic Division of Imperial 
Chemical Industries, Ltd. 


Government Advisory Committees 


Is a written answer in the House of Commons on 
February 28, the Prime Minister gave Mr. P. Dean a list 
of 241 advisory committees, most of which had been set 
up during this century, and more than half of which had 
been established since the Second World War. Since that 
question was raised, the Advisory Council on Scientific 
Policy has become an executive body, & Social Research 
Council has been established, and so also an Advisory 
Committee for Scientific and Technical Information. Ao- 
cordingly, Mr. Dean raised the question of Standing 
Advisory Committees in an adjournment debate’ on 
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July 28. He suggested that while these committees had 
an important part to play in Britain’s system of govern- 
ment, particularly in regard to scientifio and technical 
advice, it was desirable to take a closer look at the part 
they play, the way in which they were developing and 
their constitutional significance. Mr. Dean said that 
besides increasing in number, the scope of the Com- 
mitteea was tending to widen so that they dealt in- 
creasingly with major aspects of policy and advised on a 
much broader front than many of the early committees, 
which were largely technical or specialist. He challenged 
the necessity for the reporte of many of these committees 
to be confidential, citing some obvious examples of dis- 


Mr. N. MacDermot, the financial secretary to the 
Treasury, who replied for the Government, agreed that 
advisory committees were a valuable institution of 
government, but did not think that at present there was 
any burning issue calling for official examination of the 
scope and activities of these committees. If a review of 
therr activities was desirable, he thought that the 
Estimates Committee t be a suitable body to under- 
take such an in on, unless it was desirable to 
appoint an outside On the cost of these committees, 
Me MaoDérniot Raid that tho otal ooet in redrunerdéion 
and expenses was about £150,000 & year, in addition to 
the secretarial services provided for them, which oost a 

“further £280,000. There had been no change in the 
policy regarding publication of reporte, but he pointed 
out that care should be taken to avoid confusion between 
the role of Ministers, on one hand, and that of the advisory 
committees, on the other. Whether the advice was pub- 
lished or not was the responsibility of Ministers on whom 
responsibility for policy also rested: publication of the 
advice tended might sometimes exert preesure on Ministers. 
He thought it was undesirable to make it an invariable rule 
that the advice of committees must be published, as we 
might thereby find ourselves deprived of some of the 
freedom we now had in obtaining expert opinion. Neither 
Mr. Dean nor Mr. MacDermot referred to the study of 
advisory committees published in 1960 by Political and 
Economic Planning or to the earlier study of the use of 

“Committees in Government", published in 1955 by Prof. 
K. C. Wheare. 


The Nature Conservancy 
Ix a written answer in the House of Commons on 
August 2, Mr. A. Crosland, the Secretary of State for 
Education and Science, -stated that he had approved 
ed ae submitted by the Natural Environment Council 
` for senior headquarters staff serving the Nature Conserv- 
ancy. The next director of the Conservancy would be a 
scientist appointed at the upper level of the chief scientific 
officer grade (£4,700) and would be ried by a deputy 
director for the organization and p ing of research, 
and a deputy director for DOS GE ad and management. 
The former would be a scientist at deputy chief scientiflo 
officer level and the latter either a scientist at the same 
level or an administrator at assistant secretary level. 
These proposals were prepared by & working party, 
headed by the ahairman of the Council, Sir Graham 
Smith, and were endorsed by the Council and carried the 
fall support of the chairman of the Conservancy. 


Towards a Manpower Grid 


Tamas is a realization that, in raising pro- 
ductivity from the recent levels of 1-5-2 per cent to the 
3-5 per cent national target, efficient utilization of indus- 
ee yB a critica] . International com- 
perison with other leading i ustrial countries implies 
that British management is wasteful in its use of man- 
power. Viewed from the other. angle, restrictive Mind 


ces make worse a situation. The ap 
A of the ‘British economy is, in t, & 
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spurious interpretation of the real employment situation. 
Present high employment is falsely bolstered by the over- 
manning of the profitable sectors of the industry, and 
retention of labour in industries that have ceased to be 
fully economic. The degree of real under-employment 
that this involves is variously estimated; owever, 

i observers consider that the elimination of it 
would release between 10 and 15 per cent of the industrial 
work force for re-deployment into other work. If Britain 
is to remain internationally competitive during the next 
decade, her industry will have to make real mroads into 
this manpower problem. An article by Michael Hall, 
manager (recruitment and manpower), Esso Petroleum 
Oo., Ltd., directa attention to the need for more efficient 
instrumenta and methods of manpower planning at all 
levels in industry and at the national level (Personnel 
Management, 47, No. 372; June 1965). Without improved 
data sources or manpower forecast techniques, it is 
difficult to see how the massive labour movements, 
between skills, localities of employment or between. 
employers, that the present economic analyses imply to 
be necessary can be achieved. 


Education of Engineers In Western Germany 


Iw a lecture delivered at the summer meeting of the 
Institution of Mechanical Engineers at Wiesbaden, 
Western Germany, in June, Dr. G. Brenken described the 
education of professional engineers in Western Germany. 
He began with the school system which feeds the tech- 
nical schools, whether Technische Mittelschule, Techniker- 
schule or Technische Hochschule. One of the two quali- 
fications of a profeasional engineer is the Diplom- Ingenieur, 
obtained after third-level engineering education in Tech- 
nische Hochschule, normally by a four-year course. Prao- 
tical training in industry is a prerequisite condition of 
entry. In 1004, there were 55, students in the nine 
Technische Hochschulen and 4,500 graduates, compared 
with 18,500 graduates from the 122 Ingenieurschulen with 
their 52,472 studente in three-year courses, and 8,000 
graduates from the 220 'Technikerschulen with their 
30,000 studente, which provide day courses of a year and 
a half and 3—4 years in evening classes for technicians. 
Most of the professional engineers are later placed in 
design and planning; only 10 per cent are placed in 
research and development. The academic education of 
engineers at Technische Hochschulen has been extended 
by one to two years over the past fifteen years, although 
at most of the Hochschulen the courses are still four 
years (Proc. Inst. Mech. Eng., 179, Part 4; 1064-85). 


Instttutlon of Production Engineers 

The International Journal of Production Resarch, 
published by the Institution of Production Engineers, is a 
quarterly periodical now beginning ite fourth year, and 
in the latest issue an editorial note deservedly chronicles 
achievements since ite inception (4, No. 1; 1965. The 
University, Birmingham 15, and 10 Chesterfield Street, 
London, W.1). First, this Journal is truly international 
in that ita advisory board consiste of distinguished 
members from many parts of the world, and it now 
circulates in forty countries; secondly, it is a useful link 
between research workers through which progreas may be 
reported and new ideas generated; thirdly, it covers fields 
pon study to-day recognized as constituent parts of produc- 
tion engineering. Among the papers in the present issue 

are: “The Ductile-Brittle Transition when 
Perspex”, by R. F. Scrutton, which identifies the condi- 
tions under which ‘Perspex’ can be machined in a ductile 
manner avoiding troubles often incurred with this and 
other brittle plastic materials ; “A Case Stady of Pro- 
Instruction in a Self. Teaching 
yBtem in an Apprentice Training School", by B. T. Dodd, 
concerning accelerated training methods designed to 
reduce the period of craft apprenticeship from five to four 
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years; ‘Work using Extended Observations”, 
by E. N. Corlett and R. H. Holier, describing ‘snap 
sampling’ as applied to estimations of proportions of time 
spent in activities by operators and machines, but with 
an extended technique to provide idle time distributions, 
and the method involved; “Mechanics of Chip-breakers", 
by T. L. Subramanian and A. Bhattacharyya, deals with 
the problem of chip dispoeal now more aoute with the 
introduction of high-speed carbide and ceramic tools, and 
presente a physical explanation of behaviours of the 
cutting variables encountered; W.A. Morcos contributes 
an article on the complex problem of ‘‘Interchangeability 
of Sorew Threads: a Study of the Effective Diameter 
Equivalent of Flank Angle Errors for a Basic Taper 
Thread", with appropriate mathematical treatment and 
new methods of determination; a er on “Classification 
of Pacing”, by K. F. H. Murrell, explains the part played 
by tolerance in the classification and the relatio 
between tolerance and machine rate. With each contri- 
bution an appropriate synopsis in both French and German 
3s included. 


A. P. Sloan Foundation 


Tua report of the A. P. Sloan Foundation for the two 
years 1968-64 records commitments authorized by the 
Trustees of 80-4 million dollars. In support of basic 
scientific research, 5 million dollars went to the Massa- 
chusette Institute of Technology to establish a 
institutional research fund, and 1 million dollars to four 
mid-oontinent universities to strengthen their science 
facilities and teaching. The level of expenditure in the 
Foundation’s fellowship programme for basic research in 
the physical sciences was increased from 1-2 million dollars 
to 1-4 million dollars, beginning in 1965. For the academic 
year 1963-64 there were 144 Sloan Research Fellows in 
49 institutions in the United States and in Canada, 
compared with 155 in 48 institutions in September 1964. 
A grant of 1 million dollars was authorized for the new 
Mathematics Centre at Stanford University and one of 
5 million dollars for Massachusetts Institute of Technology 
to establish a pioneering programme of continuing educa- 
tion for experienced Virtually all the Founda- 
tion’s grants for rien teacesoh (OAE: 4million dollars) 
went to the Sloane-Kettering Institute for Oanoer 
Research in New York and to affiliated programmes; 
however, grants were also made for research in anger: 
and ureitis and an initial grant for a p 
research in otológy. The Sloane National Scholarship 

now embraces 45 universities and colleges "peri 
totals 1:28 million dollars: a special grant of 500,000 
dollars was made to the United Negro College Fund in 
Lud .as well as 200,000 dollars to other projects for 

educational opportunities for N studente. 

A grant of 1 million dollars was made to 8 
sity to complete a new Centre for its Graduate School of 
Business, and other grants in the same field were to the 
Columbia University Graduate School of Business, the 
Tuck School of Business Administration of Dartmouth 
College, and the Sloan School of Management of the 
Massachusetts Institute of Technology. Granta for 
economic research and education (mainly to the National 
Bureau of Economic Research) exceeded 1 million dollars 
and commitments for the public under- 

of science totalled 275,000 dollars. In June 
1063 & grant of 100,000 dollars was made to the United 
States Churchill Foundation for cc &nd fellow- 
ghipe. 


Education In Forestry 

UNDER the title Education in British Forestry & report 
of the fifth discussion meeting organized by the Society 
of Foresters of Great Britain has been issued as a supple- 
ment of the Society’sa journal, Forestry (Pp. 74. London: 
Oxford University Preas, 1965. 7s. 6d.). The discussion 
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was held at Cirencester durmg January 8-10, 1965, and 
the three seasions dealt with the education of foresters; 
the education of forest officers; and with forestry educa- 
tion’ for the wider fleld. Besides Prof. M. V. Laurie’s 
poing address and the text of the ten papers contributed, 

e report includes summaries of the discussion in each 
session and Mr. J. J. Lewrie's closing remarks in which he 
referred to responsibilities towards Voluntary Service 
Overseas and to the opportunity afforded by the confer- 
ence, “The Countryside in 1970". There was some frank 
criticism of British forestry education below university 
level and a reeolution was passed recommending the 
Council of the Association, in oo-operation with the 
Forestry Oommission and other interested bodies, to 
investigate the establishment of institutions suited to 
both State and other forestry interests. At the university- 
level the meeting was impressed by advances in recent 
years, by the scope of present curricula, and by the lively 
outlook. 


Scientific Societies In Indla 


A Survey of Sctenitjlo Sooteties in India, by A. Rahman, 
N. Sen and N. R. Rajagopal of the Survey and Planning 
of Scientific Research Unit, bas been published by the 
Council of Scientific and Industrial Research, New Delhi 
(Pp. 40. New Delhi: Oouncil of Scientific and Industrial 
Research, 1965). Data were collected on the organization 
and role of such societies with the view of correlating 
them with the scientific and technological development of 
the country. Prior to 1980 there were few such societies 
and of the 27 listed 22 were established for specialized 
fields, 10 being concerned with engineering and tech- 
nology. During 1931-50 the number of societies increased 
three-fold in the physical sciences and in the medical and 
biological aciences, and doubled in engineering and 
technology; this is attributed largely to the development 
of a base or research in the country. From 1951 onwards 
the trend to establish more scientific societies continued 
to increase, and is marked by the establishment of such 
highly specialized societies as the Indian Cancer Society, 
the Indian Society of Haematology; the Indian Society 
for Helminthology, the Institute of Telecommunication 

, the Indian Society for Rayon Technologists, 
the Indian Leather Technologists Association and the 
Institute of Information Scientists. The societies are 
heavily concentrated in cities like Calcutta, New Delhi, 
Bombay, Bangalore and Madras, where 118 out of 150 are 
located and only 54 per cent have a membership of 100 
to 500. Only the Institution of Engineers, India, with 
42,887, has more than 5,000 members. Almost 90 per cent 
issue petiodicala and more than 81 per cent receive 
financial support from the Central Government, about 80 
per cent from State Governments and about 18 per cent 
from industry:: Of the 108 societies giving figures for 
income and expenditure, about 86 per cent had annual 
incomes by 1962 of 10,000—50,000 Rs., and some 7 per oent 
an income of leas than.1,000 Re. The total membership 
of 115 societies out of the 150 is about 95,000 compared 
with a total of postgraduate scientists, medical graduates 
and engineering graduates of about 188,000. 


Journal of Labelled Compounds 


Tum first number of the new quarterly Journal of 
Labelled Compounds contains eight original contributions, 
one German, three French and four English, with English 
summaries, together with a section containing abstracts 
of 67 papers dealing with the eT of labelled oom- 
pounds and related compounds (1, No. 1, January-March, 
1965. Pp. 1-92. Brussels: Proses Acad émiques Europé- 
enneg, 1965. Annual subscription: B.F.1. 250; 2 25 dollars). 
The editor of the Journal is J. Sirchis of Euratom (Brussels) 
and there is an editorial board of twenty mem- 
bere. The &betractor is H. Dworschak of the Information 
and Documentation Centre, Euratom. Two of the 
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articles, written by members of the Division of Pure 
Ohemistry, National Research Council, Canada, deal with 
deuterated organic compound ia, and two, by 
members of the University of Rome, with self-radiolysis 
of tritium-labelled compounds. L. Piohat, M. Herbert and 
F. Aubert of Saclay describe a new method of preparation 
of glycerol 1-40 and glyoerio acid 1-140. W. G. Verley and 
O. Gerday of the University of Lidge discuss a method for 
the evaluation of the radiochemioal ity of the labelled 
1somer of an amino-acid which they have applied to triti- 
ated L-phenylalanine. Only & small sample is required 
but very minute contaminants can be detected. 


Publications of the International Atomic Energy Agency 

Tre International Atomio Energy Agency, in addition 
to its many soientiflo activities, is now one of the largest 
publishing enterprises in Vienna. It has recently oom- 
pleted its stxth year of publication of literature dealing 
with the peaceful uses of atomio energy. In 1959 its 
output was two volumes in the Proceedings series, one 
in the Safety series and four technical di ies, in 
addition to those publications prepared for free distribu- 
tion, but to-day its average annual production consists 
of about twenty volumes of the proceedings of scientific 
meetings, six technical directories, several  biblio- 
graphies and numerous technical reporte. Two scientific 
journals, Atomic Energy Review, a four- 

iodical published at irregular intervals, and Nuclear 
Wein, a aneka dorsi td olan pas, Ga ee 
from the fusion of light nuclei—together with the monthly 
TAEA Bulletin which describes the activities of the Agency 
in more general terma—are also published. Some publica- 
tions are issued in multilingual form, others in each of the 
four working languages—English, French, Russian and 
Spanish—of the Agency. Since 1968, when printing and 
binding equipment was installed, the Agency has printed 
&nd bound all its own publications exoept the journal 
Nuclear Fusion which is separately managed in Vienna 
by a scientiflo editor and supervised by an editorial board. 
An up-to-date catalogue, Publications in the Nuclear 
Sciences 1965, listing all the priced publications of the 
Agenoy, either currently & ble or in the prees, is 
available free of charge on request (Pp. 99. Vienna: 
International Atomic Energy Agency, 1965). It super- 
sodes all previous catalogues and supplements. The titles 
are grouped under general subject headings: biology, 
medicine and agriculture; health, safety and waste 
disposal; physice, plasma physics and electronios; chemis- 
try, geology &nd raw materials; reactor physios and 
reactors; industrial applications; economics; and law; 
corresponding to the separate activities of the Agency. 
They are listed in inverse order of publication, with the 
most recent first. Each item, in addition to the title 
and author, gives & summary of the contenta, the language 
or languages, and the retail price in both dollars and 
sterling. Those publications which are also part of a 
series ication of the are listed again in the 
“Series Index" which forms the second half of the cata- 
lógue. A list of sales agente and a title index complete 
the catalogue. 


Bibliography on the Commonwealth and Its Constituent 
Countries 
No. 45 of the Speotal Subject Lists issued by the Library 
Association, which is entitled The Commonwealth To-day, 
is a select bibliography on the Commonwealth and ite 
constituent countries (By A. J. Horne. Pp. 107. London: 
The Library Association, 1965. 24s.; L.A. Members 182.). 


. There is a foreword by Sir Kenneth Bradley and the list 


is admirably printed and arranged. It includes no 

iodi and only a few government publications, being 
imi mainly to books lished m recent years and 
still in prmt. That ification is doubtless the reason 
for some surprising omissions, and it is the shortcomings 
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of the book trade to-day that are displayed rather than 
weaknesses in selection. ‘Titles are on a 
geographical basis, by continent and country, and Mr. 
Horne has supplied an excellent and useful bibliography. 
While there are undoubted advantages in limiting a 
bibliography to books in print, the disadvantages of this 
practice have probably never been so marked as at the 
Present time. `- 


Bibliography from the Institute of Nutrition, Budapest 


Drean of the year-book, the Institute of Nutrition 
Budapest, has published & bibliography listing the titles 
of the various publications, eto., ced by its scientific 
members during 1964 (Bibliography of Publications 1964, 
Institute of Nutrition, Budapest, H Pp. v+21. 
1965). The sources from which the titles are drawn 
include papers published in Hungarian and other journals, 
books, dissertations for degrees, contributions at congresses 
and lecture notes. The 81 headings cover a wide range 
of subjects such as the fatty acid composition of milk 
powder, radioactivity in milk, the application of polaro- 
graphy to amino nitrogen and oxytetracyclines, vitamin 
status and protein requirements in humans, food colours, 
food poisoning and hygiene. Hach heading in the biblio- 
graphy is given in three languages including English. 
Synthetic Emerald 


ATTHMPTS at the synthesis of many gemstones have a 
long history in appropriate technical literature, including 
emerald; latterly, beryllium and its compounds have 
assumed considerable economic importance in fields 
unsuspected only a few years ago. Scientists in the Hughes 
Aircraft Co., Culver City, California, have been working 
on synthetic emerald production since 1961 with an 
enoo ing measure of success; the spur for this work 
stemmed from the need for large high-quality single 
crystals of emerald that could be grown rapidly; in the 
fleld of uses Dye qur example, they find use in 
such devices as i wave masers. An i 
account of this work, brief but informative, is presen: 
in the house journal Vectors, a quarterly publication 
by Hughes Aircraft Company (7, No. 1, 1965). Hitherto 
what is known as the —fusion process for synthetic 
emeralds has been used, but the Hughes scientists have 
developed a flame fusion technique which ''. . . can produce 
an emerald ‘boule’ (pear-shaped masa of a substance 
formed synthetically in a special furnace) in a matter of 
several hours, as compared with the many months 
required by the flux fusion process”. The flame fusion 
process involves beryllium oxide, a highly toxic substance, 
and special isolated laboratory facilities are requisite 
because of the poisonous vapours evolved; the other 
oxides concerned are those of aluminium and gilicon, the 
proportions (by weight) being given a8: beryllium, 16 
per cent; aluminium, 18 per cent; silicon, 67 cent. A 
minute quantity of chromium oxide is added to the mix 
to provide the emerald colour. The mixture is placed 
in one- n jars, rolled on a ball mill rack for 8 b, then 
sin at 1,050? O for five days. The resulting er is 
fed to the flame fusion unit comprising an oxy- ydrogen 
burner oapable of a temperature of 2,800° O and appropriate 
cooling facilities. ‘The powder mixture, fed in from a 
hopper at the top, flows through the centre tube of the 
burner accompanied by a stream of oxygen to a ceramio 
pedestal where the boule grows”. These Hughes emeralds 
are about 0-5 in. long and 0-25 in. diameter, blue-green in 
colour. X-ray photos show them to be indistinguishable 
from those of natural emeralds. These man-made gems 
aré, incidentally, produced at a cost of not more than 
one-fourth to one-third that of the natural stones. 


Sugar Research In Mauritlus 


Tum annual report of the Mauritius Sugar Industry 
Research Institute for 1964 is the record of a very credit~ 
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able effort (Pp. 117--xxxii--xxii. Reduit: Mauntius 
Sugar Industry Research Institute, 1965). However, 
1968 was an unfortunate year for Mauritius and the 
report shows up clearly the great risks involved in tropical 
agriculture. The area of land under sugar cane was much 
the same in 1964 as in the previous year, but “A combina- 
tion of negative factors, dominated once more by the 
occurrence of two cyclones, were responsible for an overall 
sugar prn of only 620,000 tons, which was below 
that of the previous year by 24-2 per cent". Am the 
negative factors stands out the dangerous fact that “Two 
major diseases, gummosis and leaf scald, which had been 
totally eradicated from commercial fields, reappeared in 
epidemic form and are believed to be caused by new and 
more virulent strains of the pathogens’. Only to the 
continuous work of the Research Institute and ite con- 
stent search for disease-resistant new cane varieties is it 
due that ‘‘A varietal replacement programme can be 
designed which should not adversely affect the present 
sugar potential of the island”. The great majority of the 
report is devoted to the cultivation of the sugar cane 
and to ita diseases and pests; only 15 pages deal with 
problems of sugar manufacture and a single article 
(3 pages) mentions an unpromising by-product. 


The Linnean Soclety of London : 
Forelgn Members 


De. E. I. Warr, preaident of the Linnean Society of 
London, announced at the general meeting on April 22 
that the following foreign members had been elected: 
Dr. 8. M. Bukasov (U.S.8.R.); Prof. A. Frey-Wyssling 
(Switzerland); Prof. C. L. Hubbs (United States); and 
Prof. J. Leonard (Belgium). 

Awards and Medals 


Tux following medals were awarded: The H. H. 
Bloomer Award and Medal, to E. C. Wallace; Linnean 
Gold Medals to Dr. J. Hutchinson and Dr. J. Ramsbottom. 


Officers 

Tua following officers were elected: President: Dr. 

E. I. White; Treasurer: The Earl of Cranbrook; Botan- 

cal Seoretary : Mr. J. P. M. Brenan; Zoological Secretary : 
Dr. H. G. Vevers; Edsorial Seoretary : Dr. J. Smart. 


Vice-Presidents 


Tum following were elected vioe-presidente for the 
session 1965-66: The Earl of Cranbrook, Prof. C. T. 
Ingold, Dr. R. W. J. Keay and Dr. Doris M. Kermack. 


Soclety for Applied Bacterlology : Officers ` 


AT the annual meeting of the Somety for Applied 
Bacteriology the following officers were elected: Honorary 
President, Dr. Joan Taylor; Honorary General Seoretary, 
Dr. J. R. Norris; Honorary Meetings Secretory, Dr. Ella M. 
Barnee; Honorary Treasurer, Mr. G. E. Jones; Honorary 
Editors, Dr. F. A. Skinner and Mr. G. Sykes; Honorary 
Publications Manager, Mr. A. H. Walters; Members of 
the Oommaties, Dr. F. W. Beech, Miss Vera G. Collins, 
Dr. Ann W. Cooper, Dr. Christina M. Cousins, Mr. B. M. 
Gibbs, Dr. Elizabeth M. Harper, Dr. R. M. D. Keddie, 
Mr. D. A. Shapton and Dr. P. D. Walker. 


Perkin Centenary Awards, 1966-1967 


APPLICATIONS for the award of Perkin Oentenary 
scholarships are invited by the Perkin Centenary Trust. 
Awards, tenable for one or two years, and renewable for 
a further year at the discretion of the Trustees, are offered 
to candidates employed m an industrial firm or other 
institution concerned with the manufacture or the 
application of colouring matter, for study at & university 
or technical college. Two types of award are available, 
some to the value of £100, which are to be used in con- 
junction with a local education authority grant, and 
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others to & value of £400, which are intended for students 
whose normal grant, molusive of fees, would be leas than 
about £800. Perkin travel grants are also available to 
teachers concerned with the study of any aspect of the 
manufacture or the application of colourmg matter. 
Applications for the scholarships must be made by May 1, 
1966, and for the travel grants by December 31, 1965. 
Further information oan be obtained from the Secretary, 
the Perkin Centenary Trust, c/o the Chemical Society, 
Burlington House, London, W.1. 


The Journal of the Franklin Institute Premium 


The Journal of the Franklin Institute has established 
a special Journal Premium of 1,000 dollare. It 18 vo be 
awarded annually to the author of the outstanding paper 
published in the Journal during the preceding year. The 
award will be presented, in general, to the reorpient of the 
Louis E. Levy Medal. Established m 1923, the Levy Gold 
Modal is awarded by the Franklin Institute ''to the author 
of & paper of special merit published in tbe Journal, 
preference being given to one describing the author's 
experimental and theoretical researches in a subject of 
fundamental importance”. The Journal of the Franklin 
Institute was established in 1826 and is the oldest con- 
tmuing scientific publication in the United States. It 
accepta contmbutions m all traditional branches of 
mathematics and the physical sciences, pure and applied, 
as well as in interdisciplinary fields or composite sciences 
that combme the philosophies of two or more disciplines. 
Consideration for the Journal Premium will be given, 
for the first time to papers published during the calendar 
year 1965. 


Announcements 


Pror. G. A. Oram, research scientist with the Eastern 
Research Laboratory of the Dow Chemical Company, has 
been appomted professor of chemistry and chairman of 
the department at Western Reserve Univermty. 


Ax international conference on “Elementary Particles” 
will be held in Oxford during September 19-25. Further 
information can be obtained from the Rutherford High 
Energy Laboratory, Chilton, Didoot, Berkshire. 


Tua autumn meeting of the Institute of Metals will be 
held in Grenoble during September 19-25. Further 
information can be obtained from the Secretary, Institute 
of Metals, 17 Belgrave Square, London, 8.W.1. 


A 8YMPOBIUM on “Electromagnetic Flow Measurement” 
will be held in the University of Warwick on September 
24. Further information can be obtained from the 
Administrative Officer, School of Engineering Science, 
University of Warwick, Coventry. 

A symposium on “Chemistry of Plant Pigmente”, 
organized by the Phytochemical Group, will be held at 
the University of Aberdeen during tember 23-24. 
Further information can be obtained from the A. H. 
Williams Research Station, Long Ashton, Bristol. 

An exhibition of modern methods and 
machines for the textile industry will be held at the 
Northern Ireland Linen Research Institute, Lisburn, 
during September 14-16. Further information can be 
obtained. m the Linen Research Institute, Lambeg, 
Lisburn, Co. Antrim. 

CommiGHNDUx. In the article entitled “Fundamental 
Equations i the Hit Probabilities associated 
with the Release of a Pattern or Group of Weapons using 
a Single Aimpoint” by Dr. E. R. Terry, which appeared 
on p. 1185 of the June 12, 1965, issue of Nature, equation 
(10), which reads "(Ej = ...", should read "f(E,n) = 

. 2’; moreover, equation (21) should read: 
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GAS CHROMATOGRAPHY 


i organized by the Gas Chroma- 

tography Discussion Group of the Institute of 
Petroleum was held on March 12, 1965, in the Edward 
Lumley. Hall of the Royal College of Surgeons, Lincoln’s 
Inn Fields, London, with Mr. D. H. Desty in the ohair. 
The symposium, which was preceded by the annual 
meeting of the group, opened with Dr. D. W. Hill formally 
welooming the visitors on behalf of the Royal College and 
describing some of the applications of gas chromatography 
in hie own fleld. : 

In the first paper, entitled ‘Temperature Control in 
Gas Chroma hy", presented by Dr. H. V. Carter 
(Perkin Elmer, Ltd.), the desirability of good temperature 
control was stressed particularly in the case of thermal 
conductivity detectors where a change in temperature as 
small as 0-001? C produces visible base-line shifte. In 
his discuasion on types of heating systems, Dr. Oarter 
stated that when the main consideration is negligible 
temperature gradient at low oost, Ms ad jaoket is 
moet suitable although it has the disadvantages that 
the temperature is affected by preesure (0-4? © mm-?) 
and a change in level is not conveniently made. When 
very tight ture control is essential direct electric 
heating using the column itself as the element is suitable 
particularly for temperature p ing because there 
is no time lag. Although this system is probably the best 
available, the user is restricted in his choice of column 
since ita resistance must lie between defined limits. 
Moreover, temperature gradients are difficult to control 
if the column has variable thickness, although this can be 
overcome by removing metal from the column or i 
the insulation where necessary. Proportional. on of 
and programmed systems were discussed and illustrated by 
reference to commercial instruments and this was followed 
by detailed evaluation of the air-bath. While 
control is diffoult and acceptably low-temperature gradi- 
ents are only obtainable with very high air velocities 
there is very little restriction to the dimensions of the oven 
and access to the column is generally very good. A 
method of caloulating gradienta was described 
and shown to give values slightly lower than those obtained 
in praotioe. Dr. Carter concluded his paper with a brief 
review of the methods used for sensing changes, and the 
merits of thermocouples, bimetal strips, thermistora and 
platinum resistance-thermometers were . Dis- 
cussion of this paper evolved mainly around geometry 
of systems and insulation problems, during which Dr. 
Carter discussed in some detail the propertice of tho 
platinum resistance thermometer and mention was made 
of the good oven control obtained by using a bimetallic 
strip a8 & transducer. 

The second paper, on ‘Errors in Integration in Gas 
Chromatography", by Mr. W. A. Wiseman of Gas Chroma- 
tography, Lid., was given in hia a&beenoe by Dr. A. B. 
Littlewood. Integration errors were divided into two 
classes, fundamental and instrumental. It was pointed 
out that the area (A) of a phic peak can be 
measured by integrating the signal (E) due to the detector 
with respect to time: 

B = ky + (k — kiy + ky’ (1) 

A= kd + (k — bye + k,f(dz/di)dz (2) 

where z is a measure of tho detector signal (for example, 
charge) and y = da/dé (for example, ourrent). 

The first and third terms of equation (2) are responsible 
for the sources of error in the method, the constant b, being 
responsible for those incurred due to incorrect setting of 
the base-line, and k, for those due to non-linearity of the 
detector control. The constant k, is a funotion of ajh, 
where a is the decrease in peak height À due to incorrect 


setting of the base-line: in order to obtain accurate resulta 
a[h must be only a few parte per thousand. Large errors, 
which increase with the width of the peak, are caused by 
& drifting baseline and together with the error caused by 
incorrect setting of the base-line represent the largest 
error found in integration. Errors due to non-linearity 
of the detector in with increasing peak height as- 
does the ratio of th) height to the area. If accurately 
roducible samples are injected into the system at 
ering output sensitivities using a mixture giving a 
number of different peak heights, the ratio of dissimilar 
peaks should be constant. Peaks showing up early in the 
analysis oocur at maximum rate at which impulses appear 
leadmg to an inherent, but small, error in the analysis. 

Dr. Littlewood then considered errors in instrumenta- 
tion. Integration is initiated by the appearance of a peak 
and this may be registered either when (1) the base-line 
exceeds a certain minimum, or (2) the slope exceeds a 
certain minimum; in both cases, however, a alight error 
is introduced at the beginning and end of & peak. In 
general, slope initiation is better than base-line initiation 
but difficulty is encountered when studying wide shallow 
peaks and a mechanism combining both modes of initia- 
tion was suggested as worthy of consideration. When 
integration is applied to partially resolved peaks mean- 
ingful results can only be obtained when there is a deep 
valley between them. In the ensuing discussion references 
were made to the importance of the right rate of counting, 
that results were calculated and not measured directly for 
non-linear integrators, that normalizing techniques should 
be used for accurate evaluation of results and that electronic 
integrators eliminate many of the errors mentioned. 

Mr. R. Gittins (W. G. Pye and Oo., Ltd.) introduced his 
paper on “The Evaluation of Performance of Flame- 
Ionization Detectors” by commenting on the value of 
the development work carried out by instrument manu- 
facturers. Because of the difficulties involved in ling 
very small masses the performance of high-sensitivity 
detectors had been studied using a vapour dilution vessel 
containing the sample under investigation dissolved in a 
non-volatile liquid (compare Fowlis, L A., and Soott, 
R. P. W., J. Ohromatog., 11, 1; 1968). Detector response 
was found to be independent of air flow above 400 ml. 
min-!:(below this value linearity occurs over a narrow 
range of concentration due to i lete combustion) 
and independent of applied voltage above 20 vol. (45 vol. 
used in practice). The hydrogen to carrier gas ratio was 
found to exhibit optimum values. . 

“Dual Channel Gas Chromatography" was the title of e 
paper presented by Mr. P. Jenkins (Wilkens Instrument and 
Research A.G.) in which, after a résumé of the useful com- 
binations of gas chromatography and other techniques was 
given, the complementary nature of the electron capture 
and flame-ionization detectora was described and illus- 
trated by examples obtained with an instrument incorpor- 
ating both. By splitting & oolumn effluent into two streams, 
one to feed each detector, simultaneous though different 
chromatograms could be obtained: thus a sample of butyl 
phenol gave one peak (butyl phenol) on the flame ioniza- 
tion trace and five other peaks (impurities) on the electron 
capture trace: a refinery stream gave propane and propene 
on the former and oxygen, carbonyl sulphide, carbon 
disulphide and carbon dioxide peaks on the latter. The 
electron capture detector is unpredictable in its response to 
chemical compounds and is probebly not linear although 
under standard conditions the ratio of peak heights flame 
ionization to electron capture may be used as an aid to 
identification. Problems of instrumentation and design 
were discussed with particular reference to the choice of 
voltage for the electron capture detector and considerable 
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interest was shown in the ability of the detector to respond 
to oxides of nitrogen. 

The final paper, “Abnormal Characteristics of the 
Ionization Cross-section Detector’, was presented by 
Mr. P. F. Washbrooke (The M.E.L. Equipment Co., 
Ltd.). After discussing brieffy the main characteristics 
and modes of operation of ionization detectors, Mr. 
Washbrooke reported fully on cross-section types and the 
behaviour with reference to (1) the selection of carrier 
gas, (2) flow rate of carrier gas, (3) temperature, (4) 
linearity of response, and (5) predictability of sensitivity. 
A micro cell had been constructed in which the electrode 
arrangement was a cascade system in which the tritium 
electrodes were off-set with-respect to each other m such 
a manner that the effective radiation surface area was 
increased with very little increase in cell volume. Hydro- 
gen and nitrogen had been found satisfactory as carrier 
gases: helium and n, although they could be used, 
responded more y to other ionization effects (for 
example, drift effects). Response variations-due to 
voltage changes had been considered and in particular it 
was found that unleas oxygen in nitrogen carrier gas was 
subjected to suitably high voltages it responded to an 
electron capture effect. Detector response was found to be 
dependent on the rate of mass input, independent of 
carrier gas flow rates between 10 and 100 ml. min-! and 
i ent of tem up to the safe working limit 
of tritium (200° O). The linearity of nse, which 
depends on energy losses in the primary radiation stages, 
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is lmear over many orders of magnitude for tritium as well 
as strontium-90 if the interelectrode path is small com- 
pared with that of a B-particle, and it is important to note 
that the detector can handle sample sizes conmderably 
larger than any other type. Predictable relations have 
been obtained between area responses per millimole 
and values calculated molecular cross-sections for 
n-paraffins, alcohols and monocarboxylic eaters, but large 
deviations occur for aromatic hydrocarbons, aliphatic 
ketones and halogenated hydrocarbons. When quoting 

the radiation source should be given, as differ- 
ences of up to 16 per cent are obtainable for cross-sections 
examined by different radiations. Changes in temperature 
may also affect the response characteristics. Mr. Waah- 
brooke concluded his presentation by stating that the 
cross-section ionization detector is ideal for on-stream 
monitoring in preparative-ecale gas chromatography 


when used with hydrogen or nitrogen carrier gas in order . 


to minimize electron drift effecta. The discussion was 
opened by Dr. H. Boer, who spoke of the anomalous 
behaviour of helium as carrier gas and mentioned his own 
version of a micro cross-section detector which had given 
excellent results for the detection of low boiling oam- 
pounds. The remainder of the discussion was concerned 
with the use of the detector in the analyais of town’s gas, 
the advantage of using argon as carrier when permanent 
gases were to be detected and the saturation of helium 
carrier gas with water to remove drift effects. 
D. R. BROWNING 


INTERNATIONAL ATOMIC ENERGY AGENCY 


A ita meeting in February, the Board of Governors 
of the International Atomio Energy Agency gave 
approval for the nearly one hundred projects of assistance 
by Agency experte and equipment in thirty-eight countries 
to be financed from Agency funds under the 1985 Pro- 
gramme. This is in addition to the work finanoed under 
the United Nations Expanded of Technical 
Assistance. The number of requests for experte and equip- 
ment continues to increase, largely because several member 
states have now set up research reactors and eeteblished 
laboratories under bilateral arrangements. For 1965 the 
estimated cost of the provision of experte and equipment 
from Agency resources is 874,000 dollars, of which about 
one-third is for equipment and supplies. The work covers 
a wide range; about thirty projecta deal with the pro- 
dustion of radioisotopes and their application in medicine, 
agriculture, hydrology, food preservation and industry, 
and the remainder are concerned with reactors, health 
and safety, instrumentation, special branches of chemistry 
and physics, and the prospecting and processing of raw 
materials. 


In Africa, the Congo is enlarging ite research reactor 
and laboratories to form a regional centre and the Agency 
is providing an expert on nuclear electronics and a radio- 
biologist. Ghana is completing the construction of an 
experimental reactor at ita nuclear research institute near 
Accre and "will be assisted by a reactor programme 


specialist and a nuclear phymoist. Moroooo's geological 
service is to be helped by the introduction of geochrono- 
logical methods, and Tunisia is to receive advice on aerial 

ing for nuclear raw materials. Bénegal, Rhodesia 
and the United Arab Republic are to be given help on 
the use of tadioisotopes. 

Equipment consisting of a pulsed neutron source and a 
pulsed neutron logio unit, together with assistance in 
reactor physics, are to be given to Argentine, and in Ohile 
a biophysicist will advise on the development of electron 
spin resonance end ite applications. Bolivia, Brazil, 
Mexico, Peru and Uruguay are also to receive expert 
assistance and advice. In Europe and the Near East, 
Afghanistan, Greece, Iran, Israel, Lebanon, Portugal, 
Turkey and Yugoslavia will all be visited by various 
nuclear scientists. In South-east Asia and the Far Hast, 
Burma will be sent standard works on nuclear physios 
and engineering ; Cambodia and Ceylon advice and equip- 
ment relating to the use of radioisotopes; the National 
University Hospital in Taiwan, China, advice on the use 
of its cobalt teletherapy unit; Thailand an entomologist 
and equipment to undertake the study of the use of 
radiation for the control of insect peste; and India, 
Pakistan, Hong Kong and Viet-Nam experte for agri- 
cultural and food preservation research and assistanoe m. 
teaching programmes. 

B. WHINTROUB 


THE AMERICAN OYSTER 


FE some forty years Dr. Paul Galteoff has served as 
shellfiah biologist with what is now the U.B. Fish and 
Wildlife Service. Of recent years, while holding the 

of senior scientist in that Service, he has been on 
the production of a oom ensive account of the American 
oyster, Ürassosirea virginica. He has had the initial benefit 


of the widest experience of both laboratory &nd field 
investigations, his work on reproduction in C. virginica is 
classical while, as he tells us, he has studied oysters and 
related bivalves off every coastal State in the United States, 
in the Hawaiian Islands, in the Gulf of Panama and-an 
Margarite Island, Venezuela. 
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The final result of his long experience and more recent 
intensive study of the litarature—one hopes to his own 
great satisfaction but most certainly to that of all who are 
interested in oysters in particular and in bivalves and 
indeed marine biology in general—has now been pub- 
lished *. ing an entire volume of the Fishery 

- Bulletin, it is almost 500 long with 400 text figures, 
a wealth of references an excellent index. 

The species of Crassostrea, which include the Portuguese 
and Japenese oysters, O. angulata and O. gigas, are the 
most important of all edible bivalves. O. virginica in 
particular has been the subject of extensive studies 
covering every aspect of anatomy, physiology and ecology. 
All this, with everything relevant concerning Ostrea eduli. 
and other species of ‘flat’ oysters, is here recounted. As 
Dr. Galtsoff states in hia preface, it is written for the 
benefit of ''biologiste, administrators of oyster resources 
of various States, public health officers, studente of marine 
biology and oyster growers", and thus he has been at 
great pains to “present the facts and discuss various 

theories in the simplest language”. In this aim he has 


* United States Department of the Interior. Fishery Bulle of the Fisk 
Opeter Orasscstres 


: virginica 
Gmelin, By PaulB. Galteoff. Pp. tl+480. (Washington, D.O.: Government 
Printing Office, 1964.) 2.75 dollars. 
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been highly successful. This is an eminently readable as 
well as an exceptionally well-illustrated work. 

The only criticism that strikes me in a book that has 
given me no. munt; pleástee 18 come personal Tertet thet 

. Galteoff has not apparently taken much note of 
recent work on the formation of the ligament—+the inner 
layer being derived from the mantle isthmus (referred to 
as the li ntel ridge), and the outer layer from the 
outer fold of the mantle margin at either end. Surprisingly, 
he is also unable to find any clear reason for the presence 
of the promyal chamber which is one of the generic 
differences between Orassosirea and Ostrea. But surely 
this is & necessary consequence of the elongation charac- 
teristic of the former which involve a ventral-ward move- 
ment of the adductor and so restricts the exhalant region. 
This is certainly the cage in the even more elongated 
Malleus, ly the only other bivalve with & promyal 
chamber nal, unpublished observation). 

This account of the American oyster represents a major 
addition to the literature on the marine Bivalvia and so to 
marine biology. It is hard to see how it could have been 
done better and it only remains to congratulate and thank 
Dr. Galteoff and all concerned with its production, not 
least the U.S. ent of the Interior which has given 
us so much for a mere 2.75 dollars. C. M. Yona 


ANALYSIS OF QUEUEING AND RENEWAL WITHIN HUMAN SYSTEMS 


By Pror, JOHN H. FRENSTER 
Rockefeller Institute, New York 


"TER analysis and integration of the diverse quanti- 
tative data of human physiology have been greatly 
facilitated by the recent development of such mathe- 
matical techniques as systems analysis'*, control theory"*, 
queueing theory*, and renewal theory’. Hach of these 
techniques focuses on the abstract mathematical forms 
rather than the concrete physical features of the system 
under examination’. The aim of such analysis is the 
identification of the dependent and independent variables 
within & particular system, the determination of the 
quantitative relations between these variables, and the 
discovery of how such relations themselves change and 
are controlled during health and disease, rest and activity, 
hypertrophy and atrophy within individual patients. 
For the purpose of analysis, a system may be defined 
as an integrated assembly of componenta which, by their 
interaction, effect some characteristic change on a sub- 
strate presented to them*. Implicit in this definition is 
the concept of a substrate flow of matter, energy or 
information first being presented to the system as an 
input load, then undergoing some characteristic trans- 
formation within the system, and finally emerging from 
the system as an output. Because of the flow or traffic 
characteristics of such substrates, they are recognized as 
, and the effecting their transforms- 
tion as ughput systems’. Most, if not all, of the human 
systems of medical interest have been shown to be examples 
of throughput systems’, each with ita own specific type 
of throughput unite and with ite own characteristic trans- 
formation of such unite’. Š 
In the identification of the variables within such human 
ut systems, three general categories of indepen- 
dent variables have been recognized’. These are the input 
load of throughput unite presented to the system for 
transformation, the available capacity of the system to 
effect transformation of these unita, and the resistance 
opposing the exit of the transformed units from the 
system. By contrast, the output rate of transformed 
unite from the system is a dependent variable, being 
determined by the interaction of the input load, the 


system capacity, and the resistance to output from the 
T 


Under pathological circumstances tho system capacity 
may decrease or the input load or the reeistanoe to output 
may increase”, so that the rate of arrival of throughput 
units into the system will exceed the rate of departure 
of transformed unite from the system. In such a situation, 
the capacity of the system may become saturated ‘and 
limiting, and waiting lines or pools of arriving throughput 
unite may accumulate before the active service channels 
of the system (Fig. 1). This congested state of the system 
can be conveniently analysed by a deterministic form of 
queueing theory*'. 

The length in unite (L) of the waiting line formed in 
the buffer storage area of such a congested system is the 
sum of the initial waiting line-length (L4) and the integral 
of the difference in the rates of arrival (4) and departure 
(D) of throughput unite from the system during the time- 
interval being examined. ; 

L œ L, + f (4-D) di 
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Within most human systems, a waiting line of some finite 
length existe in the normal state’. The presence of such 
a normal waiting line permite the smooth continuous flow 
of throughput unite that 18 characteristic of these : 
In pathological circumstances, in which either system 
capacity is reduced or system input load or resistance to 
output is inoreased*:!^, the length of the waiting line 
increases to exceed some value (Ipetn) that is characteristic 
for each system, and which has been recognized statistio- 
ally as a boundary value’ correlating clinically with the 
transition from latent disease to overt disease*. Individual 
systems in which the length of the waiting line exceeds 
the value of Ly under basal conditions are recognized 
as being in & state of overt failure’. Conversely, systems 
in which the length of the waiting line under basal con- 
ditions is lees than the value of Lj, are Tecognized as 
being either in a state of health or in a state of latent 
failure’. The olinical use of load-tolerance testa" has 
been useful ın distanguishing and quantitating these states 
in the health—disease continuum’. 

Tf under basal conditions a test input load is adminis- 
tered to a particular system at & rate (Atest) which is just 
sufficient to lengthen the existing waiting line length (L) 
to the known boundary value (Zpatn), and if Digg, be the 
additional system output resulting from such a teat load 
beyond that of the existing system output D, then: 


AL = Inatn — L = J(Atost — Dteat) di 


where the magnitude of the test administration rate 
(Ait) i8 & quantitative measure of the load-toleranoe of 
the system at the existing levels of system capacity, input 
load, and resistance to output’. Such load-toleranoe of a 
human throughput system is a dependent variable 
determined by the degree to which the available system 
capacity is in exoeas of that needed at the existing basal 
levels of input load and resistance to output*. In latent 
disease, the load-tolerance of the affected system. is lese 
than in the normal state, while in overt disease load- 
tolerance is reduced to zero and usually assumes a negative 
value’. A state of health within a particular syatem is 
thus characterized by a high load-tolerance within that 
system, and by measuring ite load-toleranoe, the magni- 
tade of health or disease of a throughput system may be 
quantitatively determined’. 

The capacity of a human throughput system is usually 
not constant, but rather is variable and responsive to the 
demands placed on the #19. Thus, pathological 
increases in the length of the system waiting line or 
decreases in the rate of system output often result in 
adaptive increases in the capacity of the syBtem!*. These 
throughput system changes are mediated by super- 
imposed control systems which continuously sample the 
throughput system waiting lines and output rates’, as 
well as communicate changes in other distent systems. 
Adaptive increases in system capacity are achieved by 
either an acceleration, an activation, or a hypertrophy of 
existing service capacity’. In the context of queueing 


NATURE 


September ll, 1965 von 207 


theory*:’, acceleration involves a decreased service time 
needed to effect a unit transformation within a service 
channol; activation involves & conversion of existing idle 
service channels to the active state; and hypertrophy 
involves a net increase in the total number of existing 
service channels (Fig. 1). 

The service channels of nearly all human throughput 
systems are being constantly formed and broken down in 
an orderly turnover that can be conveniently analysed 
by renewal theory’. Hypertrophy of system capucity 
could be achieved during such channel turnover by either 
an increased rate of new channel formation or by a 
decreased rate of old channel breakdown. It is now 
evident that either or both of these renewal mechanisms 
are used by diverse human throughput systems in the 
adaptive hypertrophy of their system capacity. The 
net increase (AN) in the number of service channels in 
such a hypertrophy response is a dependent variable 
determined by the rate of new channel formation (F) and 
the rate of old channel breakdown (8) within the system 
during the time-interval being examined: 


AN = f (F—B) dt 


Conversely, when system waiting lines decrease or when 
system output rates increase for a sustained period, these 
renewal mechaniams effect a corresponding atrophy of the 
system capacity, with AN assuming negative values, the 
effect of such adaptive atrophy being to restore the balance 
between system capacity and the reduced demand placed 
on the system’. 

Such adaptive changes within human throughput 
systems play decisive part during the onset, course and 
therapy of many disease &batogt1*, A itative analysis. 
of the queueing and renewal mechanisms which underlie 
these adaptive changes eerie both greater insight/* 
and more effective control! of these pathological states. 

I thank Prof. Mark Kao and (the late) Prof. Norbert 
Wiener for their kind encouragement, and Dr. William R. 
Best for his advice. 
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GAS CLOUDS IN DENSE STAR CLUSTERS: A POSSIBLE 
QUASAR MODEL 


By Da A. G. W. CAMERON 
Institute for Space Studles, Goddard Spece Flight Center, National Aeronautics and Space Adminlstratlon, New York 


N order to account for the large energy input required 

by intense.extragalactic radio sources, I suggested 
that the collective formation of a cluster of more massive 
stare would result in numerous I supernova explo- 
sions 1n & limited period of time. Following the discovery 


of light flashes? in the light curve of the quasar 30 278, 
S. A. Colgate and I adapted this picture also for quasars’, 
and proposed that the flashes resulted from the enhance- 
ment of the light output of the Type II supernovae when 
their ejected envelopes interacted with circumstellar gas 
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of density about 10-1* g/cm*. Greenstein and Schmidt* 
then published ther analysis of the emission lines from 
30 48 and 30 273, from which they concluded that 
3C 273 was a gas cloud of density ~ 10-1" g/am? and 
dimensions ~l parseo which was held in place by a large 


»- unseen mass. It is the purpose of the present article to 


discuss more extensively the properties of such gas clouds 
in dense clusters of stars, and to see if the observed proper- 
ties of quasars are compatible with them. The convention 
will be adopted that all the visible quasi-stellar objects’ 
will be called quasars, and the intense radio-emitting 
objects will be called radio en a 

Greenstein and Schmidt‘ have presented arguments 
based on line to show that the electron tempera- 
ture in 30 48 and 30 278 cannot be too large; their caloula- 
tions were carried out with the assumption 7’, = 1-68 x 
104 °K. Oke* has given reasons for preferring a tempera- 
ture about ten times as high as this; but he states that the 
lower temperature is not ruled out if much of the optical 
continuum emission is due to synchrotron radiation. In 
this discussion I shall follow the analysis of Greenstein 
and Schmidt with their lower tem assumption. 

The emission lines in 80 48 and 30 278 are very wide. 
If this is interpreted as resulting from a highly turbulent 
state of the gas, then the ‘pies turbulent velocities in 
the two sources are 2,000 and 3,000 km/sec respectively. 
Consequently the turbulent motions are highly supersonic. 
Therefore shook phenomena must be widespread through- 
out the gas clouds and one would expect large fluctuations 
in the temperature. The single temperature assumption 
of Greenstein and Schmidt should therefore be regarded as 
giving resulta that can only be qualitatively correct. 

It will be a orude but useful approximation to calculate 
the structure of a gas cloud with the assumption that it is 
in hydrostatic equilibrium in the gravitational potential 
well of & star cluster, but with the pressure being the 
turbulent pressure. I shall go further and assume that 
the turbulent motions scramble the lines of force of any 
initial magnetic fleld and build up the fleld strengths 
until there is approximate equipartition of energy between 
gas turbulence and turbulent magnetic flelds. - Then: 

1 ee B* 

Bere 8x 
where p is the gas density and v, is & typical turbulent 
velocity. The effective pressure is then taken to be: 


1 B’ 
P œ- 24 — 
~ zpos t 84 


= à e v? 
The equations of hydrostatic equilibrium are: 
dP gL GM (r)p 
d^ n 


dM(r). 
=a 4rr"p, 


Here p is the gas density and p, is the matter density in 
stars, taken to be much greater than the gas density. I 
shall assume that the matter density in stars can be 
approximated near the centre of the cluster as uniform, 
independent of r. Therefore: 


M(r) = nen 
p = pe exp (— w 
a m Erpe 
bv! 


Here ps is the gas density at the centre of the cloud. The 
total mass of the gas cloud is: 


M, = (x[a)! "e, 
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The denaitiee and dimensions of the gas cloud models 
for 30 48 and 80 278 can now be determined from the 
line emission strengths discussed by Greenstein and 
Schmidt‘. In their approximations the volume emissivity 
of the Hf line is: 


(HB) = 3-0 x 10-**N,! ergs/om* seo 


Here N, is the electron number density which I may 
write: 
N, = Napl 


where N, is Avogadro’s number and u is the mean mole- 
cular weight per electron (which I take to be 4/3). The 
total luminosity of HB is then: 


I(HB) = 1-09 x 10 ene 


Similarly, for N. > 104 am-*, the emissivity of the 
forbidden lines of O II is: 


P(O XI) = 3-42 x 10N, 
and the total luminosity ia: 
‘a 
LOI) = 2 103 e ( 7 
(0I) = 2-06 x 10 (3) 


The forbidden lines of O III yield similar relations: 
E (O III) = 2-16 x 10-:*N, 


L(O III) = 1-80 x 10° FER 


Greenstein and Schmidt modified these expressions to 
match relative line strengths in planetary nebulae. How- 
ever, it is evident that the excitation conditions are quite 
unlike those encountered in planetary nebulae, so the 
modifications of Greenstein and Schmidt have not been 
used here. 

For 30 278, L(HB) = 8-8 x 10“ ergs/sec and L(O III) = 
8-1 x 10" ergs/sec. From these one obtains the formal 
solution: 

po ™ 1-28 x 10-!* g/om* 
a = 8-69 x 10-95 om 


Thus in this solution the gas densities come out signifi- 
cantly higher than in the consideration of Greenstein and 
Schmidt, and the range of densities is quite consistent 
with that required for the enhancement of light flashee*. 
The characteristic radial distance in the gas cloud is: 


alit a 1-65 x 1017 em 


This distance is about 0-05 parsece. 
The turbulent magnetic fleld in 3C 278 is given by: 


B < (trpe)! v, = 38 gause 


This magnetic field will stiffen the gas very much i 
supersonic oompression. Co ently the possibility 
existe that the gas cloud can un & radial vibration 
through the medium of this magnetio fleld. The charac- 
teristio period + of this vitration would be roughly the 
characteristic radial distance divided by the Alfvén 
velocity. The Alfvén velocity is: 


v4 = B/(4rp)! ev v: 


Hence « ~ «-!3/o, = 17 years. This value of the period 
is remarkably close to the observed period’ of 13 years 
for the general variability of the light curve. 

However, it is not sufficient that there should be radial 
vibration in order to produce a variation in optical emis- 
sion. The cloud is transparent at optical wavelengths 
and the recombination times are orders of magnitude less 
than the vibration period. Consequently the heating 
mechanism should also depend on the density of the gas. 
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The total mass M, of the gas cloud is 1-6 x 10* Mo. 
The stellar density is: 


ps = Davina = 2 x 1071 g/om* 
= 2:9 x 103 Mo ,ps* 


This is an exceptionally high density of stars. We do not 
know the total mass of stars, but if the foregoing density 
extends out to 0-1 parsec, twice the characteristic radial 
distance, then a star cluster of 10*-10* Mo would be 
involved. Many people would prefer to call an isolated 
star cluster of this mase & small galaxy. 

For 30 48, L(H8) = 6-4 x 10** ergz/seo and L(O I1) = 
8.8 x 10 ergs/seo. The formal solution of the equations 
then gives: 


pe = 1:88 x 10-1 g/om? 
a m 2-80 x 10>! om" 
«-1/3 = 6-5 x 101* am œ 2 pareeca 
B < 0:88 gause : 
M, = L08 x 10* Mo ' 
fe = 5-6 x 10-15 g/om? = 8-3 x 10° Mo/pe? 


In this case the star density is more normal, but there 
are already 3 x 10° Mo within the characteristic radial 
distance and 2 x 10!* Mo within twice that distance. 
Consequently there is definitely a mass of galactic order 
associated with the gas cloud in 80 48. 

We now consider sources of energy for heating these gas 
clouds. Such energy must be available in a form which 
continually imparte supersonic velocities to the quasar 
gas. Three possible energy sources may be considered: 
(1) supernova explosions; (2) stellar collisions; (3) inter- 
action between stara and gas. 

Supernova explosions of Type II eject envelopes con- 
taining several solar masses and 104-10 ergs of kinetic 
energy’*. These envelopes will impart vs ires motions 
to the gas with which they interact. e characteristic 
interaction time will be ~ 10* years for 30 48. The rate 
of occurrence of supernovas depends on the masse distribu- 
tion of the stars and whether or not they were formed 
concurrently. With a collective stellar formation process 
there will be a period of 10* or 10’ years in which there 
may be several supernova explosions per year in a Cluster 
with 10° Mo and & reasonable mass distribution. This 
would give an energy input of 10*—10*' erga/seo, which is 
in the quasar range of energy emission. 

Ser ha ae eee 
gested by Gold, Axford and Ray’. For simplicity con- 
sider that all stars in the cluster of radius E have the same 
mass M, and radius R.. Then the number of collisions 
per sec is: 


Here v, is the typical stellar velocity, which I take also 
to be a typical relative collision velocity. From the virial 
theorem I find: 


v = E 


20x 
sn RRs 
N = 6-4 x 104 


For purposes of illustration let us take M, = 2 x 10**g 
and R, = 10! am, corresponding to 10 Mo stars. 
For $0 278 we also take R = 8 x 10!* cm. Hence N = 
2.8 x 10- seo-!. However, only about 10-* of these 
ColiMans take piace ee pia, The stellar 
velocity is 1-8 x 10* amj/seo (E was chosen sufficiently 
large that v, would be significantly greater than the turbu- 
lent velocities of 3 x 10* cm/sec). This velocity is super- 
sonio with respect to the interior stellar thermal velocities, 
but most collisions will be non-central. Thus & few per 
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cent of stellar kinetic energies may be ejected as gas in 
each collision. Hence, within the quasar gas there is 
likely to be an energy input of 10**-10*' ergs/seo. How- 
ever, if B = 8 x 10°’ cm, the collision rate and stellar 
velocities each drop & factor 10 in the quasar gas, so that 
the energy input would drop by a factor 107. Collisions 
would then supply only a small part of the energy output 
of 80 2778. 

It is evident that collisions will not be important in 
30 48. 

From the foregoing illustration it is evident that the 
stars will pass with supersonic motion through the gas. 
Hence, as in the case of the Earth in the solar wind, bow 
shocks will stand off in front of the stars. For simplicity 
we may make the rough estimate that the gas will be 
accelerated to the stellar velocity out to about two stellar 
radii, and the gas within one stellar radius will be aocumu- 
lated by the star. The energy given to the gas per second 
per star is then: 


: xpi, 


In 30 278, with R = 3 x 10! cm, this imparte to the gas 
about 10?" ergs/sec per star, or about 3 x l10** ergs/sec in 
the quasar gas. The energy mput to 30 48 would be 
considerably lees. While this mechanism seems unlikely 
to be providing the energy input for these radio quasars, 
it might readily suffice for ordinary quasars which pro- 
bebly have somewhat smaller total luminosities. 

While the two quasar models discussed here are trans- 
parent in the optical region, they are opaque to free—free 
absorption in the radio region. Hence, the flat radio 
emission spectrum must be emitted from outside the 
quasar gas region. However, Dent!* has found that the 
8,000 Mo/s flux from $C 273B is variable and must be 
emitted from & region of only a few parsecs dimension. 
Hoyle and Burbidge!! have discussed a synchrotron 
emission model in which this is possible; their magnetic 
fields and particle energy distributions are consistent 
with the model of the 30 278 gas discussed here. 

Sandage’ has noted that ordinary quasars are much 
more abundant than radio quasars and may be somewhat 
leas luminous. If we assume that the radio quasars are 

by supernova explosions, then this situation cap 
understood in terms of the preceding energy discussion. 
In this picture energetic particles are created in the super- 
nove explosions and provide radio emission in the mag- 
netic fleld system surrounding the quasar. But after 
supernova activity diee out, star-gas interactions will 
continue to power the denser quasars for optical emission. 
The leae-dense quasars would become very dim but would 
brighten when & supernova explodes. This may have 
happened in 80 2 (ref. 12). However, on this picture the 
total optical emission lifetime of denser quasara may be 
considerably longer than has been n 

As Oke* has noted, much of the optical continuum 
radiation from 80 273 may be synchrotron emission. 
This would lend support to the idea that it is mainly 
powered by supernova explosions, At the same time, 
variations in the light output would accompany radial 
oscillations owing to the variation in magnetic field 
strengths. 


1 Cameron, A. G. W., Nature, 194, 063 (1062) 

3 Smith, Harlan J., and Hoffleit, D , Wature, 196, 650 (1063). 

3 Colgate, 8. A., and Cameron, A. G. W., Nature, 809, 870 (10638) 
* Greenstein, J. L., and Schmidt, ML, Astrophys J.,140, 1 (1064) 
! Bandago, À., Astrophys. J.,141, 1560 (1065). 

' Oke, J. B., Astrophgs. J., 141, 6 (1065). 


1 te, B. å., W. HL, and White, R. H., J. Phys. Sec., Japan, 
19, supp. À-LII, 157 (1083). 
1 Arnett, W. D., theats, Yale Untv. (1085). 


* Gold, T., Axford, W. L, and Ray, H. O., in 
tional Collages, edit. Robinson, L, 
(Unir. Chicago Press, 196 

1¢ Dent, W. A., Solemos, 148, 1458 (1905). 

u Hoyle, F., and Burbidge, G. B. (to be published). 

1 Sandage, A., paper, Austin Conf. on Relattvistio Astrophysics (Dec. 1064). 


Sources Grenia- 
A., and Behnoking, H. L. 


co 


No. 5002 September L, 1965 


NATURE 


1143 


GEOLOGICAL HISTORY OF THE SLIEVE GAMPH MOUNTAINS, 
WESTERN IRELAND 


By Dr. A. E. CURRALL and W. E. G. TAYLOR 
Department of Geology, University of Sheffield 


ORK now in progress into the structural and 
mnetamorphio history of the southern or Slieve 


Gamph part of the Ox Mountains in Counties Sligo and . 


Mayo has yielded important information bearmg on the 
Caledonidea of Ireland. This article contains a pre- 
limmary account of these results which help to present & 
more complete picture of the structural and metamorphic 
phases operative during the Caledonian orogeny. 

The area under discussion lies between Lough Easky 
to the north-east and Pontoon at the southern end of 
Lough Conn to the south-west. The early work of R. G. 
Symes? showed. the presence of a central body of granitic 
gneiss extending along the length of Slieve Gamph aa far 
as Lough Talt and bounded on the north-west and south- 
east sides by metamorphosed sediments. In the Pontoon 
area Symes recognized that while the normal granite waa 
greyish there was a distinot pink to red coloration which 
could be correlated with faultmg. M’Henry? 
recognized & succession of quartzite, con- 
glomerate, limestone, shales or schists and 
pebbly grits. The pebbly grits he oorre- 
lated with beds of aimi lithology 10 
miles to the weet at Westport. He further 
recognized that the granitic core of Slieve 
Gamph had invaded an earlier basio intru- 
sion and had itself been affected by ''in- 
tense Earth stresses which resulted in a 
milling out, shearing and banding of all 
three varieties of rock”. The age of injec- 
tion of the granitic material was 
as early Devonian on the basis that the 
metamorphosed sediments were Ordovician 
or early Silurian in age. M'Henry's contri- 
bution to the knowledge of Caledonide 
geology is important in that he was one 
of the first workers to recognize that its 
metamorphic history was polyphase. 

Regional setting. A typical Upper 
Delradian sequence has been thrust over 
both the Slieve Gamph pluton and ite 
mete-sedimentary Snape from the north- 
west, in a series of thrust slices (Conloon 
and Sheeans Thrusts) separated by a 
marked imbricate zone. Between the Con- 
loon Thrust and the Sole Thrust a further 
imbrioate zone involves the Slieve Gamph 
pluton and its envelope. The dating of 
these thrust movements as post-F, and 
pre-F, is based on the divergence and lack 
of correlation of F, and F, structures 
between the thrust slices and the fact that 
F, structures may be traced directly 
across the whole aree without any breaks 
at the thrust planes. 

Coarse current bedded sandstones, con- 
glomerates and green silts which in part 
can be shown to be thrust over the Dal- 
radian at the south-west end may on the 
basis of somewhat poorly preserved spore 
material be in part Middle Old Red Sand- 
stone’.  Visean Carboniferous sediments 
overstep on to all these older rocks and at 
some have probably covered the 
whole of the Ox Mountains’. 

Sequence of events $n the Slieve Gamph 
igneous complex and tts envelope. Four 


7) 





distinct lithological types are found within the complex 
(Fig. 1): 

(a) Trondjhemite (D). 

(b) Porphyritic grenodiorite (G,). 

(c) Biotite &damellite (G,). 

(d) Micrographio granite veins (G). 

Sharp contacts have been observed between D and G,, 
G, and G,, and also between veins of fine-gramed G, and 
G- M conu: Deraan Pa aad G: Dos nint Donn imna due 
to poor exposures in the critical localities. A smadl boss o 
G, is some 5 miles to the north-east of Lough Talt 
at Lough Eaaky and it is considered probable that the 
exposed areas of G, represent part of a larger igneous body 
at d 

The followmg structural and metamorphic sequence of 
events has been deduced. 


OLD RED sanveTona [ .j 
Fig. 1. Geological map of the Central and South-west parts of the Ox Mountains, Oo. Mayo, Hire 
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(1) Deposition of the sedimenta of the envelope, 
probebly Datradian. 

(2) Intrusion of & suite of basic mils and dykes. 

(8) F, movemenis. Folding occurred. on & large re- 
cumbent scale and was associated with sliding which is 
well exposed to the south-west of Lough Talt. In this area 
part of the overturned limb of a large recumbent fold 
trending east—weet and probably closing towards the north 
is present. Biotite appears to be the only new mineral 
develo during this phase. 

(4) then followed & period of static metamorphism 
in which garnet was developed which often shows trails of 
the F, fabric. Felspathization occurred with the develop- 
ment of oligoclase and local mi ization. 

(5) F, movements. The F, folds are tight with a steep 
axial plane trending between 040° and 070°. A strong 
penetrative axial planar foliation due to the growth of 
muscovite and a prominent lmeation is developed. The 
F, tectonic alides of the Lough Talt area were folded. The 
post- 7, statio growth of garnet was continued during this 
phase with the development of synkinematio overgrowths 
on the earlier crystals. At some stage of the deformation 
aplite and pegmatite veins were intruded. It has not been 
possible to ascertain their exact time position. 

(6) The F, folding was followed by a second period of 
statio metamorphism during which the moet promment 
minerals formed were staurolite, garnet and tourmaline. 

(T) Intrusive phase. This phase in the history of this 
area started with emplacement of a trondjhemite (D) and 
the main parte of which now exposed lie north-east of 
Foxford. The evidence leading to this position is twofold: 
firatly the trondjhemite may be seen to cross-cut the P, 
folds, and secondly both the trondjhemite and the 
granodiorite (@,) are in places affected by all subsequent 
movement phases. The emplacement of (D) was followed 
fairly closely by that of the main mass of granodiorite (G). 

(8) Subsequent plastio deformation of D and G, pro- 
duced a shear foliation (trending 050°) and a lmeetion. 
It is considered that these structures are associated with 
the intrusion of the Adamellite (G,) and that the whole 
intrusive complex and the envelope moved upwards as one 
plastic unit, but that the igneous rocks were in the more 
plastic condition. Evidence of this movement is to be found 
particularly on the southern side where P, fold limbs are 
often partially sheared. There is also an extensive develop- 
ment of ‘pull-apart’ structures and pseudo boudins (Fig. 2). 

Contact metamorphism of the envelope by G, and Ga. Itis 
difficult to separate the contact effects of either the G, or 
G, igneous phases from the slightly earlier stetio regional 
metamorphism. The extent of the sureole is generally 
about & quarter of & mile from the contact but widens 
towards the south-west where a series of large G, veins 
invade the country rock of the envelope. To the north 
the contact rone is cut out because of later (F,) faulting. 
Within the zone biotiteis replaced by fibrolite, and staurolite 
is altered to a micaceous mass which in places has gone to 
fibrolite and iron ore. The biotite of the country rocks 
also becomes increasingly foxy-brown im colour towards 
the contact, and flakes of muscovite have grown at random 
across the early schistosity. Near Foxford and around 
Pontoon a series of pink microcline pods are found in the 
metasedimentary enclaves and the nearby G,—this is 
thought to be due to a late stago potaah metasomatiam 
connected with the igaeous intrusion end predating the 
late plastic movements. 

(9) F, movements. The F, folds occur as a series of kink 
bands and close, often tight, folds trending between 000° 
and 050°, with a strain slip cleavage. There was little new 
mineral development at this stage spart from & phase of 
leds id: metamorphism affecting garnet and tourma- 
line, both of which have been altered to chlorite. Meso- 
crenulations corresponding to F, can be traced right acrosa 
the igneous complex. 

The probable culmination of the F, movements was 
large-scale major thrusting from 6 north-westerly direc- 
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Quartz Vein 
L] Psammite 


Fig. 2. 'Pull-apart' structures 
the variations of lithology 

constancy of angio of the sarface of disruption 
tion, which brought the typical upper Dalradian sequences 
of the Croaghmoyle Hills (south-west Ox Mountains) into 
their present position’. It was & deep-seated movement 
bringing up serpentine along parte of the thrust planes, 
particularly just north of Castlebar. 

(10) F, movemenis. The F, folds are represented as & 
series of small kink bands and crenulations which trend 
between 140° and 160°. The style of foldmg varies from 
open to close and in places the intersection of S; and S, (that 
is, the axial surfaces of the P, and F, folds) have produced 
meso-scale conjugate folds with a gentle plunge towards the 
north-east. On the larger scale the strike of the F, folds 
are rotated through approximately 20° (that is, 050°-070°) 
in the Lough Talt area, and very open folds are found. 

(11) A minor phase conasting of an emplacement of a 
series of pegmatites and aplites. 

(12) F, movements. The F, folds are a poorly developed 
series of kink folds trending roughly north-south with a 
vertical plunge. 

(18) P, movements. These late movements consist of 
an earlier thrust fault followed by north-east to south-west 
trending faults (? normal) which have displaced the out- 
crop of the igneous complex. Small drag folds are seeo- 
ciated with both sete of faulte. It is probeble that the 
movement history of theee faults was extremely long and 
complex, particularly in the case of the Lough Conn 
Fault which separates Old Red Sandstone and mesta- 
morphic rocks on the south side from Carboniferous on the 
north side. They were probably initiated in Devonian 
times and extended well into Carboniferous tmmes—when 
they had & pronounced effect on sedimentation. For 
example, in Glen Hest and Glen Nephi immediately to 
the north-west of the Lough Conn Fault at least 1,500- 
2,000 ft. of Carboniferous conglomerates and sandstones 
occur against the fault. Four miles to the north-west on 
the other side of the glens the maximum thickness restmg 
unconformably on the Dalradian of Nephin is 100—150 ft., 
while on the southern margin of the metamorphic srea 
less than 50 ft. are to be found near Castlebar. 


1 Symes, R. G., Mom Geol, Surv. Ireland (1879). 

? Symes, E. G., Mem. Geol, Furo. Ireland (1881). 

* M'Henry, å., Proc. Roy. Irish Acad , M B, 371 (1903). 

4 Ourrall, A. IL, Proc. Hoy. Irish Acad., 63 B, 131 (1903). 
Proe. Yorks. Geot, Seo., 81, 117 (1968). 
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LOWER CRETACEOUS FLUVIATITES IN THE LEVANT 


By Dr. IAAKOV KARCZ 
Geological Survey of israel, Jerusalem 


T occurrence of a clastic series, varying in thickness, 
at the base of the Lower Cretaceous succession in the 
Levant has been known for a long time. These pre- 
dominantly sandy strata, unconformably overlying the 
Jurassic and i even older formations, extend 
from Sir in northern Lebanon! southwards, through 
Terael'-1* and Jordan!!-4, to Sinai and Egypt. 

In Israel the Lower Cretaceous formations out in 
many localities, nearly always along the cares of folds end 
along tilted-block structures. In the south the entire 
section is exposed and consiste mainly of yariegated 
sandstones of the so-called ‘Nubian facies’. In central 
and northern Israel, it is mainly the upper of the 
Lower Cretaceous, ai y, which is 
exposed. The lower, Nubian facies sandy series appear 
here at two localities only, Rami and Qiryat Shemona 
(Galilee). 

The distribution of the Lower Cretaceous strate reported 
from Jordan (op. ou.) follows a very similar pattern. In 
the Lebanon and Anti-Lebanon mountains of Lebanon 
and Syria, where the intensity of folding is greater than 
in Israel and Jordan, the Lower Cretaceous is fully exposed 
in many areas. The stratigraphical section is very similar 
to that exposed in north of Israel and Jordan and consiste 
of an upper, calcareous and marly part (Albian—Aptian) 
and a lower sandy group, the so-called ‘Grés de base’ (op. 
ott.) (Neooomian ?). Some of the previous investigators 
assumed that the Gróe de base formed in an estuarine 
environment, while many others believed them to be of 

The examination of the sedimentary structures exposed 
within the sandstone quarries of Qiryat Shemona indicated 
that the Lower Cretaceous clastios were deposited in 
shallow water, probably leas than 10 m deep, stirred by 
currents flowing to the north-north-west. 

The strata are heavily crose-bedded (60-90 per cent). 
The sete are nearly always plane parallel or sub-parallel and 
are grouped in thick ooeete (Fig. 1). The basal surfaces 
show slight erosional irregularities. The sets vary in 
thickness from 8 to 50 om. The inclination of the layers is 
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Fig. 2. Distribution of the Lower Cretaceous sandstones In the Levant 
(Karcz, Golani, 1964) 


moderate to strong. After the removal of tectonic tilt 
(usually between 10° and 20°), about 50 per cent of the 
cross-sete show dips exceeding 20° and approximately 
10 per cent show dips exceeding 30°. 

Though in most cases the crose-bedding is tabular, some 
trough-sets are occasi: encountered. These sets are 
inclined to each other (15°—20°); the layers are strongly 
concave and approach the spoon shape. The contacte are 
strongly erosive. : i 

The crose-bedding is accompanied by numerous occur- 
rences of ripple-drift and graded . The ripples are 
1-2 om high, with ripple index of 8-5-9-5. are 
notably asymmetric to the north (index 1-6—-2-1). In places 
& gradual transition from the ripple-drift régime to of 
crose-bedding may be o The occasional rather 
i lenses and bands of shale with plant remains 
result either from fluctuations in flow velocity or result 
from sediment-transport lag. 

The current deii indicated by the re-tilted 
cross-bedding dipe and by the ripple-drift point north- 
north-westwards (Fig. 1). Twenty per cent of the current- 
azimuths point between 320? and 340°, 20 per cent be- 
tween 840° and 000°, and a further 30 per cent point 
between 000° and 020°. 

The Qiryat Shemona and Rami exposures represent but 
& very amall fraction of the Lower Cretaceous outcrops in 
the northern Levant, but, since no other detailed litho- 
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structural information from the adjoining countries has 
ever been published, I feel that a brief discussion of the 
possible palaeogeogrephioel significance of the results 
is justified. 

Fig. 2 shows the thicknesses of the Gré de base oom- 
piled from various sources. Though the information is 
incomplete and the stratigraphic correlations postulated 
by the various investigators are often tentative and 
somewhat ambiguous, yet the data are sufficient to 
present a general picture of the distribution of sands. 

y with the strike-slip theory of the Jordan 
Rift origin!’ all the pointe on the map, located east of 
the rift, were shifted 70—75 km southwards and then 
isopachs were drawn. 
ig. 2 suggests that we are dealing with a channel or 
river-like elongated area of sand deposition with a north- 
north-west direction of transport. The Beyrouth area, 
where the amount of sand is the highest, may represent an 
area closer to the river-mouth. It may also, however, 
represent an accumulation of sand close to a river-bend or 
close to & junction of two or more streams. 

It is highty probable that, in the Beyrouth area, the 

north-north-west-oriented palaeocurrent gives 
lace to a more westwardly oriented one. North of 
yrouth the currente probably flowed to the south and 
south-west. 

The Lower Cretaceous sandstones of central and 
southern Israel and Jordan are believed to belong to a 
different aree of sand deposition. 

It should be streesed that the picture presented in the 
maps of Fig. 2 may be misleading: 

(a) The Lower Cretaceous clastice overlie unoonform- 
ably the older strata. - 
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(b) The absence of sand north of Tripoli, where the 
Aptian marls and limestones overlie the Jurassic, may be 
due to truncation or sedimentation-break, as opposed to 
the thinning out of the sands on the south and west, 
where they are replaced by shale, volcanics and limestones. 

(c) A faulting phase is known to have occurred in the 
late Jurassic times. It is possible, therefore, that the 
sandstones were laid on a pre-existing block relief. 

However, it should be obvious that the palaeogeo- 
graphical picture suggested here is intended only as a 
temporary working hypothesis. 

It is hoped that this hypothesis will be checked and 
re-examined by geologists working in Lebanon and Syria, 
whose reeulte, when published, will make further cor- 
relations possible. 

1 Dubertret, L., Ree. Geog. Phys Geol. Dyn , 6, 267 (19083). 

1 Dubertzei, L., Caris Geologures de Liban (Tripoh, 1040). 

* Dübertret, L., Certs Geologique du Taban (Beyrouth, 1064). 

* Heybroek, F., Leidsche Geol. Med., 19, 251 (1042). 

* Renouard, G., Bull, A A.P.G., 89, 2125 (1965). 

* Zumoffen, J., Geologiís dw Liban (Paris, 190). 
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* Picard, L., Bull. Dept. Geol., Hebrew Uni» , 8, No. 2, 34 (1948). 
18 Picard, L., Bull, Res. Cown. Israel, 88, 1 (1969). 
1 Blake, G. B. and Tonides, M. G , Report ow IY IAE Besouro of Tiantjordan, 


eto. . 
13 Burdon, D. J., Handbook of Geology af Jorden (Amman, 1059). 
2 Quennel, A. M., Ool. Geol, Mw. Res., B, 85 (1051). 
u Wetzel, B., and Marton, J., Notes Mem. Moyen Oriente, 7, 05 (1969). 
1 Russegger, J. B., Nous Jahrb. Min., 665 (1837). 
15 Dubertre&, L., O.R. Acad Soi, Colon., Paru, 6, 195 (1932). 
1' Freund, R., Geol. Mag. (1n the presa). 
18 Quennel, A. M., Quart. J. Geol. Soo., 1 (1058). 
? Welllngs, J., Bull Geol. Soc. Amer., 49, 650. 


THE OMEGATRON : A USEFUL TOOL FOR ARGON ISOTOPE INVESTIGATION 


By Dr R. L. GRASTY and Dx. J. A. MILLER 
Department of Geodesy and Geophysics, University of Cambridge i 


ARBSIUM-ARGON age measurements on young rock 
samples d on the accurate determination of the 
extremely volumes of argon-40 which are trapped 
in the rock. This radiogenic argon-40, evolved from the 
decay of radioactive potassium-40, is usually measured 
using the conventional 90? or 120° direct focusing type of 
mass spectrometer. We have recently constructed and 
used successfully an omegatron, a mass spectrometer of 
high sensitivity and low-background noise which works 
on the cyclotron principle and is ideally surted for this 
‘particular work. 

The omegatron device was first described by Sommer 
& al.1 and later modified by Alpert and Buritz’ to give & 
sae aes design. The omegatron head being used in the 
work recorded here is one designed by Philips, Ltd., 
Aachen, for use in measuring partial pressures (Fig. 1). 
Tons formed in & magnetic fleld by electron bombardment 
will describe circles the natural frequency of revolution 





Fig. 1. Schemaeto diagram of the omegatron 


of which is given by the cyclotron frequency. A radio- 
frequency field applied perpendicularly to the magnetic 
fleld will accelerate ions with this same frequency of 
oscillation and their path will become an Archimedes 
spiral. These resonant ions can be trapped by a suitably 

laced collector and detected by a sensitive amplifier. 

on-reeonant ions describe spiral paths with pulsing radii 
and do not reach the collector. 

The theory of an idealised omegatron (neglecting eleotro- 
static fields and space charge effects) was formulated by 
Sommer e£ al.|, who gave the expreesions for resolving 
power, time of flight, path length and final energy of the 
ions. In an idealized omegatron no electrio flelda exist 
and the collection of the resonant ions is complete, but 
in a real omegatron of the type described by Alpert and 
Buritz there are always fields present which can cause 
some of the resonant ions to be lost. These flelds are 
caused by: (a) space charge effecte due to the electron 
beam and the ions present; (b) the electrodes of the omega- 
tron which can become charged; (o) leakage fields from the 
aooelefating plates; (d) the small itive fleld which 
must be applied to prevent drift of the ions in the direction 
of the magnetic field. 

These fields can be of the same order of magnitude as the 
applied electric field and hence large variations in the ion 
collection can result. The Philips head is identical to that 
designed by Sommer e£ al. when viewed in & direction 

rpendicular to the magnetic fleld (Fig. 1), but in addition 
it has two side plates CC’ to which a large negative voltage 
can be applied. This negative voltage extracts non- 
resonant ions, reducing the space charge effects, and 
together with the RF voltage can be adjusted to obtain & 
complete collection of resonant ions", and give the tube 
a reproducible sensitivity. The value of this voltage 


Y 
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depends on the number af guard rings used to keep the 
RF field uniform and the positive voltage, Vg, which 
preventa the drift of ions in the direction of the magnetic 
fleld. The electrode assembly forms a cube of side about 
2-6 cm and is arranged with the electrodes as in Fig. 1. 
J, is a sensitive meter used in the setting up procedure and 
H the plate to which the RF voltage is applied. An 
account of the operatidg characteristic have been 
described by Krummenacher*. The whole assembly can 
be degassed to 400? C and the metal electrodes to 900° C 
by induction heating if need be. Using Balzer’s ultra high 
vacuum pumping equipment an overnight bake at a 
temperature of 200° C is found quite sufficient to obtain a 
pressure reading in the range of 1-2 x 10-1* mm of mer- 
oury. At this pressure the only mgniflcant peaks observed 
are those at masses 28 and 44. 

The voltages to the electrodes are provided from a 
stabilized supply and the emission regulated in the normal 
way using the feedback from the trap as & control. 

An all-metal argon purification line similar in construc- 
tion to that described by Miller (Fig. 2), but with several 
modifications, 18 connected via a metal directly to the 
omegatron. An automatic loader was devised whereby 
several samples can be loaded at once. These samples 
rest on stainleas steel rods, which can be withdrawn 
with a magnet into short side-arms, allowing the samples 
to drop in the metal fusion crucible. With this technique 
the atmospheric contamination due to air adsorbed on to 
the crucible and quartz support can be largely removed, 
and the contamination dup to that on the sample greatly 
reduced. This automatic loading device is particularly 
useful for whole-rock measurements, but can also be 
adapted for separated minerals by making small glase 
phials to contain the samples. It also has the advantage 
that the system need not be opened between measuremente, 
thus reducing the atmospheric argon content of the final 
ges sample and making determinations easier and quicker. 

The gas e obtamed from the rock mixed with a 
sample of enriched argon-38 (the ‘spike’) of known 
volume is prepared for admission to the head as described 
by Miller and Brown’. As an extremely low emission 
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Fig 3. A typical scan obtained by manoal adjustment of the controls 


current is used (1-3 uamp) and the gas evolution of the 
apparatus can be made small, no significant change in 
pressure occurs over & period of several hours, after the 
gas sample has been admitted and the tap to the pumps 
closed. Hence the statio method of analysis can be used 
in which the gas sample is isolated from the pumps and 
the appropriate masses scanned with their pesk heights 
remaining constant. This produces a great increase in 
sensitivity over the more usual dynamical method where 
the gas sample is drawn into the mass spectrometer 
through a tap with a small leak, isotopic fractionation occur- 
ring, and the original composition of the sample determ- 
ined by extrapolating back to the time the tap was opened. 

The peaks can be scanned either automatically or 
manually. Using the static method, manual scanning 
was found to be preferable to automatic scanning as the 
peaks were quite stable in the resonance condition and 
could be measured for a considerable time, reducing any 
errors caused by fluctuations in the emission, due to mains 
transients. The resonant peaks can be located by adjust- 
ment of the oscillator frequency or the magnetic field. 
After some experiments it was found that the numbered 
scale of the dial on the electro-magnetic control could be 
used as a setting for the different masses and provided a 
more sensitive adjustment. Fig. 3 shows a typical scan 
using a field of approximately 9 kilogauss and a fixed 
frequency of 350 ko/s. The peaks remain constant in 
height even after a period of several hours. We havo also 
found that the response of the machine 18 linear with the 
size of the argon sample provided the pressure does not 
exceed 2 x 10-* mm of mercury. 

It has frequently been reported that with a Reynolds 
type of machine the sample being analysed can become 
contaminated with the previous sample. Reynolds’ 
suggested that ions could be driven into the walls of the 
tube and cause this memory effect. We have not experi- 
enced this difficulty, presumably because complete oolleo- 
tion of resonant ions is achieved and hence none of the 
ions can reach the walls. In fact, the sample can be 
completely pumped away and the background restored 
to ita original state in a few minutes. 

As previously described, the voltages can be adjusted 
to give & complete collection of resonant ions. This reeon- 
ant ion current is not critically dependent on these voltages 
provided the RF voltage is high enough for all resonant 
ions to reach the collector, and hence the isotope ratios 
obtained remain constant unless a large variation in 
Vog! or Vr occurs. This is a great advantage over the 
180° type of machine in which the ratios are normally 
critically dependent on the applied voltages*, and the 
90? or 120° type where fringing magnotio fields cause non- 
ideal conditions in the source. Figs. 4 and 5 show the 
working ranges of Voc! and V p for resonant ions of &rgon- 
38. It is in ing to note that for values of V g between 
0-2 and 0-5 V non-resonant and resonant ions can be 
collected, for it is a property of an omegatron that total 
ion current can be measured in the absence of an RF 
feld. This occurs when the potential of the ion source 
becomes equal to the potential of the ion collector due to 
space charge effects. 


1148 


The omegatron has no mase discrimination effecta when 
adjusted correctly because complete collection of resonant 
ions is achieved. We have carried out many determina- 
tions of the atmosphere argon isotope ratios and have 
obtained values of: 

tArP'Ar = 295:6 + 1-5 

wAr/tAr = 5-26 + 0-06 
This agrees very favourably with the resulta obtained by 
Nier*, whose values were 290-0 + 0-58 and 5:32 + 0-01 
tespectively. 

For argon isotope work ıt is easential that the 40, 38 
and 36 peaks are completely resolved. Sommer et al 
have shown that for an idealized omegatron of similar 
size to ours, complete tion of one mass unit at mass 
40 should be achieved. the instance of the Cambridge 
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omegatron, complete separation of one mass unit would 
appear only to be possible up to masa 30; however, the 
tailing of the 38 on the 36 peak is lees than 1 part in 50,000 
and completely undetectable. A ical scan of atmo- 
spheric argon mixed with ‘spike’ 38 clearly shows the oom- 
plete separation of the three isotopes (Fig. 0). 

The sensitivity clearly depends on the volume of 
&pperatus and was not adjusted to a maximum as excessive 
sensitivity would be & disadvantage in dealing with the 
rocks at present under investigation. In our present 
system a gas sample of 10-1* o.c. w.T.P. when let into the 
head from the last section of the argon-lne will produce an 
ion current of 1 x 10-!* . Using a 10° ohm 
input resistor in the vibron dead of the amplifier this 
represents a voltage drop of 1 V at unit gain of the 
amplifier. At maximum gain 0-1 mV is easily detectable 
against the random background noise level and oonse- 
quently it is possible to detect a volume of 10-1 0.0. 
N.T.P. with the omegatron adjusted in its present conditian. 
This is comparable, if not better, than the sensitivity 
achieved by other machines using an emission current 
that is at least 10 times as large. ` 

The omegatron is not only an elegant and efficient mass 
spectrometer but has also been shown to be ideally suited 
for argon isotope work. It has several important advan- 
tages over the conventional machine, having no mess 
discrimination, & linear response, and being highly 
sensitive. With the low-emission currente used and the 
small volume of the detector head, pumping down time is 
rapid and the low ultimate pressures obtained can be 
maintained for long periods when the system is isolated 
from the pumpe. It is also cheap and straightforward to 
operate and could prove invaluable to a research depart- 
ment interested in potasaium—argon work at low ages. 

We thank Dr. A. Klopfer of Philips in Aachen, Dr. 
R. H. Bieri of the University of Berne, and Mr. L. H. 
Flavill and Mr. K. Plachecki of the Department of 
Geophysics, Cambridge, for their advice and assistance. 
This work was supported by the Department of Scientific 
and Industrial Research. 
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ANAESTHESIA AND TEMPERATURE EFFECT MECHANISM IN 
NEUROMUSCULAR BLOCKING BY N* QUATERNARY DEPOLARIZING DRUGS 


By Da F. G. CANEPA 
Department of Physics, Northern Polytechnic, London, N.7 


Pe ee down ee MBs lung Or the: maaa 
temperature in animals increases the magnitude and 
duration of the action of izing neuromuscular 

1 such as decamethonium (DM) and suxamethonium 


tem 
time necessary for the action of tetramethylammon- 
ium (TMA) on nerve-sartorius preparations® was found to 
increase by a factor of 1-5 for 10° C of cooling. Ing and 
Wright" have pointed out that ‘if the Arrhenius formula: 
v, = v, exp (i(T, — T')/2T,T.) 

is assumed, where v,, v, are velocities at 


Tı, T, degrees absolute respectively, i will have 
of 6426 and 7336 which are too high for & purely i 


tures 


put forward the two followmg hypotheses: 


(i) That the capacity of the N- quaternary up for 
electrostatic binding with the receptors can be dimmi 
because in the crystal “the distances from N to 
other atoms not in the same chain are all than 


4-28 A. The N atoms are ao well ahielded that it is difficult 
to see how they could take part in any specific attachment 
respect of the curare-like logical’ action of the 
methonium salts.” 


vibration, especially of the more mobile methyl group.” 


solid 


. radiodecomposi- 
tion data show that the N+ group behaves as 
if the itive charge were at its centre. 

(3 important factor in explaining the increased 
bloaking aetivity of DM for mmall unen the inareased 


perature of the receptor membrane is ite very steep 
solubility gradient with temperature in water. A similar 
factor should act in the regulation of the temperature 
effect of the blocking activity of TMA. 

(4) Although there is sometimes a tendency, in the 
pig grein tae’ field, to neglect distances of more than 
4A between differently charged ions, it is shown that 
these coulombic forces acting over long distances play an 
i t part in both solid and adsorption states. 

(5) The positions in which I and hexa- 
methonium in relation to a reoeptor surface possess 
maximum coulombic and van der Waals binding energies 
are sbown in Fig. l. The number of van der Waals 
contacts are different from thoee suggested in Table 1 of 
ref. 4. The mechanism of the blocking activity of the 
bis-N-methylpyrrolidinium series is discussed later in this 
communication. Evidence in support of the above con- 
clusions is as follows: 

Physico-chemical examination: solubilities. Thero is evid- 
ence that, in aqueous solution, the tetraalkylammonium 
ions appear to be unhydrated with a low surface charge’, 
and the interactions of the i lammon- 
ium!* and alkylammonium" with enzymes have a 
hydrophobio character. 

The presence of & low surface charge, unexplained in 
ref. 9, and circumvented in ref. 27, can be accounted for 
by the dipoles induced by the N+ charge on the surround- 
ing four alkyl groups. 

This is equivalent to a dielectric constant that woakens 
the attachment by coulombio forces, and, therefore, the 
amount of crystal lattice energy of the N+ quaternary 
salta will approach that of the hydrogen-bonded type of 

lattices. Thus, this new hydrophobic type of 
hydrogen bond is highly relevant to the adsorption by the 
biological membranes of N+ quaternary groups, and is in 
agreement with Pauling’s views!* that, in nervous trans- 
miasion and muscle contraction, ‘‘. . . the hydrogen bond 
is the only strong and directed intermolecular interaction 
which can come mto operation quickly”. 

The presence of & positive charge on the methyl of the 
Nt group has been suggested by Thomas and 
Marlow’, but only on speculative grounds from the 
properties of NH,*. Their views have been opposed by 
Belleau and Lacaase™, who argue that the presence of 
residual positive charges would confer a degree of hydra- 
tion to the N+ quaternary group. However, their state- 


Ing and Wright’. 
solubility date (Table 1), and the N* group radii, it can 
be assumed that the reduced coulombic ona are pre- 
parce in both the TMA ion and trimethytmethonium* 

The ionio limiting conductances A5 for tetra- and 
» hexa- and decamethonium!’*, 


are highly ionio in solution. Halliwell and Nyburg!* have 
reviewed the thermochemical evidence, from several 
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Fig. 1. Maximum binding energy in the adsorption state. (a) For pentamethonium chain, (b) for hexametbonium chain 


authors, on the enthalpies of hydration of Lit, Nat, Kt, 
Rb*, Cat, Ph.N,* and NMe,*. 

Plotting the absolute enthalpies of hydration agamst 
the effective ionio radu of respective ions gives & simple 
curve. Hence we observe that evidence given in refs. 9 
and 18 indicates that the NMe,* behaves ae if the positive 
charge were at its centre. Moreover, the close relationship 
that appears to exist between the betaine and choline 
chains m the mechanism of their radiation decomposition!” 
brings further evidence for the state of the N+ quaternary 


group. 

Blocking actwity of deoamethonium and tetramethylammon- 
ium temperature effect. The increase of the solubility of 
decamethonium iodide in water from 22° to 100°C is 
fiftyfold, an increase for each °C equivalent to 64 per cent 
of the initial solubility of 22° C. This extraordinary be- 
haviour in & polar medium such as water, the nearest to 
the physiological medium, 1s & more relevant factor to 
the diminished neuromuscular blocking activity of DM, 
when the temperature increases by a few degrees, than 
the hypothesis of van der Waals attachment suggested 
by Lonsdale and Milledge’. 

Although the kinetio equilibrium of the adsorption 
state phase between the receptor membrane charges and 
those of the N* groupe of decamethonium takes place in a 
hydrophobio layer-medium, it experiences through its 
boundary equilibrium with the surrounding aqueous or 
near-aqueous physiological phase the temperature 
solubility’s variation of decamethonium. 

Paton and Zaimis?’ have shown that some aspects of 
decamethonium adsorption state behaviour at the receptor 
membrane are acetylcholine-like. Wilson and Cabib™ 


have found that acetylcholine adsorbability (the reciprocal 
of the Michselis-Menten constant) on the receptor mem- 
brane does not vary with temperature in the interval 
15°-80° O, which can be extrapolated to 5°-35°C. Now 
the attachment of the N+ groups of Ach and decamethon- 
ium to the membrane is mainly electrostatic. Therefore, we 
are justified in using the electrostatic criteria rather than 
the kinetic considerations. Then, the foregoing findings 
of Wilson and Cabib"™ are ın accordance with the experi- 
mental fact that in the solid state the variations of the 
long-range coulombic forces with temperature are much 
smaller than those of the short-range van der Waals 
forces, that is, the latter very high distance specificity is 
very sensitive to thermal displacementa produced by 
variations of temperature. The larger Michaelis-Menten 
constante observed for increased substitution of hydrogen 
for the OH, of the N+ group of Ach are an indication of 
increased hydration, that is, repulsion from the hydro- 
phobic receptor surface. 

In conclusion, it is reasonable to assume that, for 
decamethonium, the variations of the Michaelis-Menten 
constants with small variations of temperature are much 
smaller than the correspondmgly high variations of ite 
solubihty, the latter factor being therefore responmble for 
the temperature effect of ita neuromuscular blocking 
activity, despite the solution of the drug being diluted. 

The solubility gradient (between 20° and 100° C), and 
the increase of blocking actavity for 4° O of cooling, of 
TMA and DM should stand in similar ratios, 6-2/50 and 
0-6/4 respectively. 

If Ing and Wright? have firmly rejected the mmportanoe 
of solubility in the temperature effect, and on curariform 


Table 1 IOoXIO CONDUCTANCE AND AQUBOUS SOLUBILITUES OF BOMB Nt IODIDES IN g/ml. 
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activity™, this was probably because the available date 
on the curariform activity of the trimethyl alkylam- 
monium cations were incorrect, as can be seen by com- 
paring their evidence with that reviewed by Bovet and 
Bovet-Nitti%. 

It is well known that Ach activity is enhanced by 
cooling. Because Ach has a solubility gradient (data yet 
to be published), the postulated mechanism for the 

ture effect of DM and TMA oan be applied to 
Ach, which is also in agreement with the additivity of 
their depolarizing cholinergic effects. 

Much lower concentrations of Ach are required at 
neuromuscular junctions for producing similar effecta to 
those of the foregoing drugs**. As the formation process of 
Ach is not altered by them, the accumulation of Ach at 
the junction will compensate partially for the speed of 
elimination of DM or TMA, enhancing the duration of 
their blocking activity. 

An increase in drug concentration in the membrane is 
produced by cooling; the magnitude of the block will be 
increased if & greater number of available receptors are 
occupied; the excess of the drug will affect the duration. 

Bigland, Goetzee, Maclagan and Zaimis! suggest that 
"eoolig influences the process by which a long-lasting 
depolarization of the motor end-plate interrupts neuro- 
muscular transmission”, but no mechanism is given. The 
above statament becomes clearer 1f the solubility gradient 
mechanism is introduced as a process. These authors also 
suggest that the temperature effect mechaniam of the N+ 
quaternary depolarizing drugs can be compared with that 
acting during the depolarizing action of an excese of K+ 
ions at the receptor membrane. This view must be 
considered with great caution because: 

(i) The aqueous solubility gradient of KCl is leas than a 
quarter of that of TMA iodide, that is, temperature effect 
variations are within experimental errors if cooling is 
3*4? O only. 

(ii) The K+ ions are not hydrophobio, unlike the N+ 
group. 

(1) es a aspe EE E (LR CUu T 
concentration of K+ ions on both sides of the receptor 
membrane. 

Finally, from the solubility data of Table 1 it follows 
that a possible temperature effect operates on the ganglion- 
blocking activity of non-depolarizing drugs which should 
be leas marked for the hexamethonium than for the pente- 
methonium substrate—their action being competitive. 

Forces $^ the adsorption state. It is known that the 
blocking activity of the (CH,),N+—(CH,)s—N*(OH,), 
series is & function of n of the receptor membrane 
properties™. 

ince 1902 I have accumulated evidence showing that 
this blocking activity is also a function of the distribution 
of the coulombic forces surrounding the N+ quaternary 
groups at the receptor membrane surface. For example, in 
Fig. 1 it can be observed that the extended methonium 
chains with an uneven number of OH, have their two 
positive charges along one side (PP’) of the chain’s plane, 
whereas the even chains have their positive charges along 
the diagonal (BB’) of the chain's plane; PP’ and BB’ are 
axes of electrostatio attachment. Thus, when extended, 
the adsorbed methonium even chain will have either of ita 
sides BB’ perallel to the plane of the receptor, with only 
four OH, van der Waals contacte. 

If, and only if, the bulky N+ terminals of the extended 
hexamethonium chain could rest inside cavities 0-7 Å 
deep, nine to ten van der Waals contacta would be 
posalble and not 8 + 3 as calculated in Table 1 of ref. 4. 
These cavities would not fit other chains of different 
lengths, such as pentamethonium, which has seven oon- 
tacts in Fig. 1, that is, the sum of the van der Waals and 
the coulombic binding energies is maximum when the 
electrostatic axis PP’ is about 0-5 A from the flat reoep- 
tor’s surface. There are only four contacts if PP" is 
0-84 A distant from the reoeptor's surface, that is, the 
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sum of the electrostatic and van der Waals binding energies 
is minimum if during the adsorption state the chain’s 
plane is perpendicular to the receptor. These contacts 
differ from those given in ref. 4, Table 1 (2 + 3 and 
3 + 3), whioh are valid only for the crystalline state, and 
not for the adsorption state where the influence of the 
electrostatic axes of types PP’ and BB’ must be oon- 
sidered relative to the receptor plane. By the latter 
method it is poemble to explain the differences in ganglion- 
blocking activity of the trimethylmethonium series and the 
polymethylene bis-N -methylpyrrolidinium series. 

In ref. 4 the probable chain length of the methonium 
bis-cations in the physiological medium™, and the summa- 
tion of the non-indifferent energy barriers of 800 cal/mole 
for each of the bond rotations, from a skew to a trans 
position, necessary in order to stretch fully the odd or 
even methonium chains at the receptor site as required 
in their hypotheses, are ignored, as also are the forces 
necessary to carry out this work at the receptor membrane. 

Orystallographic examination. In the pentamethonium. 
iodide crystal structure®.*.**, the Nt----I- 
maximum distance is the sum of the N—O bond = 1:47 Å 
plus the van der Waals radii of CH,— 2 À and I-— 2:15 À, 
then N:—— ——I- max = 5:62 Å. The maximum N+- —— -I- 
distance should diminish about 0-5 A when a hard anion 18 
attached between two methyla and about 0-9 A when 
attached inside the cavity at the intersection of the van dei 
Waals spheres of the three-methyl group. 

Therefore, if the recorded N+- — — —I- distances, for one 
N+ group only, are 4-48, 5:14, 5-19, 5-28, 4:66, 4-51 
+0-14 A, they aro all well within expectations; they 
indicate the presence of twelve coulombic forces per chain, 
which ggaifioantly increase, for example, the angles 
C,N,O, and O,N,C, and diminish the angles O,N,C, and 
O,,N,C, (see ref. 25, page 106, Fig. 7 al). 

Pressman, Grossberg, Pence and Pauling’? have 
evaluated coulomb interaction energy between the charged 
haptenio group and the antibody’s N+ quaternary group 
for r = 7A, which is well above the value of 4:26 A of 
ref. 4. 

I have not oonsidered the binding energy due to 
the increased van der Waals distances between C—O 
of different chains because of their weaknoes in relation to 
the long-range coulombic forces, the energy of the former 
being a function of 1/r* as with l/r for coulombic 
binding energy (see Fig. 1, 149, ref. 26). 

In ref. 26 the standard iations of the inter-atomic 
distances are given as rp r- + 002 A, r- ... m+ 
£0144, te. g t OITA and ro.....o + 038 À. 
Neglecting the Madelung constant, it is imple to obtain 
an approximate assessment of the reduced coulombic 
binding energy H(1/r*), in terms of the twelve observed 
N*....1I-distenoes per pentamethonium chain. 

Alternatively, as is implicit in the hypotheses of 
Lonsdale and Milledge‘, a rough estimate of the binding 
energy (excludmg the van der Waals energy) could be 
ascertained by means of the more numerous but less- 
accurate distances r of the type I~. . .. CH, CH, . . . . OH, 
OH,....OH, as a function of 1/r*, where 1<n<6 and 
the forces involved change for a given type of r. A list of 
the I-....0 ten distances <415 + 0-17 À for a whole 
pentamethonium chain is given in ref. 25, page 109, the 
smallest being r = 3-75 + 0-17 A. 

Pharmacological examination. In ref. 4, in accordance 
with Table 1, it is stated, from consideration of pharmaco- 
logical testa carried out on one type of tissue only, that the 
mechanism of the blocking activity for the n-methonium 
chaing “is rather dependent on the extreme CH,- ... OH, 
distances on each side of the chain and on the number of 
possible van der Waals contacta within those extremes". 
Also the critical distances of optimum ganglion and 
neuromuscular blocking activity are given as 10 Å and 
16 A and the conclusion drawn that the blocking activity 
of molecules with CH,.... CH, distances different from 
the above would be small beoause ‘easily detachable’. 
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It should be noted, however, that pempidine, which is 
‘considerably shorter than 10 A, is a highly active ganglion- 
blocking agent of protracted action’. Although obanges 
on the extreme .... OH, distances are produced 
when two O,H, gro are substituted for 20H, in each 
of the N+ terminals of tetra, pente and hexamethonium™, 
the activities of the di-substituted tetra-, pente- and 
hexa-derivatives in the cat ior cervical were 100, 125 
and 75 units instead of 1, 65 and 100 unite of activity 
before the substitution. In the guinea-pig ileum**, the 
new activities were 25, 100 and 100, instead of 5, 75 and 
100. 

The critical distance of 15 A for the optimum blocking 
activity at the neuromuscular junction‘ is no lees arbitrary 
than that of 10 A for ganglion-blocking activity. Paton 
and Zatmis** have shown that for different types of 
membrane the maximum blocking activity ranges between 
DM to dodecamethonium and that DM’s activity varies 
greatly according to the ape of animals tested : 

DM activity in cat > rabbit > monkey > mouse > rat 

DM activity in cat 
DM activity m rat ~ 

A similar di-substitution produces very different effects 
in the ganglonio and neuromuscular blocking activities of 
hexamethonium** and decamsthonium™. This difference 
of adsorption behaviour, and the fact that only the latter 
depolarizes the tor membrane, cannot be explained 
by woak van der Waals forooe alone, but oould be if to 
them were added the predominant action of the reduced 
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mentioned above, which will be dealt with in a separate 
paper under preparation. 

I thank Dr. W. J. Barry, Dr. H. R. Hudson and Mr. 
H. A. Knight for help and &dvioe. 


Ded) cui B., Maclagan, J., and Zatmis, H. J., J. Physiol., 141, 
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RELATIONS BETWEEN ACETYLCHOLINE, CHOLINE AND BETAINE 
CHAINS IN AQUEOUS SOLUTION 


By Dr F. G. CANEPA 
Department of Physics, Northern Polytechnic, London, N.7 


Radiation Decomposition Mechanism of 
Betaine and Choline Chains 


YSTALLINE orthorhombio choline chloride (Ch.Cl) 

at room temperature is very sensitive to ionizing 
radiation? and the choline ion breaks down mainly into 
trimethylamine and &oetaldehyde*: 

+ — 
HO—CH,—OH,—N (CH;), Cl + N(CH4). + 
CH,—CHO + HCl 

Lemmon e al.*, after investigating the effects of 
ionizing radiation on Oh.Cl and its analogues, concluded 
that: (i) choline bromide is about one-third as sensitive 
as the chloride. None of many other analysed analogues, 
including choline iodide (Ch.1), ahows abnormal radiation 
instability; (ii) Ch.Cl susceptibility to radiation damage 
is a function of its crystal structure, aa shown by ita con- 
bes rid in solution; (iii) the high values of 
mol decomposition per 100 eV indicate a cham 
mechanism for the solid-state reaction. 

The orystal structure of the orthorhombic phase of 
Ch.Cl was published by Senko and Templeton‘. Data on 
the cubic disordered reversible phase, stable over 73° C, 
were given by Collin*, who suggested that the transition 
to the disordered cubic phase and the subsequent increased 
stability to radiation furnished further evidence that the 


decomposition was highly stereospecific. From their 
crystallographic evidence the suthors were not able to 
find a mechanism which acoounted for the foregoing facta. 

Serlin* reported that for y-radiation the ition 
of ine OLCI per 100 eV absorbed was higher at 
50^ Č than at 20° O, but at 150° O the solid Oh.Cl was 
much more stable than at room temperature. 

Finally, Lemmon e£ ai."'*, although still unable to find 
an explanatory mechanism, produced the followmg 
relevant evidence from their isotopic investigations of the 
radiation decomposition of crystalline Oh.Cl: “(i) the 
carbinol group of the ethanol moiety becomes the alde- 
hyde group of the resultant aldehyde; (ii) no hydrogens 
are transferred to or from the trimethylamino-group; 
(iii) the hydrogens of the ethanol moiety are highly 
mobile; (rv) intermolecular hydrogen transfers take 
place”. 2 

Because X-ray diffraction date obtained under irradia- 
tion conditions provide & reliable quantitative picture of 
the behaviour of the Ch. and Ol- ions during the collection 
of the diffraction measurementa, I have made an intensive 
examination of the combined crystallographic evidence 
from the structures of tetramethylammonium (TMA)* 1° 
halides, muscarine iodide", i iodide!*, 
choline ohloride*, hydroxylammonium chloride’, hydro- 
gen chloride monoh 4 and acetylcholine bromide 
(Canepa, Pauling and Sorum, work in preparation). Asa 


fi 
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result of this examination, & mechanism was found for 
the radiation decomposition of Ch.Cl, the attenuated 
decomposition of Ch.Br, the imsensitivity of ChI to 
radiation, the temperature effect on the rate of their 


decomposition and a similar mechanism for the radiation - 


decomposition of betaine hydrochloride, based on the 
following evidence: 

Oh.Cl orthorhombic structure can be defined as an 
infinite molecule with cations and anions bound by a 
mixture of weak electrostatic forces and even weaker 
hydrogen bonds. The dipole moment of the OH, groups'#:1¢ 
acts as a dielectric constant reducing the coulombic forces 
between the N+ quaternary group and the Ol- anions and 


' will be dealt with in a later communication. 


In the published Ch.Cl structure‘, because the Cl- ... O 
distance is 3:08 A, instead of 2-05 A as in 
chloride, 2-91 and 2-99 A in tropolone hydrochloride, and 
2-09 A in hydroxylammonium chloride, the conclusion 
was reached by Senko and Templeton that the hydrogen 
bonds, if present, were very weak. Nevertheless, a cal- 
LM ee Ce l 
and 2) shows the angle C,0,0 =: 102-5°, instead of the 
expected 108°-110°, and the N+... O distance 8-26 A 
only, aa compared with the shortest of the six N* .... Ol- 
electrostatic co-ordination distances: 4-08, 4:22 and 


4:28 A; moreover the non-bonded O,.... C, carbons, 
3-3 A instead of a minimum of 4 A, are the seat 
of forces. The foregoing three factors indicate 


a very significant electrostatic binding between the Nt 
group and tbe alkyl oxygen. A comparative calculation 
with the public co-ordinates of muscarine iodide gives an 
even shorter N+ .... O distance of 8-07 A, and the shortest 
of ite six N+... . I- distances as 4-49 A, suggesting a 
stronger electrostatic binding in the N+... . O system of 
musoerine. Thus, there is in Oh.Cl structure a belanoe of 
forces between the pulls exerted by N+ and by Ol- on the 
oxygen. in the electrostatic system (A) whioh: 

wee Nt....0-8....Cl-.... (A) 

+ 3-26 — x — 3-03 A> 

&ooounte for the | N*....O distance (3-20 A), 
that is, weaker electrostatic binding, and for the longer 
O—H....CI- (3-03 A). 

A comparison of the d-r values of Ch.Cl and TMACI in 
Table 1 shows that repulsive forces between anions 
increase with the ionic oo-ordmation (see Ch.Cl and 
TMACI) but not with anionic radii (see TMA halides). 
Therefore, it is likely that the 11 per cent increase of unit 
cell volume during the Ch.Cl transition fram orthorhombio 
to the cubio phase is due to the disorder of the new phase 
and to a change from the distorted six-fold to the dis- 
torted eight-fold electrostatic co-ordination, the latter 
increasing the value of N+... . Ol- distance from 4-08 to, 
say, 4-98 A as in TMACI (see Table 1). 

This decreased binding energy in the expanded N+.... 
Ol- distances of Oh.Ol cubic form allows & 
N*....O electrostatic interaction which should cause 
the N*....O distance to decrease from 38-26 A to at 
least 3-07 A. This is the N+....0O distance in the six- 
fold distorted muscarine iodide and possibly in the 
four-fold oo-ordinated acetyloholine chloride. Because of 
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tances a weakening of the hydrogen O—H....Cl- is 
implied in the expanded unit oell of cubic Ch.Cl. 

The consequence of the ing is the greater stability 
of the Ch.Cl cubic phase to radiation decomposition. This 
will be better understood after & close exammation of the 
atomio thermal displacements under X-ray irradiation in 
the compounds listed in Table 2. 

The temperature factor is B, = 8%", where d.* 
sents the isotropic mean square displacement of the atoms 
in the X-irradiated crystal structure and $ = O, N, Ol, 
eto., depending on the chemical composition of the 
structure. Relevant also to the radiation decomposition 
mechanism is the greater mobility of the hydrogen atoms 
(higher values of B) relative to K-irradiated heavier 
atoms which oocur in most X-ray crystal structures. 

If the thermal displacements @ of the orthorhombic 
Ch.Cl (see Table 2 following) were really isotropic, then 











the increased N+....Ol- and decreased N+....0 dis- the maximum additive displacements of N+....Cl-, 
Table 1 
Oh. I Ch Br. Ga aa THAO TMABR TMA I 
tetragonal tetragonal [tetragonal 
First part E 
No. molecules per cell 4 4 4 4 2 2 2 
Unit call volume = Y 8774 817-7 703-0 8570 384-8 3331 | 8625 
dstanoo (N .. . halide) =g = = 4-08 438? 438 4:37 456 
oe radius; 2-15 105 1 H FM i 1-05 2-16 
+ — = E 67 2-42 - 240 
oo-ordina Qon = m 6 8 8 8 8 
Beeond part 
Cationic volume t-tnterstioes = p = 
hoa d "t BH 11:21 12-3 0 rie ds 
aon 9 + a7 +1 465 +483 o 

















orthorhomine at a 
Toom temperature Bind’ 5 6 4 ks 7 Bo oq p 
ain A 0251 0576 0-225 0-207 
Hydrogen ehlonde Atom a Oa Os H 
at B 0088 Bar 0041 -0016 80 
-85° w «60-0214 0-196 
Hydroxylammonium | Átom 0l o N 
chloride B 1% 15 15 
NH,0Ha x 0188 0188 0138 


N*....O and O. Ci- would be da + üg- t 0-48 À, 
üx + Oo + 0-5 Å, üm + uo — + 0-63 

The evidence as to the relevance of thermal displace- 
menta in the oscillatory behaviour of the loosely bound 
tetratomic system (A) under irradiation is provided by 
the resultant products of the radiation decomposition 
Tho already strained bond N—C, of 16 A length, 
joining the two branches of the gauche OH+ chain, is 
stretched further if the atoms C, and O of one branch 
close up towards N* and C, on the other branch due to 
thermal displacements asaisted by the high energy of the 
y-radiation (see Fig. 1). 
This compresses the N*....O and O,....C, dis- 
tanoes Bo that the N—O, bond breaks. The imoreasod N+ 
induction on the O—H group repels the bighly mobile 
hydrogen atom towards either the hydrocarbon chain (i) 
or the CI- (ii). 


(i) (CH,), N + *OH,—CH,—OH 4-0F > 
(CH,),N + CH, CHO + HCI 


(ii) (CHa): N + CH, — CHO + HOL 


In either, a Treasure wave is set up and transmitted 
through the orthorhombic structure of 
Ohl (volume 763 A*) due to the van der Waals foroee 


decomposition because these require 
space greater even than that available in the expanded 
cubic phase of Ch.Cl (volume 857 À*). 

The already existing thermal displacements, the y-radia- 
tion and the new pressure wave further compress all the 
N*....0 and 0,....C, systems in the contiguous Oh* 
chains, resulting in additional decomposition of the chain 
reaotion typo. 


Acetylcholine Conformation in Aqueous Solution 

Tua great stability to irradiation of the Ch* cations in 
the aqueous solutions of Ch.Ol is accounted for by: 

(i) The coulombic foroes between the hydrophobic N+ 
group and the hydrated Cl- anions are reduced as com- 
DE eee as Nee ee 

CH, dipoles surro the N+ there are the water 
dipoles around the Ol-. by the N+... . Cl- distances 
in solution are greater than in the orystalline ear 

(ii) This strengthens the binding my of iat hore ga wk O; 
shortening its distance to at least 3-0 as in muscarine 
iodide crystal structure, leaving the O—H system too 
weak to ‘compete with the water molecules for the Ol- 
anions. Because in aqueous solution the cham Ch* does 
not contam the irradiation sensitive oscillatory system. 
(A) it is far more stable to the y-rays. Moreover, in the 
aqueous medium the high-energy y-radiation impeot on 
the Ch* chains oen be kinetically absorbed by recoil 
movements of these cations. 

(iii) This Ch* cham stebility towards irradiation in 
solution is the first strong indirect evidence relating the 
forces acting on Ch* in the solid state to those acting on 
Ch* in solution. Thus the N+....O distance of Cht in 
solution is similar to that of Ach. in Aoh.Br crystal 
structure and gives to both cations because of their hydro- 
phobic N+ group a quasi-zwitter ion or quasi betaine 
character only in aqueous solution. This completes the 
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analysis of the infra-red evidence of Aah. in aqueous 
solution of Canepa and Mooney!!, where a rmg oonforma- 
tion due to the N* group and the carbonyl oxygen of Ach. 
was ruled out. 

The N*....O conformation in the Ach. solid state 
and in aqueous solution is relevant to its adsorption at 
the cholinergic receptor and its hydrolysis. This provide- 
another strikmg example of the relations between ths 
forces acting in the solid state and thoeo acting in the 
adsorption state!*: I shall deal with these in a sub- 
sequent communication. 

Decomposition of Oh.Br compared with the stability io 
trradsation of ChI. It can be seen from the first part of 
Table 1 that the repulsive forces between the anions 
co-ordinating the N+ group in the TMA halides decrease 
when the ii of the anions increase; as & consequence, 
the volume of the rigid cationic TMA* group, plus inter- 
ionic interstioceg, is minimum for TMAT. Conversely, the 
second part of Table 1 shows that in the crystalline state 
the available amount of cationic volume in the Ch. halide 
is maximum for Oh.I and minimum for Ch.Cl. It follows 
from the negative values of 3y that the N+ . . halide 
in Mte UE than for Ch.Br; there- 
fore, the corresponding N+....O distance in the osoil- 
lating system (B): 

N*t....0—H....Br- (B) 


is intermediate between 3:26 and 38-07 A, that is, the 
Nt. Dulce i scalis oe qud mie 
of Oht in the Oh.Br orystal structure with æ rigidity 
intermediate between that of Ch.Cl and that of Ch.I, 
whioh reduces the Ch* thermal displacements 
and with it the rate of radiation of Oh.Br. 
The value of the ture factor B = 8r Mh! is 
minimum when the Ch.Cl molecule is in the ground state 
(zero point ), and increases steadily with the tem- 
perature for a given ine phase. The almost zero 
thermal displacement at liquid air temperature explams 
the stability of Ch.Ol m such conditions, whereas the 
growth of the rate of radiation decomposition must 
coincide with rising ture. 

It is possible to the decomposition mechanism 
of betame hydrochloride on similar linea to (B); the 


oxygen o being located between the OH, groups, 
where their dielectric constant is & minimum, is strongly 
attracted towards the centre of the N+ group. 
OH, CH, 
N 
[on usse d eres -OH+ 
N. 
(0) 


I thank Dr. C. G. Smith for his help and advice. 
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CHLOROGENIC ACID : FURTHER EVIDENCE FOR ITS ANTIGENIC AND 
ALLERGENIC ACTIVITY 


By D. S. BARIANA, J. KRUPEY, L. M. SCARPATI, S. O. FREEDMAN and A. H. SEHON 


Departments of Blochemistry and Chemistry, McGill University, McGill University Medical Clinic, Montreal General Hospital, Montreal, 
Canada, and Istituto d! Chimica Organica, Universita di Roma, Italy 


pne investigations'* in these laboratories 
demonstrated that chlorogenic acid was an im- 
rtent allergenic constituent of green coffee bean. 
This simple phenolic compound, which is the depside 
of caffeic and quinio acids (Fig. 1), accounts for 6-8 per 
cent of the dry weight of the green coffee bean. Ooffee 
workers who developed asthma or rhinitis on 
to finely dispersed coffee dust showed wheal and erythema 
when tested intradermally with chlorogenic 
acid, ‘and positive Prausnita—Kustner passive transfer 
reactions were obtained when chlorogenic acid was 
injected into human skin sites sensitixed with the sera of 
the allergic workers. Furthermore, it was demonstrated 
that free chlorogenic acid was capable of inducing the 
formation of circulating antibodies in animal species‘. 
OH COOH 





Fig. L Chlorogenio acd 


Recently all these findings were challenged by Layton 
ei al."*', who reported that a ‘pure’ chlorogenio acid 
prepared in their laboratories was inactive when tested 
by passive cutaneous anaphylaxis in monkeys sensitized 
with the sera of individuals allergic to green coffee bean. 
Moreover, it was suggested that the immunological activity 
of chlorogenic acid described by us was attributable to 
trace amounts of & protein impurity which had not been 
removed during its isolation from plant sources. In their 
criticism, however, Layton œ al.‘ omitted reference to 
the fact that in an earlier publication‘ from these labora- 
tories it was stated that synthetic chlorogenic acid (pre- 
pared by one of us, L. M. 8.7) was found to be highly 
active on both direct and passive transfer skin testing in 
man. The purpose of the series of experimenta recorded 
here was to prepare chlorogenic acid-protein conjugates, 
to investigate their antigenic and allergenic properties, 
and to provide additional evidence for the immunological 
capacity of chlorogenic acid. 

Two types of hapten-protein conjugates were synthe- 
sized. In the first ure, chlorogenic acid was croes- 
linked by formaldehyde to the &mino-groupe of human 
serum albumin (HSA) by the Mannich reaction (Fig. 2) 
using the conditions recommended by Fraenkel-Oonrat*. 
About 15-18 molecules of chlorogenio acid were coupled 
per molecule of HSA in this reaction. The conjugates 

by the Mannich reaction will be referred to as 
conjugates I for the remainder of this article. 

In the second procedure an attempt was made to 
reproduce the biological conditions for the conjugation, 
as they might occur im living tissues. Al no precise 
information regarding the metabolio fate of chlorogenic 
acid is yet available, a hypothetical mechaniam for the 


in vivo conjugation of an o-diphenol such as chlorogenic 
acid can be Phenol oxidases which are widely 
distributed throughout mammalian tissues catalyze the 
dehydrogenation of o-diphenols to o-quinones, which in 
turn have been shown to combine readily with the free 
amino- of proteine’ accordmg to the scheme 
outlined in Fig . 3. Therefore, the second type of chloro- 
genic acid—protein conjugates was prepared by the reaction 
of chlorogenic acid with HSA in the presence of phenol 
oxidase for 2-6 h at pH 6-2; these conjugates will be 
referred to as conjugates IL It was deduced, by measur- 
ing the decrease of free amino-groups of HSA, that as 
many as 40 hapten molecules were coupled per molecule 
of HSA. 

The chlorogenic acid used to prepare these conjugates 
was either a synthetic sample’ or a commercial sample of 
plant origin supplied by the Aldrich Chemical Co., Mil- 
waukee, Wisconsin. The latter sample of natural chloro- 
genio acid was recrystallized three times from water in our 
laboratories, and waa found to be free of detectable nitro- 
gen on microanalysis performed by the Schwartzkopf 
Laboratory, Woodside, New York. Both types of oon- 
jugates were freed of any unreacted chlorogenic acid by 
extensive dialysis and column chromatography on 
‘Sephadex G-25'. Phenol oxidase (mushroom tyrosinase) 
was from the Nutritional Biochemical Corpora- 
tion, Cleveland, Ohio. 





Fig. 2 Ooapting of oblorogents acid with formaldehyde 
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Fig. 3. Coupling of chlorogenic aid to proteins In presence of phenol 
¢ oxidase 


1156 


Rabbit antisera were prepared against both types of 
conjugates, as well as against & solution of free chlorogenic 
acid and an aqueous extract of green coffee bean. Human 
sera were obtained from coffee workers with respiratory 
allergy to green coffee dust. The antisera were produced 
against the two types of chlorogenic acid—HSA con- 
jugatee were absorbed with HSA prior to their use in 
immunochemical experiments. 

The results of immunodiffusion experiments in agar gel 
are illustrated 1n Figs. 4-6. It will be noted that conju- 
gate I gave a single precipitin band with the rabbit anti- 
serum. to conjugate I, with the antiserum to free chloro- 
genio acid or with the antiserum to green coffee (Fig. 4). 
Furthermore, the three preoipitin bands coalesced, indicat- 
ing & reaction of identity for the three antigen—antabody 
systems. It would thus appear that chlorogenic acid is an 
important antigenio constituent of the green coffee bean. 
The immunodiffusion patterns illustrated in Fig. 5 demon- 
strate complete cross-reactivity between conjugates I 
and II when tested against their corresponding antisera ; 
this finding provides further evidence that the antigenic 
determinant groupe are identical for both types of oon- 
jugate. From the patterns illustrated in Fig. 6, it is 
evident that multiple precipitin bands were formed when 
green coffee extract was tested against antiserum to green 
coffee. It is also apparent that one of the constituents of 
green coffee has an antigenic determinant group in common 
with conjugates I and II, as well as with free chlorogenic 
acid. Moreover, all the precipitin bands shown in Figs. 
4-6 were specifically inhibited with both synthetic and 
nitrogen-free natural chlorogenic acid, except for some 





T& t The reaction of identity among rabbit an'{bodles to chlorogenic 
(AnH-O.A.), to the extract of green Per Nro ms and to 





conjugates I and II when tested 


tigenie aroas-reaotion between 
Pia AB with the correspondmg rabbit antisera 
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6. Preotpttin obtained tn agar between extract of green 

s AP een anteae te igar To) pede i 

and II (An&-oonj. I and : ID and to tho exerit of groco gote 
bean (Ant-ooffee). Normal rabbit serum was used as ‘control’ 


extra bands representing the multiple green coffee extract 
—antibody system (Fig. 6). The extra bands observed in 
this system may well be due to the protein antigens which 
elicited the PCA reactions in monkeys ın the experiments 
of Layton et al.**. 

Both types of conjugates were antigenically active when 
tested against rabbit and human antisera by the BDB 
heemagglutination techniques. Titres from 
8,000 to 1,000,000 were obtained with rabbit antisera to 
both types of conjugates, or to free chlorogenic acid, or to 
green coffee; titres ing from 80 to 640 were obtained 
with human sera from individuals allergic to coffec. 
All the haemagglutination reactions could be specifically 
inhibited with either of the two conjugates. 

Conjugates I and IL, as well as two newly prepared 
samples of synthetic chlorogenic acid, produced wheal 
and reactions on direct intradermal testing in 
patiente allergic to green coffee bean and on passive 
transfer testing in normal volunteers sensitized with the 
sera of these patients. 

It has been expected in the present series of experiments 
that in vitro (Fig. 2) and in vwo (Fig. 3) conjugation of 
chlorogenic acid with HSA oocurs by coupling at the C’5 

ition on the chlorogenic acid molecule, as demonstrated 
or similar catechols’*, To substantiate this assumption 
and in an attempt to block the reactive position in 
chlorogenic acid, involved in the coupling with proteins, 
chlorogenic acid was reacted with diethylamine by the 
Mannich reaction (Fig. 7). Indeed, the resulting mono- 
substituted chlorogenic acid derivative, the composition 
of which was confirmed by elemental microanalysis, failed 
to elicit wheal and erythema reactions when tested by 
direct or passive transfer akin testing in humans at con- 
centrations of 10-500 pg/ml. On the other hand, synthetic 
chlorogenic acid waa highly skin active at these concentra- 
tions. It may thus be inferred that diethylamine reacted 
with chlorogenic acid at the same site at which protein 
conjugation occurs, and that blocking of this site with a 
monomeric group results ın the loes of the ability of 


7&4, 


CH,-N 
N 
Gh, 





7. The uot of the coupling reaction of chlorogenic aad with 
Tug. prod: 


by formaldehyde 
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chlorogenic acid to become incorporated into a poly- 
mn akin-active protein conjugate. 

t might be argued that the purified commercial samples 
of chlorogenic acid used for the preparation of conjugates 
or for the immunisation of rabbits with free chlorogenic 
acid might have still contained some ‘active’ impurities. 


A However, it does not seem likely that this contaminant 


v 


would have been selectively linked to HSA in the Mannio 
reaction,.or in the reaction catalysed by phenol oxidase, 


- and that antibodies could have been formed exclusively 


against it. Furthermore, it is inoonoeivable that anti- 
bodies to the hypothetical contaminant would have com- 
bined with the synthetic chlorogenic acid leading to the 
inhibition of the preojpitin bands in agar gel. 

This work was by grants from the Medical 
Research Council of Canada, the Department of National 
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of Health, and the Life Insurance Medical Research Fund. 
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EVOLUTIONARY SIMILARITIES BETWEEN PANCREATIC 
PROTEOLYTIC ENZYMES 


By Dr. B. S. HARTLEY, Dr. J. R. BROWN*, DOROTHY L. KAUFFMAN and Pror. L. B. SMILLIET 
Medical Research Council Laboratory of Molecular Blology, Cambridge 


T is now generally agreed that the amino-acid sequence 
of a protein is determined by the nucleotide sequence 
of ite parent gene, so that comparison of the sequences 
of Mie ue teins can provide clues about their genetio 
we compere similar proteins from different 
Mor we may hope to trace the evolutionary relationship 
of the species, since viable mutations which become 
established in a population will have evolutionary stability, 
and oan aot as markers to identify familial resemblances 
Comparison of species differences m insulin, haemoglobin 
and cytochrome C have laid the foundation for such studies. 
However, an alternative approach is to compare different 
proteins from the same species or individual. Considerable 
homologies between the amino-acid sequences of these 
different proteins might indicate a common evolutionary 
ancestor. For example, oertain mammalian peptidases 
and esterases are by their capacity to 
react with diisopropyl phosphorofluoridste (DFP) at a 
unique serine residue in the active centre. The amino- 
acid sequence immediately surrounding this active serine 
residue is remarkably similar in all these enzymes. One 
hypothesis is that these proteins may have arisen by 
multiplication of some common ancestral gene, followed 
by ind ent mutations to allow divergence of sequence 
and ultmately of enzymatio specificity. Homologies in 
their amino-acid sequences would therefore reflect the 
vestiges of their common ancestor. Alternatively, the 
similarities in active centre sequence of these serine 
enzymes might merely represent structures essential for 
the catalytic activity. In this case they could arise by 
t evolution from genes of different origin. 
Only if the homologies of sequence were found to be very 
extensive could this hypothesis be eliminated. 
Sequence Aomologiss in trypsin and chymoirypsin A. 


instructive to observe that comparison of a few peptides 
from partial acid lysates of these protems had 


originally indicated considerable homclogy*, but further 
investigation tended to minimize the of thig**. 


* Presents address: Department of Blophysies, Weixzmann Institute of 
Treni address. of ; Untversity of Alberta, 
t Department Biochemistry ty 


Only when the oomplete sequences are oan tbe 
true homology be seen’, as shown in Table 1, where the 
structures are so written as to maximize similaritioe. 
(A correction B. 8., unpublished results) to 
the sequenoe of ohymotrypeinogen (ref. 2) is included in 
Table 1. Positions 212—216 in this sequence’ should read 
Ile.Val.Ser.Try and not lle.Val.Ber.Ber.Try, so that in 
effect Ser-215 is deleted and the protein contains only 
245 residues.) One hundred residues are identical in 
trypsinogen and chymotrypsinogen A, equivalent to 
40 per cent of the sequence, and the homologies occur in 
blocks of sequence throughout the peptide chains. 

One oan extend the comparison to include amino-acid 
side-chains which are chemically similar and may therefore 
reflect common features in the tertiary structure: for 
oe lysine and arginine; aspartic and glutamic 

; asparagine and glutamine; serine and threonine; 
odis era tyrosine and tryptophan; leucine, isoleu- 
cine and valine. On this basis 127 residues are similar or 
identical, which is 51 per cent of the sequence. This degree 
of homology is very close to what we find between the 
a- and B-ohains of human haemoglobin, where 44 per cent 
of the residues are identical or 58 per cent similar whon 
compared on the foregoing criteria. Yet the haemoglobin 
chains are remarkably similar both in sotivity and in 
tertiary structure. We must realize that trypsin and 
chymotrypsin have widely different specificities, and one 
would expect that the evolution of these different activi- 
ties would socelerate the rate at which mutations could 
be established in the protems. The homology betweon 
i nuu nos ee the more impressive, 
and might imply these proteolytic enzymes lie 
relatively closer in the evolutionary scale to their common 
ancestor than do the haemoglobin chains, and that some of 
the homologies reflect elements in the primary structure 
which contribute to the configuration: of the catalytic 
site but not the Specificity site. 

7 : A. This 


Ryu iun sea te tke uo at he ice dod 
phide bridges of ahymotrypamogen A (refs. 8 and 9) and 
the six disulphide bridges of trypeinogen!*. Radical 
differences in the order in which the half-cystine residues 
were linked would imply differences in the configuration 
of these proteins, whereas similarities might help to 
define common elementa of tertiary structure. A ‘diagonal’ 
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paper electrophoretic technique proved very useful for 
identifying and isolatmg cystine-bridged peptides from 
peptic digesta of chymotrypsinogen A and trypeinogen, 
and allowed us to determine the bridges shown in Fig. 1. 

Four of the five bridges of chymotrypeinogen (Fig. 1, 
A, B, O and D) are exactly homologous in position with 
four bridges of i en, and the amino-acid sequence 
around these four bridges is very similar in both proteins. 
One bridge of chymotrypsinogen (Fig. 1, #) must obviously 
differ, since the &mino terminal half-cystine (Cys-1) of 
ohymotrypeinogen is deleted in trypamogen and Cys-128 
is replaced. by serine. Instead, trypeinogen has & neigh- 
bourmg half-cystine (Cys-129) which forms a different 
bridge (Fig. 1, F). The sixth bridge of trypemogen 
(Fig. 1, G) is homologous neither in ition nor in 
sequence. We see that the substantial similarities in 
sequenoe of trypeinogen and ohymotrypsinogen are 
acoompanied by substantial similarities in the disulphide 
bridges. 

Bovine 7 B and poroine elastase. Are 
the homologies of sequence and of disulphide bridges found 
in other pancreatic proteinases? The ‘diagonal’ pa 
electrophoretic technique of Brown and Hartley* rakes 
the purification of related sete of cysteio acid peptides 
relatively easy, by this means we have been able to 
determine the amino-acid sequence around the five disul- 
phide bridges of bovine chymotrypsinogen B (ref. 11) 
and the four disulphide bridges of porcine elastase!!*, 

Chymotrypeinogen A and ohymotrypeinogen B are 
found together in approximately the same amount in the 
pancreatic juice of & single oow!*, and the two xymogens 
are similarly activated by trypsin to yield chymotrypsins of 
very similar activity and specificity. Yet tho two 
zymogens differ appreciably in amino-acid oompoeition!', 
so that one is led to suspect gene-doubling, as with the 
B- and Y-obains of haemoglobin, for example. The amino- 
acid sequence around the five cystine bridges of chymo- 
trypeinogen B is shown in Table 1. We see that, as 
expected, the homologous sequences are bridged identically 
to those of chymotrypsinogen A (Fig. 1). In this case, the 
occasional differences in amino-acid sequence are more 
illuminating. Binoe the proteins are so similar in activity, 
it is unlikely that amino-acid side-chains which differ 
appreciably in chamical character between A and B play 
an important part either im the activity or configuration 
of the cstalytio site. In æ sense, chymotrypsinogen B 
carries ‘built-in chemioel modifications’ of chymotrypamo- 

A, so that certain parta of the chain can be excluded 
‘the active site’. This apples to residues 128, 136, 
138, 168 and 205. Thus, although the Cys-137 to Cys-204 
bridge (Table 1, D) liee very close to the active centre 
serine (residue 198), the amino-acid residues adjacent to 
it can be altered without affecting the activity of the 
enzyme. Tho sequence shown in Table 1 &ooounta for 
71 of the 246 residues of bovine chymotrypeinogen B. 
Eight differences in sequence are observed, so that by 
extrapolation we may expect about 10-15 per cent of the 
total residues to differ from chymotrypamogen A. Analogy 
with the evolution of haemoglobins' would lead us to 
conclude that the two bovine chymotrypsinogens le 
closer to their common evolutionary ancestor than the 
8- and a-chains of human haemoglobin (27 per cent differ- 
ences) but further than the B- and 3-chauns (6 per cent). 

Porcine elastase is another pancreatio proteolytic 
enzyme with a different substrate ifici either 
trypsin or chymotrypsin". However, it too reacts at a 
unique serine residue with diisopropyl phoephorofluoridate, 
and the amino-acid sequence immediately adjacent to this 
reactive serine is the same as that in trypein and chymo- 
trypein!. The ‘diagonal’ disulphide bridge technique 
haa already allowed us to conclude that it has a cystine- 
bridged histidine sequence homologous to that of trypsin 
and chymotrypsin, which appears to be a second oom- 
ponent of the active oentre!*. We have purified this 
enzyme, and find that it bas four disulphide bridges, 
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type. pe shown in itahos, In residues 
are B 

whioh differ A are shown in bold type. THsulphido 
berges aro Gerd Gam 1. Azr indicates aspartic or asparagine 
and for giutamio or The ‘overlap’ between resi- 
dues 188 and 189 of elastase is 

A 
gh Ped A oye i 8 9 10 11 12 15 14 15 
T Val. Asp. Asp. Asp. Asp.Lys. 
Ga CYS Val. Pro. Ala. Ils. Gin. Pro. Val. z *4 = ser ATS. 
OB. CY S.Gly. Val. Pro Ala. Ile. Gin 

a 
ge SA7 io at es 325 34 25 25 27 28 29 90 31 
T: Ie VaLGiy. Gly. Tyr. TAr.CY 8. Gty. Ala, Asn.Thr. Val. Pro Tyr Gin. Val. 
QA. Asp.Gtu, Giu. Ala. Val.Pro.Giy Ser. Trp-Pro.Trp Gin.Val. 
GB. Te. VaL Oly (Ans Arx, Che) 
A 

32 38 54 35 30 37 58 39 
B: Tryp. A! 
T:Ber. Lon àm... ... Ber. Tyr. 
OA: Ber. Lou.Gin, Asp. Las. Thr .Phe. H1 
CB. 


SPaw BP 


Pun 


BF se 


SF au 


Pow Paw BÈ ns 





Pau BEng 


GP aw SF am 








A 
62 58 54 55 56 57 58 50 60 61 62 68 
Thr. Ale, Ala. His. OYS. Val. Asp. Arg. Gia. 


Asn. Ser. Gin. Trp. Val. Val. Ber. Als, Ala. His OYS.T yr. Lye. Ber. Ciy. Ile 
Ten. Gw. Asn. Trp. Val Val Thr. Ais Ala. Hls.OYE.Gly. Val. Thr Thr_Ser. 
Ala. Ala. His. OY8.Giy. Val. Thr Thr.Ser. 
FL A 78 74 75 76 77 78 70 


.. Asp Asn.Ile Asn. Val, Val Gis Ay. 


48 49 50 51 





€4 65 66 67 68 09 70 
Gin. Val. Arg.Leu... 


.Glu.. 
: Asp. Val. Val. VaL Ala. Gly dis Pe. Mp üm Gi. Ser. Ser. Sar. Gx, Ln. 


Asp. 
BO ai Bt ss s4 B5 B6 87 B8 BO 00 0T 92 903 94 


Ass. Gls. Gin. Phe.Tle. Ser. Ala Ser. Ser. Ile. Val. His. Pro. Ser. 
... Ile. Gin Lge. Lou Lee. Ile, Ala. Val. Pha. Lys. Asn Ser. Lys. 
95 96 97 08 99 100 101 102 104 105 106 107 108 109 110 


Tyr. Asn(Pro, Thr, Asx)Azn. Asn. Asp.Ile.. Met. Lex.Tle. 
Asn.Ser. Tle, Asn Asn Aen fie, Thr.Lea 


1 
111 11% 113 114 115 116 117 118 119 120 121 122 128 124 125 126 
Ber. Ala. Ala. Ber. Leu. Asu.Sor. Arg. Val. Ala. Sertle, Ser. Lea.Pro.Thr. 
Ber. Ala. Ala Ber. Phe.Sor. Gin. The. Val. Ser. Ala. VaL.CY 8 Len Pro Ber. 

Ala. VaL OY S.Len.Pro Ser. 


Y D 
127 128 120 180 131 182 133 184 135 186 187 188 189 140 141 143 
Ala. Asn Asn.Ber, Pro. OYB.Tyr. 


... Ber, OFS Ale, Sar... Ala Gly. Gin. Thr OYB Len Ile. Ber. Giy.Trp. 
"Ala Rer. Arp. Asp.Phe.Ala. Ala. Giy. Thr.Thr.OYB. Val. Thr.Thr.ly. 


a 
143 144 145 146 147 148 149 150 151 152 153 154 155 166 157 168 


. Aen. Thr. Lys. Ser. Ber Gly. Tkr.Ser. Tyr.Pro.Asp Val. Leu.Lee.CY . 


B 
159 160 161 162 103 164 165 166 167 168 100 170 171 17% 173 174 


Arg. 
B 
175 176 177 178 179 180 181 182 183 184 185 186 187 188 180 190 
Tyr. Mei. Val. CYB.Ala.Giy.. .. Giy. Asp.GIy. Val. 
Val. 


D 
191 102 108194 196 106 197 198 100 200 201 202 203 204 205 206 
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surrounded by the amino-acid sequences shown in Table 1. 
Six of the half-cystine (around residues 42, 58, 
183, 194, 204 and 223) are clearly homologous with 
trypsin and chymotrypsin, but the sequences around 
Cya8-187 and Oys-169 show little or no homology. Never- 
theless, the similarities in sequence are sufficiently striking 
to suggest that the four disulphide bridges of porcine 
elastase are homologous with the four bridges which are 
oommon to bovine trypsin, chymotrypsin 4 and chymo- 
trypsin B. 

Comparison of the four sequences. In order to maximize 
homologies, a minimum number of arbitrary deletions 
have been introduced into the sequences shown in Table 
1, so that the numbering corresponds to that of some 
hypothetical evolutionary precursor. Starting at the 
amino-terminus, we see that the first homology occurs 
at residues 15-18, the site of tryptio activation of each of 
the xymogens. Labouesse et al.” have ooncluded that the 
ionization of the amino-terminal Tle-16 affects the catalytic 
activity of chymotrypsin, so this residue may contribute 
to the conformation of the active site. The next notable 
block of similarities occurs between residues 28 and 58, 
which moludes the ‘histidine loop’ of all the proteins. It 
is interesting that, although His-57 is present in the active 
centre of chymotrypsin, the homologies cease abruptly at 
Oys-58. The stretch of sequence 74-94 contains fewest 
homologies, but it is relevant to note that in chymotrypsin 
this sequence contains six lysine residues, regularly spaced, 
and all the lysine residues of chymotrypsin can be chemic- 
ally modified without affecting the enzyme activity. 
Another impressive block of homologies occurs between 
Tyr-95 and Ser-114, followed by & group of five residues 
surrounding the Cys 1-123 bridge of chymotrypsin 
(Fig. 1, Æ). As previously mentioned, the amino-terminal 
cystine-1 is ‘deleted’ in trypeinogen and we find that serine 
replaces half-cystine at position 128 in an otherwise 
homologous sequence. However, a new half-cystine 
appears close by in eae at ition 129 which forms a 
quite different disulphide bri “with Cys-236 near the 
carboxyl terminus (Fig. 1, F). Thus in the short section 
of sequence 123-129 trypain and chymotrypsin form quite 
different disulphide bridges while elastase has no bridge 
at all. 

The homologous sequence 132-146 includes one of the 
‘serine knot’ bridges (Fig. 1, bridge D) which surround the 
active centre Ser-198, and is found in all these enzymes. 
Then follows a stretch (147-180) in which homologies are 
intermittent but relatively rare. It is in this stretch 
that the sixth disulphide bridge of trypein ooours (Fig. 1, 
bridge G), having no analogue in elastase or chymotrypsin, 
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and we are at hberty to postulate differ- 
enoes in tertiary structure in this region. 
However, Cys-169 is part of bndge B 
which forms a ‘methionine loop’ in all the 


enzymes. 
The section from Met-181 to Cys-204 
includes the active centre serine sequence. 
Now that we have an extended sequence 
from ‘porcine elastase we can soo that the 
homologies are even more impressive 
than could formerly be concluded. Methion- 
ine is a relatively rare amino-acid, and 
since it occurs at position 181 in homolog- 
ous sequences in all these enzymes, we 
may suspect that it plays some part in 
the common catalytic site. We also see 
homologies between residues 188—193 which 
are not otherwise apparent. The point is 
neatly illustrated by observing that Gln-195 
is a feature of both elastase and trypsin, 
and Leu-202 of elastase and chymotrypsin, 
while Val-203 is common to trypsin and 
chymotrypam. These minor differences 
may be of special evolutionary and possibly 
tio interest because they occur so 
close to the active centre Ser-198; for example, alkylation 
of Met-195 causes a decreased binding of chymo 
substrates without affecting the turn-over rate™. For 
this reason, we might be tempted to look carefully at 
residues on the other side of the Cys-194 and Cys-204 
bridges which form the ‘serine knot’. Homologies around 
Cys-228 and Cys-137 are less exact, and are therefore lees 
likely to form part of the common catalytic site. We also 
observe that the homologies cease abruptly at Cys-204, and 
even ehymotrypeinogen A and B differ at position 205. 
We therefore conclude that the ‘serine knot’ sequence 
from Met-181 to Cys-204 together with the ‘histidine 
loop’ from Pro-28 to Cys-58 are probably components of a 
common catalytic site in these enzymes. 
blocks of similar sequences extend from here on 
to the end of the chains. The results so far obtained with 
porcine elastase allow us to say that of the 77 residues of 
sequence shown in Table 1, 36 (47 per cent) ere identical 
to comparable residues in bovine trypsin or chymotrypsin, 
or a total of 48 (56 per cent) show chemical similarity. 
These homologies of sequence and of disulphide bridging 
between three pancreatic proteolytic enxymes of widely 
different specificity point both to a common evolutionary 
ancestor and to common configurations in their catalytic 
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IMPORTANCE OF THE CARBOXYL END OF BRADYKININ AND 
OTHER PEPTIDES 


By Pro. JOHN MORROW STEWART and Pror. D. W. WOOLLEY 
The Rockefeller Institute, New York 


HE biological activity of bradykinin as an excitant 

of smooth muscles can be modifled by many kinds 
of structural alterations in the molecule. The usual 
finding has been that exchange of one of the amino-acid 
residues of the hormone for some other reduces but does 
not destroy the biological action. Thus, exchange of an 
alanine residue for each residue in turn of the hormone 
has yielded a series of peptides! which still show brady- 
kinin-like actions on smooth muscles, although the potency 
of all but one of the peptides so obtained is somewhat 
(and in some cases very considerably) reduced in oom- 
parison to bradykinin iteelf. Many other kinds of struc- 
tural alteration of the molecule have been examined!'!. 
These investigations show that no one amino-acid residue 
is easential for biological activity. Indeed, replacements 
euch as alanine for proline in position 8 or glycine for 
serine in position 6 can be made without changing the 
biological activity on smooth muscles. 

A further feature of the structural specificity of brady- 
kinin has also emerged from these studies. This is that 
additions can be made to the amino end of the molecule 
without much loss of biological potency on smooth 
muscles. Thus, lysylbradykinin (kallidin) and methionyl- 
tysylbradykinin' have almost as much potency as does 
bradykinin iteelf, and glycylbradykinin is even more 
active’. Similarly, m our own investigations, acetyl- 
bradykinin has shown good activity. It would thus 
appear that lengthening the molecule at the amino end 
has only & small effect on potency, at least if the lengthen- 
ing is not greater than one or two residues. 

In contrast to this has been the marked effect of 
lengthening from the carboxyl end, which is the subject 
of this article. When just a single amino-acid residue 
was added to the carboxyl end of bradykinm the potency 
was markedly reduced. 

Although this finding might be ofonly minor interest 
if it were restricted to bradykinin alone, it takes on 
significance when one contemplates the number of 
biologically active peptides for which the same general 
phenomenon seems to hold. One begins to ask whether 
some general principle of importance in understanding 
the mechanism of action of these important compounds 
may not reside here. In the cases of angiotensin, gastrin, 
eledoisin, oxytocin, and even of proteins such as pancreatic 
ribonuclease, one sees clearly that, just as with bradykinin, 
the carboxyl end cannot be modified at all, although 
changes oan be made at the amino end (and inside the 
peptide chain) without serious damage to the biological 
potency. However, at the outset, an exception must be 
noted, that is, the case of melanophore-stimulating 
hormone, for which it is well known‘ that amino-acid 
residues can be added to the carboxyl end without marked 
loss of potency. This is clearly shown by the MSH 
activity of ACTH. 

Let us consider, first, the case of bradykinin. The 
biological activities of the derivatives mentioned at the 
start of this article have been reviewed elsewhere and 
tabulated! so that the reliability of the generalization 
made in the first paragraph can be easily verified. The 
new derivatives of bradykinin, in which amino-acid 
residues wore added at the carboxyl end of the peptide 
chain, were synthesized by the solid-phase method 
developed in this laboratory by Merrifield’. The tertiary- 
butyloxycarbonyl (¢BOO) derivative of the amino-acid 


desired at the carboxyl end of the peptide waa esterified 
to a chloromethylated polystyrene resin. The i-BOC 
Beene group was then removed, sa described by 
tewart and Woolley’, by treatment of the resin with 
4 M hydrochloric acid in dry dioxane, and the next 
amino-acid residue was added to the peptide by means 
of the dioyelohexyloarbodimmide oondensation. The 
solvent used for this condensation reaction was methylene 
chloride im all cases except when the t-BOO amino-acid ' 
residue being added was #-BOC-nitroarginine. Because 
of the low solubility of this amino-acid derivative, the 
solvent used for that condensation reaction was dimethyl- 
formamide. The use of methylene chloride allowed 
achievement of quantitative yield at each coupling stage 
with only 2-5 equivalente of each entering #-BOO-amino- 
acid. It was thus to be preferred to the use of dimethyl 
formamide as described by Mernfield in the original 
synthesis of bradykinin by the solid-phase method. 

The completed peptide was liberated from the reain by 
dry hydrogen bromide in trifluoroacetic acid, and the 
dinitropeptide so obtained was hydrogenated with the 
aid of & palladium catalyst supported on barium sulphate. 
The free peptide was then purified by countercurrent 
distribution in the solvent system of i-butenol and 

us trifluoroacetic acid. 

Each new peptide was obtained as & pure compound 
which showed a symmetrical peak in countercurrent 
distribution, a single spot with the expected rate of 
migration in paper electrophoresis and the 
ratios of amino-acids when hydrolysed and analysed 
quantitatively according to the method of Moore, Spack- 
man and Stein’. The analytical resulta are summarized 
in Table 1. The bradykinin-like potency of each peptide 
was measured with the aid of isolated uterine horns of 
oestrogenized rate as previously described’. 


Table 1. New ANALOQUES OF BRADYXDININ 
Amtno-&ad ratios found * 

Compound Gly Ber Pro Phe Arg kt 
Bradykinyl gtyome 200 081 200 1-08 2:17 1-08 
Pradykinyi-L-arginine 1-00 108 281 1-85 300 0-85 
Acetylbradykinin 100 005 306 3214 197 3-16 


T eoxelent m the miden Reeth prie i Apad 1-butano]: 
water : trifiuorosoetio acid (50 : 50 : 1). 

The potencies of several derivatives of bredykinin are 
shown in Table 2. The derivatives with extra amino- 
acids at the amino end, namely, lysylbradykinin, glyoyl- 
bradykinin and methionyllysylbredykinin, were previously 
known compounds. Acetylbradykinin was synthesized 
during the course of the present investigation. 


Table 2. HrFTECT? OF ADDED RESIDUAS ON BRADYKINIM POTENOY 


Oompound Activity Ref. 
Bradykintn: Arg-Pro-Pro-Gly-Pbe-Ber-Pro-Phe-Arg 1 1 
Lys-Arg-Pro-Pro-Gly-Phe-Ber-Pro-Phe-Arg 1/2” 1 
Mot-Lys—Arg—Pro—Pro—Giy—Phe—Ser—Pro-Phe—Arg 1/8 9 
GIy—-Arg-Pro-Pro-Gly-Phe-Ber-Pro-Phe-Arg 3/2 1 
Aeetyl-Arg-Pro-Pro-Gly-Phe-Ber-Pro-Phe-Arg 1/2 — 
-Pro—Giy—Phe—fier—-Pro—Phe—Arg-Gly 1150 — 


Pro- 
Arg-Pro—Pro—Gty—-Phe—Ser-Pro—Phe—Arg-Arg 1/25 


The resulte in Table 2 show that although additions 
of amino-acid (or acetyl) residues to the amino end of the 
molecule did not greatly reduce potency, the addition of 
a single amino-acid residue to the carboxyl end had a 
marked effect on the potency. An arginine at the carb- 
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oxyl.end did not reduce the activity as much as did an 
extra glycine, but the effect even of an arginine was 
marked. 


Let us now consider in this light the case of angio- 
tensin. i5. Mus PODA Due HM pna ey sor oloa ly 
Page and B vepar observed several years ago that 
& derivative o angiotensin which was inactive on rat 
uterus could be found in crude concentrates of angio- 
teosin. This material, angiotensin I, became active 
when digested with a peptidase which converted it to 
angiotensin II by removal of a dipeptide from the carb- 
axyl end of angiotensin I. It was thus clear that 
although angiotensin IT was active in causing contraction 
of the muscle, angiotensin I, whioh differed from it only 
in having two amino-acids attached to the carboxyl end, 
was inactive. Replacement of the O-terminal phenyl- 
alanine of angiotensin II by alanine gave an inactive 
compound. The importance of the structure at the 
carboxyl end of angiotensin was thus clear. It was also 
necessary to have it unsubstituted in order to find activity 
on smooth musole. 
~ In contrast to this state of affairs, Arakawa et al.1! 

showed that the amino end of angiotensin need not be 
free or unaltered. Several residues of O-acetyl serine 
could be added to this end without great loes of potency. 
Furthermore, angiotensin could be shortened from the 
amino end by removal of two of the terminal residues 
without destruction of the _ biological i All 
these observations showed clearly the need for an 
unencumbered carboxyl and the leeser importance 
of the amino end. 

The importance of the carboxyl end of oxytocin has 
been known for several years. du Vigneaud e ai.!! had 
shown that when the glycine amide portion of the peptide 
was changed to glyoine, and all other parte of the mole- 
cule were left undisturbed, all activity was lost. Removal 
of the entire glycine amide residue or of additional residues 
from the carboxyl end gave peptides with almost no 
activity. No derivatives of oxytocin have been made 
in which the molecule has been lengthened at the carboxyl 
end, but in the light of t findings with bradykinin, 
such a manoeuvre would be in: Existing resulte, 
however, suggest that the carboxyl end must not be 
modified if high activity is to be retained, not even to the 
extent of replacing —NH, with —OH. 

Very recent findings indicate similar resulta for the 
two biologically important peptides gastrin“ and ele- 
doisin’*1*, The case of gastrin is particularly striking. 
This heptadecapeptide amide can be shortened from the 
amino end down to a tetrapeptide amide without marked 
loes of hormonal activity, but if the carboxyl end is merely 

from the amide to the ester the activity is lost. 
It will be of great interest to determine whether lengthen- 
ing the carboxyl end by addition of an amino-acid residue 
(or more particularly, by addition of an amino-acid amide 
residue) will also result in inactivation. 

The situation with eledoisin is quite similar to that of 
gastrin. The natural peptide, which is an tide 
amide, can be shortened from the amino end down to a 
hexapeptide amide without great loss of potency, but the 
intact structure of the carboxyl end seamed to be neceg- 
sary for biological activity. Exchange of the methionine 
E a the carbonyl «ul of the DPU r the ouree- 

methionine dimethyl amide destroyed activity, 
ough drastio of residues could be made m 
the region of the mol toward the amino end without 
significant effect. How little was the importance of 
electrostatic charge for biological activity could be seen 
from some of these in which amino-acids with 
CHEN Mind were replaced by ones with no 
the elimination of the lysine residue 
in poston 4 the aspartic acid residue in position 5, or 

ilice Mea ae serious loss of potency even though great 
Ghanaa Lad thos been made m dis Eicicosibtis OAE 

of the molecule. 
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Even among the proteins one begins to find evidence 
of the prime importance of the carboxyl end of the 
peptide chain. Consider, for example, the case of pan- 
creatic ribonuclease. Potts e£ al!" have indicated that 
the removal of four residues or even of a single residue 
from the carboxy] end of the enzyme reduced or eliminated 
ite activity. In contrast, the removal of the lysine reaidue 
from the amino end of the enzyme and even the addition 
of polyalanyi groups to all the amino groups!" did not 
seent to destroy activity. The results of Finn and 
Hofmann” with the S-protein and synthetic portions of 
the S-peptide show that 7 amino-acid residues can be 
removed from the interior of ribonuclease without 
complete loss of enzymatic activity. 

Additional confirmatory evidence is seen in the cases 
of insulin and aldolase. When a single amino-acid 
(asparagine) is removed from the C-terminus of insulin 
along with the alanine from the C-terminus of the other 
peptide chain of the protein, the hormonal activity is 
greatly diminished?*:", In the case of aldolase, the 


‘ability to bind substrate prior to enzymatic hydrolysis 


sequins the presence of the C-terminal residue**. 
mentioned near the beginning of this article, MSH 
and ita relative ACTH constitute exceptions to the idea 
under discussion. Although exceptions are a cause for 
concern, the considerable number of casea which seem 
to show the importance of the carboxyl end of peptides 
has caused us to consider the situation worthy of attention. 
In connexion with these exceptions, the case of the 
S-peptide of ribonuclease may be noteworthy. Seven 
amino-acid residues can be removed from the carboxyl 
end of this peptide before ita activity in being able to 
reconstitute the active enzyme is completely lost. By 
contrast, a8 we have just seen, not even a single amino- 
acid can be removed from the carboxyl end of the entire 

enzyme without great loss of activity. ed be 
mehan biologically (as Hofmann has suggested) 
combination with a incomplete’ rae ii 
does the S-peptide of mbonuclease, the failure of MSH 
to conform to the generalization explored in this article 
might become more understandable. 

As yet there seams to be no adequate reason to explain 
why the carboxyl end of pripe should be of great 
importance. Woolley e£ ai. have suggested that in 
chymotrypsin the centre which specifically attracts the 
substrate to the catalytically active site of the enxyme 
(the so-called specificity centre) is the tyrosine residue at 
the carboxyl end of one of the peptide chains, but direct 
proof of this view is lacking. 
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MYXOMATOSIS AND THE RABBIT FLEA 


By THe Hon. MIRIAM ROTHSCHILD 
Ashton, Peterborough 


N a recent article in Nature!, P. J. Chapple and N. D. 
Lewis show that the myxoma virus can survive on the 
tabbit flea (Spilopsylus cuniculi (Dale)) kept underground 
without a host for 105 days and still be capable of infecting 
a rabbit with the disease. This had been assumed without 
any definite evidence since 1956, when Shanks, Allan and 
Brown! demonstrated that 50 days after the last rabbit ina 
flea-infested warren had died, other rabbita became ın- 
fected with myxomatosis when introduced into the warren. 
It was also known’ that the myxoma virus remained infec- 
tive for 220 days on the mouth-parte of mosquitoes which 
had fed on myxomatous hosts. Furthermore, Allan‘ 
recorded that unfed rabbit fleas can survive 9 months in 
& refrigerator at approximately 4°C—an observation 
corroborated by me* for the fed flea—and therefore it was 
evident that & cold winter passed without the presence of 
the host would be unlikely to kill off all ‘free’ fleas in 
burrows. It is also known that the rabbit flea may survive 
at least a year on the captive hoet*'*. 

The puzzle, therefore, concerning the reappearance of 
myxomatosis in areas apparently free of the disease centres 
for periods of more than a year, rather than relatively 
short periods such as 105 days. In northern Africa ıt has 
recently been shown’ that ticks are among the principal 
vectors of myxomatosis and it has previously been sug- 
geated by several observers that these relatively long-lived 
vectors might play an unobtrusive part in the spread of 
the disease in Britain, and possibly account for the reap- 
pearance of myxomatoeis in areas free of the disease for 
long periods. About two years ago it was noted’ that both 
in northern France (Pont 1 que, Normandy) and in 
England (Ashton, Peterborough), fresh outbreaks of 
myxomatoms, in areas where the disease has apparently 
been absent for more than a year, followed quickly on the 
introduction of flocks of sheep from elsewhere into the 
areas in question. Allan (personal communication) has 
made similar observations in Scotland, where the move- 
mente of cattle (which algo harbour ticks) as well as sheep 
were involved. In Northamptonshire ticks are not very 
common on either rabbits or hares; but they frequently 
parasitize hares and to a leaser extent rabbits in Scotland 
(from where the sheep at Ashton were obtained) and 
. Franoe, and Allan’ has recently found that ticks are one 
of the predominant groups of ectoparasites on the rabbit 
in Spain (Coto Donafia). Furthermore, Allan and Shanks’ 
noted that ticks can transmit the disease in the laboratory. 
One batch collected in the wild in Scotland waa infected 
with the virus since rabbits injected with these ticks 
(after grinding up in a pestle) developed myxomatosis*. It 
therefore seems quite possible that both sheep and cattle 
could pick up infective ticks and thus act as transport 
hoste for theee vectors; information concerning the sur- 
vival time of the myxoma virus ın and on these arthropods 
would therefore be of considerable interest. 

The most perplexing aspect of the epidemiology of 
myxomatosis in Britain and northern France at the 
present time is the recent mse of the rabbit-flee index 
on the hare!*. Consequently—sinoe the rabbit flee now 
has an alternative host, if only a transport host—the 
pertinent question to- day i is not how long will the myxoma 
virus survive on the ‘free’ vector, separated from the 
dying or dead myxomatous rabbit, but rather how long 
will it survive on and in a vector feeding on another host. 

In the past thé rabbit has been considered the only true 
host of the rabbit flea in Europe, and the hare regarded 
merely as an accidental hoet!!; but this may have been 


a false impression due to the fact that it was a much less 
favoured host and the flea was present on it in relatively 
small numbers. Certainly to-day there appears to be a 
very general infestation of the hare both in northern 
France’ and in Britain, and ın at least one area at Ashton 
the rabbit-flea index on the hare rose temporarily, in 1964, 
above that of the rabbite in the same habitet. Thero is, 
however, no proof that the rabbit flea is capable of 
breeding suooeeafully on the hare, and adapting itself to 
the different hormone cycle of this host or its surface 
nest, although the presence on the lactating female of 
gravid female fleas, and fleas which have been fertilized 
and have laid egge’, is highly suggestive. 

Despite its extreme tion the rabbit flea 16 
neverthelees capable of considerable adaptation and ite 
habite are not identical throughout ite range. LeGac™ 
directed attention to the fact that ın the forest of Boson 
(Var), Franoe, he only found S. cuntoul: extremely rarely 
on the body of the host and that it was confined to the 
burrows of the rabbit. Collado! recorded ıt on the rabbits’ 
ears in Spain, but Allan* has recently confirmed that in 
the summer on the Coto Donafia this species was only 
present in burrows and not on the body of the host as ıt 
18 in northern Europe; furthermore, three species of fleas 
infect the rabbit in pain. Preliminary ente with 
rabbit fleas collected on Herm (Channel Islands) suggest 
that some populations vary considerably in their response 
to mammalian hormones. Thus the rabbit flea collected 
at Ashton responds by maturation to five daily injections 
into the host (the 8-lb. New Zealand White buck rabbit 
of 0-01-0-30 mg of hydrocortasone ('Hydrooortisy! ; 
Roussel Laboratories)!*, but those collected on Herm 
require five daily injections of 0-10-0-80 mg to elicit a 
similar response. 

If 1n fact the rabbit flea is capable of breeding on the 
hare, the increase in numbers of this host, which has 
recently been reported in many localities in Britain, 
would favour a rise in the flea index“. Until larval or 
pupel stages are demonstrated in the ‘form’ or nest of 
the hare, it cannot be ruled out that all the fleas found 
on adult hares (which may number 100 or more per in- 
dividual) have been acquired by these anmals moving 
about in areas where fleas have abandoned their true hosts 
dying from myxomatosis. The extraordinary ability of 
the rabbit flea to attach iteelf to a passing host when ‘free’ 
on pasture has been admirably demonstrated experi- 
mentally by Mead-Briggs'’. The tendency of this flea to 
transfer from one host to another, not necessarily ite own 
host, if there is contact between two individual animals 
has also been demonstrated experimentally’. 

The hare iteelf at the present time apparently rarely 
contracts myxomatoeia!*, or if it does so, the disease must 
generally follow a benign and unobtrusive course in this 
animal, since ıt is rarely noted. It seems not mmpossible, 
however, that through constant inoculation by infected 
fleas a strain of myxoma virus adapted to survival in the 
hare will eventually be evolved. Fleas, therefore, passing 
on to the hare from infected rabbits will not prove fatal 
to their host and will survive as potential vectors; it is 
for this reason that the emphasis has passed from the 
infective ‘free’ vector, Bkullang in burrows or on the 
ground, to the widely disseminated infective vector 
feeding on the hare. Some parasites such as the plague 
bacillus damage the vectors and it was early recognized 
that many fleas which have ingested Pasteurella pestis 
do not live as long as uninfected fleas!***. So far there 
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is no evidence that the myxoma virus multiplies in the 
rabbit flea! or that the virus itself is to the flea, 
but there is evidence that fleas feeding on rabbits with 
myxomatosis are seriously affected by the course of the 
disease in the host. Thus the majority of such fleas 
undergo maturation of their ovariee!*. This may be due 
to a hormone imbalance in the rabbit or to the high blood 

of the host directly attributable to the 
disease. In Nature, maturation of the rabbit flea on the 
normal pregnant host and new-born young is not associated 
with rises in temperature of the host; nevertheless it has 
recently been found’ that a sudden large rise in the ear 
temperature of rabbits (10°-14° F) will stimulate increased 
defecation rate in rabbit fleas feeding on them. The 
increased volume of blood passing through the flea thus 
automatically increases the amount of corticosteroid 
hormones ingested by the parasite which in turn can 
stimulate ovarian development. In any event, the fleas 
feeding on rabbits suffering from myxomatosis not only 
display yolk production in the developing oocytes, but 
also other changes associated with maturation, such as 
overall increase in the size of the gut, proliferation of 
the ocells lini the gut, hypertrophy of the salivary 
glands, depletion of the fat body and a somewhat ‘ragged’ 
appearance of the internal organs often characteristic of 
the spent or aged flea. It therefore seems highly probable 
that infected fleas in Nature which have spent about & 
week on the diseased host will not survive so long as 
uninfected fleas on healthy hosts or as Dr. Chapple’s 
fleas! which fed for a short period on a rabbit suffering 
from myxomatosis and were then removed from the hoet 
and sunk in tubes in the ground. 

The most j of myxomatosis in Britain 
to-day is the rapi D evolutionary nature of 
the situation. Both here and in Australia attention has 
been chiefly centred on the rabbit and the virus. Thus 
it has been shown that various avirulent strains of the 
virus have developed in lees than a decade", and the rabbit 
is now suspected of increased resistance, which was the 
most striking feature of the Australian soene!*. It was 
early realized by Sir Christopher Andrewes that the course 
of myxomatosis in Britain could be modified by the 
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presence of a successful host-specifle vector which was 
absent in Australia, a situation which would probably 
favour the survival of & more virulent form of the virus. 
In this case it would appear probable that the selective 
preasures on the flea would be simultaneously increased 
and evolution would inevitably proceed in the direction of 
poor vectorship. The fact that the rabbit flea responds 
by maturation on the diseased host, and has also found a 
widely distributed alternative host—even if it is only a 
transport host—indicates two lines along which selection 
could o te. Myxomatosis can therefore be expected 
to mould the vector as well as the host and the virus. 


In any event, in this complex and interesting triangle, 
selection pressures must be exceedingly high and we are 
thus presented with an unusual opportunity for studying 
the evolution of a vector. 
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EFFECT OF INHIBITION OF RNA SYNTHESIS ON NEURAL 
INFORMATION STORAGE 


By Dr. STANLEY H. APPEL* 
Duke Untversity Medical Center, Durham, North Carolina 


OR many years scientists have been intrigued with the 
problem of how information oan be stored withm the 
nervous system. The investigations of Hebb! directed 
attention to the synapse as the site where communication 
between neurones could be potentially modified by the 
ede process. This theory recognized behaviour as 
etermined by the communal nse of neurones 

Tea random and defined pathways of which interact with 
each other in a complex fashion. Short-term memory 
would be explained by short-term changes at the synapse 
activated by reverberating circuita, and long-term 
memory by permanent changes at the synapse perman- 
ently altering intercellular communication. With the 
recent advances in molecular biology and the advent of 
newer biochemical techniques, attention has bean directed 
to nucleic acid macromolecules, specifically RNA, as the 
site for long-term information storage within the nervous 
system"*. Each new memory trace would be defined 
by a new RNA macromolecule which would persist so 
long as the memory trace persisted. The role of the synapse 


* Present address : of Medians and Neurology, Untvermty of 
Panseyfeania, Priadaiphua, Perte Hod 


and of intercellular communication becomes of leaser 
significance in this theory, and accordingly, attention 
is directed to the RNA changes withm a single cell, or 
groups of oella, without considering their effect on one 
another. 

It is clear from the experiments of Hyden* and 
Brattgard’ that neuronal RNA may change within the 
central nervous system under a variety So 
situations. However, it is not clear that changes 
in RNA necessitate a theory which defines the engram 
in terms of a single macromolecule. Dingman and Sporn* 
demonstrated that 8-azaguanine, a nucleic acid anti- 
metabolite, diminished the ability of rata to manoeuvre 
correctly their way through a new swimming maze, 
although it had no effect on performance in & previously 
learned maze. However, it is not clear to what extent 
normal production and function of RNA were altered by 
the presence of the 8-araguanine, and to what extent the 
demonstrated effect on learning was the result of the new 
8-araguanine-containing RNA species, the lack of normal 
RNA associated with the learning experience, or some 
other leas-direct effect on cellular metabolism. Chamber- 
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lain æ al.” were unable to confirm an effect of 8-azaguanine 
in rate running a Hebb-Williams maze, although they 
were able to prolong the latency time for ‘firation’ of an 
asymmetric limb-poeturjhg by administration of 8-axa- 

e. In these experimenta there are no data to indicate 
what biochemical effects the antimetabolite had produced. 
Barondee and Jarvik* were able to inhibit the synthesis of 
mouse brain RNA by intracerebral injection of actino- 
mycin D but were unable to affect performance of a learned 


ioo experiments using nucleio acid antimetabolites 
and the data to be presented here actinomycin D 
to block syntheain of RNA agains. Changes in RNA 
with changes in certain aspects of behaviour. The question 
raised by this article is whether such data unequivocally 
support the role of RNA as the molecular or 
whether these data can be interpreted to support the 
previously ted ‘synaptic theory’. ` 

057/BLB PU mede mice ML 15-20 g were injected 
intraoerebrally with 20-y (in 20 ul.) actinomycin D (solu- 
bilized with mannitol) and were mice 
similarly injected with 800-y (in 20 ul.) mannitol as de- 
scribed by Barondes and Jarvik'. At 18-24h there were no 
discernible differences in motor activity either inmde or 
outside the oage, although with the doses used all the 
animals were dead by 96 h. At 18 h after injection the 
mice were tested in several different situations. The first 
task was a novelty activity test in which the mice were 
placed in a box with a black or white knob in one corner. 
After 15 min in their cages ‘they were returned to the box 
where either the same or & novel knob stimulus was 
presented. .The latency of approach and the time in 
contact with a novel object were recorded and compared. 
with similar measurements recorded when the knob was 
not changed. In both the actinomycin and the mannitol 
groups there was a significantly reduced latency until 
contact with the novel object and & lengthened period of 
contact with it. There was no difference between the two 
groups in their performance. 

-A second group of mice similarly injected with actino- 
mycin D or mannitol was tested on the acquisition or 
retention of skill in a swimming maze. A T-maze was used 
with the central channel painted grey, one of the arms 
painted white, and the other black. An escape ladder 
was always located at the end of the white arm and ite 

ition as & right or left turn was altered on a random 
is. Mice which were injected, as well as those which 
were not, required approximately 80—40 trials to reach 

80-90 per cent criterion with an error bemg considered 
any time & mouse turned away from the ladder. This 
level of ormanoe could be maintained for longer than 
one without additional training. Sixteen animals 
injected with 20-y actinomycin D and 16 animals injected 
with 800-y mannitol, and tested 18 h post-intraoerebral 
injection, made approximately the same number of errors 
in the first 10 trials in learning the maze (Table LA). 
Similarly, no effect of actinomycin D could be demon- 
strated on the retention of this swimming maze perfor- 
mance, either in errors made or in time necessary to 
swim the maze (Table 1B). 


Table 1 
(A) Aoquisition of mae perf: 
TOR i qud Wo. antmals Total errors 

16 80 46 

inen da 16 80 48 
Animals were tested 18 h after of 20 y (20 al) of 
sctmomyein D and 800 y (20 wl ) o£ mannitol. They were given 5 in the 
mass, and on iria 6-10 was recorded. The 

errors on trials 1-5 were also eoemparabie fn the two groups. 


(B) Retention of swimming mase performance 
No. antmals Trials Hrrocs 


Injection Tima/trial 
Mannitol 3 09 14 6 sec 
Actinomycin 28 84 17 7 seo 

The animals wore trained to 90 oení correst by 30-40 trials m 
groups of 10 tinals over 3 were rested 1 and were 
as in (A). nig roce 18h injection a 45-48 h 
a last 
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Table 2. LATENCY OF ResPOmER IN JUMPING BOX 


(in sec + 9.8.) 
No. 
Drug animals 1 2 3 4 5 
Actinomycin 128 53r3 Bid $0r6 Ri 34 t4 
Percentage 100 66 57 60 064 
Mannitol 23 3513 t 7t1 ei! bil 
Peroentage 100 20 1 14 


The 51 animals which were tested for retention of 
swimming maze manoeuvrability were then tested for 
their ability to jump up 2:5 in. on to a ledge fram a grid 
floor when & shock was the grid. The 
animals were removed from the box if they had not 
escaped to the ledge after 60 sec of shock. The trials were 
spaced 10 min apart. As can be seen in Table 2, there was 
a definite difference in performance of the actinomycin- 
injected animal compared with the mannitol-injected 
animal. This difference in performance was present even 
in the first trial. Furthermore, the mannitol-injected mice 
were able to improve their so that the 
latency on the last trial represented 14 per cent of the 
initial trial, whereas the actinomyoin-injected animals 
had a latency on the fifth trial of 64 per cent of the 
Initial one. This behavioural change was not clearly 
related to motor weakness because all animals were able 
to jump and demonstrated no generalized motor defecta. 
It seems more likely to be associated with a defect in the 
neural interpretation or with s response to the shock 
applied. Furthermore, when the mice were returned to 
the swimming mare, accuracy in swimming the maze 
Bnd the ability to tewverse 96 ii low {har 10 feo were 
preserved in the actinomycin as well aa in the mannitol- 
injected animal. 

The extent of inhibition of RNA synthesis was evaluated 
in 10 of the tested 057/BL6 animals and in 10 OF strain 
white mice, which had not undergone behavioural tests. 
Orotic acid 6-140 was injected intracerebrally into animals 
18h aftar receiving 20-y actinomycin D or the correspond- 
ing mannitol inoculation. Since the incorporation into 
RNA appeared linear for at least 60 min in control 
experiments the brains were removed after 45 min, 
homogenized, and processed in two ways. In one group 
of animale, RNA was isolated by the hot phenol technique 
of Scherrer and Darnell’; im another group, it was 
ee ee eee ae 
according to a modification of the technique of idt 
and Thannhauser*. Both techniques demonstrated 

inhibition of RNA synthesis in the actino- 
mycin-injected animals with the mannitol- 
injected ones (Table 3). The degree of inhibition was the 
same in both strains of mice, and was more marked in the 
brain stem and sub-cortex than in the cortex. 

Although it is probable that these experiments demon- 
strate an alteration of escape behaviour due to & drug 
which inhibits RNA synthesis, it is still not possible to 
make a definitive statement about the role of RNA in 

Table 8. INOORPORATION OF IBOTOPR INTO BNA 
(A) Alkal digestion 


Mannitol merge Far 
Perd wet Speolfic ty Inhibition 
(c.p.m./O.D. at ) (ap.m./OD. at 260) (per cent) 
Oortex 326 114 65 
Buboortex 245 46 86 
- Brain stem = 30 94 
a 61 78 
were, nfs nent pesi deas pha wo orotic aaia 
ONE (6-6 1 e fmol 18 h after reoerving mannitol 
were killed. o Tho oxebellum waa t EE 
Lu anl 44 the Quim and out. issues 
were processed by Pru arapaki reei eia Ds udi 
nucleotide sotution in s solution In a satntillation counter wi 
an overall efficiency of 14 per omt. RNA was at ma ha 
Beckman DU 
(B) Phenol extraction 
Mannitol ep pepe 
Specific activi Bpecific vi Inhibi&on 
(eo. D ej 30) (op ml. ab 380) (per cene) 
s v ie menor ot iu A tor benin rr ae 
mg to the msthod : p The fina] RNA solution 
was counted in Spina an overall of 55 per oent. 
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central nervous system functioning. Of the three tasks 
tested, porformanoe in only one was affected by the drug. 
Both acquisition and retention of immi maze 
behaviour remained unimpaired and this might seem 
contrary to RNA playing a part in such taske. On the 
other hand, the administration of shook to acbtinomyoin- 
injected animals definitely interfered with escape be- 
haviour in the jumping box. : 

Even if it is assumed that the radioactive tracer is a 

reliable index of RNA synthesis, the demonstration of 
decreased incorporation of radioactive precursors into 
RNA associated with an alteration in an animal’s response 
still does not explam what function the RNA serves. 
RNA is present in all cells, and ita synthesis and meta- 
boliam are important in cell function. Interference with 
normal RNA synthesis would then be expected to interfere 
with cellular metabolism ; and one cannot separate injury to 
RNA as the seat of the memory trace from injury 
to RNA aa a vital constituent in intracellular metaboliam 
which will, m time, affect intercellular communication 
and the input, storago, or read-out stages of the memory 
TOOOBE. 
En «ell the previoudiy disortbod riments including 
my own, there seems no way to disti 
molecules altered in number or quality, and cells so 
altered. The possibility should seriously be considered 
that the experiments have been merely chemical ablation 
studies in which certain groups of cells have been affected 
which can concentrate the antimetabolite and inhibitor 
or are especially sensitive to it. Such an interpretation 
would be suggested by the fact that performance of 
several behavioural tasks was unaffected and only one 
behavioural task was altered when 60-70 per cent of RNA 
the experiments of Flexner & al! where i ion 
of avoidance behaviour was associated with inhibition 
of protem synthesis by puromycin, and the injection of 
the drug into the vicinity of the hippocampus and tem- 
poral lobe was of paramount i . Furthermore, 
in my own experiment, the twisting and writhing move- 
menta, staggering, abnormal respiration and rapid loes of 
responsiveness, which lead to death in 48-96 h after 
injection of actmomycin D, reflect the disturbed suboor- 
tical and brain-stem function. Histological examination 
of the brams of the experimental and control animals 
demonstrated injury primarily to neurones with nuclear 
swelling and loss of morphology throughout the nervous 
system of the actinomycin-injected animals, especially 
in the hippocampus, and brain stem (Fig. 1). This finding 
is in accordance with the greater inhibition of isotope 
incorporation in the sub-cortex and brain stem than in 
the cortex itself. However, it does not allow us to decide 
whether these areas are especially sensitive to the drug or 
whether they have been merely exposed to a higher 
concentration. 

The unique role of RNA as the engram cannot be de- 
duced solely from experiments which associate increases 
or decreases in RNA concentration with altered behaviour. 
That RNA-levels vary under different conditions of 
stimulation is unequivocal, but the question of how such 
changes are brought about, how long they last, and what 
functions they may serve are unanswered at present. 
In the experiments of Hyden, for le, the moreased 
levels and altered base compositions of RNA have been 
specifically associated with mvolvement of the RNA as an 
engram in & ‘learning situation’. The probability exista, 
however, that both in the ing’ experiment'4 
and the more recently published ‘transfer of handed- 
ness’ experiments", the results reflect differences in 
the extent and pattern of activation of affected cells rather 
than different situations of ‘learning’ and 'non-leerning'. 
Our problem is still, then, unresolved. 'There is no evi- 
dence for the synthesis or presumed permanenoe of an 
RNA unique to a particular situation. We must still 
explain how cels may ‘interact’ and specifloally how 
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previous experience may facilitate transfer of intercellular 
information. 

In eesence, any chemical changes which would affect 
the synthesis or release of neurotransmitter, ite affinity 
for the post-synaptic receptor, its rate of destruction, 
the post-synaptic membrane ies, or the nature of 
the post-synaptic cytoplaam and its ability to propagate 
& depolarisation to the initial axon segment might alter 
intercellular communication and information transfer. 
The maintenance of these biochemical changes and of the 
new or level of intercellular communication’ need 
nor epi TOA the al S oc cag eee ake: 
molecule. What would be required is that the new steady V 
state of these biochemical alterations be maintained. 
Activity could induce or ‘derepresas’ gene expression and 
lead to transient or sustamed alterations in RNA and 
protein metabolism. This may, in turn, facilitate activity 
by modifying impulse transmission at a subsequent 
input or output, and thereby reinforce the biochemical 
changes which initially produced it. ‘The altered pattern of 
intercellular communication would not then reside in any 
permanent macromalecular engram but in the dynamic 
interaction of a post-synaptic cell with ita pattern of pre- 

tic influences. This more effective intercellular oom- 
munication might depend on the duration of the effective 
and subsequent activation of the pathways involved. 

No single component could be omitted for effective 
operation; and the engram would not be defined as resid- 
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ing in any: single molecule or within any single cell. It 
would be most adequately defined by the interaction of 
several neurones, and would be most fruitfully explored 
by investigating the effect of electrical activity on the 
biochemical state and the effect of the altered biochemical 
state on subsequent electrical activity. 

I thank Drs. John Fuller, Richard Wimer, and Lincoln 
Clark for their help in the psychological testa used. This 
work was initiated while I was & visiting scientist at the 
Jackson Laboratories, Bar Harbor, Maine, and a research 
associate in the Laboratory of Molecular Biology, National 
Institute of Arthritis and Metabolic Diseases, Bethesda, 
Maryland. 
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195. ANTIBODY PRODUCTION AGAINST SOLUBLE LIPOPOLYSACCHARIDE 
ANTIGENS BY INDIVIDUAL LYMPHOID CELLS /N VITRO 
By GORAN MOLLER 
Department of Tumour Blology, Karolinska Institutet Medical School, Stockholm 60, Sweden 


ECENT methods! have greatly facilitated the 
detection of cellular antibody production in viro. 
Antibody synthesis by individual cells has been made 
visible by mixmg immune lymphoid cells with the antigen 
(aheep red cells) in & semi-solid medium; after the 
addition of complement, each antibody-producing coll is 
surrounded by & clear plaque of lysed ted cells against 
the background of intact cells. The plaque-forming ocells 
(PFC) have been shown to produce large molecular 185 
antibodies; the marked increase of 78 antibodies occur- 
ring 5-6 days after the antigen stimulation doce not result 
in detectable plaque-formation. On the contrary, the 
tine of increase of 75 antibodies comeides with the 
decrease of PFC‘. The negative influence of 7S antibodies 
on the appearance of the PFC was emphasized by the 
finding that paamvely transferred 7S antibodies specifio- 
ally hibited the development of the PFO‘, i 
that active synthesis of 7S antibodies might inhibit 
cellular 1989 antibody production. 

I have made unsuccessful attempts to detect 1ndividual 
antibody-producmg cells in vitro with red cell antigens 
from various species (with the exception of cattle erythro- 
cytes, which cross-reacted completely with sheep red 
cells) and different serum protem antigens adsorbed on 
to red cells. However, positive resulte were obtained in 
the present work with bacterial lipopolyssccharide anti- 
gens adsorbed on to sheep red cells. This report is con- 
cerned with the immune response against such antigens 
as revealed by serum antibody production and develop- 
ment of PFC m vüro. 

The agar plaque-technique was used as deecribed by 
Jerne.. Lymphoid cells to be tested for antibody pro- 
duction in vuro were usually taken from the spleen, but 
m certain experiments they were also taken from lymph 
nodes, thymus and peripheral blood. 0-1 ml. of the cell 
suspension was mixed at 45° C with 2 ml. 07 cent 
agar contaming 1 mg DEAE dextran (Pharmacia, Sweden) 
and 4 x 10° sheep red cells coated with the lipopoly- 
asccharide (obtained from Æ. coli 055: Bö). The mixture 
was poured out on to Petri dishes containing è layer of 
1-4 per cent agar and incubated for 1 h at 37° C. There- 
after, 2-3 ml. of a 1/10—1/15 dilution of freahly recon- 
Btitutod lyophilized guinea-pig complement (Sclavo, 
Italy) was added to each plate and, incubstion was 
continued for $0 min at the same temperature. Reading 
of the plates was facilitated by staining with benzidine as 
decribed by Jerne Three mice were used for each 


determination and at least two agar plates were prepared 
from each cell on. A number of different speoi- 
floity controls were also included. In each experiment 
non-immune spleen cells were tested against polysac- 
charide-coated sheep red cells. In addition, specifically 
immunized lymphoid cella were tested against non-coated 
red cells, and spleen cells from animals nmmunized against 
a non-cross-reacting polysaccharide (from Salmonella 
typhosa 0901) were mixed with red cells sensitized with 
colt polysaccharide. These controls usually showed & low 
number of PFO (0-100). There was no increase after 
immunisation with the non-cross-reacting polysaccharide, 
but the values were usually slightly higher against 
specifically sensitized red cells than agamst uneosted 
cells. It seems possible that this background sotivity is 
due to the added effect of ‘natural’ antibody synthesis 
against both the sheep red cells and the polysac- 
charide. 

The polysaccharides used for costing the sheep red cells 
were obtained from Difoo, Detroit, and were extracted 
from E. cols 065: B5 by the method of Westphal’. A 
solution contaming 1 mg polysaccharide per ml. in saline 
was boiled for 1 h immediately before use and 0-2-1:0 ml. 
was added to 0-1 ml. packed and washed sheep red cells. 
The cells were inoubated for 30 min at 87? O, washed 
three tme m saline and diluted to a concentration of 
4 x 10* per ml. Mice were mmmunired by the intra- 
peritoneal injection of 0-0025—0-1 ml. of isologous red 
cells coated with lipopolyssccharides or, in & few cases, 
with & bectenal vaccme. 

Simultaneously with the determination of the number 
of PFC the humoral antibody response of the same 
animals was examined by haemolytic and agglutmation 
testa. For haemolysis 0 2 ml. serum was serially diluted 
in BSS and 0:1 ml. of a 2 per cent sheep red cells sus- 
pension coated with the cols antigen was added to each 
tube, followed by 0:1 mL of guinea-pig complement 
diluted 1/40. The same lot of guinea-pig complement 
was used in all experiments. The tubes were incubated 
for 1 h at 37? O and the last tube showing 100 per cept 
lyms was taken ae the end point. Normal serum controls 
were tested in parallel; they very rarely gave rise to 100 
per cent lysis, and only in tatres ranging from 1/5 to 1/40. 
The agglutination test was performed by mixing equal 
volumes (0-025 ml.) of antibodies serially diluted in 
1-5 per cent polyvinyl-pyrrolidone (PVP) and & 2 per 
cent suspension in BSS of antigen-coated red cells. After 
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incubation for 1 h at 37° C the tubes were read as 
described. previousty’. 
Immunization of mice of various genotypes with tho 


lipopolysaocharide antigens from E. colt resultod in & 
y increase of the number of plaque-formmg spleen 


to morease exponentially and continued for 3-5 days. 
After the peak there was a rapid decline, but background 
ae ee T after 16 days after 
Immunization (Fig. The development of tho PFC 
thus followed the oe a8 previously described 
for sheep red cell antigens'*. A second injection with 
antigen-coated isologous mouse red cells after 16 days 
stimulated an exponential increase of the number of 
PFC as in the pri response, but the maximum 
number of PFO was considerably lower (Fig. 1). : 
The development of PFC against sheep red cells was 
previously shown to parallel closely the production of 18S 
serum antibodies, whereas there was an inverse oor- 
relation to 7S antibody synthesist*. Analogous investi- 
gations were performed with the polysaccharide antigen. 
As demonstrated in Fig. 1, the development of haemo- 
lytic antibody titres paralleled the increase of the number 
of PFC during the first 4 days. Thereafter, the number 
of PFO started to decrease, whereas the haemolytic anti- 
bodies continued to increase for 2-5 days and then 
reached a steady state for 3-5 days. Agglutmsting anti- 
bodies followed the same pattern. Thus, there was & 
clear-cut difference between the kinetios of the immune 
response measured by the appearance of PFC and 
humoral antibodies, respectively. A discrepancy between 
the production of PFC and serum antibodies has been 
observed iously with sheep red cells, but im that case 
haemolytic and agglutinating antibodies behaved differ- 
ently; the increase of 7S agglutinins started at the same 
time as the increase of the number of PFC, whereas 
haemolytic 1&5 antibodies paralleled the PFC‘. The 
question whether. similar mechanism operated with the 
polysaccharide antigen at present used was thorefore 
investigated. Sera from mice immunized with poly- 
saccharide were into 185 and 7S fractions 
by ‘Sephadex G-200' gel-filtration and the different 
fractions were tested for haemolytic and agglutinat- 
ing activity against antigen-coated sheep red cells. 
It was ly found that antibodies occurred only 
in the 195 fraction, both with regard to haemolytic 
and agglutinating activity (Fig. 2). Even sera from mice 
immunised four times with the antigen adsorbed on to 
red ocells or incorporated into Freund’s complete adjuvant 
contained only 19S antibodies. The possible contamina- 
tion of the 195 fraction with 7S antibodies was excluded 
by treating whole hyperimmune sera with an equal volume 
of 0-2 M m l for 30 min at 87? O. This 
treatment selectively inactivates 19S antibodies and it 
reduced the agglutinin titres of several sera taken at 
different intervals after immunization from 1/40,000— 
1/820,000 to leas than 1/5. It would appear, therefore, 
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that the polysaccharide antigen used stimulated 189 
antibody production exclusively. Thus, the 

between the kinetics of PFC and humoral anti 

in this system cannot be ascribed to the production of 
7S antibodies. 

The possibility that the prolonged presence of 185 
antibodies m the sera of immunized animals was caused 
by accumulation of previously synthesized antibodies 
was shown to be improbable by the demonstration that 
the half-life of passively transferred antibodies was 
very short (6-10 h). It follows that the antibodies present 
in the sera of the mice are to a great extent newly 
synthesized. 

A further problem inveetigated was the question 
whether antibody production occurred in extra-splenic 
lymphatic organs. It seams possible that cellular antibody 
formation occurs predominantly in the spleen during the 
first 4 days after immunization, but 18 later transferred 
to other organs, and this would be responsible for the 

titres of serum antibodies. Extra-splenio anti- 
body production does not occur to any appreciable extent 
against sheep red cell antigens, but ıt is posable that the 
soluble polysaccharide antigens might disseminate more 
freely in the body and stimulate antibody production 
more efficiently m other organs. 

Several experiments were performed to test this poesi- 
bility. Mice were immunized with isologous red cels 
coated with the polysaccharide antigens, and their 
spleens, lymph nodes and thymus glands were removed 
at various intervals and tested for the number of PFC. 
In addition, lymphoid cells from the ipheral blood 
were isolated by mixing equal volumes of blood (m isotonic 
citrate solution) with 3 per cent ‘dextran 250’ (Pharmacia, 
Sweden) for 1 h at room temperature. The supernatant, 
which contained mamly white cells, was washed and used 
in the agar-plaque technique. 

It was constantly found that PFC occurred in extra- 
splenic lymphatic o: , mostly in the lymph nodes and 
the peripheral blood but also in the thymus. The number 


* of PFO per million cells in the thymus varied greatly 


between different animals, but occasionally reached higher 
values than in the lymph nodes and the peripheral blood. 
The kinetios of antibody production in these organs, 
however, peralleled that in the spleen. Thus, the maximum 
number was found about the same time in all organs (day 
four as a rule) and thereafter declined rapidly. Usually, 
significant numbers of PFC were only found at days 4-5 
in the thymus, lymph nodes and peripheral blood. 
Although the number of PFO per 10* lymphatic cells was 
sometimes high in the extra-splenic organs, their absolute 
amount was insignificant com’ to that m the spleen. 
Bmoe no shift of the anti 7-producing cells occurred 
from the spleen to other lymphatic organs after the peak 
at days 3—5, it is unlikely that the difference between 
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Table 1. APPEARANO OF PFO IN VARIOUS LYXFHATIO ORGANS AFTER IMMUNIZATIOK WITH coh POLYSACCHARIDE-SENAITIZED ISOLOGOUSB RED CELLS 
f. 
Hp. Mean number and of P. 10* cells z 
Se rg range FO per (days) after 
6 7 B 10 
1 | asw 606 5 | 
25 
20 0 28 
(10-0-80 0) (1:7-8 3) 
2 A.BY Spleen 5010 610-6 2193 634 55:5 e40 
(180-0-821-0) | (182-8-1,0622)  (78-$—4496 3) (57 8-88 9) (41 7-85 0) (14-0-122-6) 
Lymph nodes 109 57-1 96 10-4 104 3 
(0 3-19 0) (21-491 6) (2 615-4) (1-1-19-7) (0-0-31-2) (0 0-25-0) 
Thymus 10 Bb 01 11 00 0-0 
(0 0—2 8) (0 0-22-2) (0-0—0 2) (0 5-8-0) 
Penpheral blood 00 ane 8) (0 des) ( E 5 o AU! 41 
-3-533 r 0 0-12-6 
3 A BY Spleen 256 6 103 7 135 ( ) 
(123-8419 9) (64-0125 0) (1:8-32.7) 
Lymph nodes 385 73 9-9 
(4-0-81-8) (8:1—14-0) (1-6-21-0) 
Thymus 275-5 0-4 11 
(0 0-826-5) (0-0—1-4) (0 0-2 4) 
Peripheral blood 416 0-0 
(25-0—75 0) 
4 ABY Spleen, 270 254-8 605 17-1 1646 81 
(13 7—51 8) (67-0—537-5) (19-1-188:2) (11:56-27 1) (11 6-21 3) (7 4-87) 
Lymph nodes 01 04 40 00 00 0-0 
(0 0—0 3) (0 0-0 8) (1-3-8 0) 
Thymus 00 07 14i 00 00 00 
(0 0-1-6) (02-2 2) 
Penpheral blood 00 8-5 400 11 10 00 
(0 0-6 3) (8-8—68-8) (0 0-6-3) (0-0-3 1) 


























detectable cellular antibody synthesis and serum anti- 
body titres is caused by extra-splenic production. 

The foregoing results demonstrate that 195 antibody 
production against soluble lipopolysaccharide antigens 
can be detected at the cellular level. The kinetics of the 
cellular antibody production is similar to that against 
sheep red cells: & maximum number of PFO is reached 
after 3-5 days and then rapidly decreases. The humoral 
antibody response is only of the 19S-type, even after 
hyperimmunization with ag ae ano incorporated into 
Freund's oomplete adjuvant develops in parallel 
with the PFC during the first four days, but then con- 
tinues to increase and reaches a steady state for 3-6 days 
before declining, whereas the PFO rapidly disappears 
after the fourth day. This discrepancy between detect- 
able cellular production of only one type of antibody 
(18S) and serum antibody titres cannot be ascribed to 
cumulation of serum antibodies or to extra-splenio anti- 
body synthesis. It is noteworthy, however, that antibody 
synthesis was observed in the thymus and the peripheral 
blood. Occasionally the thymus contained s larger frec- 
tion of antibody-produeig cells than the lymph nodes. 
A similar observation hae also been made by M. Landy 

communication) in rebbita immunired against 
polysaccharide antigens. At this stage it is only possible 
to speculate about the mechanism responsible for the 
difference m detectable cellular synthesis of antibodies 
and their presence in the serum. It seems possible that 
it is caused by changes in some properties of the 183 


antibodies produced, analogous to the shift from 19S to 
7S antibodies occurring with other antigens. According 
to this hypothesis, highly efficient haemolytic 1&9 anti- 
bodies are produced by lymphatio cells during the first 
4 days after immunization, which are capable of producmg 
plaques in viro. As & result of & maturation process & 
new type of antibodies is produced, which is still of the 
19S-type, but has & lower haemolytic efficiency. These 
antibodies would not be detected in the agar-plaque 
technique, but easily in test-tube methods when mixed 
with the target celle. The late 195 antibodies would thus 
have properties similar to 79 antibodies in other immuno- 
logical systems. Alternative explanations might exist, 
however, such as a delayed antibody production against 
new pon eerie iem of the polysaccharide antigen. 
Such anta might be incapable of producing plaques, 
but efficient in teet-tubee. 

This work was supported by grants from the Swedish 
Cancer Society, the Swedish Medical Research Council, 
the Damon Runyon Memorial Fund and Jane Coffm 
Childs Memorial Fund for Cancer Research. I thank Miss 
Lens Lundin for sesistance. 
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BIOSYNTHESIS OF L-ASCORBIC ACID IN DIFFERENT SUB-CELLULAR 
FRACTIONS OF PRENATAL AND POSTNATAL RAT LIVERS 


By |. B. CHATTERJEE,* ZANE H. PRICE and Pror RALPH W. McKEE 


Departments of Blological Chemistry and Medical Microblo om. 


SE of the Hogeboom method! for differential centri- 
fugation and isolation of different sub-cellular 
components from adult rat liver homogenate revealed 
that p-glucurono reductase and 1-gulono oxidase, the 
enzyme systems oonvertang D-glucuronolactone and 


* Permanent a up ced Dojariment ot e urit SUR ERU (iei of 
Belence, 93 Acharya Prafulla Chandra 


and Immunology, School of Medicine, University of California, 
geles 


r-gulonol&ctone into L-ascorbic acid, are located almost 
entirely in the particulate fraction sedimented between 
8.500g and 88,700g (refs. 2, 3). This fraction is usually 
called the microsomal fraction. 


T 
L 


Employing the same tecobnique of differential centri- Es. 


fugation!, experimenta with Sprague—Dawley rate indicate 
that r-gulono oxidase and r-gulono dehydrogenase are 
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OF L-ASOORBIO ACID BY DIFFERENT BUB-CMLLULAR 

PXEXATAL AXD PORTEATAL FEMALE Bat Liv 

Synthesis * of 1-asoorbio acid, 
protein 


Table 1. SYNTHESIS 
Fractious FROM 


Protein content, 
Condition Age m$ booo- 8,000g 70,000 
of rat 8,000g re fad fraction 
fractlon In In 
In In absence In absence 
air air ofatr air ofal 
Prenatal 18 days 10 4 1 $ 20 mn m 
, sf days 12 6 2 8 25 m Wü 
"n Pur 14 8 3 9 — 7 20 
Kov- mh 20 16 5 9 — 21 63 
You? 15 days 35 20 10 10 — 88 — 
* Systems and methods employed: total volume of tneubation mirture 
was 2-5 mL 025-10 g Hver equivalent of microsomes, 0-02 WM 
sodtum gre ¢ af 0-006 M sodium 
OO At KUN; tnowbated for 1 hat 37° fn ar. In anaero- 
inenbetion sodium pyrophosphate was omitted. tbe renim 
2 mg pbenaxine were placed in the side arm of a 


tadophenal io aid ae ee A by Me method altar 
the "Tihs thohloroscetio aoid". 

t o attempt was made to determine the sex of the foetuses. 
entirety apeent from the so-called microsamal fraction of 
liver obtained from embryonic rats up to 20 
days of gestation (Table 1). However, the foetal liver 
homogenate was found to conta & small amount of 
activity for the synthesis of ascorbic acid. This activity is 
located in the fractions sedimented at 200g and between 
_ 200g and 8,000g (Table 1). The activity of these fractions 
did not morease signi after birth (Fig. 1). On the 
other hand, the activity of the fraction sedimented 
between 8,000g and 70,000g which is absent from foetal 
liver, starts on the 21st day of gestation (term), increases 
after birth, attaining a maximum on the 14th-15th day, 
and then falls to values of 50-60 ug ascorbic acid per mg 
protein M hd, The further decrease in bioeynthetio 
capacity of liver microsomes from female rats at an age of 
35-45 days (Fig. 1), the age of attaining sexual maturity, 
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ting 


L-Ascorble ackd/mg protein (wg) 
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Dg. Thin section of 14-day-old rat liver fraction sedimented at 200— 
. The tissus was treated asin Fig 2. Mitochondria ts the essential 
component with sight miarosomal (arrowa) contamination. ( x 60,000) 
is not observed with the microsomes from male rate. 
Similar results are obtained when_the enzymatic activity 
is expreesed per g of liver instead of per mg mi 


It would appear from Table 1 and Fig. 1 that, in the 
foetal liver homogenate, the ascorbic acid synthesizing 
enxymes are located in the so-called nuclear and mito- 
chondrial fractions. However, when the so-called mito- 
chondrial fraction from foetal rat liver homogenate, 
sedimented between 200g and 8,000g, was examined with 
the electron microscope, the fraction was found to be 
composed. of 90-95 per cent microsomes, the rest being 
mitochondria and other oell organelles (Fig. 2). On the 
other hand, the same 200—8,000g particulate fraction from 
a 14-day-old or an adult rat liver was found 
to be composed of almost pure mitochondria with slight 
microsomal contamination (Fig. 3). In the foetal liver 
homogenate, the fraction sedimented between 8,000g and 
70,000g has been tentatively identified on the basis of 


tion of smooth vesicles (Fig. 5). 





at 8,000- 
. as 1n 2. The ma of the 
fraction conmsts of what pes ood cs ac serie’ ob tie ribo- 
relatively large smooth vealoles intermixed. 





Fig.5 Thin section of 14-day-old rat liver sedimented at 8,000—70,000g. 
Ee Mu Was EE M 2. The disirnibuüon of free ribosomes 


ts of smooth tubular endo- 
( x 55,000) 


vut instalo rollen oan be 

The resulta indicate that the liver microsomes from 
embryonic rat are apparently different from those of 
young or adult rate bemg sedimented at a much lower 
centrifugal foroe and having much less enzymatic activity 
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for synthesizing L-ascorbio acid. As appears from the 
electronmicrographs (Figs. 2 and 5), the microsomal 
vesicles, as well as the ribosomal granules from embryonio 
liver, sedimented under the same conditions are strikingly 
largar than those from an adult liver. The larger vemole 


size and the ribosomes being attached would perhaps. 


explam why the embryonic microsomes sedimented at a 
much lower centrifugal force. However, differences in 
chemical composition of the particulates, as well as 
differences m the physical properties, may also account 
for sedimentation at a lower centrifugal foroe. Further 
work is needed to explore this and to’ determine how and 
when. the transition of the foetal liver microsomes to adult 
liver microsomes occurs. Whether similar transition also 
occurs in microsomes from other organs has yet to be 
learnt. The few mitochondria present m the embryonic rat 
liver proliferate rapidly after birth. The phenomena of 
mitochondrial proliferation and the transition of foetal 
microsomes to adult microsomes may not be merely 
coincidental and may merit further investigation. 

It should be mentioned that Peters et al.* observed a 
morphological ergastoplaamio differentiation between pre- 
natal and neonatal mouse liver. A amooth tubular form 
of endoplasmic reticulum was found to appear at birth 
which was completely absent from a foetal liver of 18 days 
gestation. In confirmation of their finding, Fig. 2 shows 
that the microsomes from foetal rat liver are all of rough 
or granular type and none of them is smooth or agranular. 
On the other hand, the microsomes from an adult rat liver 
are known to be composed of both rough and smooth types 
of vesicles (ref. 5 and Fig. 5). However, it is not known at 
present whether the ascorbic acid synthesizing onzymes 
are associated especially with the smooth types of endo- 
plasmic reticulum which are absent from the foetal liver. 

Under the electron microscope, the nuclear fractions 
from both prenatal and postnatal, and the mitochondrial 
fraction from postnatal, liver homogenates were found to 
contain some microsomes (Fig. 3). Hemoe, in confirmation 
of the previous findings? it may be stated that the 
enzymatic activities of these two fractions are due to 
contamination by microsomes. The low biosynthetic 
capacity of the embryonic microsomes is not due to the 
presence of some inhibitor, since addition of embryonio 
microsomes to adult microsomes did not inhibit synthesis 
by the latter. 

This work was supported by granta-in-aid from the 
National Cancer Institute, U.8. Public Health Service, the 
American Cancer Society and the Jane Coffün Childs 
Memorial Fund for Medical Research. 
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CHROMOSOME DAMAGE IN HUMAN DIPLOID CELLS FOLLOWING 
ACTIVATION OF LYSOSOMAL ENZYMES 


By Dr. A. C. ALLISON and Miss G. R PATON 
National Institute for Medical Research, Mill Hill, N.W.7, and Hampstead, London, N.W.3 


HROMOSOME or chromatid aborrations are known 
to follow exposure of cells to X-radiation, ultra- 
violet radiation, virus infections and & variety of chemical 
compounds differing widely in structure’. It has been 
generally accepted that such aberrations are due to direct 
physical or chemical attack on chromosomal material, 


probably DNA. However, several observations have led 
us to investigate another possibility, that scission of 
chromatids could be produced by enryme action and 
might therefore result from activation of hydrolytic 
enzymes in the living cell. In particular, it seemed possible 
that deoxyribonuclease (DNase) or other enzymes 


N 
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liberated from the cytoplasmic organelles known as 
lysosomes might be able to enter the nucleus and produce 
structural alterations in chromosomes. 

To test this hypothesis a method of selective activation 
of 1 enzymes developed in our laboratory* 
has been used. The method depends on the fact that Irving 
cella take up certain dyes or other compounds and con- 
centrate them in lysosomes. When the cells are exposed 
to hght of wave-length absorbed by the chromophore, 
photo-oxidative o in the membranes of the lyso- 
somes are produced. Light of these relatively long wave- 
lengths is not injurious to cells except where the photo- 
sensitizing agent is present. Hence damage to lysosomes, 
with release of the enzymes they contain, can be achieved 
without direct damage to the nucleus or other cytoplaamic 
constituenta. This method of activating lysosomal 
enxymes is much more specific than the use of detergents, 
enzymes or antibodies. If the concentration of dye or 
time of illumination is sufficient, the cells are killed’, 
but lower doses produce other interesting effects including 
the chromosome aberrations now reported. 

Oel cultures. The human diploid cell strain, WI-38, 
isolated by Hayflick from human embryonic lung, was 
obtained from Mr. J. P. Jacobs. Medium for cell growth 
consisted of EKaglo’s basal medium (in Hanka’s balanced 
salt solution) containing 8 per cent calf serum and 0-05 
per cent bicarbonate, with 200 unite penicillin and 100 ug 


dp Streptomycin per ml. The cells were dispersed and m 


[dent in 4-or. bottles using the methods 
ick and Moorhead’. Repeated testa of the cell strain 
for jesse or mycoplasma contamination were negative, 
and routine examination of the chromosomes of these 
cells in our laboratory have revealed no abnormalities. 
Photosensitaring agents. Neutral red, vital and fluoro- 
chrome, was obtained from G. T. Gurr, London. Acridine 
orange was purchased from E. Gurr, London. These 
samplea contained several components and purification 
was carried out by silica-gel chromatography using three 
solvent systems, namely, butanol: ammonia, butanol : 
acetic acid and pyridine, isoamyl alcohol : ammonia. 
Samples of anthracene and acridine highly purifled by 
zone-melting were obtained from the National Chemical 
Laboratory. 

Photosensitizing technique. Twenty-four h after sub- 
culturing the cells, photosensitiring agents were added to 
the medium in concentrations - from 1 in 10° to 
lin 2x 10" (w/v). The dyes were soluble in the medium, 
but anthracene and acridine were dissolved in serum as 
previously described‘ and added to the medium. The 
cells were incubated at 87°C for 1 h, after which the 
medium was replaced with freah medium without the 
photosensitiring agents and the ocells were incubated for 
a further 0-5 h. This was done to avoid mmediately 
lethal damage to cell membranes which occurs if the 
photosensitixmg agent is present in the medium at the 
time of illumination. Cells were illuminated with a high- 
intensity tungsten or low-pressure mercury discharge 
source with appropriate filters. Cultures were 5 in. from 
the tungsten source (Philips ‘No. 2 Photolita’): this system 
with a ‘Cinemoid 21’ filter (Strand Electric Co.) was used 
for neutral red and No. 17 filter for acridine orange. 
With acridine and anthracene the vapour source 
(4 Philips ‘TL AD'/05 tubes) was used with glass and 
No. 25 filters 4 in. from the culture. Cells were illuminated 
for 0-5 or 1 h at room temperature, with heat-absorbing 
filters and fans to prevent significant rise in temperature. 
Controls were kept at room temperature for the same time 
or were illuminated without any photosensitizing agent. 
All cultures were then incubated at room temperature for 
a further 24 h before chromosomes were examined. 


Chromosomes . These were made by a modifi- 
cation of the technique of Moorheed and Nowell’. Cultures 
were usually for $ h with 'Coloemid'; some com- 


parisons of break frequencies with and without 'Coloemid" 
showed no significant differences. The cells were fixed in 


NATURE 


€———- 





ent. (xc. T0) 


acetic alcohol, spread on slides over a low URN ed 
and stained with Giemsa. The slides were coded and 
counted blind. In each preparation under the low power 
of the microscope 50 or more well-spread metaphases were 
chosen for detailed examination at high magnification. 
Broken cells with scattered chromosomes were rejected. 
A cell with one or more definite breaks was recorded ss 
positive. Obscured or indefinite breaks, secondary 
constrictions or unstained gaps were recorded as negative. 
The final result shows the number of cells with one or more 
breaks as a percentage of the total number of cella exam- 
ined. Chromatid and chromosome breaks were not 
differentiated ; the latter were occasionally observed, 
but much lees. frequently than chromatid breaks. Ooca- 
sional cells showed chromatid exchanges and ‘triradial’ 
configurations (Fig. 3). 

The intracellular distribution of the photosensitizing 
agents was examined by direct or fluorescence microscopy. 
As previously deecribed* neutral red (Fig. 1), anthracene 
and other polybenxenoid hydrocarbons and acridine are 
seen only in lysosomes, whereas acridine orange fluoreecea 
in both the nucleus and lysosomes. Even at concentrations 
of neutral red, anthracene or acridine a hundred times 
higher than those used for photosenmtization no nuclear 
uptake is seen unless the cells are damaged. It therefore 
seems certain that the primary photosensitizing effects of 
these substances are on lysosomes. Acridine orange was 
used for comparison with similar experiments previously 
published on plants’*, which will be discussed here. 
In this case direct photosensitization damage to the 
nucleus is possible. 

The results of two representative experimenta are 
summarized in Table 1. The number of breaks is 
clearly higher in cells photosensitized with any of the 
agente used. The resulta in Table 1 show that the photo- 
sensitizing agent does not produce breaks in the & ce 
of light, and previous obeervations*" have shown that 
oxygen must be present for killing celle and for structural 
alterations in chromosomes to oocur. 

Three other experiments gave similar resulta, with 
statistically signifloant differences between treated and 
control cells, although somewhat higher percentages of 
breaks were found in two sete of controls in which tho 
cells used were at a later passage level, 32 or 83. 

Although the experiments were undertaken for different 
reasons, our results confirm for animal cells the observa- 
tions previously made by Kihlman’, and Dubinin e al.* in 
plante. These authors found that by treating broad bean 
or onion root-tips with low concentrations of acridine 
orange, rivanol, methylene blue or toluidine blue, and 
illuminating them with visible light, structural chromo- 
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Table 1. OHROWOSOWR Damage IX |WI-38 HUMAN DIFLOID CELLS at 
Passage 10 AND 27, AFTER PHOTOSMWEITIZATION 
Probability 
Antoses A of 
Photo- Oonoen- Mitosem with difference 
sensit xing tration examined chromed with fran 
agent (w/v) breaks — breaks No 
Control — 50 1 4 — 
Neutral red lın 10 74 9* 122 
Neutral red 
(noiluminaton)  1tn10* 50 2 4 
Acridine 11n 10* 50 10* 20 1 
Acridme orange 1i1n2x10! 50 4 8 
Anthracene in 10* 50 11 22 1 
Oon trod — 50 1 2 — 
Neutral red 11n 10* 58 $ 10-3 
Acridine orange 11in 10 48 16t 313 1 


+ Three tnradial configurations present, 


some changes could be produced. It was concluded that 
these treatments damaged nuclei directly, which is 
possible in the case of acridines but not with methylene 
blue or toluidine blue. We have observed that in both 
Vicia root-tip cells and mammalian cells methylene blue 
and toluidine blue are concentrated in cytoplasmio 
organelles which in the case of mammalian cells can be 
definitely identified as lysosomes, as Brechet some time 
ago suggested’. The same cytoplasmic organelles in plant 
cells fluoresce flame red after uptake of acridine orange at 
concentrations about 1 ın 10‘ while nuclei fluoresce green, 
and the fluorescing cytoplasmic organelles may be 
equivalent to those in plante showing particulate staining 
for acid phoephatase!*. From these observations it seems 
likely that plant cells also have lysosomes, so that our 
interpretation of chromatid breakage could apply to 
plant as well as to mammalian cells. 

The experimental results suggest that a cytoplasmic 
event, namely damage to lysosomes, can lead to structural 
alterations in chromosomes. 

The most likely interpretation seems to be that DNase 
released from lysosomes oan break the DNA which 18 the 
backbone of the unooiled interphase chromatid. This 
enzyme very efficiently fragments lampbrush chromo- 
somee!! and chromatin from sea-urchin sperm’, and 
produces visible changes in parta of the polytene chromo- 
somes in living Drosophila cella1™?. Other enzymes, includ- 
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Fig. 3. Ohromosomes from a culture of WI-88 cells ai 33 

treated with neutral red (1 In 10"). Arrows indicate a chromatid 
and a toradiel configuration, x 1,875) 
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Fig. 4. 


Chromosomes from a culture of 171-83 cella at pemege 26 
Seat with ene orange Ca tod Arrows indicate chromatid 


1 

Tio) 

Dg roteases and RNase, do not break chromosomes. 

t, lysosomal DNase has a remarkable property: 

i appears from the reaction kinetics to break both strands 
of a double-helix of DNA at the same timet. Simultan- 
eous scission of both strands produced in this way would 
be much more difficult to repair than breaks in one of the 
two strands, as is characteristically produced by s single 
hit with pancreatic DNase. Hence one or & very small 


e 


b 


—to énrymatio attack, and the 
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number of scissions by lysosomal DNase might give rise to 
breaks later visible in the coiled mitotic chromatids. 

There are two main difficulties about that 
lysosomal DNase produces chromatid breaks. The first 
is that the enryme would have to enter the nucleus. 
There is evidence that this could happen: thus DNA- 
dependent RNA polymerase ity in isolated nuclei 
is immediately stopped by addition of DNase. Moreover, 
shortly after infection with simplex virus there is 
often considerable breakdown of host cell DNA", which is 
apparently due to activation of lysosomal DNase". 
It therefore appears that nucleases can enter the nucleus 
and act on its contents. The second objection is that 
lysosomal DNase has an acidio pH optimum, but the 
enryme has, in fact, appreciable nuclease and phospho- 
diesterase activity at neutral pH. Experimenta with 
purified lysosomal DNase and inhibitors are planned and 
these, it is hoped, will provide more direct evidence for 
or against the hypothesis that this enzyme is involved in 
the production of chromatid breaks. 

Another possible objection to our experiments is that 
free radicals formed after photon absorption in the lyso- 
somes might be able to diffuse to the nucleus and damage 
ita oontenta directly. This seems highly improbable. The 
concentrations of the photosensitizing agente used were 
very low («10-* M) and those of free radicals generated 
would be lower still. It is known that in the of 
protein and other reactive materials the life-times of 
“Buch free radicals are exceedingly short*!*, Calculations 
show that the quantum efficiency of chromosome breakage 
is approximately the same whether the photosensitizer 
is present in the lysosomes only or in the lysosomes and 
nucleus. 

The resulta of cytogenetical investigations are consis- 
tent with the view that a number of chemicals, including 
the standard alkylating agente and maleic hydrazide, 
produce effects similar to those described im this article, 
perhaps by & similar mechanism. Discussing the resulta of 
experiments with maleic hydrazide, Evans and Scott** 
conclude that bably breakage of both old and new 
strands of DNA in a chromatid occurs during the period 
pei eich hance At this time the DNA, being fully 

or replHcation, would be particularly vulnerable 
enzyme could 
break both old and new strands of the helix at the same 
time. Experiments with synchronized cells have been 
started to ascertain &b what stage of the replication cycle 
chromosomes are most sensitive to photoeensitixation 
damage. We do not imply that the only way in which 
chromatids are broken is enzymatio attack: clearly 
direct interactions with DNA or interferenoe with repair 
are also likely to occur. But enzyme activation could 
represent &n important contributory -mechanism in 
chromosome damage caused by chemicals and radiations, 
the significance of which has so far been overlooked. 

These results have a bearing on the ion made 
eee ee ee apan 
carcinogenesis. his suggestion was bared on this 
tion that carcinogenio hydrocarbons are concentrated in 
lysosomes and can induce permeability changes in their 
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membranes. Likewise, viruses, ultra-violet and X-radia- 
tion and various chemical carcinogens and oo-caroinogens 
are able to bring about release of enzymes from lysosomes. 
The resulta of our experiments suggest that the lysosomal 
enxymes can react with and produce lasting changes in 
genetic material. Some such change—not necessarily 

transform a normal oell into a 
malignant cell. Since so many diverse agenta can produce 
cancer it seems likely that some common reaction in 
cells is involved, and lysosomal enzyme ectivation seams 
at least as plausible an explanation as alternstives that have 
been much discussed, namely, protein binding and deletion 
by carcinogenic chemicals" or direct binding carcinogenic 
chemicals to nucleic acid". Apart fram the fact that the 
lysosomal concept has more generality, evidence has 
already been presented that activation of lysosomal 
enzymes can release cells from mitotio inhibition™. 
This view will be elaborated with more detail and further 
experimental evidenoe elsewhere; but clearly if such 
release from mitotic inhibition could be made permanent 
by elimination of the control mechanism, genetio or 
otherwise, malignancy might well ensue. 

Chromosome aberrations in mammalian oella have now 
been seen after infections with a number of viruses!. 
Most of theee viruses multiply in the nucleus and might 
damage its constituenta directly. However, some viruses 
giving rise to chromosomal aberrations, such as yellow 
fever virus“, have no known phase of development in 
the nucleus. Nevertheless they do damage lysosomes 
(as shown by plaque formation) and chromosome breaks 
might therefore be produced by the mechanism suggested 
in this article. 

We thank Dr. P. J. Walker for & pure sample of acridine 
orange, Dr. H. J. Evans for his advice, Mrs. P. B 
for the statistical analyses, and Mr. J. Clark and Mr. F. 
Wanless for the photomicrographs. 
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IRRIGATION OF PLANTS WITH ATMOSPHERIC WATER WITHIN 
THE DESERT 


By Dr. |. GINDEL 
Volcan! Institute of Agricultural Research, Rehovot, israel 


HE desert soils are suitable, so far as the climate 
and the quality of the soil are concerned, for the 
growth of many forest tree species which can occupy 
moet of the area but the expansion of which is prevented 


solely by the lack of water. This shortage has given us the 
idea of exploiting water from dew and mist of i ion 
of forest planta, and of concentrating the little rainwater 
available into the immediate area of the roota. 
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There are many ies of xerophytes which can be 
utilized for afforestation even in desert regions where only 
100-200 mm of rain fall annually, if they are irrigated 
for the first 2 or 3 years after planting. This conclusion 
is based on the resulta of afforestation m the Negev 
Desert over the past 20 years, and now woods. avenues 
and windbreaks of tamariak, eucalyptus and Allepo 
pine lend a touch of green to the grey, arid desert vista. 

By exploitation of water from dew and mist, which is 
actually greatest in the desert, and by concentration of the 
rainwater in the root region, as is described in this article, 
1b is possible to-day to plant endemic and domesticated 
xerophytes woody species at every place where such sources 
of water are available. 

Experimental areas. The desert vegetation of Israel is 
defined phytogeographically as Saharo-Sindian, and many 

species are represented, such as Acacia sp., 
Tamariz sp., Retama sp., oto. 

The investigation recorded here was lmited to the 

sub-tropical zono of Israel and to those desert regions 

ing the following characteristics: (1) A total annual 
rainfall of 25-200 mm (Beershebe-Eilath), lrmited to the 
cooler season. (2) The rainfall 18 limited to 8-10 days in 
dry yoars and 20-40 days in normal years. During the 
rest of the year, the sky is clear and the number of hours 
of sunlight is close to a world maximum. (3) Extreme 
annual fluctuations in the rainfall and frequency of drought 
years. (4) Scarcity of streams and rivers, apart from a 
gravitational flow from the mountains into the depressions 





and plains. This flow ceases after a few days as the water 
reaches the Dead Sea and the Red Sea. (5) An almost 
complete absence of sweet water suitable for drmking 
or for the use of plants. 

Although there are local variations, there is a general 
distribution in the number of dewy nights’ as follows: 
(1) An increase in the number of nights with dew and ite 
quantity going southwards in the country; an annual 
variation between 5 mm—Dead Sea region and 150 mm 
—north Western Desert. (2) There are, in fact, the greater 
number of dewy nights during the hottest and driest 
months. (3) In the Western Desert, where the rainfall 
is lowest, the number of nights with dew reaches 250 
annually (Gvuloth), 140 of these with ‘heavy’ dew. (4) 
Along the Mediterranean coast, in the Central Hula 
Valley &nd in the weet-oentral part of the Valley of Israel 
the dew 1s heavy. (5) There are about 160 nights with dew 
in the hills with fluctuations depending on height and 
exposure; there is least on the eastern slopes. 

Gilead and Roeenan* measured the number of nights 
with dew and the quantity collected at 80 meteorological 
stations in the country at the same time, over a period 
of 10 years, by means of Duvdeuvani’s apparatus*, and 
reached the following conclusions: (1) The number of 
nights with dew is more or less constant, and the fluctus- 
tions are similar to those found in the rainfall. (2) There 
was no constancy between the various stations, and the 
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fluctuations were not only influenced by thermodynamic 
factors, but also by soil structure and topography (hills). 
(3) More dew is attracted by plants grown ın light soil 
than in clay soil. (4) That measured ın plantations was 
about half that in nearby exposed areas. 

Experimental Methods. The water from the dew and mist 
was collected in exposed areas. 

In order to ascertain the quantity of dew and mist 
falling nightly in different parte of the country and during 
different seasons, the apparatus illustrated in Fig. 1 was 
assembled. It was based on a calculation of the amount 
of water from dew and must as a function of area. The 
apparatus was fitted up in the form of an inverted V 
with the ratio of height to width=0-5:1-0. Each face 
was 2-5 m* in area and was covered with a sheet of poly- 
ethylene, 0-1 mm thick. Beside the shorter posta, at the 
edge of the gutter, were 2 polyethylene bottles into which 
the water was led through a pipe from a gutter. This 
‘roof’ was supported on two pairs of posts of differing 
height, in the range of 40-60 cm, so as to form a slope 
which would lead the water into the bottles from the 
gutters. Polyethylene was chosen as an inactive water 
collector as it 18 non-hygroscopic and becomes cool at 
night. The flow into the bottles began when the sheet was 
sufficiently moistened, this preventing loss by evaporation. 
Apart from this means of measuring the water collected 
on the upper surface of tbe sheet, reversal of the ‘roof? 
enabled tho measurement of that forming on the under- 
side, thus giving an overall estimate of the dew. 


ac? st! 





For irrigation of plante, polyethylene sheets, 1-5—2-0 m? 
in ares, were arranged at a slope of 25—80 per oent (Fig. 2) 
to facihtate flowing of the water and ita transportation 
to the plant-pit. Plgstio ducta were attached to the lower 
ends of the sheets. create the necessary slope the soul 
was ridged or, alternatively, the sheets were placed on 
wooden board. 

Amount of ‘Flowing’ Dew and Mist per Umi Area. 
Some nights were completely dewleee; on others, although 
drops condensed on the sheet, the amount was insufficient 
to lead to a flow through the gutters into the bottles. 
The flow of water from dew and mist into the measuring 
bottles of the apparatus begins when the sheet has become 
appreciably covered with drops. Table 1 indicates the 
‘flowing’ water collected per square metre of polyethylene. 
This flow differed in 3 places belonging to different climatic 
regions (Revivim—desert, Eahteol—sub-tropieal hills, 
and Rehovot—semi-arid plain), with most at Revivim and 
least at Rehovot. 

The ap tus was arranged with ita two planes facing 
north and south, respectively, and here, also, differences 
emerged. Table 2 shows the greater flow from the north 
face at Revivim and Rehovot, and from south face at 
Eahtaol. In the summer of 1964, however, the southern 
aspect gave & greater flow at Rehovot. 

Irrigation of Forest Saplings with Atmospheric Water. 
In 1962, 8-10-month-old saplings of the following species 


i 
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were planted at Rehovot and in the Judean Hills (Hulda): 

Pinus halepensis, P. brutia, Ow horizontalis, 
. Tamariz aphylla 

were planted in dunes south of Beersheba. Near each 

DARUM ee DA o sheet, 1-3 m? in aroa as 

described previously. e dew was led to the plant-pit 

through & plastio gutter. 

The expermnente were repeated in the summer of 
1963 and, apart from those saphngs planted in the rainy 
season, others, of the same species, were also planted in 
August, when the conditions (heat and drought) are 
unsatisfactory for survival. One group was provided 
with atmospheric water by means of the plastic sheote, 
while the other was planted nearby without such aid. 
While the former survived until the winter rains, the latter 
had dried up by the beginning of September. 

Concentration of Rainwater by Means of Plastic Sheets. 
The same plastic sheets which had proved useful for the 
collection of dew and mist were algo used for the collection 
of rainwater. Table 3 shows the alight and unreliable 
rainfall in the desert over the past 10 years with fluctus- 
tions from 82 to 177 mm at Revivim, and from 100 to 
255 mm at Gvuloth. These also 
include a number of light showers, of 
0-5-1 mm, which only wet the upper  --- 3 
1-2 am ofthe soil. This moisture evapor-  : 
ates within a few days, owing to the strong 
sunshme between the showers even during 
the rainy season. By concentrating this 
rainfall, ite effectiveness can be increased. 
For example, a sheet of 5 m* area supply- 
ing a pit of 1 m! area may provide 5 times 
as much water as when water falls on a 
similar pit which is not provided with a 
sheet and, consequently, a 5-fold percola- 
tion. In fact, the percolation depends on 
the physical properties of the soil, espect- 
ally ite permeability, which is greatest in 
dunes, and least in loess. 

Discussion. The collection of atmo- 
spheric water and the trapping of rain- 
water, by means of hygroscopic material 
(polyethylene or polyvinyl chloride), in- 
crease the sylvicultural potentialities of 
desert and semi-arıd regions. 

It was found that 20-30 l. of atmo- 
spheric water flowing mto the plant-pit 


from each square metre of the poly- 
ethylene roof was sufficient for the 
.. continued existence and for some growth 
Js of the tree xerophytee used in this work, 
^ during the first summer after planting. It is possible, 
also, to plant woody xerophytes, such as Allepo pine, 
Tamarix sp. and s sp. and others, even in 
midsummer (July-August) when the amount of dew 
Table 1. MONTHLY AMOUNT OF 'FLOWING' DEW AXD Mist (CO) PER 
SQUARE METRE OF POLYETHYLENE IX 1904 
Location 
Month Rebovot ‘Revivim Eahtaol 
July 1,148 1,608 1,222 
August 1,648 2,053 2,048 
September 876 1,048 1,556 
October 2,056 3.631 2,084 
November 862 1,270 968 
Table 2. 'FLOWING'DEW AKD Mist (PER CENT) FROM THE NORTHERK AND 
BoUTHERX BLOPES OF THE INFTRUXENT Iw 1963 
Month Rahtaol Revivim 
North South North South North South 
. August 5041 4959 558 541 607 393 
f September S472 4538 479 — 821 045 — 8355 
October 51.68 — 4841 479 otl 509 — 401 
November 6118 3881 491 500 015 885 
December 6064 3016 — — 50-52 — 4948 
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Tabl 3 YHARLY HAIKFALL (XM) AND NUMBER OF RAIXY Days AT TWO 
LoOATIONS 
Location 
Yoar Revivun Gvulot 

1953/51 118 2 (27) — 

1964/55 92 0 (19) 148 B (18) 
1965/58 130 3 (88) 177 0 (39) 
1056/57 177-5 (34) 234 5 (42) 
1957/58 32 i (22) 100 3 (25) 
1958/50 120 6 (82) 142 3 (22) 
1959/60 44-1 (16) — 

1960/01 104-4 (32) 1115 (8) 
1061/62 71 8 (26) 162-1 (24) 
1062/63 328 (8) 48-9 (20) 
1063/64 164 9 (33) 248 7 (38) 


reaches maximum, and they can be maintained with- 
out wiltang Bo long as they are provided with moisture 
from dew and mist until the advent of the rains. In 
such places as the deeerta of Chile and Peru, for example, 
this is even more important, since the mists may reach 
an annual value of 300—400 mm, while the actual rainfall 
does not exceed 40 mm. 





tamarisk and eucal plants with atmospheric water At 
Trai in poly fl ni i ea a tpm cut, 
the water in 


The arbori-sylviculture poeeibilitiea in the desert may 
also be increased by the concentration of the little rain- 
water available in the region of the root. Here, also, tho 
efficiency depends on the area of the sheet, and it can be 
adapted to the species. If, for example, a certain region 
would allow the growth of any forest tree species so far 
as the soil and climate are concerned, but the annual 
rainfall is only 200 mm instead of the 1,000 mm necessary, 
it is poasible to increase the rainwater available by leading 
the run-off from & 5 m* sheet into a plant-pit of 1 m! 
area. 

The xerophytes which are being used to-day in affores- 
tation in Israel can be planted in any place where there 
is sufficient dew and mist to cause a flow into the plant- 
pit; this method overcomes the need for transportation 
of water by tankers or the installation of irrigation systems. 
This collection of rainwater also serves to wash out the 
galta which have become concentrated in the upper soil 
layer, especially due to the low chlorine content of atmo- 
spheric water. 


1 Ashbel. D., Geog Rev., 39, 201 (1040). 
1 Gilead, BL, and Rosenan, N , Isr. Ewplorahon J., 4, 2, 1 (1064). 
* Duvdexrvani, 8h , Quart. J. Roy. Metsorol. Soc., 73, 282 (1047). 
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REGULATION OF PROTEIN AND NUCLEIC ACID SYNTHESIS BY 
GIBBERELLIN DURING LEAF SENESCENCE 


By R. A. FLETCHER* 
Department of Agriculture 
AND 
Dr. DAPHNE J. OSBORNE 
Agricultural Research  Counal Unit of Experimental Agronomy, Department of Agriculture, University of Oxford 


URING ‘senescence in leaves, yellowing and loes of 
chlorophyll occur together with a progressive 
decline in the rates of synthesis of tein and nucleic 
acid. acid. "Those changes can be retarded by tho addition of 
Pe growth tors. Thus when excised leaf 
Xanihium or Nicctiana’? are supplied with a 
synthetic kinin or when those of Prunus are treated 
with an auxin the incorporation of radioactive precursors 
into protein and RNA is maintained or even enhanced 
and senescence of the disks is retarded, although no other 
additional substrates are supplied. These observations 
have led to the proposal’ that senescence in leaf cells is 
associated with the hormonal regulation of protein and 
nucleic acid synthesis and that both auxins and kinins 
retard senescence by maintaining the DNA as a functional 
template for DNA-dependent synthesis of RNA. 
The hormonal content of leaves declines as they grow 


older. Where retardation of senescence can be brought. 


about by the addition of synthetic auxin or kinetin it 
seems most probable that senescence is causally related 
to & limiting concentration of an endogenous auxin or 

Evidently the hormone needed to retard senescence is 
not the same for all species, for an auxin will not retard 
leaf senescence in Xanthtum* and kinetin is ineffective 
when supplied to Prunus*. So far, however, there is 
little information concerning the regulation of biochemical 
processes of senescence by another major group of 
endogenous hormones, the gib 

Although it has been obeerved that- gibberellin (GA) 
delays autumnal yellowing in some deciduous treea* and 
to some extent increases longevity of leaves of sugar beet’, 
no analyses of the physiological or biochemical effects 
have been made. 

These aspects have now been studied in a wide range 
of species and it is clear that senescence can be effectively 
retarded in leaves of Taraxacum officinale by either 
gibberellin A8 or by kinetin. The effects of GA appear 
to be species ific, for in 17 other planta studied, no 
retardation of leaf senescence was observed. Some of 
the experiments on GA regulation of senescence processes 
in T'aravaoum are now reported. 

Mature leaves were gathered from wild plants, and 
disks punched from interveinal portions of the blades. 


. Matched disks were placed in Petri dishes on filter paper 


moistened with equal volumes of either water, or an 
aqueous solution of GA. The dishes were maintained at 
high humidity and incubated in darkness at 25° O. After 
four days the chlorophyll was extracted with hot 80 per 
cent ethanol and the optical density of the solutions 
measured at 665 mu, the absorption peak of chlorophyll a. 
The values for the optical densities of the chlorophyll 
extracts from disks treated in various concentrations of 
GA are plotted in Fig. 1. The chlorophyll content of the 
control disks. to leas than half during the experi- 
mental period in the disks treated with GA 
most of the chlorophyll is retained. GA concentrations 


* Present address: Department of Botany, Untversity of Guelph, Guelph, 
Ontario, Canada. 


from 10 to 50 mg/l. appear to be optimal and 25 mg/l. 
has regularly been used in the biochemical studies. 

With other species the addition of guxins or kinins!“ 
during senescence not only delays the loss of green colour 
in the leaves but alao retards the fall in levels of total 
protein and RNA. The following experiment, based on 
the method described, was designed to ascertain whether 
GA maintains the protein and RNA levels in Taraxacum. 
Duplicate seta of disks cut at the start of the experiment, 
and disks that had been treated with water or GA for 
4 days, were macerated and extracted, first in 80 per cent 
ethanol, then with 5 per cent TCA at 0° O, and finally 
with absolute ethanol and ethanol:ether (8:1 v/v). 
For protein determinations, the residue was subjected to 
N NaOH at 100? for 4-5 min to solubilize the protein, 
and an aliquot of the solution assayed by the biuret 
method. RNA was estimated in separate seta of disks. 
The residue ining from the final extraction with 
ethanol: ether was hydrolysed with 0-3 N KOH for 
18 h, the DNA precipitated by acidifleation to pH 2-0 
with HCIO, and the RNA determined in the supernatant 
fraction by the orcinol reaction. 

It is seen from Table 1 that after 4 days the contents 
of chlorophyll, protein and RNA in the disks that received 
only water have fallen considerably below the original 
level, while in thoee treated with GA this fall has been 
arrested, though not wholly prevented. 


Table 1. CHLOROPHYLL, PROTEIX AND Rimowvonmo AOD OONTENT IK 
Lay Disks OF Tarerecwm ATER TREATMENT WITH 35 MG/L, 
Innan MATa (ĠA) OR WATER 


Sample Treatment optical Protem RNA 
at 665 ma (mg) (=g) 
0 day — 88 422 440 
4 day GA T3 352 
4 day H,0 45 111 304 
S.B. $2 0-12 196 


To establish whether GA retards the fall in protein 
level, by preventing the breakdown of slready existing 
propin ar Uy manieiiing Ha apathie, ae Dee ee 
of *O-leuecine into was determined after 
tenu du Pe di dr der 


os 
0 25 50 75 
Oonoan tration af GA (mg/L) 


1. Retardation of Teal Comedor comand a te 
Benak irs gibberellin (GA). Ohlorophyll conten’ expressed as 
Te LD Y ot 80 per om oitail extract at D and 4 dass 
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A smaller disk was then excised from each original disk, 
so that all the disks ted freshly cut edges, and they 
were then floated on 1 ml. of aqueous medium containing 
1-5 po. of 4C-leucine and 40,000 units of penicillin. After 
3 h the disks were quickly rinsed and the protein extracted. 
An aliquot of the protein solution was transferred to a 
planchet and the radioactivity was determined. These 
values were with thoee for the incorporation of 
M(.]eucine by comparable sete of leaf disks cut directly 
from the same leaves. 

It is evident (Table 2) that after one day both the 
incorporation of !4C-leucine into protein and the specific 
activity of the protein in the disks supplied only with 
water is leas than the initial values, indicating a lower 


rate of protein synthesis after one day. In the disks 
receiving GA, however, the synthesis of in after one 
day is not only maintained but also and the 


specific activity is higher than that on the mitial day. 
It is clear from another experiment (Table 3) that the 
synthesis of RNA is also stimulated by the addition of 
GA. The incorporation of !4C-adenine into RNA and the 
specific activity of the RNA are both significantly 
enhanced Ex puc with GA for only 1-5 h. If 
actinomycin is included in the medium before and 
during treatment with GA, the total incorporation of the 
“C-adenine added later is reduced and the stimula- 
tion due to GA is abolished. Other experiments have 


Table 2. IXOORPORATION OF ^O-LEUGDOR INTO PROTEIN IX Liar DINKS 
FROM Tararsocum cf&cnale FOLLOWING TREATXXNT WITA GIBBERELLIN (GA) 


Protan Total Protein speaific 
Bample Treatment mg eounta/min activity 
0 day — 431 18,075 3,025 
1 day H0 4-08 10,275 2,525 
G. 456 14,050 3,200 
BA. 0-13 684 
Disks ted with eather gibberellin mg/L) or water for 1 day and 
incubated with '*O-Heuetne (U) (10-7 an G for R T 
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Table 3. HrFBO* OF GIBNERNLLIX (GA) ON THE INCORPORATION 
ADENINAINTO RNA IN THE PRESENCE OR ABENNCR OF ACTDEOMYOIE D (AM) 
IN Laar DIKS OF 


RNA Total BAA specifio 
Treatment D: activity 
4m+GA 451 1,576 3-48 
4m+H,0 440 1,512 8 44 
GA 445 2,800 6-28 
De 446 2,240 5-01 
8.5. 214 O15 
Disks wero in eather H,O or Am (50 mg/mL) for 15 h at 25°. 
GA (to give 31 mg/l) or H,O was then added to one set of disks from 


Shown that when this concentration of actinomycin 
D is added after the treatment with GA, the GA stimula- 
tion of RNA synthesis is fully maintamed. 

These findings indicate that the retardation of leaf 
senescence by gibberellin in Taraxacum is like that of 
auxin‘ and kinetin* retardation in other species, closely 
linked to a regulation of protein and RNA synthesis. 
These findings also support the contention that hormonal 
retardation of leaf senescence is associated with the 
maintenance of the DNA as a functional template for 
DNA-dependent synthesis of RNA. A fuller acoount will 
be published elsewhere. 

We thank Prof. G. E. Blackman for his advice. This 
work was carried out durmg the tenure by one of us 
(R. A. F.) of a N.A.T.O. Boience Fellowship awarded by 
the National Research Council of Oanadea. We thank 
Merck, Sharp and Dohme for the supply of actinomycin D. 
1 Osborne, D. J., Plant Pkynol., 87, 505 (1962). 

3 Bagtura, WL, Urnermra, K., and Oota, Y., Phys. Piani , 15, 457 (1062). 
A Wollgtehn, B., Fiora, 1&1, 411 (1901). 

ae ores bee and Hallaway, M., Yow Phytol., 63, 384 (1964) and unpub- 
3 Osborne, D. J., J. Sel. Fd. Agne., 16, 1 (1905). 
* Bran, P. W., Petty, J. H. P., and Richmond, P. T , Nature, 183, 58 (1959). 
1 Humphries, A, O., and French, 8. A. W., Ann. App , Biol., BB, 159 (1065). 


PLANT GROWTH RESPONSE IN AN ELECTROKINETIC FIELD 


By L E. MURR 


Department of Engineering Mechanics, Materials Science Laboratory, 
Pennsylvania State University, University Park, Pennsylvania 


iously that plants grown in an 


DS A. 
sufficient magnitude have reduced 


electrostatic field 


-;^ ability to grow, as compared with corresponding oontrol 
4L. plants which did not experience such potential gradienta!. 


In the investigation to be reported here, similar, but more 
severe, plant-leaf damage has been obeerved in yellow 
bush beans grown in a continuous 60-c/s alternating 
electric field. The extent of plant and leaf damage has 
been observed to be directly related to the magnitude of 
the electric potential gradient. 

These experiments were conducted in a specially 
constructed of glass- aluminium, air vented, and 
lit artificially with a bank of 100-watt incandescent 
lamps arranged to produce near daylight intensities at the 
soil surface in the experimental plot. Day length in all 
experiments was extended to 12 h, and soil moisture was 
rigidly maintained at 12 + 1 per cent by weight. A 
sand-humus-s0il composite was used as the soil base. 
"Ohamber temperature and soil temperature were closely 
checked throughout all experiments to ensure identical 
thermal variations for all experimental data obtained. 
High-voltage power was continuously supplied during 
-the entire ll-day period by a high-voltage a.o. testing 


© transformer. The high-voltage experimental plot, which 


was placed in the chamber, was constructed entirely of 
polystyrene and epoxy-ooated wood. The anode or upper 
electrode was made of an aluminium screen mesh; and 


the cathode or soil base-plate was solid sheet aluminium 
which covered the base of the 300-in.* plot. This design 
was identical to that used in my previous work’. 

Yellow bush beans were planted as seed directly mto 
the field plot. The duration of each experimental run, 
determined by preliminary investigation, was established 
as 11 days. This period allowed the seeds to germinate, 
and the plante to attain heights just below the anode height 
of 12 in. above the soil surface. At least 25 seeds were 
planted, at l-in. spacing, in each experimental run. The 
germination in these experiments is shown in Table 1, 
where electric field strength is represented as relative 
potential gradient in the manner established in previous 
investigations’. It should be apparent from Table 1 that 
germination is unaffected by an electrokinetic field as 
contrasted with supposed differences observed by Black- 
man e£ al.‘ for seeds germinated in a d.c. field. 

Plant , however, was very definitely 
affected the electrokinetic fleld. Fig. 1 illustrates 
rather consistent plant growth retardation as & function 
of the relative potential gradient expressed in kV/m. The 
Table 1. YELLOW BUSH BIAN GEXWIXATION IK AN HLEOTROKINETIO FIELD 
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growth retardation trend established in Fig. 1 18 somewhat 
amplified by a dry weight analyms of plant leaves as 
shown graphically in Fig. 2. In Fig. 2, it 18 observed that 
leaf growth 18 significantly stimulated in the range 
10-50 kV/m, while leaf yield on a dry weight basis 
decroases significantly at higher field gradient magnitudes. 

Comparing the results of this research with previous 
results for grasses grown in an electrostatic field! suggesta 
that the mechanism of destruction 1s similar, but plant 
damage is generally not a consistent phenomenon as 
illustrated in Fig. 2. It would seem, therefore, that the 
basic mechanism which initiatee leaf damage in plante 
grown in an electrokinetic field is a type of fleld ionization 
action, as earlier for grasses grown in an electro- 
statio field’. Such a fleld action is not associated with 
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polarization of inorganic radicals in the plant biosystems, 
but rather a direct elastic rupture of epidermal cells by a 
type of molecular field fatigue. Such a process would be 
considerably amplified by an alternating field as compared 
with direct fleld action; and this has eeeentially been 
shown in the results presented in Fig. 1. However, it is 
apparent from Fig. 2 that the growth response based on 
leaf weight is affected by the potential gradient of the 
fleld. 

Further proof of epidermal rupture by fleld action is 
presented in the photographs of Fig. 3. Leaf-tip and edge 
damage of a typical bush bean leaf exposed to a relative 
potential gradient of 50 kV/m is shown in Fig. 3 (a), and 
com Mir. an equally typical control (unexposed) leaf 
in Fig. 3 (b). Tissue disruption, elastic shrinkage, and leaf 
det ie are unmistakable in (a). 

These results provide evidence that the enzyme activity 
detected in plante grown in an electrostatic field’ is 
associated with plant metabolic and respiratory accelera- 
tion, resulting from the direct epidermal destruction by 
the electric fleld action. Thus, following the initial 
exposure of leaf tissue and internal systems to electro- 
kinetic fleld action, it 18 possible that more complete leaf 
damage results from the over-stimulation of respiratory 
enzymes, which are automatically concentrated in the 
leaf tissue by the metabolic recovery mechanisms. Similar 
cell damage by enzyme overstimulation has been observed 
for simple yeast oella by Schulke*. 

The resulta presented in Fig. 2 can perhaps be inter- 
preted in torms of such an enzyme stimulation. That is, 
for potential gradients of a moderate level (10-50 kV/m) 
leaf damage due to tissue rupture is not of a sufficient 
level to cause total leaf destruction. Respiratory stimula- 
tion 1s probably at a level where the plant is actually 
growing at a high rate. As the field strength is raised, the 
over-stimulation becomes ‘toxic’ to the leaf metabolism as 
suggested for grass plante grown in an electrostatic field’. 
This enzyme toxicity, combined with increased epidermal 
damage due to direct field evaporation of leaf tissue 
molecules, produces decreased yields, and eventual plant 
destruction. This phenomenon would seam to indicate 
that growth stimulation is possible in an electrokinetic 
field if the potential gradient is properly adjusted to 
eliminate severe leaf damage. 

This work was supported by grant 32 (1965-66) from 
the Central Fund for Research—the Pennsylvania State 
University. 
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1 Murr, L. H., Proc. Perna Acosd So; 87, 100 (1003). 

1 Murr, L. E., Proo Penne Acad Soi., 36, 185 (1062). 
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214 (1923). 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Equatorial Angle Distribution between the 
Electrons captured In the Outer Van Allen 
Radiation Belt 


Frou the measurements by Explorer VI 
in the outer V&n Allen radintion belt, C. Y. Fan, P. Mayer 
and J. A. Simpson? succeeded in determining the number 
of particles which, in their longitudinal motion between 
two magnetic mirrors, cross the equator with & given pitch 
angle. In the polar diagram (number of particles versus 
equatorial pitch angle, x.) obtained by those authors a 
maximum existe for the equatorial pitch ys= 35°. This 
maximum haa a sort of dynamical stability, because it is 
restored after a magnetic storm. In fact the authors 
observed a perturbation of the magnetic field, which 
shifted the maximum fram 85° to 48°, but the value 
ye= 85° was resumed in spite of the fact that the number 
of electrons with a given velocity v was changed by a 


. factor about 8:8. 


The trajectories corresponding to y, = 35° possess some 
properties worthy of note. Considering the geomagnetic 
field aa produced by a dipole, and using Alfvén's perturba- 
tion theory*, we can write the following equation for the 
angle x between the velocity v and the magnetio field H, 
as a function of the magnetic latitude y: 


IN NE 


costo 

The index ¢ is related to the quantities calculated for the 
mirror point. Taking 9 = 0, we find a relation between the 
equatorial pitch x, and the latitude p, at the mirror point: 


ootg ye = Vh — 1 
Moreover, the inclination d of H on the equator and the 
latrtade o are related by the formula: 


tang } = 1/3 [ootg 9 — 2 tang 9] 

The guiding centre of the particle performs ite motion 
as a material point bound to a line of force of the geo- 
magnetic fleld and is reflected at the mirror points. 
When xy. = 35°, according to the formulae (Figs. 1 and 
2), the mirror points lie near the magnetic latitude 





cotg x = 


where 





Fig. 2 


p = 35°, where the magnetio field is parallel to the mag- 
netio equator and where the dipole equivalent to the 
gyrating particle is perpendicular to the terrestrial dipole. 

the axis of the gyrating particle oscillates at 180° in a 
half longitudinal period. Moreover, the mirror pointe 
coincide with the pointe of the line of force where the 
distance from the magnetic equator attains its maximum. 

The latter circumstance suggests the existence of & 
repulsing force from the equator; but the question is not 


H (¥=0) 
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easy to deal with from the dynamical point of view. The 
quasi- (but not exact) coincidence could be a result of the 
approximation, both theoretical and experimental, or 
perhaps an essential feature of the phenomenon. 
G. CALAMAI 
Osservatorio Astrofisico di Arcetri, 
Firenze, Italy. 
1 Fan, O. Y., Mayer, P., and Simpson, J. A., Specs Hesearoh, $ (Amsterdam, 


1961). 
* Alfvén, (Oxford). Oalama!, G., Il Nwowo 


EL, Cosmdécal 
Oimento, X, $5, 1090 (1901). 


Polarization Effects on the Profile of the 
HP Line in the Light from the Star y Ursa 
Majoris 


Dusa February 1965 we observed some absorption 
lines in the spectra of several stars in orthogonal planea of 
polarization. The measurements were made with a photo- 
electric grating spectrometer! to which a rotatable ‘Polar- 
oid’ had been added after the exit alit. The instrument 
was used at both the Newtonian and in foci of the 
48-in. telescope of the University of Padua’s Observatory 
at Asiago, Italy. 

Differential polarization effects across the absorption 
lines were sought by looking for departures from the 
instrumental polarization curve as the spectrometer was 
scanned. 

Obman* has shown that, in the case of rapidly rotating 
early-type stars, variations of polarization might appear 
across the absorption lines, and that, for a simple model, 
the degree of polarization might attain 0-8 per cent at the 
centre of the profile. 

Considerations of the photometric accuracy required to 
measure an effect of this size make photographio spectro- 
metry unhkely to succeed. However, calculations showed 
that polarizations of this order might just be detected by 
the instrument mentioned here, using a l-10-seo inte- 
gration time, provided the stars were brighter than 
6th magnitude. 

Observations of flve stars were made at the Newtonian 
focus, the Cassegrain not being normally available for 
auxiliary instruments. As a result of a prelimi 
analysis, it seemed that y (A0 ne, 2-™5) and x (B3, 1-™9) 
Urea Majoris were worthy of further investigation. We 
were axtramely fortunate in having the Cassegrain focus 
made available to us and decided to observe y Ursa Majoris, 
it being the more suitably placed star at the time of 
observation. 

Of the ten 1-A resolution scans taken of the HB line of 
this star, six were taken with the ‘Polaroid’ transmission 
axis perpendicular to the exit slit and four with it parallel 
to the slit. Ratios were formed of the corresponding 
ordinates of these two sets. The smooth change of this 
ratio with wave-length represents the variation of the 
overall instrumental polarization. However, in the neigh- 
bourhood of the H8 absorption, there are marked devia- 
tions from this smooth curve. It can be shown that if 
(2X) represents the ratio of corresponding ordinates from 
orthogonal scans at wave-length 2, and R,s(A) the ratio 
which it is assumed would have been obtained in the 
&beenoe of source polarization (that is, interpolated values 
from the smooth curve), then: 


RQ) — R«Q) 
RA) + Ba(d) 


where P(A) = p(d).cos 29(4), p(X) being the degree of 
polarization and (A) the angle formed by the direction 
of the polarized component of the light from the source and 
the transmission axis of the ‘Polaroid’. The value of p(2) 
can only be separated from P(2) if the absolute instru- 
mental polarization is known. Values of P(A) were 
evaluated at 1-5-A intervals acroes the line. Both the 
Hg profile and P(X) are shown in Fig. 1. The values of 


P(A) 
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Fig. 1 


P(A) are the means of the data and oorresponding 
standard deviations are shown by the bars. 

We conclude that: 

(1) A differential polarization effect has been observed 
in the region of the H$ line in the light from y Ursa Majoris. 
Since (4) > P(2), the differential polarization across the 
line must be at least 5 per cent. The magnitude of the 
effect is surprisingly large if the process suggested by 
Ohman is occurring. A variation of polarization of this 
magnitude should just be detectable by photographio 
spectro and, in this connexion, it is interesting to 
note that Ohman? found ‘faint’ polarization effecta in 
the Hy line of 8 Lyrae. 

(2) The angle 9(A) must have been different from 1/4 
since the effect was observed. If 9(A) is independent of à 
over this region, then the form of p(d) and the line profile 
exhibit the same asymmetry. 

We thank Prof. J. Ring for facilities in his department 
and Prof. L. Roeino and the staff of the University of 
Padua's Observatory for their co-operation. This work 
was supported by the Department of Scientific and 
Industrial Research. 


D. CLARKE 
J. F. GRAINGER 


Department of Applied Physics, 
University of Hull. 
1 An improved version of the instrument referred to in. Grainger, J. F., and 
Ring, J., Mom. Not Roy. Astro. Soo , 185, 03 (1963). 
* Öhman, Y , Astrophys. J., 104, 460 (1046). 
*Obman, Y , Nature, 134, 534 (1084). 


PHYSICS 


3 Narrow Spectral Emission from a Passively 
@-spoiled Neodymium-glass Laser 


THE spectral behaviour of the Nd-glass laser has 
recently attracted much attention. Normally the output 
of the Nd-glass laser consists of a broad band of wavo- 
lengths (approximately 50 A wide) composed of hundreds 
of lines centred about 1:06 (see Fig. LA). This structure 
has been described in detail by Snitzer!. Time-resolved 

13 and investigations of the pumping energy 
dependence of the output band-width" all may be inter- 
preted on the besis of inhomogeneous behaviour of the 
Nd” emission. The purpose of this communication is 
to report the efficient generation of a single narrow 
spectral line from a giant pulsed Nd*? glass laser by 
passive Q-spoiling. 
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Wig. 1. L red gehen e paid able A, Conventional emission ; 
B, pessiveiy Q-apoled emieslon. W: increases to the left. The 
line-width m this figure ls slit-imited 


The experiments were carried out with a } in. x 4 in. 
Corning glass rod. Q-spoiling was accomplished using a 
reversibly bleachable polymethine dye absorbert. In 
conventional non-Q-spoiled laser operation at energy 
inputs approximately 10 times threshold, outputs of 
5 joules were obtained. Introduction of the Q-spoiling 
dye resulted in 0-5 joule (50 MW peak power) giant 
pulses of 10 nseo duration with remarkably narrow 
spectral width of 0-02 A. Energies were measured 

“-“oalorimetrically and, in order to ensure that only a singlo 


T^ giant pulse was obtained, each shot was monitored with 


U 


& fast-rise Korad KD1 photodetector. 

The spectra of conventional laser emission and passively 
Q-spoiled laser emission as observed with a 38-4 metre 
Jarrell-Asgh spectrometer are shown in Figs. LA and 1B. 
A Fabry-Perot interferometer was used for line-width 
measurements. The wave-length of the single narrow 
line obtained with each giant pulse varied between 
10,600 A and 10,624 A. However, the line-width as 
measured with the Fabry-Perot interferometer was 
consistently observed to be <0-02 A. 

This result ia noteworthy, in that the resulte of previous 
workers!+, which may be interpreted on the basis of in- 
homogeneous behaviour of the Nd** emission, need to be 
contrasted with the present resulta which imply bomo- 
geneous behaviour to the extent that cros-relaxation 
within the band existe with characteristic time lees than 
10-* sec. Wo have observed similarly narrow spectral 
output from ruby lasers Q-spoiled with bleachable dye’, 
bleachable glass, or semi-conductor mirrors. 

We thank O. R. Duncan for aid with the spectroscopic 
measurements and H. Kimura for preparing the Q-spoiling 
dye. 

B. B. MoFARLAND 
R. H. Hoexrss 
B. H. Borre 


Korad Corporstion 
(Subsidiary of Union Carbide Corporation), 


Santa Monica, 
California. 
! Sniteer, H, in Quantum Elexronios, od! Bs eh I , and Bloembergen 
N , 600 (Columbus Univ Trees, Kew Y 
* Keene, W. ee Wem TA; App. Option, 3, 545 (1904). 
* Maurer, B. D, In Optical Masers, edit. by Jerome Fox, 435 (Polytechnic 
Preas, New York, 1963). 
* Soffer, B. H., and Hoskins,.E. H., Nature, 204, 276 (1964). 
* Soffer, B. H., J. App. Phys., 35, 2551 (1004). 


Thiometallates of the Group-eight Metals 


Ruoprux III, palladium II, iridium III and platinum 
IV form simple thiometallates. There is some evidence 
that iron LD, cobalt I, nickel I, ruthenium and osmium 
(both possibly IV) also form such compounds. Palladium, 
platinum and iridium also form polythiometallates. 

Several thiometallates are listed in the literature! for 
the group-eight metals: Na,PdIVS,, (NH,),Pd8,, $H,0, 
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(NH,),PtS,,2 H,O and (NH,),h8,,. Thiometallates based 
on the simpler metallates are also known for many 
adjacent transition metals, for example, NeV8,, Ne4MoS8,, 
Ne,Cu8,, etc., but very little else 18 known about them 
except the conditions for the precipitation of sulphides in 
chemical &nalysis*". If the common chloro-acids of 
ruthenium, osmium, rhodium, iridium, palladium, and 
platinum are dissolved in sodrum carbonate or hydroxido, 
treated with hydrogen sulphide, and the solution filtered, 
yellow, brown, or red solutions are formed which on 
acidification deposit the following sulphides: Ruf, at 
pH 9-6, Os8, at pH 0, Rh8, at pH 0, Ir,8, at pH — 0-2, 
Pd8 at pH 0, and Pt8, at pH 0. On partal acidification, 
sodium. thioridate gives a deep red solution at pH 4, 
which might be the free acid. 

Hofman and Hoohtlen and Lebedinski e£ al. (refs. 2—5) 
used ammonium polysulphide saturated in sulphur when 

preparing their compounds. If leas thionated ammonium 
polysulphide is used, similar solutions are obtained which 
give brown solids such as (NH,) Pt&,, where z is 9-1, 9-6, 
10-0, 12-1 or 18-8. Acidification of such solutions gives 
hydrogen sulphide, the normal metal sulphide, and free 
sulphur. Palladium and iridium were similar, but due to 
insuffiment material only the platinum compounds wore 
fully characterized. Similar erimenta were carried out 
using sodium bydrosulphido. As this compound tends to 
oxidizé to polysulphides, eto., in air, it was prepared under 
oil, and orystallired as abining white needles, which were 
redissolved to make & saturated solution. When this was 
reacted with sodium hexahydroxypletinate IV or chloro- 
platinate IV, hydrogen sulphide was evolved. The 
resultant golden brown solutions on evaporatign at room 
ture in,vacuum gave brown solids analysing as 
Nats: found 29-35 per cent 8, theory 28-6 per cent. 
Due to the small quantity of material available, only 
rough analyses could be made for platinum, but these 
indicated a three to one sulphur to platinum atomic ratio. 
Sodium hexachloroindate III and tetrachloropalladate II 
gave similar deep red solutions, but without evolution of 
hydrogen sulphide. On vacuum evaporation, these gave 
small quantities of brown powders. The palladium com- 
plex was much more soluble than the other two. Unfor- 
tunately these powders could not be purified without 
partial decomposition to sulphides, as indicated by 
analyses for metal above that for thiometallate, and low 
sulphur figures. However, approximately stoichiometric 
preparations indicate that the complexes are probably 
Na,Ir(8H),, and Na,Pd(8H),, analogous to the hydroxy 
compounds. The difference from platinum is in the lack 
of hydrogen sulphide evolution. 

It is evident from the foregoing results that the multa- 
sulphur compounds are formed by replacement of other 
anionic ligands by polysulphide 88 was postulated 
by Sidgwick*. Even when Freaky nade, the corresponding 
metal sulphides are very difficult to dissolve in sodium 
hydrosulphide, to form the thiometallates. It therefore 
seams probable that these salts are made by direct 
substitution rather than by precipitation and resolu- 
tion. 

If iron II or II, or cobalt IL, or nickel II carbonate 
complexes are saturated with hydrogen sulphide, very 
unstable simple thiometallate solutions can be made, but 
they are too unstable to be isolated as solids. As both 
the iron valences give bluish solutions of the same hue, 
and both give iron II salts on acidification, they are 
presumably both two-valent. The cobalt and nickel 
solutions were both golden brown. No cobalt III solution 
could be made; oobalt III carbonates gave only the two- 
valent sulphide. Attempts to pre thiocobaltate IL 
by the action of sodium hydrosulphide on sodium cobaltate 
II gave cobalt sulphide, and a pale yellow solution con- 
taining only traces of cobalt, which may even have been 
colloidal sulphide. It is interesting to note that iron has 
the least stable thiometallate. and cobalt the most stable 
for these three elements. This is reflected in the relative 
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instability of the ruthenium compound, and the stability 
of that formed by iridium. 
L. R. PrrrwnarL 
Haile Bellasmie I University, 
P.O. Box 399, Addis Ababa, 
Ethiopia. 
1 8ohnekder, B., Pogg. Amn , 141, 529 (1870). 
* Hofman, E. A., and Hoohtlen, F., Ber., 86, 5090 (1903). 
* Hofman, K. A, and Hochilen, F., Ber., 37, 245 (1004). 
burg E Schapiro, H. 8., and Kasatkina, X. P., Axa. Sex. Platine, 
* Lobedinaki, V. V., and Fedorov, I. A., Ame. Sex. Platine, 15, 17 (1088). 
* Lundell, G. H. F., and Hoffman, J. L, Owlins Methods of Chewsca] Analysis, 
ch. 4 (Wiley, 1938). 

* Hoffman, J. I., Chemist Analyst, 50, 50 (1961). 
Prud V., Chemical Hlements and ther Compounds, 1622 (Oxford, 


True Stress to Fracture and Hyper-velocity 
Crater Depth 


SxzniOUB discrepancies and considerable variations have 
been observed in the numerous empirical, semi-empirical, 
and theoretical equations which have been proposed to 
describe craters formed in metal targets as a result of 
hyper-velocity impact}. These inconsistencies in the 
mathematical models can be attributed to a paucity of 
precise engineering data and to a basic disagreement 
about the mechaniam of impact. One group of experi- 
menters has attempted to relate the extent of hyper- 
velocity damage to the meohanioal properties of the 
impacted target; another group has stressed the hydro- 
dynamio model of cratering. 

We have observed that the hyper-velocity impact force 
per crater surface area can be correlated to the true streas 
to fracture of the target material with the equation 


1/8 M p $ 
as (To ) » where d is the depth of the hemispherical 


crater, m and v the projectile impact mass and velocity, 

ively, and s the true stress to fracture. The 
applicability of the correlation of impact force with this 
mechanical property is shown in Table 1 for the impact 
condition of both similar and dissimilar materials. A 
representative sampling from 207 experimental pointe is 
given. Bi types of aluminium alloys and oxygen-free 
high-conductivity copper were used as target materials. 
Spherical projectiles of glass, nylon, aluminium, copper 
and lead** with a mass range from 0-047 to 1-265 g were 
accelerated in vacuum with a light gas to i ct velocities 
in the range from 3-66 to 9-85 km/sec. stress to 
fracture data were obtained by the experimental method 
devised by J. Nunes and F. R. Larson‘. 

It must be stated that the proposed equation for 
orater formation, involving the true stress to fracture of 
the target material, permita the prediction of the crater 
depth, as observed from the excellent concordance between. 
experimental and computed values summarized in Table 1. 
"We recognize that other forms of energy dissipation are 
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operative: radiation, lip formation, highly strained 
volume element surrounding the crater, eto. In addition, 
the true streas to fracture is an average value since it isa 
parameter sensitive to such factors as composition, grain 
size, grain orientation, inclusions, cracka, etc. We 
selected this parameter, however, since ‘true stress’ 
denotes the actual streas corresponding to the force and 
area measured at the same time. 

The proposed model appears to be vahd for ductile 
aluminium which is a body-centred cubic material. 
Under the imposed experimental conditions the shear 
streas applied is considerably greater than the target 
shear strength and the reacts as if there were & 
time delay for plastic deformation. This time delay 
should be longer than the period of time for crater 
formation. The material flows not hydrodynamically 
but according to metallurgical properties, without strain 
hardening; that is, once the material flows it will continue 
until the energy in the material has decreased below a 
critical, or threshold, level or until the time delay for 
strain hardening is attained. The process of flow and 
fracture ceases when the energy in the target has decreased 
below the energy under the true stress-strain curve 
obtained with strain at normal strain rates. 

We are in the process of further testing the proposed 
eater ondel bys impacting’ ed. aluminium alley at 
room temperature, where it behaves in a ductile fashion 
(20 per cent reduction in area), and at a temperature o 


cent reduction in area). In addition, we are impacting a 
face-centred cubic target, which should be more strain-rate 
sensitive than the present group of targets. 

Ropmrt F. RoLSTHN 


Technical Operations Research, 
Burlington, Massachusetts. 
! Hermann, W., J À. H., “Survey of 
Won", AST A 30%, 280 (Beptember 1061). 
* Atkins, W. W., and Halperson, 8. M. (personal 
* Piacon, R. (personal communication). 
* Nunes, J., and Larson, F. R., Amer. Soc. Testing Mat. Proc., 61, 1349 (1061). 
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Power Spectrum of Sporadic-E at Wilkes and 
Byrd Stations, Antarctica 


Chivers and Hargreaves! have reported the occurrence 
of quasi-periodic variations in the tıme series of high- 
frequency radiowave absorption at high-latitude conjugate 
locations. The absorption is of the type known as ‘auroral 
zone absorption’ (Type IL) which is thought to result from - 
ionization in the upper D-region produced by keV energy 
electrons dumped from, or freshly accelerated in, the outer 
Van Allen region of the magnetosphere. We report 
here periodico variations of the ionospheric sporadio-E 
layer in Antarctica with mmilar frequency and latitude 


Table 1. BUMNARY oF IXPAOT CRATER Dita 



































Orater dimensions (cm) . " 
velocity Observed | true stress to 
(km/seo) -— Calculated fracture 

Projectile Depth Radius hemisphere (dynes/em* x 10°) 
e. 

914 Al 104 0 91 195 | 2-084 x 10* 
891 Al 152 1-42 1-556 2-654 

6-87 Al 1-66 166 1.749 Hn 

571 Al 2-06 2-27 2-316 

9-25 Al 0-75 0-73 0 878 4723 

T 97 Al 109 1-07 1-191 4-733 

6m Al 1-20 1:35 1-359 4-723 

684 Al 1-35 1-85 1-316 6:157 

404 Giles 0-661 0-572 0-604 4:299 

543 Mun 1016 1-080 1-168 4-599 
4-64 1-321 1:334 > 1461 4-309 

6-46 Al 1-344 1351 1-366 3-041 

6-14 Al 1-180 1171 1-200 6-384 
5-06 Ou 139 1-27 1-288 6 660 
5-76 Pb 147 1:27 1:343 6 660 




















f xXx 
— 196° C, where it behaves in a brittle fashion (4 per == 
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characteristics. These resulta may have considerable 
importance in suggesting a theory of high-latitude 


sporadio-À. 

The io-E critical frequency (foEe) has been 
scaled at 15-min intervals from the original ionogrem flim 
taken at the Antarctic stations, Wilkes and Byrd. Each 
sample consiste of five consecutive days and was selected 
on the basis of visual i ion of the hourly tabulated 
values to mesure that a fairly continuous time series of 
occurrence existed. The samples were chosen from 
local winter (July and August 1957 and 1958) in order to 
reduce the possibility of spurious resulta introduced by 
diurnal variation of D-region absorption or the regular 
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H-layer. In addition to computing the hanned spectral 
estimate for each sample by the method of Blackman 
and Tukey’, spectral estimates were computed from the 
mean of the autocorrelation functions of flve samples at 
each station. We present in Fig. 1 the resulta for single 
five-day samples at Byrd and at Wilkes; the five-sample- 
average spectral estimates poeseas the same characteristics. 
Error bara indicate the 90 per cent confidence interval. 

In addition to a low-frequency peak resulting from the 

diurnal modulation, statistically significant high-frequency 

peaks > noted in each sample. The principal 
(and secondary iods are: Byrd, 2-2 h (1-1 h); Wilkes, 
1-7 h (2-4 id NS o significant variation was noted above 
I cycle per h and the data are not In view of 
the rather large amplitude of the principal (2-2 h) peak at 
Byrd, the secondary peak may simply be a harmonic. 
This may not be said of the spectrum at Wilkes. 

We suggest that these periodicities are real and that 
they may be similar to the absorption variations noted by 
Ohivers and Hargreaves. Without entering into a detailed 
discussion of the relative merits of various production 
mechanisms, we suggest consideration of the magneto- 
spheric time-of-flight spectrometer effect!. An impulsive 
source of keV energy electrons, which is localized in longi- 
tude, will produce distant, quasi-periodic, ionospheric 
effects (on the same L-ahell*) which may be characterized 
by the longitudinal magnetospheric drift time of a mean 

energy. Such a mechanism would also result 
in quasi-periodic behaviour of auroral rone absorption 

This work was supported by the U.S. National Science 
Foundation under contract NS F-04038. 


T. M. Noxgr* 
B. M. BENNETT 
Geophynios Section, 
Avoo Oo ion, 
Wilmington, usette. 


* Present address: Wentworth Insatute, Boston, Massachusetts. 


! Chivers, H J. A., and Hargreaves, J. K., Nature, 803, 991 (1064). 

1 Blackman, E. B., and Tukey, J. W., The Measurement of Power Spectra 
(Dover, New York, 1958). 

3 Weloh, J. A, and Whitaker, W. A., J. Geophys. Res., 64, 909 (1050). 

* Mollwain, 0. H., J. Geophys. Res., 68, 8681 (1961). 


Attempted Synthesis of the Epigenetic and 
Syngenetic Theories of Secondary 
Ore-body Formation 


AT the present time there are two rival theories of the 
formation of many copper deposits, and many other 
eats ore-bodies are described as anomaloust. Mohr 

that a synthesis of these two theories 
mate one day be possible’. 

From the point of view of geochemical transportation 
of heavy metals, there are two kinds of rivers: those 
that tend to develop a pH of greater than seven, and 
those that do not. The latter are relatively well known, 
and have familiar chemical reactions. The former are 
complicated in that most heavy metals must be complexed 
as enions in order to remain in solution. While such 
ligands as fluoride, tartrate, glycinate, and other organic 
acids derived from v tion may sometimes form such 
soluble complex tea, by far the commonest such 
ligand is the carbonate ion iteelf. Many such carbonato- 
complexes are described in the early literature, and while 
the stability often decreases with falling pH, some, such 
as carbonatocobalt II, oan only be prepared in the 
presence of bicarbonate ions. Tn almost every case, 
solutions only just alkaline will not carry large quantities 
of heavy metals; they will, however, carry such metals. 
Table 1 lists the various ways that metals may exist in 
carbonate waters, and Table 2 shows the effect ofcarbonate 
concentration on the transportation and stability of 
copper and other metals as carbonato complexes. Exam- 
ination of alkaline Ethiopian rivers shows that they 
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actually transport magnesium, calcium, strontium, berium, 
aluminium, ese, iron, copper, silver, zinc, lead, 
eto. (see Table 5). Experiments in which cobalt, nickel 
and other ores (Pentlandite, etc.) were leached by water 
from these same rivers showed that these too would have 
dissolved if they had been present in the river beds. 
Similarly, the water from Lake Shalla (pH 9-7) will 
dissolve up to about 2 g/l. of copper as a carbonato 
complex if shaken with &zurite or other copper ore, and 
most carbonates, sulphides, and silicates of the heavy 
metals will dissolve in sodium carbonate—bicarbonate 
solutions. The stability of these various solutions varies 
greatly. Copper forms three different soluble complexes: 
Na,(Ca(CO,),), Na4.(Cu(0O,),(0H4),), both thermally stable, 
and Na,(Cu(CO,),) which decomposes at 77? O to an 
oxy-carbonate precipitate. However, by varying the 
conditions of decomposition, it is possible to obtain five 
different solid copper carbonates from these solutions: 
light blue rw. Gas Ga) blue Cu,(CO,),(OH),—azurite, 
grey-green Ou,(CO o e Wager 
chite, and brown odd This may explain the 
peculiar banding effecte ndi in azurite and malachite. 
The complexes formed by two-valent chromium, man- 
ganese, and iron are very readily oxidized, whereas those 
of nickel, and three-valent chromium and iron, are much 
more readily hydrolysed on dilution than those of cobalt, 


Table 1. METALS Df OARPBOXATAE SOLUTIONS 


AS As soluble As As As other complex 
soluble bloarbonate carbonato  oxymetal- (for 
carbonate (*pH «70nly) complex late sce Table 4) 
1 ul Mg B. Be (s, n, ta, on) 
Na Na Oa Bo 0 
K K Br trace Al s J, ta) 
Rb Rb Al a Oe (a0, ta, in, aa) 
Os Os Bo T Th (s, 7, os, ta, X) 
Fr ¥r Y Ge U (ao, o», ta) 
Be s Alla-lu V Ti (es, ts, os) 
Mg trace Oa All Ae on Or Or (nA, s, n, be, gl, on,’ 
pues *Bür T Mo in) 
*Ba Zr w Mn (nb, os, (a, oa) 
*Ha Hf Mn V (ak, s, n, o3, ta, in, 98) 
"La v To To (nA, s, 7, 8, o3, 
*Oe Or Re in, oa) 
*Th Mo Fe (ma) Oo (ah, n, be, gi, os, ta) 
*Or Mn Ru mi m on is 
“Mn Fe Os Ou (nk, n, bs, A, om, ts, 
Fo Bu? Ra ta, 58) 
*In Os? Ir Ag (nh, s, of, ta, in) 
*In Oo Pd En (nh, », 
Bo BR ENS. 
ex 
v Ex oJ os, la, 0s) 
Pd? Pb (x) 
Pt? 
Ou 
As 
Au 
Zn 
Od 
Hg 
8n 
Pb 
Notes: Aa FeO; IN too Nighi ee Oo arit ii Nasoro: 
A OO.) .18 inferred from La. ts not certain whether Os, Ru, Rh, Ir, or 
Pt form oarbonato com in the lower valencies or exist as motallates 


, &cetate; bs, benzoate; te, ta, tartrate: tm, tannate: 
oa, salicylate; st pret i sulphate, ni silcale and phos- 
were sometimes formed complexes at 
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Table 8. NEN — en CAXBONATA 


Precipitated as sulphide ort Yet, Hes, Oo, o3, 
Da pt Pel Oud, Ag, Aul, 
u$, Tn, Od, dus Da PUPA, Bb3, Bis 
Preapitated as hydroxide TX Be anh) 
Form thiometallates , Vá, V5, Mos, , Fet, ¥e3, Oo?, Co3 
(redmeed to 2), Nit, But, Rh8, Bas, Ont, 


A o 
| 
v 


vov ni m been 


Elements ın brackets require special conditions. 


Table 4. PROBABLE ORDER OT PRECIPITATION OF Murals FROM THIO- 
XETALLATES OX ACIDIFICATION 


pu Hemmi 
15 Or * 
14 
18 Hglo 
12 
11 
10 Bb3 
>o B 
8 Tez 
7 Fet 
NI, Cot, Co3, Fos 
Bb5, ANS Suá, AGB Out 
6 Ast, 
A Pit, free B from polysulphide 
Pts, WO 
4 Ost 
3 
1 
1 
t Pdf, Rh3, Re7 
Table 5. METALS DETECTED £O FAR IN FEFHIOPIAN ALKALINE WATER 
la Be B 
Na Wg Al 
X Oe Be T1 V Or Mn Fe Oo Mi Ou En Ga 
Br Y Zr Mo Ag Od Bp 
Ba La Pb 


n ebur a Another w&y in which these alkaline 
soluti differ from the commoner slightly acidio onee 
is in their reaction to hydrogen sulphide. Bohwann* has 
given the order in which metals will precipitate as an acid 
solution is made more alkaline. With alkaline solutions, 
soluble thiometallates, soluble or insoluble sulphides, or 
insoluble hydroxides may be formed; si the order 
of precipitation of sulphides is not the reverse of Schwann’s 
list (see Tables 8 and 4). 

In Ethiopia at least and, so far as can be ascertained, 
elsewhere‘, alkaline waters are formed by rain fallmg on 
alkaline volcanic rocks. All the alkaline rivers 80 far 
encountered flow over considerable stretches of basalt or 
similar igneous rock. All Ethiopian natural waters with 
pH above 8-5 sampled so far have been found close to 
recent igneous activity: around Mts. Chube, Fantale, and 
in the southern Danakil. These alkaline waters could be 
made by direct solution of alkali, by exchange between 
common anions such as chloride and hydroxyl in the 
silioatee, or by exchange between hydrogen ion and 
alkali metal ions. The latter seams the most probable, as 
Murphy‘ has shown that the sodium content of Ethiopian 
soils increases with depth. Rain contains small amounts 
of nitric, nitrous and carbonio acids, the anions of the 
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The above resulta are for filtered solutions; the presenoe of carbonate or hydroxyoarbonate tends to stabillse the nickel and fron solutions, 
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first two being metabolized by plante and soil organisms. 
In confirmation that carbonic acid will form sodium 
bicarbonate, samples of basalt from the Entoto ridge in 
Addis Ababa were leached with saturated carbon dioxide 
water (mineral or soda water), and the pH measured 
regularly; after about one month, the pH had changed 
from about 4 to 8, and the presence of bicarbonate was 
confirmed by titration. The residues left from the basalt 
closely resemble the bogs black clays of Ethiopia. 
In control e ure water and aqueous 
sodium aoa the Pinal nal DEF was slightly above 7. 
Sodium carbonate can be formed from the bicarbonate, 
possibly to & small extent by & continuation of the above 
sodium exchange process, but definitaly by contact with 
hot igneous rocks as at the hot springs along the Ethiopian 
Rift (those around Lake Bhalla emit carbon 
dioxide along with boiling water contaming dissolved 
sodium carbonate and bicarbonate). Vegetation can also 
form carbonate by metabolizing carbon dioxide. Algae 
grown in typical Ethiopian river and lake waters contain- 
ing sodium bicarbonate can raise the pH to well over 9, 
and one strain (isolated from Green Lake, Debra Zeit, 
alias Bischoftu, by R. B. Baxter) reached pH 12 when 
guarded against atmospheric carbon dioxide. Not all 
igneous rocks give rise to alkaline water, nor are all the 
rivers rising on basalt and similar basio rocks alkaline. 
»_8o far a few acidic rivers have been found in Ethiopia, 
"^but these have all been associated with of lime- 


stone, or marshes where the water is shielded from the 


underlying basalt by clay. Even these rivers contain 
some sodium bicarbonate, and may change to alkaline in 
their leas accessible lower reaches. 

Basic igneous rocks are often closely associated with 
sulphide rooks*. This is not surprising if the denser 
basalts and sulphides are associated with the deeper layers 
of the Earth's structure. From the foregoing it is evident 
that alkaline waters will produce ‘anomalous’ ore-bodies 
(see Mohr? for a discussion of two cases) and that such 
waters are associated with certain of volcanic 
activity. It is therefore probable that both volcanic and 
weathering action are neceasary to form these ore-bodies. 
The volcanic activity is necessary to form the basalts 
and other basio rocks which later weather to make 
alkalme carbonate waters, and also to bring up the 
primaeval sulphides, etc., which are later leached and 
if necessary oxidized by the alkaline waters. Subse- 
quent deposition by hydrolysis, evaporation or precipite- 
tion from these carbonato-complexes leads to secondary 
ore-body formation. Thus both syngenetic and epigenetio 
processes are essential to the formation of these deposits. 


L. R. PrrrwnmELL 
Haile Sellasaie I University, 
P.O. Box 899, Addis Ababa, Ethiopia. 
iat ee Rhedevian Copper Bett (Macdonald, 
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Victa a Annalisa, 249, 236 (1888). 
1 Clarke, F. W., U.S. Geolegios] Survey Bullekn, 770 (Washington, 1969). 


s ; HK. Paper read at the Inaugural Meeting, Mihiopian Soa. Biol. 
' Addi Ababe (1004). 


* WIlams, 1960, in Day, F. H., The Chemical Elements in Nature, 38 
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An O+ Layer at 1,200 km 

THe determination of the ionic composition of the 
topside ionosphere by means of the ion energy spectro- 
meter on Arte! I (1962 omsoron) and the analysis of some 
of the data have already been reported!. Recently, we have 
analysed data obtained over the early summer of 1962 
=“during days 117-181. 

The broad features follow and amplify the diurnal and 
latitude variation already indicated and will be reported 
in greater detail elaewhere. The purpose of this com- 
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munication, however, is to direct attention to an unfore- 
seen effect. 

Fig. 1 shows the percentage of oxygen ions as a function 
of altitude in the afternoon between the hours 1200 and 
1700, during which O* and He* are predominant and the 


relative concentrations are only slowly with 
time. The pointe apply to geographio latitudes in the 
range 10°-40° N. It will be noticed that a region of 
increased percentage concentration of O+ appears in the 
afternoon at great heights. The raw data have been 
carefully examined to ensure that this effect is not 
introduced by variation of other parameters 
with satellite altitude, and while the date will not allow 
a complete seperation of effecte due to latitude season 
and local time and possible instrumental effects due to 
attitude (it is known that the sensitivity of the spectro- 
meter is attitude dependent), there is no hint either from 
theory or experiment that the effect can be accounted 
for in any other way than a genuine departure from 
hydrostatic equilibrium. 

Similar experiments on the satellite 5.48 (1964 514) 
&nd'on the forthoaming satellite 9.30.4 (D.M.E.-A.) may 
be expected to provide further data. In the meantime, 
we wish to direct attention to the geophysical signrficance 
of the data we have. 

Hanson" has shown that at heights above about 800 km 
the ion temperature will be close to the electron tempera- 
ture. The curve in Fig. l is the theoretical percentage 
of O+ calculated under the following assumptions— 
diffusive separation of He* and O* under hydrostatic 
equilibrium; ion temperature 2,000° K; g (constant) = 
750 km/sec; 50 per cent O* at 950 km. 

These assumptions give a scale height for the O*/He* 
ratio of 184 km which is probably an upper limit for the 
greater altitudes and is too large for the lower 
altitudes in view of the lower ion temperature there and 
the greater value of g. Even with this upper limit for 
the likely scale height, about 90 per cent of the points 
above 1,150 km are well above the theoretical value, and 
it is clear that a theoretical ion curve based on 
hydrostatic equilibrium cannot be made to fit the data. 

It is, of course, not possible to obtain a vertical profile 
of the ion mass spectrum from a single satellite pass. 
Instead, reliance must be placed on the slow change of 
orbit parameters. The large scatter of the pointa is an 
indication of the considerable variability of the oom- 
position of the topside ionosphere from day to day, but 
the trend is unmistakable in spite of the scatter. 
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If we consider how a relatively high concentration of 
O+ could be maintained at 1,200 km 1t is clear we have a 
dynamic situation in which the ionization as a whole must 
be rather closely in hydrostatic equilibrium in the gravita- 
tional and electric fleld; but a departure from a static 
equilibrium distribution of diffusive separation may exist 
as a result of an opposing flow of helium and oxygen ions. 


Ion-ion collisions ensure that the temperature of the two ' 


ion species cannot be very different and that the relevant 
diffusion coefficient ia much smaller than for the ions in 
the neutral gas. 

A mere thermal expansion of an isothermal ionosphere 
in hydrostatic equilibrium, due to the diurnal heating, 
would not involve the flow of one ion species through 
another. The departure from hydrostatic equilibrium, 
therefore, requires that the net production of ions be able 
to maintain the concentration gradient. 
Either the production of O+ at great heights 
or the production of Het near the F-region 
maximum would give an effect of the sign 
observed; but the latter is ruled out on the 
ground that it would require a much larger 
percentage of He* near 400 km than at 
night, which is the opposite to what is 
observed, It seems, therefore, that we 
must te a substantial production of 
O* at great heights. 

The day-time thermal expansion of the 
atmosphere resulta in the concentration 
of neutral oxygen changing from its night- 
time value at great heights by a vary large 
factor, Bo that at 850 km its concentration 
in the afternoon is about equal to that of 
helium. Oxygen may, therefore, be expec- 
ted to play a much more important part in 
ionization production in the afternoon. 
The resulta suggest that helium ions diffuse 

through an opposing falling stream 
of oxygen ions. A calculation shows the 
ion-ion relative velocity of the stream to be 
about 0-1 km sec-1. The downward flux of 
oxygen ions at 950 km is about 2 x 10" am~? 
890-1, and the i here above this height 
has a soale height of about 400 km leading 
to an oxygen. ion lose rate of 0-5 om^. 

The photo-ionization rate alone is insuffi- 
cient to maintain this loss, and is too amall 
to build up this O* ooncentration in the 
preceding hours of daylight. 

The reaction O +H+e O* -- H isin a state 
of thermal unbalance since T'-2Tg,, 
which may favour the forward direction, 
but even then its rate seems inadequate. A 
further possible source of O* production 
might be energetic streams of electrons’, 
but here again the fluxes so far observed 
seem too small. » 

It is possible that a combination of 
these factors is sufficient to account for 
the O* production, especially in view 
of the rather large uncertainties in many 
of the quantities and parameters needed 
to evaluate the rates. 


Department of Physics, 
University College, 
London. 
t s T A. P., Proc. . 
Boroa, E aP COND. Raitt, W. J., and Willmore, Roy 
Hanson, W. B , Specs Res., 8, 282 (North-Holland Publishing Co., 1983). 
* Willmore, A. P , Proc, Roy. Soc., A, 881, 140 (1964). 
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GEOLOGY 


Geology of Part of the Southern North Sea 


Worx on the geology of the floor of the southern North 
Sea, under a Department of Scientific and Industrial 
Research grant to the University of Hull, is now im its 
second year. It has been carried out with a chartered 
110-ft. Diesel trawler, using a 10-cwt. gravity corer for 
sampling, and a continuous reflexion profiler for recording 
structures in the rocks below the sea bed and the thickness 
of superficial deposita. The profiler consiste of a 1,000 
W-seo boomer and a directional hydrophone 
and amplifier of the type developed by the National 
Institute of phy. It gives & penetration of 
about 900 ft. below the sea-floor in favourable circum- 
stances. 

















The extent of the outcrops of pre-Quaternary systems 
proved so far is shown in the map (Fig. 1). All the outcrops 
have been proved by sampling, while many details of the 
boundaries have been taken from continuous reflexion 
traverses. The outcrop of the Magnesian Limestone 
offshore is based on the continuous reflexion profiling and 


offshore borings by the National Coal Board’? ; we ha 


f 





not worked in this area. Land outcrops have been "? 


simplified from the map of the Geological Survey, and the 
western limit of the Eoosne in Norfolk is taken from 
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The outcrop shaded as Trias includes all rocks 
between the Limestone and the Jurassic. 

South of Flamborough Head the pre-Quaternary rocks 
are covered by an almost unbroken mantle of Pleistocene 

r deposits, but they oan be sampled in the ‘pits’ where 

y erosion has breached the Pleistocene cover. Chalk has 
been proved in the Inner Silver Pit, the channel leading 
into the Wash, and Codling Hole (the deep trench on the 
western side of Outer Dowsing Shoal). 

Between Flamborough Head and the mouth of the Tyne 
Mesoroic rocks are extensively exposed on the see-floor, 
and have been sampled at intervals of a few miles. The 
detailed stratigraphy and structure of this area is bemg 
worked out. The Jurassic rocks off north-east Yorkshire 
are gently folded, with dipe up to about 4° and a p 
strike north-north-weet. A dome at 54° 22’ N., 0? 7’ W., is 
responsible for & small inlier of Trias. The Jurassic rocks 
appear to extend eastwards towards the Outer Silver Pit. 
In the western part of this pit at 54° 06’ N., 1° 26’ E., is 
AOA Hinter sis eno ov Asbcrmen akilia Heg 

ouse. 

The outcrop of Chalk north-east of the Yorkshire coast 
has been sampled in numerous places along ita edge; 
north-eastwards it passes under Pleistocene and superficial 

its. An outcrop of post-Cretaceous rocks beneath 

these deposits has been inferred from continuous reflexion 

»__recordas. 

Pleistocene rocks in the area consist mainly of boulder 

-clay attributed to the Last Glaciation. In the Inner Silver 

Pit at about 58° 27’ N., 0° 41’ E., marine silts of probable 

Pleistocene age have been sampled. They are believed to 
underlie the boulder clay‘. 

Superficial deposits of any thickness are of restricted 
occurrence. An accumulation of sand, to 70 ft. iok 
Sun Sori discviheem Par Of de DOLAS 
to within 15 miles of Flamborough Head. Thor ie many 
sand waves in this area‘. North of this area much of the 
Chalk and the post-Cretaceous rocks are covered by 

deposits which have not been studied in detail. 
South of latitude 68° 36’ N. are a number of sand banks. 
Outside the areas just mentioned superficial deposits are 
generally thin, often no more than a few inches thick. 
Isolated sand waves and groups of sand waves occur 
locally. 

The Inner Silver Pit is a closed basin, eroded through 
Last Glaciation boulder olay into Pleistocene marine silts 
and clays and Chalk. It appears to be of geologically recent 
origin. It cannot be a submerged river valley and has 
possibly been out by tidal scour’. 
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Differentiation of Alkali Basaltic Magma 


In recent years the attention of petrologists has been 
directed towards understanding the behaviour of basaltic 
magma in the light of experimental data. While obeer- 
vational and experimental results have p 
enriched our ideas on the reaction principles in sub-alkaline 
basic magma, ''the posible and necessary reactions” in 

gael basaltic magma series have been overlooked!. The 
broad. petrographio differences between tholeiitic and 
alkali basaltio series obviously reflect the possible devia- 
tions in the reaction processes in the two magma types. 
The nature and cause of such deviations in reaction 
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relations will be discussed elsewhere. The normal course 
of fractionation of alkali basaltic magma leads to the 
development of an undersaturated alkalic liquid where 
the undersaturation is inherited fram the parent magma. 
Such late liquids are normally more alkaline than similar 
products from tholeiitic magma as the mafic phases in 
alkali basaltic magma invite greater amounts of calcium 
at the expense of plagioclamee, causing a relative enrich- 
ment of soda in the residue. Accordingly the denvative 
of the alkali basaltic magma descends down to the lower 
quadrilateral in Petrogeny's Residua system’, though the 
exact degree of undersaturation will largely depend on the 
bulk composition of the initial parent magmas and the 
compositions of the separated mafic phases. Even if the 
liquid comes down just below the feldspar join in the said 
system, fractionation of alkali feldspar leads to a decrease 
of silica: alkalis ratio in the liquid and thus its under- 
saturation is augmented. 

The association of acid derivatives with undersaturated 
alkaline basic rocks, however, poses an interesting problem. 
Such co-existence of members with opposite characters has 
been interpreted by invoking various mechanigms?:*, some 
of them conjectural. It is relevant to note that the 
promising postulation of Bowen’, bearing on this problem, 
did not receive adequate support either in the fleld or in 
the laboratory. It is known now from experimental studies 
that the liquids on the feldspar join have their vapours 
slightly oversaturated in silica*. Further, some alkali 
feldspars are shown to have excess silica in their oon- 
stitution’. Obviously, loas of hydrous vapour during 
fractionation or seperation of silica-rich alkali feldspar will 
have & significant role in moulding the compositional 
variation of the liquid and causing an association of 
feldspathoidal rocks with those having excess silica. 

An alternative trend of differentiation of the alkali 
basaltic magma seems to be a promising mechanism for 
developing acid derivative out of the undersaturated 
parent magma and thus bringing chemically divergent 
members together in space and time. This alternative 
course of diversification of alkalio basic magma will be 
manifested when aluminium is present in considerable 
amounts in the constitution of the separated mafic phases, 
favoured by high water preasure’. As aluminium is 
accommodated in the structures of the mafic silicates (by 
diadochic replacement of Bi) at the expense of plagioclase 
—the remaining liquid is enriched im silica and depleted 
in alumina. Such a mechanism having experimental 
support! may ultimately produce a peralkaline siliceous 
liquid. The present discussion, however, does not overlook 
the iliby that aseimilative reaction of feldspathic 
liquid with carbonates may cause an association of rock 
types having diverse characters. The reactions observed 
in the crucible’ are envisaged as having occurred in 
Nature. 

In Kora fali t, Orissa (Eastern India), successive emplace- 
ment of gabbro-caloalkali syenite-perthite syenite- 
nepheline i is a manifestation of crystallization 
differentiation of alkali basaltic magma in a plutonic 
environment!*. These co-magnetic rocks t another 
instance of the normal trend of differentiation of alkali 
basaltic magma where feldspethoidal syenite is found to 
be the ultimate derivative. Besides the above members in 
the suite there occurs a feldspar pegmatitic granite 
(alaskite) solely confined within the gabbro. The over- 
saturated rock containing small amounts of aegerine- 
augite occurs in irregular pockets and appears to have 
formed $^ situ within the gabbro. Detailed petrological 
investigation of the whole suite establishes the fact that 
the acid member does not lie directly on the liquid line of 
descent. There is also no field or laboratory evidence to 
suggest the origin of the granite by fusion of pelitio 
country rocks. 

A remarkable mineralogical characteristic of alkali 
gabbro—the host rock for granite—is the profuse develop- 
ment of a brown sodicalcic amphibole! which, like others 
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of its type’, is undersaturated in character. Development 
of such amphibole at the e of the plagioclase oonsti- 
tuenta was favoured by high water pressure. The orys- 
tallization of such undersaturated amphibole in profusion 
played a significant part in moulding the composition of 
the remdual liquid in & closed system. Because of the 
increasing degree of substitution of Bi by Al in the struc- 
tures of the mafic phases there was an accumulation of 
the former elament and depletion of the latter in the 
residual liquid. Thus ultimately a peralkaline acidio 
liquid of moderately high temperature was formed mter- 
stitially and it developed local irregular pockets of quartz- 
poor hypersolvus granite within the alkali gabbro. 

It should be pointed out that the trend of differentiation 
of alkaline basic magma will be greatly influenced by the 
relative distribution of Al and Si in the crystals and the 
liquid. If 8i/Al ratio in the mafio crystals is higher than 
that in the magma, the liquid becomes depleted in Si 
relative to Al. A reversed relation favoured by high 
water preesure will cause the development of a slightly 
oversaturated liquid. Fractional ization of alkali 
feldspar in the two cases will respectively lead to further 
undersaturation and oversaturation of the residual 
magma. It is streased that the distribution factor in a 
large measure controls the trend of differentiation of 
alkali basaltic magma and this in ita turn is influenced by 
the prevelant water preesure. Fluctuations of water 
pressure may cause further complexity in the evolution 
of the magmas. 

I thank Prof. A. E. Ringwood for advice. 


Miura K. Bom 
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Isotopic Composition of Strontium in a 
Variety of Rocks from Réunion Island 


Tz island of Réunion is situated some 375 miles to the 
east of Madagascar in the Indian Ooeen. The isotopio 
composition of strontium (Table 1) has been determined 
in a suite of rocks ranging from basalte to quartz-bearing 
syenites. The investigation was undertaken to see whether 
or not variations in the isotopic composition of strontium 
were present in & wide range of rock types situated in an 
oceanic environment. 

In the samples no significant differences were 
observed although the rocks had differing Rb/8r ratios. 
This is m general ent with results obtained from 
Hawaii! and suggests that all the Réunion rocks could be 
derived from an area in the mantle below Réunion having 
& constant Rb/Sr ratio. The lack of any significant varis- 


Table 1. IBOTOPIO COMPOSITION OF BTRONTIUX IK ROOKS FROM RÉUNION 








Bample No. Rock type Bample type Br/Sr* “8r/"ar 
RE. t8? Olivine eucrite Whole rock 07037 0-1201 
RE. 114 O«ccanite Whole rock 7088 0 1189 

Olivine 0:7007 "erue 

$ te Whole rock 7035 1208 

RE. 108 Mugeari M m: 01209 
RB. 263 x ie Whole rook 0 1 

RE. 87 F Whole rock 0 7085 0 1206 

basalt 
uo quum Seza SRBO DER 
te 
ae Feldsper 0 7040 0 1190 
Average 0-7087 0-1201 
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tion in the isotopic composition of strontium is of par- | 
ticular interest in the case of the potasstum rioh (5-12 per 
cent K,O) quartz syenite and indicates that this quartz- 
rich rock has been formed from an environment having an 
Rb/Sr ratio similar to that of the basio and ultra-basic 
rocks present on Réunion. 

Four analyses of the Massachusetts Institute of Tech- ™ 
nology Eimer Amend shelf strontium standard circulated 
by Prof. Hurley gave an ''Sr/**Sr ratio of 0-7075 + 0-002, 
which is slightly lower than that obtained by other 
laboratories. In order to compare these resulta with those 
obtained by other laboratories they should be increased by 
between 0-001 and 0-002. An error of + 0-002 is placed on 
the measured ''Br/**Sr ratios and is a combination of instru- 
ment error and other errors, the major one of which is 
considered to be & function of the chemical purity of the 
strontium when placed on the filament. If the full 
value of inter-laboratory comparison is to be obteined by 
comparison with a strontium standard, this should consist 
of a rock powder rather than & pure strontium salt. 

The results recorded here form part of & general survey 
of strontium isotopes, Rb/S8r, and K/Rb ratios of oceanic 
rocks, the full details of which will be published shortly. 
I thank Dr. B. G. Upton for providing the Réunion speci- 
mens. 


~ 


E. I. HAMILTON * 


Department of Geology and Mineralogy, 
University of Oxford. 


* Present address: Radiological Protection Service, Bahmont, Button, 


m 


"we 
1 Hamilton, H. L, Netwre, $06, 251 (1965), 


METALLURGY 


A areng noning Effect of High Hydrostatic 
Pressure on Grain Boundary Walls of a 


Polycrystalline Zinc 

Durma investigations of dislocation behaviour in & 
polycrystalline zinc a number of interesting facta were 
found. (All experiments were performed at room tempera- 
ture and specimens 6 mm? x 12 mm were machined from 
a commercially pure zinc cast of the composition shown in 
Table 1. Specimens were annealed at 350° O for 5 h and 
furnace-cooled to & grain size of American Society for 
Testing Materials micro-grain size No. 00 (except for one 
shown in Fig. 1 which was not annealed). The polishing 
and etching reagents for revealing grain boundaries and — 
dislocations were similar to those used by J. J. Gilman!): a 

(1) Twm formation and the movement of grain and 
twin boundaries besides crystallographic glide are respon- 
sible for & large plastic flow of this metal during uniaxial 
stressing, creep, relaxation and fatigue testings, as is 
shown in Fig. 1. 

(2) By the application of high hydrostatic pressure of 
the order of thousands of atmospheres, dislocations line 
up along grain boundaries. Twin formation is suppressed 
to a great extent and grain boundary movement is com- 
pletely blocked. However, multiplication and movement 
of dislocations are still persistent and cause a plastio 
strain of the order of one ten-thousandth. Fig. 2 shows the 
build-up of dislocation walls along grain boundaries and 
dislocation line-ups in orystals with the application of 
hydrostatic preasure. 

(8) Once the aforementioned structure of dislocations 
15 formed the rino specimen is greatly : the 
result of uniaxial compreasion teste showed that the stiff- 
nees was increased by 20 per cent when a specimen was 
preasure-treated at 3,000 atm. for 1 h. When an initial | 


Table 1. ComPosrrion 
Lead Cadmium Iron Tin Fins 
0 0006% 0 09896 10 p.p.m. «1p.p.m. Balanoe 
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1. The same grain 
tuplicatsan of dislocation etoh pits and the 








Fig. 2. Vene gráin (a) before HC ADD ee on af, Hhydrostato re and':(b) ant 3,000 
hydrostatic preasure pete 


had been applied for 10 


compressive load of 70 kg was applied at a cross-head 
speed of 0-6 mm/min and the oroee-head held still for 
several hours, the relaxation of load was observed to 
reduce to 2-8 kg for a preesure-treated specimen from 
14-2 kg for & non-treated one. 
Nosvo Inovun 
Masao NISHIHARA 
School of Mechanical Engineering, 
Doshisha University, 
Kyoto. 
‘Gilman, J. J., J. Metals, Trans. Amer. Inst Met. Eng., 6, 998 (1056). 


ENGINEERING 


Ultrasonic Grinding of Natural Graphite 

Fua grinding of graphite is usually carried out in a 
mortar or in & ball mill. The reduction of thé partiole size 
proceeds rather slowly due to the lubricating action of the 
grain and the ground crystals contain various 
kinds of lattice imperfections including stacking feulta— 
the extent of the imperfections being subject to the period 
and method of grinding. Recently, Bacon! and others'-* 
studied this phenomenon, both using an electron micro- 
scope and X-rays. I myself carried out some experiments 
on similar linea with Madagascar graphite ground in a oell 
excited with ultrasonic waves. The original powder was 
50-65 mesh graphite crushed in a mortar. The slurry 
containing the powder was treated with 20-ko/s, 150 V amp 
ultrasonic radiation in a cylindrical cell 26 mm in diameter. 
The slurry entered the cell through & pipe attached on the 
face of the cylinder and flowed out through another pipe 
attached on the opposite mde, and it was circulated 
,9owly with a gear pump. The ultrasonic power was sup- 
plied through the top of the cell which was the end plane 
of the oecillator horn. The height of the cell was adjustable. 
In the range of height from 1 to 10 mm the change of 
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grinding speed was not marked. The 
following media were used: Pure water, 


1 per cent aqueous solution of tannic acid or 
detergent, glycerine, paraffin oil and dense 
bromoform (specific gravity 2-8). The 
bromoform seemed to have superior grinding 
powers, but was troublesome in extended use 
due to 1te corrosiveness and irritating vapour. 
The glycerine was found to be unsuitable 
for the purpose. Aqueous solution of tannio 
acid or detergent wetted the graphite 
particles, and the powder was uniformly 
dispersed after several passes through the 
cell. Crushing then proceeded continuously, 
although pure water did not wet it and the 
agglomerated powder floated on ıt for a long 
time without becoming dispersed in it. 
When ultrasonic vibration was applied in 
an open cell containing the slurry, for 
example by simply inserting the horn end 
in & beaker, the graphite particles were 
expelled from the horn and floated on the 
liquor surface even in water containing 
tannio acid or detergent. Paraffin oil was 
inferior to the aqueous solutions. 

Under an optical microscope ultrasonically 
ground particles revealed flat glancing facea 
often exhibiting clear twin boundaries. The 
surfaces of particles ground in & mortar 
with a pestle were commonly rougher, 
showing close fringes of laminated steps on 
the basal plane. Apparently, ultrasonic 
treatment de-laminates each particle and 
removes surface roughness. Fig. 1 is a 
micrograph of the graphite particles 
obtained with an electron microscope 
operated at 60 kV. The particles had been ground 
in the cell for 50 hin 1 per cent tannic acid liquor. In the 
photograph, flake-like particles are seen gathering side by 
side, partially overlapping each other and transparent to 
the electron beam even in particles as large as lu. Several 
black rod-hke grains are presumably similar flakes orien- 
ting flat surfaces parallel to the electron beam. Comparing 
this with the electron micrographs published by Walker 
and Seeley’, it is clear that these particles are flakes 
de-laminated more uniformly than particles ground in s 
ball mill, and suitable for lubrication or surface coating. 

Successive stages of grinding were examined with the 
powder camera (24 cm diameter) using CoK « radiation and 
the samples placed in cellulose tubes 0-8 mm in diameter. 
Fig. 2 shows the intensity curves of the diffraction patterns 
in & region in which the intensity is reduced to the 
true intensity from the microphotometer curves. The 
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lowest curve I is the original 50-mesh graphite, and 
curves 2, 3, 4, 5, 6 and 7 are the particles subjected to the 
ultrasonic grinding for, respectively, 1, 1-5, 8, 6, 12 and 50h 
in 1 per cent tannic acid liquor. In Fig. 1 the lines 
(1010) are seen to be the same height. The rhombo- 
hedral lines (100) and (110) increase i with the 
grinding period as already reported by and others. 
A marked feature of the present tterns is the great 
increase in intensity of the Shortibihedral lines although 
the line widths are relatively narrow. In the oase of bell- , 
mill grinding the (110) line almost disa covered by 
the diffused hexagonal line (1011) when the intensity of 
the line (100) increased to the extent of the curves as 
shown in Fig. 2. In the present pattern the line 

clearly se ted from ite neighbours, and the present 
treatment has been found to produce the modification in 
a more perfect state. 
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* Boehm, EL P., and Hofmann, U., mm: algem. Chom., 878, 58 (1955). 
? Walker, jun, P. a » Proc. Thard Cerbon Conf., 481 


* Matuyama, H, Nature, 198, 574 (1068). 
3 Freise, H. J., and Kelly, A, Ph. Mag., 8, 1519 (1963). 


ExrARO MATUYAMA 


HFe(CN)F + Av ^l 


CHEMISTRY 


Primary Processes of Photo-oxidation of 
Aqueous Fe(II) Species 

Somm years ago an investigation of the species produced 
in the photo-oxidation of aqueous reducing anions and 
cations was begun in these laboratories!. More recently, 
by using N,O and other specific electron scavengers, it was 
shown that the process is one of electron detach- 
ment for I` (ref. 2), OH, Br, Cr and 80,7 (ref. 8), and 
that the hydrated electron, ez, Which is so formed has 
relative reactivities similar to those of the electron pro- 
duced on absorption by water of ionizing radiations and 
is influenced by ionic strength in predictable ways. We 
have obtained similar resulte for the electron photo- 
detachment at 2587 A from Fegj, but certain soluti 
containing Fe(ON){ show unusual effects which have 
caused us to re-examine this system carefully‘. 

Briefly, the phenomena observed on illumination of 
neutral or alkaline solutions of K,Fe(CN), are explicable 
in terms of the primary act (1): 
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hy 
—+ Fe(CN) + eg 
| a) 
Pı = 0-06 


with geminate recombination of esq and Fe(CN), which 
cari be suppressed by sufficient concentration of an electron 
scavenging solute. If a hydrogen atom scavenger (iso- 
propanol) is used, no hydrogen atome are detected. If 
two solutes, S, and S, are used, values of k(s + sez, + 8.) 
agree with those obtained for the radiation chemically 
produced electron and are influenced by p in the 
manner, for example, ke 30,5/kez, +50) = 079 + 0-08 
(photochemical) and 0-72 (calculated from radiation 
chemical data’) when u = 0-04 and 4; = 6 x 10-* seo. 

However, log;, kor, N04) for the photochemical case 
increases proportionately to (2-8 + 0-4) pi/(1 + p), 
whereas in the radiation chemical case the dependence on 
u is much lees marked. This result can be understood if it 
is assumed that ej reacts with an NO, ion while stil 
within the relaxed ion atmosphere of the ferrocyanide ion 
from which it was ejected. Application of the theory of 
ionio reactions to this model predicts a linear dependence 
of logis ke 3t 50) on 2-5 3/(1 + pt) under conditions 
where simplifying assumptions are possible. 

When one of the solatas is ELE (that is, acidified solutions) 
different resulta are obtained. Thus, the rate constant 
ratios are normal for, say, solutions of La,(Fe(CN)s)s 


Fe&CN)> 
t 





E 


(kyo- +1)/ko- 4 8,0) 1:66 + 0-1), but are abnormal for œs 


solutions of K,Fe(CN), (logis (ko~ + mo/kre- 140) com- 
puted from the dependence of p(N,) on the ratio of bulk 
concentrations of [H+] to [N,0] is SC) to 0-25 (x 0-1)4- 
2-8 (3 0-5) moa) when [H+] < (Fe(CN), ]). 

Moreover, if the hydrogen atom scavenger VPrOH. is 
present in addition to or instead of N,O, the apparent 
quantum yield of the primary act identified as the limiting 
value of ẹ(N,) + (Hy) at high scavenger concentration is 
leas than 0-66 and ee with increasing acid con- 
centration although such hydrogen atoms as are formed 
react ab the expected relative rates with Fe(ON), , NO, 
and +-PrOH. 

These anomalies are only explicable in terms of the 
simultaneous primary aóte (1}(2) (dotted arrow denotes 
geminate recombination): / 


Fe(CN); + hv = Fe(ON» + ow 
+ 


«& (D 


H* 
H+ + Fe(CNT + e4, «9, (2a) 


TS Fe(CONg + H, (1—a) pa (2b) 


for which Pa €< P81 and 9, = 0-66. 

The constant [HF e(CN)>)/[H*][Fe(CN)<] 
= 2-24 x 104 M- and so conditions can be devised under 
which, although more than 95 per cent of the H* is 
associated with Fe(ON); as HFe(CN),, about 75 per 
cent of the light is absorbed by the unprotonated ferro- 
cyanide ion. The competition between N,O and 
HFe(CN),. for e4 emerging largely from process (1) can 
be investigated, and it is shown that k, = 0-1 k, and that 
the affect of ionic strength on &, is that expected from 
the Brensted-Bjerrum theory of ionic reactions: 

e4 + HFe(CN), — H + Fe(ON); (8) 
ez + Ht —H (4) 

It follows from this mechanism that, with sufficient 

t-PrOH present to scavenge all the hydrogen atoms, 


increasing [H+] should cause e(H,) first to increase a8^c4 


reaction (8) competes with the geminate reverse reaction 
(— 1) and then to dionan ia re di at hee e i 
“progressively from (1) to (2). This too has been observed. 
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Full deteils of this and related investigations are in the 
course of publication‘. 
We thank the University of Queensland and the Royal 
Commission for the Exhibition of 1851 for financial aid 
r to one of us (P. L. A). 
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Action of Atomic Hydrogen on 
Ferri-Cytochrome c in Aqueous Solution 


AToMIO hydrogen is one of- the simplest chemical 
reagents. Its structure can be deearibed in exact theor- 
etical terms. In aqueous solution it interacts only rela- 
tavely weakly with the solvent. It is neutral and thus not 
influenced by ionio effects in its reaction with specific 
substrates. Therefore its reactions are of interest from the 
point of view of fundamental chemical kinetics in aqueous 

* solutions. Recently, a method has been established for the 
, investigation of the quantitative agpeote of the reactivity 
*'of atomio hydrogen with various substrates dissolved in 
aqueous solutions’. Using a high-frequency electrode-less 
discharge to dissociate pure hydrogen gas into hydrogen- 
atoms and these under carefully controlled oondi- 
tions into aqueous solution, it was shown that the reactive 
species is identical in ita reactions with hydrogen-atoms 
produced by ionizing radiations or by ultra-violet light’. 
Therefore these reactions serve to elucidate also, inde- 
pendently, some aspects of the mechanism of the action of 
lonixing radiations or ultra-violet light on such systems. 
In this method, however, hydrogen atoms are the only 
reactive species present so that their specific action may be 
examined separately. The reactions of simple substrates 
(inorganio ions'*; their morganic complexes’; simple 
organic solutes!) were used to establish details of the 
reactivity of hydrogen atoms. The work was extended to 
enzymes (ohymotrypsin™, trypain®, ribonuclease’’) to 
elucidate the action on biologically in ing substrates. 

In the work recorded here we investiga the action 
of atomio hydrogen on aqueous solutions on ferri-cyto- 

. chrome c. On one band, this enables us to compare the 
reactivity of atomic hydrogen with other substrates oon- 
~ taining a simple inorganio ion, such as the ferric ion”. 
However, the present case involves a protein associated 
with the complexed iron ion. On the other hand, the 
reactions of cytochrome o could be compared with the 
reactions of atomic hydrogen with various amino-acids* 
and with various proteins which do not oontein an 
inorganic ion associated with the protein molecule’. 
In this way, the special features involved in the reactions 
of atomic hydrogen with e oould be elucidated. 
ee ee cen c cure Celi ipt 
atoms were described previouslyl*. The 
used was prepared by the method of Margoliaah* and duly 
fraction I was used. Dose rates were determined using the 
ferri-cyanide method for the determination of the atomic 
hydrogen yield¥-™, 

All dose-rates in the work described here were 2x 10-* 
mole 1.-! seo-1. 25 ml. of solution was used in the reaction 

Control experiments were 

gas only without 

in order to asoertai the effect of bubbling alone on the 
bility of eytoohrome c. No changes were observed due to 

bubbling only. In the actual experiments after i 

gas without discharge in order to olear the 
solution of oxygen, the discharge was lit and the atomio 
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250 — 300 350 400 450 — 500 550 — 000 
imma 
Wig. 1. Absorption ME M Teminy a MM 
at pH, 7, after hydrogen atom treatment for: 4——4, 0; Bi---- 


80; G---O, 60; $$, 600 and O @, 1,800 sec. B 

hydrogen passed for the specified times. After treatment, 
samples could be withdrawn into a spectrophotometric 
cell under hydrogen pressure without air being admitted. 
The ucibility of our results was of the order of 
+10 cent for this series of experiments. Tho time of 
domes atom passage was varied between 10 sec and 
30 min through solutions con 0:85 to 8x 10° M 
of cytochrome o at pH 7 (maintained by 0-05 M phosphate 
buffer). The spectra obtained showed that at low doses 
only such spectroscopic charges occurred as were consis- 
tent with a simple reduction of ferri-cytochrome c. The 
ferro-cytochrome c formed in solutions treated up to this 
stage remained non-autoxidizable. When hydrogen atoms 
were continued to be passed into solutions in which ferri- 


ee 


far-reaching changes in the absorption spectrum 
were isi iae: (Fig. 1), meluding the disap ce of 
the maximum at 315 my and a very considerable decrease 
of the optical density at 416, 520 and 550 mu. The 
ferro-cytochrome o is now autoxidizable. When hydrogen 
atoms are continued to be passed, for example, for 90 
min, further bonds are opened and free iron may be deteo- 
ted. The dependence of the secondary processes on the 
initial concentration of ferri-cytochrome o showed that the 
secondary processes oocur only when ferri-cytochrome o is 
no longer present. Ro long as the ferri form is present, 
hydrogen atoms react preferentially with it. From the 
initial rates of the peaation (assuming that initially atamio 
hydrogen is used up for the reduction of ferri- to ferro- 
cytochrome o only) the rate constant of the reaction 
between atomio hydrogen and ferri-cytochromo o was 
calculated acoording to the procedure of Navon and 
BStein*. The value of k=2x10* l. mole sec. In 
radiation chemical experimenta, & value of the order of 
1x101* I. mole“ sec-? was obtained’. In Table 1, the 
rate constant now obtained is compared with the rate 
constants of other ferric complexes obtained with atomic 
hydrogen using the same experimental technique’. 
It will be seen that the rate constant of the reactian of 
atomic hydrogen with ferricytochrome o is similar to that 
of the fastest reactions of ferric ion complexes and is 
among the fastest measured for hydrogen atom reactions 
with various substrates”. The presence of protein thus 


Table 1. Emscriow Rate CONSTANTS (CALOULATED FOR 25° O, RUF. 25) IX 
AQUEOUS BOLUTIOK OY HYDROGEN ATOMS WITH FERRI-CYTOOHROME-c AND 
cord drip 


Fe**tOH- 


reis Fete spe Fer dig 
0 23x 10° 


di 10° 
5x30 x 10* 
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Table 2. Hrracr OF pH ON THs REACTION RATAR OONSTANT OF HYDROGUEN 
ATOMS WITH FERRI-OYTOOHROME 6 

2H 7-0 60 50 25 

h/kpH ; 1 0-66 0-58 0-14 


does not slow down the reaction. The value now obtained 


may also be compared with the rate constant of ferri-. 


cytochrome o with solvated electrons, e for which 
the same value as for the reaction® of ferri-cyanide ion 
with e;;, k- 8x 10* 1. mole-! sec-!, was found’. It will be 
seen that for ferricyanide and for ferri-cytochrome o, 
the rates of reduction with hydrogen atoms and with 
solvated electrons are very similar. 

The dependence of the rate constant of the reaction of 
atomic hydrogen with ferri-cytochrome c on changes in the 
pH is shown in Table 2. The rate constant decreases on 
going from pH 7 to pH 2-5. The oxidation reduction 
potential increases and thus AG of this reactaon becomes 
more negative on going from pH 7 to pH 2-5 (Fig. 2). 
Therefore, the usual correlation between AG of the reac- 
tion and the rate constant is not observed. For the 
reaction of ferri-cyanide with ferro-cytochrome o and ferro- 
haemoglobin respectively, Sutin and Christman* pointed 
out the lack of correlation between AG and rate 
constants. In our case, such behaviour may be attri- 
buted to tional changes which have to take place 
during the reaction. In the present case, it is known ba 
pH dependent change in the configuration of the protein 
in ite reduced form is observed at about pH 2-5. 'The 
‘crevice’ in the amino-acid structure leading to the haem 
i8 open in both the ferri and the ferro form above pH 2-5. 
but is closed in the ferro form at and below pH 2-5. 
This configurational change, which is necessary in order to 
carry out the reduction process as pH. 2-5 is approached, 
may slow down the reaction velocity. 

It is interesting to compare the behaviour of ferri- 
cytochrome c with other proteins. It was found that 
enxyme proteins, for example trypsin and chymotrypein 
which do not contain a metal prosthetic group but contain 
8—S linkages, are inactivated by reactions with atomic 
hydrogen which results in the opening of S—S bonds*e». 


0 400 
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Fig. % Dependence af E* on the pH for aqueous solutions of fraction I 
determined O by speetro- 
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Similar observations were made in the case of ribo- 
nuclease’*. The rate constant of the reaction of hydrogen- 
atoms with 8—8 links in trypsin is similar to that of 
hydrogen with ferri-cytochrame c. Cystine reaote with 
hydrogen atoms with a similar rate constant. Unlike 
hydrolytic cytochrome o does not contain any 
disulphide linkages, only thioether ones!*. Ita tertiary ™ 
structure is probably maintained through links formed in 
hydrophobic areas within the protein structure. 

It appears that were 8—8 links present near the active 
groups of cytochrome c, an oxidation reduction enzyme, 
they might have competed, as easily reducible groups, 
with the proper functioning of the enzyme. This work 
with hydrogen atoms mdicates that the absence of 8—8 
bonds in cytochrome o and the necessity to maintain 
protein structure by means other than in hydrolytic 
ay a ony Dene UM by such functional considera - 
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Magnetic Resonance Investigation of the 
Raney Nickel Catalyst 


PRxvIOUBLY!, one of us reported that the Raney nickel | 
catalyst loet its activity through thermal treatment and ~ 
that this might reasonably be related to the elimination «4 
of the crystal distortion in this catalyst. The structural 
change in the Raney-nickel catalyst by thermal treatment 
with the electron spin resonance technique has now been 
in 

Two samples of the catalyst, sample A being active in 
the hydrogenation reaction and B less active, were 
prepared by developing a niokel-aluminium alloy, the 
nickel content of which was 49 per cent, by the usual 
method’, then treating them at 70° and 800? C, respec- 
tively, in a vacuum (0-001 mm mercury) for 2 h and sealing 
them in a quartz tube with a 1-mm inner diameter. 

The specific ion which was obtained at room 
temperature by the Faraday- magnetic balance with 
an applied fleld of 3,000 was 0-22 and 0-51 for 
samples A and B, respectively. These values of the specific 
magnetization are expressed as c/c, where o is the 
specific magnetization of the sample, and o, is that of 
nickel metal. 

The increase in the magnetization on heating at 800° C 
per Bo esset Ae evel eae E 


The resonance spectra of the samples were taken at 
room temperature with a modulation eld of 100 ke/s and 
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Fug. 1. A, Hiectron TNR METAL from simple 1. The ¢ factor 
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a microwave frequency of 9,403 mo/s on Nippon Denshi 
8BX type electron spin resonance spectrometer. These 
spectra are shown in Fig. | A and B. 

It ia seen from these that the signal of sample A 
is asymmetrical and broad while that of B, the activity of 
which was reduced by treating at 300° C, is symmetrical. 
These phenomena observed in sample A are accounted for 
by anisotropy of the g-factor in its microcrystals. 

The measured g-factor on sample B, 2-23, agrees with 
that obtained for nickel by other workers*. 

The results presented here suggest that the lattice 
imperfections in the active catalyst are diminiahed by the 
thermal treatment. The decline of the catalytic activity 
may be closely related to the diminution of the lattice 
imperfections in mi of Raney nickel catalyst. 

We wish to thank Mr. T. Ohki, Mr. Y. Orito and Mr. T. 
Yoshida for their assistance. 
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Tokushima, Japan. 
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1 Yesumora, J., Nature, 173, 80 (1054). 
1 Yasamura, J., Naturwis., 43, 514 (1056). 
* Yasamura, J., Soi. and Indusi., 88, 90 (1948). 
“Kokes, B. J., and Emmett, P. IL, J. Amer. Chem. Soc., 81, 5032 (1989). 
* Bagguley, D. M. 8., Proc Roy. Soo, A, 828, 549 (1084). 


JIRO YASUMURA 


SATOSHI ABE 


Presence of 1,3,6,7-Tetrahydroxyxanthone in 
Maclurin from Chlorophora tinctoria (L) Gaud. 
(Morus tinctorla L) (Moraceae 


DonzrNG the course of our work on Guttiferae we 
required maclurin (I) Examination of commercial 
maolurin extracted from Morus tinctoria* (Moraceae) 
(we thank the Aldrich Chemical Co. for disclosing their 
source of maclurin) showed a small amount of impurity 
which was identified as 1,8,0,7-tetrahydroxyxanthone 
(Ila) by comparison with an authentic sample using 
paper chromatography (Whatman No. 1; 60 per cent 
aqueous acetic acid; Ry 0-70). 1,3,5,6-Tetrahydrory- 
xanthone (Ilia) has a similar Rr value but a different 
colour under ultra-violet light, and the structure of the 
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impurity was therefore confirmed by methylation with 
dimethyl sulphate. Tho resulting 1,3,6,7-tetramethory- 
xanthone (IIb) was identified by thin-layer chromato- 
graphy (silica gel by Stahl; benzene-chloroform, 3:7; 
Ry 0-35) because under these conditions the isomeric 
1,8,5,6-tetramethoxyxanthone (IIIb) has a higher Rp 


(0-42). Authentic xanthones were prepared by unam- 
biguous synthesis. 
O OH O OR 
HO | R'Q 
| 
H H H R o R 
(I) (1) 
a, Rm Rk’ = H 
b, R = R’ = Mo 
er, R =H; R = Moe 
O OH 
O OR 
H O 
HO 
RÚ 9, R 
OR 
) (IV) 
a, R= H 
b, R = Me 


Although 1,3,6,7-tetrahydroxyxanthone (Ia) has not 
been previously detected in Morus itnotoria ita presence 
is not surprising now that we have shown that its forma- 
tion from maclurin (I) occurs $n vitro by phenol oxidative 
coupling. Thus irradiation of a 1 per ot Boni ethanolic 
solution of maclurin with ultra-violet light (Hanovia 
medium pressure lamp) in a stream of oxygen for $0 h 
gave 1,3,6,7-tetrahydroxyxanthone (45 per oent) (Ila) 
which was isolated after methylation with diazomethane 
as the insoluble sodium salt of 1-hydroxy-3,6,7,tri- 
methoxyxanthone (Ic) (ref. 2). 1,8,5,6-Tetrahydroxyxan- 
thone (IIIa), which can also be theoretically formed from 
maclurin, was not detected under these conditions although 
macluraxanthone (IV) with this oxygen substitution pat- 
tern has been obtained from Maclura ifera’. 

At this stage we cannot preclude the possibility that 
1,8,6,7-tetrahydroxyxanthone may have been formed 
from maclurin during extraction and isolation from 
Morus tinotoria. 

We thank the Department of Scientific and Industrial 
Research for a grant to purchase equipment, and the 
Royal College of Advanced Technology, Salford, and the 
Plastics Institute for a grant to one of us (A. J.). 

A. JEFFERSON 
F. SOHEINMANN 
Department of Chemistry and 
Applied Chemistry, 
Royal College of Advanced Technology, 
Salford, Lancashire. 
* A further synonym of the plant ts Maclure tinctoria (L) D. Doo ex Stead. 


However, tinatona is now regarded as the correct name We 
thank P. 8t. J. Edwards for betp on this nomeneiature. 
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A Chemical Model for Electrolytic Oxidation 
of lodate 

Duame an investigation of the electrolytic production 

of periodate from iodate, the oxidation of iodate was 

expressed mathematically as a chemical reaction in which 

gaseous oxygen formation competed with the desired 
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reaction for the available supply of & common precursor 
material. In writing the equations, liberties, which could 
be mathematically rationalized, were taken with the clas- 
sical forms of the rate equation, but these liberties resulted 
in equations that could only approximate real counter- 
parts. In particular, it was stated that ‘‘sometimes, in the 
early stages of the oxidation, the reaction proceeds at a 
very slow rate. This is attributed to an initial lack of 
catalytic activity at the surface. . .". 
remained, whether or not the claamcal equations, 
which were modified mainly to facilitate solution, would 
not better expreas the total behaviour of an operating cell. 
Another intriguing question has been the identity and 
quantitative behaviour of the precursor material. Now the 
set of classical equations has been solved on an analogue 
computer and insight has heen gained into the electrode 
proceases which could occur. 
The set of classical equations investigated was as 
follows: 


y = Ky (1 —y) 
a’ a Kye f (1) 

$ 

a ty +r “oP 
where F is the rate of atomic oxygen production, v is 


2 
the amount of gaseous oxygen, y is the amount of perio- 
date, z is the amount of the oxygen precursor to both v 
and y, K, and K, are the specific reaction rates for perio- 
date and oxygen, respectively. Primes refer to the time 
rates for the variables. 

This set argues that the oxygen production rate is 
bimolecular, as it would be if free radical oxygen were the 
a Several comparisons for date fit were made 

this assumption and the previous assumption! 
that the oxygen rate follows a monomolecular law, which 
could occur if the oxygen precursor were an oxide of lead 
so that & reaction such as: 

Pb,0s — PhsOm-s) + Os (2) 
could occur. In such a case, the periodate oxidation 
could still be monomolecular with respect to iodate by a 
reaction such as: 

PbaOm +IO, — Pb40(a-1) + IO, (3) 
It is realized that the true reactions may be much more 
complicated and involve several possible chemical entities, 
such as H,O, Pb(IO,), and Pb(IO,), at the anode inter- 
face. At the present state of technology in measuring the 
instantaneous compounds of lead, knowledge about them 
must be primarily non-specific and arrived at by inference. 

Unfortunately, the computer data gave no information 

mo The two curves were so similar in 

shape that either could be fitted to the chemical data 

within experimental error. The only effect was to change 

the ratio K,/K,, as one might expect from examining the 

ions. Since the precise reactions are not known, the 

possibility of determining the absolute value of either of 
the iflo rates seems remote. 

A fault with the simplification previously made to 
derive the approximate model was the omission of s’ from 
the material balance equation. If s’ is truly zero, then z 
could be a constant and the oxygen production equation 
would be unnecessary. The solution then degenerates into 
a simple first-order equation in y. 

Under certain conditions and over a restricted range the 
computer investigation disclosed that z is approximately 
linear in time and that then the shapes of the approximate 
and classic curves are the same experimental error 
for the chemical data. 

Comparison of the classical and approximate models is 
shown in Fig. 1. 

Where the chemical date showed an appreciable ‘induc- 
tion’ period, the classical model fitted the total range, 
whereas the approximate model fitted only the later por- 
tion. In some cases, however, these date did not show an 
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Tig. 1. Pan bawos classes! (a) and approximate: (M models is 
În eariy stages of oxidation 


induction period. An attempt was made to force the clasei- p 


cal equation toward the approximation by making K, large 
relative to 1/2. The curve shape did not yield readily to -~ 
this attempt. 

The second attempt to explain the lack of induction in 
some date was to assume a third parameter in the classical 
equation. By making the initial value of s equal to about 
half the final value, the induction iod was lost. This 
sdioscieny gave cod fia für a wide rende of date, Gora 
an inefficient ocell to a most efficient one, and for those 
either showing or not showing an induction period. Some 
typical curves of y and z are given in Figs. 2 and 8. The 
parameters for several runs are given in Table 1, where 
the ‘efficiency factor’ K,/K, is compared with the approx- 
imate values. ; 


Table 1. COEUR OY ER ER E UN. DN APFROXIATA: AFD 


CLASSICAL MODELS 
YF factor, K,/ K, 
Current % Theoretical = Approxima Chemica! 
Call (amp) converson/h (E, -UtF) 
A 30 24:7 43 53 
A 65 26-7 31 3-1 
A 100 411 26 3:1 
B 65 207 58 7-0 
o* 65 267 18 23 


* Anode area 3-7 times as great; flow rate, lower. 


The value for K, did not alter the early shape of the 
curve appreciably. To prevent the value of s from ex- 
ceeding the voltage tolerance, K, was taken to 
be equal to 1/27. At infinite time, » approaches 1/2F. 


100 





3 





Time (h) 
Fig. 2 Classical curves with an appreciable induction period 
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Time (b) 
Tug. 8. Classical curves without an Induction period 


Thus, z is always equal to or leas than unity, which was 
scaled to be the maximum oomputer volvage 

In the equations, K, turns out to be equal to l/(Smax)*. 
1/2F. Consequently K, is not so much a specific rate as & 
measure of the oxide-holding capacity of the anode 
Telative to the amount of current applied. It is therefore 
somewhat dependent on current density, as an analysis of 
the resulte in Table 1 shows. 

These in igations demonstrate that the approximate 
model has good empirical justi ion over moet of the 
data range and that the classical model, as formulated, has 
some flaws. Considering the greater complexity that 
would be involved in using the olassical model, the 
approximate one is suggested for engineering calculations. 

EARL B. LANOASTHR i 
Roypun O. BorrARFIHLD 
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BIOPHYSICS 


Advantages resulting from the Addition 
of a Versatile Multichannel Analyser to 
an Electron Spin Resonance Spectrometer 


A MULTICHANNEL analyser has been added to our 
electron spin resonance spectrometer to be used as & 
com of & transients!. This communication 
describes the elements of the system and some of the 
important advantages that & versatile analyser can 
provide. Briefly, the principle of the computer of average 
transients is that successive sweeps of & spectrum are 
added in a multichannel memory system, so that the 
signal, coherent with each , adds linearly in the 
memory, while the noise, is random, adds in 

. This results in an improvement of signal-to- 
noise ratio after N sweeps of yN. 

er i ee ee 
generator, 400 channel analyser DOM DNE 
calculator (Intertechnique types HO40, SA40B and RG928 
respectively) and & high-gain d.c. amplifler (Rochar type 
413388). Modifications were carried out by the manufac- 
turers at our request to suit our spectrometer which 
molude the high-gain d.c. amplifier placed between the 
spectrometer and the analyser, and a biassing circuit 


~- Placed before the analogue-to-digital converter, so that 


any negative voltages thet might arise from the signal 
can be offset. The manufacturers themselves have 


introduced & useful variant of the standard analyser for 
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computer of average transients applications by usmg a 
pulse train of 10 times the frequency of the address 
advance, which is used to open the ‘gate’ of the analogue- 
to-digital converter ten times in each channel, thus 
sampling the signal ten times. In this manner N sweeps 
of the spectrum represent 10x N samples of this speco- 
trum. The signal-to-noise ratio then can be considered 
to be improved by a factor of 4/10.N. 

Since the analogue-to-digital converter in ita most 
sensitive setting quantires voltages in incrementa of 
10 mV, and because our spectrometer** was constructed 
to drivé & 10-mV recorder, the high-gain d.c. amplifier 
was necessary in order io see signals which are less than 
10 mV in amplitude. This amplifler has & variable gain 
in steps of times 20, 50, 100, 200, 500, 1,000. 

The sweep of the multichannel memory is synchronized 
with the sweep of the magnetic field which provides the 
electron spin resonance spectrum, by & ‘start’ pulse 
circuit which is triggered when the voltage across the 
me ee ee eee uan It is 
aE to modify this to provide a steady magnetic 

d value for each channel, by drivmg the magnet sweep 
coils from a staircase wave-form obtained from analyser 
channel address register, via a suitable current amplifier. 

We have found that, with our system, the optimum 
results are obtained with a sweep of 100 gauss in 4—8 sco. 
We have so far limited operations to 100 sweeps, giving 
an improvement in signal-to-noise ratio of approximately 
80. At the moment this is quite adequate. ch & sweep 
time allows one also to retain & small time constant in 
the , thus eliminating some noise before the 
analyser. It was found that our sweep generator (or 
‘start’ pulse circuit) could be triggered by the 50 o/s mains 
frequency ripple, and if the dwell time in any channel is 
lees than 10 msec, the half-period of the mains, an 
undesirable addition of 50 o/s pick-up occurs with each 
sweep. This can be eliminated by careful choice of 
channel frequency or total number of channels used. 

The improvement of 4/10.N is not considered to be 
one which oan be increased indefinitely. It is limited by 
two factors, the frequency stability and the magnetio 
fleld stability of the electron spin resonance system. If 
these are poor then the lines in & spectrum are not quite 
coherent for each sweep and consequently they will be 
averaged out. For wide lmes these instabilities are 
relatively Ey ye ore For a line 20 gauss wide, how- 
ever, 4-seo sweeps, if one assumes bad drifts of 
field and ency of, say, 1-0 gause/h and 1:0 Mo/s/h, 
and that the maximum tolerable shift of the line is 
0-2 of its width, then we calculate that the maximum 
number of sweeps possible is 2-7 x 10, which limite the 
signal-to-noise improvement to 164. 


In addition to the i ab squid in sensitivity, the other 
advantages found with this system are the operations 
which are possible the E tape calculator. 


First, by storing a ‘bac und’ spectrum, for example 
the spectrum fram an empty sample cell, any contribution 
Tesulting from this can be subtracted later from the 
spectrum of interest taken with & sample inside the cell. 

Secondly, the sampls spectrum when recorded on tape 
oan be integrated and the integral recorded, which oan, 
in turn, be integrated again. In this way first derivative 
spectra can be integrated twice to provide information 
about the number of spins contained in the sample. 
There are more involved in this operation, however, 
which is in the following manner: 

(1) A straight line, f, — a, is obtained on the analyser by 
storing the same number of counts in each channel, & 
facility which is provided on the analyser. This straight 
Ime is recorded on tape. 

(2) The straight line ia played back into the analyser 
in tbe integration mode, where the contents of each 
channel represents the total of all channels before it. 
The line f,=ar+b is thus obtained and stored on tape. 
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(3) A background spectrum is taken and stored on 
tape (Fig. la). 

(4) Now the sample spectrum is taken and the back- 
ground is subtracted from it, leaving in the memory & 


curve f, SE +6, in which x is proportional to H and c` 


‘is & constant. This is recorded on tape (Fig. 1b). 

(5) The curve f, is now integrated to give [f;dz-x'-- 
ex+d. From this is subtracted f, multiplied by a suitable 
constant to leave fy=y"’+e. This represente the true 
absorption curve superimposed on & base-line of height e 
(Fig. 1o). 

(6) Again this is recorded and integrated to give [fidt = 
[x'dz-Fex--f; f. is subtracted again multiplied by a 
suitable constant to leave f=f x" dz-c-g. Now] y"dz is 
proportional to the number of spins and g is merely & 
constant (Fig. ld). 

The process 18 calibrated using a sample containing a 
known number of spins. Although this oppeers to be a 
long prooees, in fact each reoording or playing bok 
operation takes only 4 seo. More time is spent in obteining 
the spectra. The errors involved in the usual method of 
manual integrations of pen recording traces have been 
found to be as high as 10 per cent; with this procedure 
described here they are reduced to about 1 per cent. 


a b 








Fig. 1 


One further pomt about the integration is that the 
integration procedure tends to introduce a further apparent 
reduction of noise, but one which depends on the channel 
number. This arises from the fact that, in channel 400, 
the addition of the contente of all 389 channels before it 
results ın the noise ratio of channel 400 to channel 1 
being improved by 4/400, while at channel 10 an improve- 
ment of only +/10 resulta. 

In addition to the- integration facility one oen also 
differentiate & spectrum by subtraction of the same 
spectre shifted lative to each other by a number of chan- 
nels small relative to the line width. As is well known this 
is particularly useful for the measurement of g values 
since the second derivative will show an antinode at the 
value of g. The analyser is provided with markers so that 
the exact channel number of an antinode can be determ- 
ined. In this way, by calibration against a standard 
sample, an acouracy of 1 in 10,000 in g can be obtained, 
the accuracy depending mainly on magnet stability. 
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BIOCHEMISTRY 


Changes in Concentration of Polyamines in 
the Developing Mouse Brain 


SrxRMIDINB and spermine have recently attracted much 
interest because of their physical affinity to nucleic acid! 
and stimuleting effect on cell prohferation'-*. These 
amines ocour m high concentrations in actively prolifera- 
ting tissues such ae human semen’, growing chick embryo’, 
and germinating plant seeds’. These tissues contain a high 
concentration of deoxyribonucleic acid (DNA). Rama’ 
has recently found high concentrations of 
polyamines in the chick embryo which later 
decreased during incubation. We!’ have de- 
scribed the localization of spermine in the cell 
nucleus using nucleated and non-nucleated 
blood cells. These findings suggest the impor- 
tance of polyamines in the growth process of 
plant and animal tissues. 

Among the animal tissues, ıt is of advan- 
tage to use brain tissues for the study of a 
substance during growth since each oom- 
ponent of the tissue, such as oell body, 
neuronal flbre, and myelin sheath, grows in 
different phases of the development and 
since the concentrations of substance which 
associate with each cellular oomponent 
change in parallel with ther cytological 
features. 

In the present study the concentrations of 
spermidine and spermine were determmed 
in brain and, for comparison, in liver, at 
various stages of development in the mouse 
(ddO strain) according to the method 
reported previously?!. Although this method 
was devised originally for the determination 
of the amines in nervous tissue, examination 
of the specificity and recovery rate proved 
the method to be applicable to the determina- 
tion of the amines in the mouse liver. The 
concentration of DNA in the brain was 
determined in parallel according to Schmidt 
and Thanheuser!*. 

A high concentration of spermidine found in the foetel 
mouse brain decreased during the first 28 days after birth. 
The concentration of spermine in the brain remained at a 
high level until the twenty-first day after birth and fell 
during the following 7 days (Fig. 1). It is known from 
histological mvestigations of the rat bram that durmg the 
20 days after birth 15 18 characterized by cell division and 
the increase in size of individual cells and especially by the 
extension of axons and dendritic oonnexions?. In general, 
the cause of development of the mouse brain has been 
shown to be almost the same as that of the raet!*:!*. Later, 
the concentration of both amines remained at lower con- 
stant levels until the adult stage was reached (Fig. 1). 

As shown by early experiments in other species'*-™, the 
concentration of DNA in the mouse brain waa highest in 
the pre-natal stage, dropped abruptly during the first 7 
days after birth, and decreased slowly from then to the 
adult level (Fig. 2). These changes are similar to those of 
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the polyamines, but changes in DNA concentration pre- 
ceded those in the concentration of polyamines. 

In the liver, of which the oells are known to reach 
maturation at the early natal period and to continue 
relatively oonstent proliferation thereafter, no change 
m the concentration of the amines was observed during 
the early period after birth, in contrast to the marked 
changes m the brain. Gradual and slight decrease of 
spermidine and increase of spermine were observed (Fig. 3). 

In summary, the concentration of polyamines in the 
mouse brain was shown to be higher in the pre-natal and 
early post-natal life than in adult. This trend was more 
apparent if the concentrations were calculated on a dry 
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weight basis, aince the water content in the brain decreases 
during development (Fig. 2). A high concentration of 

idine and ine of the brain during the pro- 
liferation stage followed by a drop in concentration after 
this stage is considered to provide further evidence of 
their biological function in cell growth. Most substances and 
enzyme activities in the brain increase during development, 
in contrast to polyammes and DNA. 
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Isolation and Identification of 2-Aminoethyl- 
phosphonic Acid from Bovine Brain 


Iw the course of isolating unidentified amino- 
compounds from bovine brain'*, a substance was 
wwolated from the neutral amino-acid fraction of the 
trichloroacetic acid of the brain, and was identified as 
2-aminoethylphosphonio acid from the results of elemen- 
tary analyms, infra-red speotrography and chromato- 
graphy. . The occurrence of 2-aminoethylphosphonic 
acid in protoroa* and in the sea anemone‘ has been 
reported both in free and combined form; but 1ts preaence 
in the higher animals has not been reported in either 
form until now. 

Seventy-five bovine brains, weighing 28:6 kg, were 
extracted with trichloroacetic acid and deealted!. The 
pooled and concentrated extract (600 ml.) was separated 
into the acidic, neutral, and basic fraction by the methods 
described for the isolation of B-aminoisobutyrio acid from 
urine’. The neutral fraction was concentrated to about 
800 ml. in vacuo, filtered, and was applied to a 6 cm x 7 om 
column of ‘Amberhte IR-120', x8 (100-200 mesh, 
pyridine form). The resin was washed with 800 ml. of 
water and the substances were eluted with 1 N pymdine. 
The first 800 ml. of the eluate was discarded, and the 
following 2,800 ml. was collected, concentrated to 150 ml. 
and filtered. The filtrate was acidifled to pH 2-0 by the 
addition of formic acid and the solution was charged on 
to & 5-8 amx187 am column of ‘Amberlite OG—120’, 
x 8 (200-400 mesh), previously buffered with a mixture 
of pyridine-formie acid—water (1:9:190, v/v), pH 2. 
The same buffer was used for elution, and the emergence 
of compounds was followed by examining aliquots of the 
eluate by paper chromatography. Two unidentifled 

i in-positive substances in the eluate 
between 1,760 ml. and 2,880 ml. This portion of the 
eluate was concentrated to a small volume, and was 
further purifled by chromatography on a 2 om x 80 am 
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column of ‘Dowex 1', x 10 (200-400 mesh), equilibrated 
with a mixture of 2,4-lutidine-&oetio acid—water (10-7: 
1:5 : 488, v/v), pH 1-0. Substances were eluated from the 
column by 140 ml. of the same buffer followed by a 
mixture of 2,4-lutidine—acetio acid—water (10-7 : 0-8 : 489, 
v/v), pH 71-7. One of the unidentified substances emerged 
in the eluate between 51 ml and 171 ml. The eluate was 
evaporated to dryness # vacuo. The residue was orystal- 
lized from 1 ml. of water, 1 ml. of ethanol and 0-5 ml. of 
acetone to obtain 18 mg of needles, m.p. 255° O (deoomp.), 
raised to 2770? O (decomp.) on irati Elementary 
analysis gave: O, 19-41; H, 6-57; N, 11-12; C,H,NPO, 
due c 19:21; H, 6:44; N, 11:20. Phosphorus was 
detected by wet ashing. 
On hydrolysis of a portion of the orystel with 6 N 
hydrochloric acid at 105° O for 15 h, neither change in 
the chromatographic behaviour of this substance nor 
‘the liberation of inorganio phosphate was observed. 
Stability of the compound to acid hydrolysis suggested 
the presence of & covalent linkage between O and P. In 
paper chromatography)" and electrophoresis'? this sub- 
stance migrated to pp pona DD T E iieri 
phosphate. These data were competible with those of 
either l-aminoethylphosphonic acid or 2-eminoethyl- 
phosphonic acid. On ison with synthetic com- 
pounds the isolated substance behaved like the latter in 
chromatography with four different solvent systema 
and in paper electrophoresis under two different condi- 
tions, but on neither occasion like the former (Table 1). 
The infra-red of the isolated substance was 
identical with that of the B-orystel* of synthetic 2-amino- 
ethylphosphonic acid. 
2-Aminoethylphosphonic acid has a O-P linkage, the 
Ce oi WAN ee ee ee a e T 
of vertebrates. Little information a the enrymatio 
formation and degradation of the linkage is available. 
Rosenberg’ showed that there was an exchange of 2-amino- 
ethylphosphonic acid between the protozo&, Tetrahymena 
pynformis, and the surrounding medium. Horiguchi and 


Kandatsu found recently that oral or CERE EE 
administration of radioactive 2-aminoethy. honio 
acid to rat resulted in the accumulation of this compound 
in the liver, kidney, spleen, and many other tissues. As 
Tetrahymena existe in the bovine rumen symbiotically, 
there is a ‘possibility that 2-aminoethylphoephonio 
acid isolated from bovine brains is derived from the 
protozoa in the rumen. Considering the recovery of the 
substance during isolation, the oonoentration of free 
2-aminoesthylphosphonic acid in bovine brain is calculated 
to be about 2 ug/g wet tissue. 

The combined forms of 2-aminoethylphoephonie acid 
with glycerol and with ceramide! have been demon- 
strated in protozoa and in sea anemones, respectively. 
As brain is abundant in phospholipid, this tissue was 
expected to contain & ined form of the phosphonic 
acid. In our preliminary experiments, however, the 
concentration of 2-aminoethylphosphonio acid in the 
hydrolysate of the lipid fraction (chloroform—methanol 
soluble component) of bovine brain was found to be leas 
than 1 ug/g web tissue, if present. - 

We thank Mr. M. Horiguchi and Mr. M. Kandateu, 
Department of Agriculture, Tokyo University, for supply- 


ing synthesized, crystals of 2-aminoethylphoephonio acid 
and ita l-amino isomer. 
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Bioassay of Pituitary Gonadotropins 


DUBING the course of purification of follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH) from horse 
pituitary glands? the following method was used to determ- 
me the degree of separation of FSH and LH at two puri- 
fication ee t f H-5 soluble gonadotropio fraction and 
a purified preparation from the third zone-eleotro- 
phoresis were compared as to their effect on the increase 
in the weight of ovaries as & measure of FSH and ventral 
prostates as & measure of LH in hypophysectomixed rate 
(Holtzman Oo., Madison, Wisconsin). 
relationship was between the ovarian weights 
obtained by different doses of the pH-5 soluble fraction. 
The doses of the FSH fraction from the third zone- 
electrophoresis were selected so as to induce i 
the same ovarian response as wes obtained with various 
doses of the pH-5 soluble fraction. The a weights 
of the ventral prostates bo thes dose Wü 
used as & meesure of the content of the two fractions. 
The results are presented in Fig. 1 and Table 1. 

The slope of the dose-response relati ip for LH 
decreased signi 1 from 0-18 for the pH-5 soluble 
gonadotropin fraction to 0-07 for the FSH from the third 
rone-el resis while the slope for the dose-response 
relationship for FSH of the same ions increased 
from 0-48 to 0-68. The slope ratio of to LH for pH-5 
soluble gonadotropins increased from 3 : 1 to 9: 1 for FSH 
preparation after the third zone-electrophoresis. These 
observations that signi separation of FSH. 
and LH was eved and further suggest that FSH and 
LH are separable and different entities in the horse 
pituitary gland. It will be of interest to learn whether 
Table 1. HORMONAL ACTIVITY oF HORSE PITUITARY GONADOTROPIO 

FRACTIONS IN HYPOPHYSECTOMIEED Hits 


Moos "OE EM 
H 6 Bolubie 11 0-43 0-15 3:1 
Iono FB8H 0-44 0-62 0-07 9:1 
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this observation can be used in followmg the separation 
of two substances with overlapping biological activity. 
B. 


B. Saxmra 
Division of Endocrinology, 
Department of Medicine, 
Seton Hall College of Medicine, 
Jersey City 4, New Jersey. 
"mma, B LN MV . EL, and Meyer, Roland K., Biookim. Biephge. 


Golden, 1. Biostatistics, 144 (Macmillan Co., New York, 1964) 


Effect ot Hunian Growth Hormone on 
Insulin Basic Protein Complex 


Iris generally agreed that there are two forms of insulin 
circulating in human blood plasma: (i) the immunolo- 
gically inactive form bound to a basic protem?*; (ii) 
the immunologically active free form‘. 

In our in citro studies of the bihding reactions between 
uI -bovine insulin (Radiochemical Centre, Amersham) and 
a commercial insulin antibody preparation (Burroughs 
Welcome) the effect of other hormones on these binding 
Teactions was observed. 

The method used to indicate i inaulin-antibody 
binding was similar to that described by Meade and 
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Kiltgaard'/*, who used an anion exchange resin to separate 
the free 1*J-msuln from the insulin bound to that anti- 
body, this giving & good index of the bound-to-free ratio 
of ??1Linsulin. 

It was found, on adding human growth hormone 
(HGH) (U.8. National Institutes of Health) to insulin 
anti in the presence of human fastin ua er 
proportion of !*'![-insulin bound to anticis decreased 
Dh iure m ihe atom of HGH added. WEM When 
repeated with antibody in 3-95 per cent human serum 
albumin, no change occurred (Fig. 1). 

It was postulated that HGH displaced endogenous 
insulin from the insulin—basio protein complex, and made 
it available for antibody binding. This theory was 
supported when it was found that '"I-HGH' could be 
partly extracted ftom serum by the cation exchange 
resin ‘Dowex 50 (Na cycle) but not from 8-95 per cent 
albumin. This indicated that some HGH is bound to a 
basic protein in human blood plasma. 
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Phenolic and Indole Amines in the Urine of 
Schlzophrenics 

Tum hypothesis that schizophrenia may be caused by 
a metabolio abnormality of phenolic or indolic amines 
has gained supporting results by some 
research groups, but conflicting resulta by others. This 
confused state was reviewed by Kety!, and the contra- 
diotory results could be explained by various factors 
related to different environmental and physical conditions 
which are secondary to the psychosis. An attempt was 
made to examine in this laboratory the excretion of 
various phenolic and indole amines using the subjects 
under careful control of environmental factors. 

Seven hrenio patiente having 5-7 year courses 
of the disease and eight normal subjects who were on 
the same diet were selected. Routine clinical examinations 
revealed no physical abnormalities in both groups of 
subjects. i were withdrawn for more than 4 
month before the collection of urme and both patients 
and controls were engaged in the same degree of physical 
work. Twenty-four hour urine specimens of schizophrenics 
were collected under strict supervision for 8 days, but 
collection of a full 24-h urine failed frequently because 
of pathological behaviour of the patiente. Thirteen 
specimens of complete 24-h urine could be oolleoted. 
Urine was oollected on the second day from normal 
subjecta. Urine was kept in a refrigerator during the 
24-h collection and then kept at —20? O. Quantitation 
of amino nitrogen, urea, creatinine, creatine and urio 
acid of these specimens showed that there were no 
pathological changes in the amounts of these nitrogen 
compounds in the urine of both 

Paper chromatograms of phenolic amines were prepared 
according to the method of Kakimoto and Armstrong’. 
Diazotized p-nitroanilme was used for the detection of 
penna ant. Paper chromatograms of indole amines 

in the same manner as phenolio amines 
d rendered visible with the p-dimethylaminobenzalde- 
hyde reagent. Compounds listed in Table 1 were detected 
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Table 1. PHENOLIO AND INDOLE AMIDES AND THE FREQUENCY OF THEIR 
APPEARANOE IM URINE BPRBOIMENB OF DORTLOFHEENIOR AXD KORMALS 


Setuzophreios Normal 


Compounds 

o of urine specimens examined a8 B 
ormetanephrins 

Metanephrne 13 B 
r u 8 
-- 18 8 
10 4 
$-Methoryiyramine T 0 
P Hydroxybenzylamtno 2 0 
[eom 3 H 
tonin 18 8 
Tryptamme 13 8 


in the urine specimens from the normal” subjects and 
patients. Frequency of the appearance of the spots on 
the paper chromatograms are shown in Table 1. Seven 

aniden tifled indole compounds which are not listed in 
Table 1 were found ın several specimens of both groupe, 
but theee compounds were not specifically detected in 
one of the two groups. A trace amount of 3-methory- 
tyramine was found only in the urine of schizophrenics 
in this investigation. This difference can, however, not 
be taken as difference 1n the metabolism of catecholamines 
between the patiente and normals, because this compound 
has also been detected in paper chromatograms of urine 
of normal subjecta in & previous investigation’, and 
because this amine 18 a normal constituent of human 
urine as & conjugated form. Bufotenin has been claimed 
to be a constituent of the urine of schizophrenio patienta’, 
but no detectable amount of bufotenin was found in the 
present investigation. Considering the sensitivity of the 
method used, the amount of bufotenin is leas than 20 ug 
in 24-h urine, if preeent. 

Phenobo acids and indole acids in the urine specimens 
were also examined by paper chromatography according 
to the methods of Armstrong e£ al.*:', and no qualitative 
differences of various acids were observed between the 
two groups. 

In our previous investigation the finding by Friedhoff 
et al.* that 3,4-dimethoxyphenylethylamine 1s found in 
the urine of schizophrenic patients but not 1n normal urine 
has not been supported’. In the vestigation recorded 
here other phenolic and indole amines were examined in 
the urine of schizophrenic patiente: no result was 
obtained which would support a ERN of abnormal 
metaboliam of these amines in the di 
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PHYSIOLOGY 


bala y Activity of the Gastrointestinal Tract, 
iver, Spleen and Kidney of the Rat 


As reviewed by Fruton!, cathepsins are intracellular 
proteinases with acid pH optima, ubiquitously found in 
animal tissues. In the mammal, highest concentrations of 
cathepsins are found in liver, kidney and spleen’. 
However, rat liver was found to catabolize only 
18-15 per cent of the total albumin broken down in the 
whole animal’. 
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The vapid turnover of the gastrointestinal tract is well 
documented. The finding of catheptic activity in rat intes- 
tinal mucosa of magnitude comparable to that of rat 
liver* prompted a comparison of catheptio activity in the 
various segments of the gastrointestinal tract with that of 
rat liver, spleen and kidney. 

Male Sprague-Dawley rata (300—370 ) were decapi- 
tated after a 24-h fast and the es. Vidnoys and spleens 
were washed and homogenized in 0:25 M sucrose. The 
small intestine was divided into three equal parte; that 
next to the stomach was arbitrarily called the duodenum, 
next the jejunum and next the eum. These segmenta, 
&8 well as the stomach, caecum, and colon, were homo- 
genized in 0-26 M sucrose after careful washing. The 
proteolytic activity of the homogenates was determined 
in 0-1 M acetate buffer pH 3-7, with denatured haemo- 
globin (10 mg/ml) as substrate. Proteolytic activity was 
measured as free amino-acids expressed in terms of 
tyrosine equivalents. Proteolytic activity and protein 
concentrations of the tissues were measured by the 
colorimetric method of Miller”. 

Results in Table 1 show the high catheptio adtivity and . 
proteolytic capacity of the gastrointestinal tract. The 
figures in the Jast column give an approximation of the 
proteolytic capacity of the organs. A more accurate 
picture could be obtained only by taking into account 
the turnover rate of the various organs, a consideration 
which would probably magnify the catabolic capacity of 
the gastrointestmal tract. Friedberg e£ al.*, for example, 
showed that when S methionine is given to fasted rata, 
the imtestmal mucosa proteins show the highest specific 
activity of **S and also a rapid lose of activity. 


OoxrARATIYE CATHNPTIO ACTIVITY OY THE GAFTRODTTENTINAL 
TRACT, LIVER, BFLEMK AND KIDNEY OF THE RAT 


Bpecifio activity Caloulated proteolytio 


Table 1. 


marnoles tyroatne capac 

Tissue Average wet wi./rat  releesed/mm/mg ' facea 
(a) protein ieee h 

Stomach 1-60 63-5 10:8 
nomm — i$ R 2 
ejunum 
Team 8 39 118 2-94 
Oaecum 132 73 136 
Oolon 211 115 2 03 
Liver 0-58 5 07 178 
Kxiney 275 151 104 
Bpieen 60 25 4°75 


Values are the averages of $ experiments, each Incinding 16rats. The 


value for stomach may have been contributed to by pepsmogen activated 


the low pH of tnoubaton. 


Our data indicate that in any quantitative study of 
overall catheptic activity or breakdown of plasma pro- 
teins, it would be advisable to include the different 
segments of the gastrointestinal tract. 

This investigation was supported by U.8. Publio Health 
Service research grant 5609 and TB. Department of 
Agriculture project WM-38. 
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Transauricular Perfusion of the Pituitary 
Gland in Rats and Mice 


Bo far as we know, intrapituitary injections!-' or 
implanta'-!* have been performed only on adult rate! *1: 
or on bigger animals such as r&bbite*:/1714 or dogs!*. For 
these expernnente Btereot&xio methods are usually adop- 
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1. Apparatus for intraplto 
Er ROB rqueeosa bs vine ahe D 


the needle for miero-mjestions, D needle 
outer sheath; F, sheath; G, üp 


counerion between Me via tbe 
mlero-Irjectiona 


, > 





hata pr nate into the be hres 
hole made cri 
the mtuitary 
ted. In this ‘communication s technique is described 
which renders it possible to perform injeotions or per- 
fusions into the pituitary gland of both immature and 
adult rats and mice. To this purpose a needle has been 
devised which allows entrance to the hypophyseal tissue 
by the transauricular approach. Such & route had been 
already used to perform, with suitable instruments, both 
pituitary ablation!*:!" and transplantation’. 

The equipment (Fig. 1) consists of & special needle 
connected through & vinyl tube to a hypodermic needle 
mounted on & mi The special needle is made 


of three stainless steel tubes of increased (outer 
shoath, middle sheath and tip) i and 
soldered to a socket. These features will and 


maintam the proper position of the needle during the 
injection (Fig. 2). Another steel tube (outside diameter 
1-1 mm) is soldered to the opposite side of the socket for 
the junction with the vinyl tube. The vinyl tube (inside 
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diameter 1:0 mm, outside diameter 1:4 mm, 20-25 om 
long) acts as a flexible connexion with the needle mounted 
on the microsyringe. This latter, fixed on the table and 
mechanically driven, can release fluid at various output 
rates. This equipment is suitable for microinjeotions in 
both rats and mice, diameters and lengths of the free 
portions of middle sheath and point being changed accord- 
ing to the animal’s size (Table 1). The animal to be 
injected is ansesthetized and held by the operator as 
preveaaly. ilustrated!". The transauricular route to the 
ypophyseal capsule is opened by & needle as for hypo- 
physectomy!*. When the perforating needle is removed, 
the needle for micro-injections is introduced and gently 
pushed forward, through the open pathway, until the 
pomt penetrates the lateral portion of the pars distalis. 
The ftuid can now be perfused into the hypophysis at à 
rate of 0-5-2 uL./min, according to the size of the animal, 
for as long as is necessary. When required, the perfusion 
can be repeated. The needle is extracted at the end of 
each treatment. If the time elapsed between two treat- 
ments is no longer than 10 days, no further opening of the 
pathway to the liypopbysis is in needed. After each injec- 
tion, the animals are eally ORE 
hydrochloride for 3 days RC 8 y dose of 0-05 mg/g 
body-weight. The accuracy of lene ee can be check 
by perfusing, before autopsy, & dye solution under the 
same conditions followed during the experiment‘; the 
presence of & stained pituitary without any trace of dye 
outaide the capsule (positive dye-teet) will give evidence 
of the accuracy of previous treatment(s), Binoo it was 
observed, that the needle always follows the route of the 
first injection. A pilot experiment on rats and mice is 
reported. Twenty-four male immature Sprague-Dawley 
rata were treated for 5 min with salme, delivered at 1-2 
ul/min. The perfusion was repeated, every second day, 
for four times. At autopsy, the weight of testes, adrenals 
and thyroid of the animals with positive dye-test were 
taken and compared with controls. Forty-five malo 
adult albino Swiss mice were treated only once with 
saline, given at 0-6 ul./min for 5 min. The sutopsies were 
performed 10 days after the treatment, as for the rate. 
Table 1. DINENSIONS OF THE CHANGING PORTIONS OF THE NEEDLES FOR 
IFTRAPTTUITARY 


TRANRAURICULAR MIORO-INJBEOTIONS IX RATE AXD MICE 
OY DIFFERENT BIXR 


Antmal diameter offset portion Gauge portion 
(mm) (mm) No, (mm) 
Rat* <105 0-8 18 15 12 
10-5-14-5 0-8 10 26 15 
>145 10 22 19 1:8 
Mouse t «B0 05 11 17 09 
-80 05 18 17 1-2 
bd Dawley strain. 
t Albino Bws 


The results of the sample experiment on rata and mice 
are given in Table 2. Single or repeated transauricular 
intrapituitary injections of saline cause no death, nor 

change in the weight of body, testes, adrenals 


-and thyroid. Gross examination of the pituitary region 


never showed abscesses or haemorrhages. The number of 
positive dye-tests was satisfactorily high (rate: 96 per cent, 
mice: 98 per cent). On the basis of these resulte the trans- 
auricular route appears to furnish a new, safe and reliable 


Table 2. RESULTS OF THE SAMPLE HIYPERIMENT OF TRANBAURIOULAR PITUITARY PERFUSION IN RATS AND Mice 




























No of anmals Average body weight (g) 
Alro after | With posi- 
10 days tivo dye-test Intüal Final 
24 — 58 80 14-040 45 
34 25 55 80 13:6 10-80 8840-22 
45 — 22 31 12-96 +011 
45 4? 23 $0 3333+014 m 
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Aoproad for mtrepituitary micromjections in rats and 


No thank Mr. Ansperto Beretta for his assistance and 
his help in the oonstruotion of tbe equipment. 


G. L. Roser 
; k G. Faroomi- 
Laboratori di Ricerche Vister, 
: Casatenovo, Como, 
Italy. 
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PHARMACOLOGY 


Valency Investigations of Iron Dextran 
(‘Imferon’) 

Tus parenteral iron ion ‘Imferon’, containing 
5 per cent iron and 20 per cent dextran, is frequently 
used intravenously as well as by the intramuscular route 
for the treatment of anaemia due. to iron 

Several theories have been put forward as to the 
chemical nature of this iron dextran preparation. T 
broadly fall into two groupe, namely, that 
(1) forvio iron is chemically bonded to the dextran; (3) 
PA lat uq and oe tr protected 

dextran. Recent investigations! using gel-filtration, 
i ee erin and ultracentrifugation have lent support 
to the theory that the iron is present as a ferric-dextran 
complex. 

A striking feature of iron dextran is ite very low mtra- 
venous acute toxicity (LD,,, 1,000 mg Fe/kg)*. This is 
probably a reflexion of a low ionio iron content. From 
sn vitro haemolysis investigations of human red cells the 
lanie iron content was deduced to be about 1/800th of the 
total iron present’. 

Po y and high-voltage electrophoresis have 
been used to show the presence of very small amounts of 
loosely bound ferrous iron in 'Imferon' and to obtain an 
estimate of ita concentration. At the same time, 
the overall resulta are in general agreement with the 
concept of a ferrio-dextran complex. 


The f ferrous i freahly opened 
of imfeeon! ad peered a high-voltage aad 


horetio separation on 8 MM Whatman filter paper fol- 
led owed by detection with 4 : 7 diphenyl 1 : 10 phenanthrol- 
ine. Separations suitable for quantitative evaluation were 
obtained using pH 5-0 acetate—acetio acid buffer solution 
and a potential gradient of 85 V/am applied for 45 min. 
Evaluation of the developed ferrous-bethophenanthrolme 
lex was obtained by: (a) planimetrio scanning, and 
b) daton of the complex with methanol followed by a 
speotrophotometrio determination. The resulta for 
freshly opened ampoules of ‘Imferon’ showed the ferrous 
iron content to be in the range 50-100 mg/100 mL, 
whereas those which had been exposed to the atmosphere 
for several days contained no ferrous iron. 
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Table 1. HALF-WAY2A POTENTLALS OF 'IMFERON'*, ‘Frar FERXOUB AXD 
Taro WAYES 
wave (Fe*—-Fe** Becond wave 
ER e EAR cy) at Fi 98.0.8. um 
‘ ' -083 =1:39 
Ferrous iron = —1:38 
Ferrie iron _ +004 -1:38 
* 'Imferon', Fisons Pharmaceuticals, Ltd. 
t 8.0, standard calomel electrode. 


The polarography of 'Imferon', free from ferrous iron, 
gave two distinct waves, as shown in Fig. l. 

The half-wave potentials of these waves togother with 
those of ferrous and ferrio iron are in Table 1. 

It is considered that these te indicate complex 
formation and that the ferrio to dextran bonding is 
quite strong. The reduction of Imferon’, at the dropping 
mercury cathode, probably occurs in "two stages: (1) 
ferrio-dextran complex — ferrous-dextran complex + €; 
(2) ferrous-dextran complex — iron + 2e. 

Further confirmation is provided by the ratio of the 
diffusion currenta, 1 to 2-02, compared with & theoretioal 
value of 1 to 2. 

The slight shift in half-wave potential from — 1-38 V 
for ferrous iron to — 1:30 V for ferrous-dextran indicates 
this is an extremely weak complex. It is probable that 
all the ferrous iron in ‘Imferon’ is present as this complex. 
The view that the ferrous iron is probably present in 
"Imferon' as a week ferrous—dextran complex is supported 
by the polarography of ferrous jron in the presencé of 
‘Dextran O (the dextran fraction, of a molecular 
weight 5,000, used in the manufacture of "Imferon.). 
Gee eee 
from 1:88 to — 1-89 V. This was accompanied by a 
cent decrease in the diffusion current, uat Cord nob be 
accounted for by a in the viscosity of the base 
electrolyte to which “Dextran O’ had been added. 

The increase in the ratio of the diffusion currents in the 
first and second stages of reduction has been used to 
estimate the ferrous iron content. In the presence of 
ferrous iron the ratio is no longer 1:2; values varying 
from 1: 2:09 to 1: 3-11 wore obteinad. ‘which correspond. 
with ferrous iron contenta of 50-100 mg/100 ml. These 
values aro in agreement with those obtained by eleotzo- 


Ti wórk Tidal Rosen Mnt ie ‘Bardia thd Ta nost prob 
ably present in ‘Imferon’ as a ferric-dextran complex 
and that ferrous iron is present, probably as an extremely 
week ferrous-dertran complex usually in the concen- 
tration range 50-100 mg/100 ml. 

In the .ansesthetized cat, intravenous iron dextran 
induces hypotension of rapid onset and shert duration, 
similar to that produced by small doses of acetylcholme 


Difusion courrent 74 





-08 -10 -12 -14 -18 


—04 -0 


-02 
Apnited potentiel y 8.0.3. (V) ab 25° ] 
k of ’ (1 n 500 dilution In pH 5-6 acetate 
Fig. 1. Polarography Aen P 


+02 0 


wt 


frequency appears 
Mongoloid hybridization’. 
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or histamine*. Moreover, this fall in blood is 
similar to that produced by ferrous iron. Tndood, there 
is a rough correlation between the hypotensive response 
of ‘Imferon’ and ite ferrous iron content. Ferric iron, 
however, produces a different type of response; for an 
equivalent doee of ionic iron there is & smaller transient 
depressor response followed by a more sustained pressor 
response’, 

The hypotensive effecta of intravenous iron dextran 
were completely abolished at all dose-levels by reducing 
mun Mca CET a aaa 


-dilution of the iron dextran with isotonio saline 


Bo far as these observations apply to the clinical use 
of iron dextran, they emphasize the need for care in 
administering any form of iron intravenously. 


G. F. Ravworps 
t of Ohemistry, 
Loughborough College of Technology, 
Loughborough, Leicestershire. 
arii B. G., Fitamaurios, O., Moss, G. F., and Ricketts, C. B. (unpublished 
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* Fielding, J., cad ani Gh X, J. Oka. Path., 18, 12 (1963). 
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HAEMATOLOGY 
Distribution of the Di* Factor in Argentine 
Jews 


From the initial results of their investigations about 
Diego antigen’, Layrisse.and Arends that it 
was a non-Cauoasoid factor and related to the Carib 
Indians. Later studies on 2,600 Caucasoids ftom varied 
sources*“ corroborated that hypothesis on account of 
negative findings. Studies made in 1956 an Chinese’ 
showed that the Dis gene belonged to Mongoloids rather 
than to American Indigenous. 

: A very low incidence in Russian and Polish individuals* 
of Tartarian origin suggests a Mongoloid. hybridization on 
a Oaucasoid stock. 

Negroids do not carry the Dis gene, and the very low 

which sometimes is attributed to a 


Negative findings were also reported in South-west 
Asia eio o ig east and west India, Punjab and 
Pathans of Paki Vedas of Ceylon® and Arabs of Iran. 
A low incidence of the antigen in Oraon of east India is 
attributed to Mongoloid neighbourhood. 

About Jews there is an unpublished work? made by 
Gurevitah in Israel on 45 ‘Black Jews’ of Coohin (India), 
with results. 

Because of the widespread distribution in gakith, the 

life and high in rate of the Jewish 
people, I thought that the Di* factor might be detected in 


some frequency owing to a Mongoloid admixture. 

I have analysed 400 ens from 200 ashkenazim 
and 200 sephardim. altarak and'other eliarioters 
are described 


Blood specimens were taken by venous or digital pune 
ture from unrelated Jews of La Plate; Burzaco and Batson 
Aires cities; the donors were native and descendants from 
‘African and Asiatic origin”, 
antiglobulin method with washed red blood 


-dells in a 2 per cent suspension in normal saline and anti- 
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Dr serum kindly provided by Dr. Miguel Layriseo from 
the Instituto Venezolano de Investigaciones Cientificas 
(Caracas) was used. 

The factor was detected in 6 Jews and it was absent in 
the other 304 samples. It was absent in the 200 ash- 
kenaxim, and the positive findings belong to 8 natives from 
Esmirna (Turkey) and the other three are Argentine, from 
which two have both parente born in Esmirna and the 
lest one has the father born in Uria—distant 40 km from 
Eemirna—and her ts both born in Esmirna. 

Shown in Tables 1, 2, 8 and 4 are respectively: pheno- 
typic and genio frequencies for Jewish people as a whole; 
Bephardim and Ashkenazim, independently; Sephardim 
of Turkey and Sephardim of Esmirna and neighbouring 
villages. 


Table 1. PHENOTIPFIO AND GENIO FREQUEXOLES OF De FACTOR IN JEWIEH 


(400 sanrpies) 
Phenotypes Di 1 
(%) Da) Ex 
Genes (€) Dis 0-76 
Di 90-24 
Table ?. PHENOTYPIC AND GENNIO FREQUENCOIES OF Die FAOTOR IX Sur- 
HARDIN AND 
Bephardim 
(200 ) (%) (200 samples) 
Di +) 3-00 0-00 
Di (a—) 97-00 0-00 
Genes (%) 
Di 181 0-00 
Dis 98-49 0-00 
Table $. PHEWOTYPIO AND GHIO FREqUENCINS OF Dis FAOTOR IK BEP- 
ar po 
Phenotypes (%) Di "m au 
Genes (€) Di* 3 87 
Di 06-18 


Table 4. PRENOTIPIO AID GENIO Frequencies OF Di FACTOR IN Sur- 
VILLAGES (TIKB, MAXISR, UKLA, 


HAKDIM FROM BSXIRNA AND NEIGHBOURING 
(02 
Phenotypes Di (a + 9-67 
a) Das) 90-38 
Genes (%) Di 496 
Di 96-04 


According to the ABO system, Jewish people do not 
constitute a homogerieous group such as Armenians or 
Gipsies. 

tudies performed in Israel! and Syria showed a 
definite but not wide difference between Ashkenaxim and 
Bephardim. Jews of North Africa have more percentage of 
À. and B than the neighbouring Arabe. 

In India there are two communities, ‘Black Jews’ and 
‘White Jews’ of Cochin, that are physically different. The 
latiar-Mhow a high frequency of A bocna it 1s a highly 
endogamio community. ‘Black Jews’ have a hi pro- 
portion of O than the neighbouring low-caste M, 

Ashkenazim from Israel and Canada have a high fre- 
quy Oh nal De) Onde Higher dequenoy oF Ei (OD 

liege dh wand ium ED d ja lower than Centre 
and North-European peop 

Chewa end Geek bare cupdrlad: a Rigi pakeeriaie 


.for B, (cDe) which is of African 


show & ically high level of R, (CDe) and 
a low level of R, (oDE), but r (ede) is higher than the 
Mediterranean values. The frequency of R, (oDe) is the 


highest one of any other Mediterranean people. 

A Mediterranean and African camponent is deduced 
pola ase Med un ay apne aud eph E Ac- 
cording to th resent findings on Diego factor in Sephar- 
diui we sonsinds that it may be admitted in hybridization 
with Turks, who belong to a Mongoloid origin. 

Sero-anthropological in tions in Jews, including 
this work, contribute to sustain Mourant’s hypothesis? that 
this ancient people resembles its local neighbours to a 
varying and sometimes a very close degree from a bio- 
logical point of view. 


1204 


I thank Drs. Miguel Layrieee and Tulio Arends for their 
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Some Antigen Similarities between Mouse 
Erythrocytes and Ehrlich Ascites Tumour Cells 


Ir has been demonstrated that rabbit anti-mouse 
erythrocyte serum is capsble of agglutinating ascites 
tumour cellst. Nothing is known, however, about the 
components of the erythrocyte which are reeponsible 
for producing the agglutinin; the present experiment 
was carried out to clarify this point, and mouse-speciflo 
ascites tumour cells and mouse erythrocytes were used. 

Three female guinea-pigs were intramuscularly injected 
four times with 0-2 ml. erythrocyte ghosts of OF 1 male 
mice with Freund’s adjuvant every two weeks. Three 
other anrmals were treated in the same way with the 
ghosta of Ehrlich ascites tumour cells (EATC). The 
erythrocyte ghosts were prepared by Ponder’s method’, 
and EATO were subjected to Ponder’s procedure after 
homogenization. Two weeks after the last injection the 
antisera (the anti-mouse erythrocyte ghost and the anti- 
EATC ghost) were collected from the animals, and were 
treated at 56° C for 30 min before use. Almost the same 
technique was adopted for the agglutination test as was 
used in the previous investigation’. The erythrocytes 
teated were obtained from various strains of mice, such as 
A, OF1, C57BL, DDS and dd—though scarcely any 
difference was observed between the different strains on 
the titres resulted. The antisera were absorbed with 
equal volume of each absorbent shown in Table 1. The 
notation 'orushed .,..’’ means that the absorbents with 
which the antisera were absorbed were prepared from 
Ponder's ghoste by pounding them with powdered dry 
ice using & mortar and pestle, and then washing with 
saline solution (Fig. la). 
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Table 1. AGGLUTIKATION OF MOUSE HEYTHEOCYTEM AKD HHRLIOH ÁSOITES 
TUMOUR OMLLS WITH VARIOUB ÁBBORPTIOXE 
Maximum titre+ giving 
Antiserum Absorbed * with agg! of 
Mouseeryth.] HATO 
Anu. No absorbent used 512 64 
eryth. ghost — Normal mouse sera 512 e ~ 
Ascites of tamour-bearmg mouse 512 64 
Intact eryth Neg1 e 
Ponder's mouse eryth. ghosts Neg H 
Crushed] eryth. x NM 
Qrushed guinea-mg eryth ghosts 51 
BATO 512 N 
ånb-BATO No absorbent used 8 5 
Normal mouse sera 8 512 
Ascites of tamour-beanng mouse 8 512 
Intact mouse eryth Neg 512 
Ponder's mouse eryth Neg 512 
Orushed mouse eryth. Neg 4 
Qroshed guinea-pig ghosts 512 
EATO Reg Nog 
Normal guinea- No absorbent used Neg 
serum 
were absorbed with equal volume of each absorbent at 37° O 
es 60 min 


T Hqual volume of antecrom dilution and erythrocytes per cent m 
phosphars buttered saline) or Hhritch Malthe Grate cle AR oe cent) mou- 
at 37° O for 00 mtn. 


BET Bichon medi 

TO Ehrhch ascites tumour cell. 
Neg no agglutmaton at serum dilution 1 
Orushed 


2. 
b from 
rah erythrocytes ware obtamed Ponder's ghosts by pounding 


106 ina 


The observations and the findings are briefly summar- 
ized here: 
practically no water-soluble component. When the 
antisera are absorbed with normal mouse sera or ascites 
of tumour-bearing mouse, neither antiserum loses its agglu- 
tinating capacity—indicating that any water-soluble 
antigen 18 not concarned in these agglutination reactions. 

(2) The anti-erythrocyte ghost serum is capable of 
agglutinating both the mouse erythrocytes and EATC, 
indicating that the EATO-agglutinogens are shared with 
erythrocyte ghosts and the cell surface of EATC. The 
&nti-EATO ghost serum can agglutinate EATC strongly, 
but erythrocytes very weakly. If anti-erythrocyte serum 
is absorbed with EATC, ita titre against erythrocyte does 
not decrease. When both anti-erythrocyte ghost and 
&nti-EATC ghost sera are absorbed with intact erythro- 
cytes, their titre against EATC never decreases; one may 
conclude that the haemagglutinogens are different from 
the EATO-agglutinogens. 

(3) When both antisera are abeorbed with intact mouse 
erythrocytes (Fig. lc) or with Ponder’s ghosts which keep 
their disk-like abape (Fig. 1b), they retain completely their 
EATC-agglutinating capacity. On the other hand, they 
almost lose the capacity when absorbed with crushed 
mouse erythrooyte ghoete. Both antisera do not, however, 
lose their agglutinating capacities when absorbed with 
crushed guinea-pig erythrocyte ghoste. In short, all the 
foregoing findings indicate that the mouse erythrocyte 
ghost and EATC contain at least common EATC-agglu- 
tinogens, and that the EATC-agglutinogens do not 
exist on the outer surface of the erythrocyte membrane, 
but rather seem to exist on the inner surface of the 
membrane. In other words, the outer surface of the cell 
membrane of EATC and the inner surface of the cell 
membrane of mouse erythrocyte closely resemble each 
other so far as their antigenicities are concerned. 

This work was supported by a grant-in-aid for fun- 
damental scientific research from the Ministry of Edu- 
cation of Japan. 
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(1) The ghosts injected as antigens contain ` 
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HISTOCHEMISTRY 


Retention of Nitrogenous Material in Unfixed 
Sections during Incubation for Histo- 
chemical Demonstration of Enzymes 


Tue dilemma of enzyme histochemistry 1s that if the 
tissue is not fixed, to avoid denaturation, the enzymes may 
dissolve out of the section into the incubation medium 
but, conversely, if the tissue is fixed to stop such loas of 
soluble enzymes, the fixation will inhibit activity and 
cause generalized denaturation. Thus, for most enzymes, 
it is argued that too much of the ‘soluble’ or lyo-form of 
otherwise bound enzymes! wil be lost from unfixed 
sections during incubation in an aqueous medium; con- 
sequently ıt is considered advisable to fix the tissue prior 
to such incubation'3. Although it is usually conceded 
that the histochemistry of dehydrogenases depends on the 
use of unfixed sections, somet have argued that even 
these should be studied in fixed tissue. Oonsequently it 
follows that the scientific basis of enzyme histochemistry 
must remain uncertain as long as a considerable loss of the 
activity to be investigated must be expected, whether this 
is caused by solution mto the medium from unfixed 
sections, or from inhibition of activity produced by the 
preparative procedures. 

This problem has been accentuated by the development 
of quantitative methods of evaluating enzyme activity in 
histochemical systems‘. The full value of such studies will 
depend on the use of unfixed and well-preserved sections. 
On the other hand, Jones* has emphasized that, with his 
procedures, as much as 70 per cent of the ‘fired nitrogen’ 
of his sections was lost in the first 5 min of incubation for 
succinic dehydrogenase activity, irrespective of the thick- 
neeB of the sections used. Similarly, in their work on 
pentose-shunt dehy in unfixed sections, Gahan 
and Kalina’ lost the whole content of theee enzymes into 
the incubation medium after only 1 mun. This was 
especially serious since an elevated level of activity of 
these enzymes seams to be a characteristic feature of 
invasive growth of cancer* and their loss mto the mouba- 
tion medium would render their histochemical study either 
impoesible or meaningless. This problem has therefore 
been investigated in sections of rat liver, ag was used by 
Jones‘ and by Gahan and Kalina’. 

Female albino Wistar rata were killed with nitrogen. 
Pieces of liver about 0:5 am?’ were plunged into hexane 
(B.D.H. ‘free from aromatic hydrocarbons") maintained 
at about — 70° O by an outer bath of solid carbon dioxide 
and alcohol. After not more than l min, the.tissues were 
transferred, with chilled forceps, to a dry, corked tube, 
previously equilibrated against solid carbon dioxide in a 
Dewar flaak, and stored in solid carbon dioxide for not 
longer than 2 days. Sections were cut at 8, 14 and 20u in 
a cryostat at about — 30? C; the haft of the knife was 
oooled further by the presence of carbon dioxide ice packed 
around it. The sections were picked off the knife on to 
slides which were at the ambient temperature of the 
laboratory, and they were stored in a Dewar flask contain- 
ing solid carbon dioxide until used, namely, for up to 
about 2h. They were exposed to the air only long enough 
to dry them of obvious moisture before they were 
immersed in the relevant incubation medium at 37? O in 
miorooella*. i à 

The media contained 0-15 per cent neotetrazolium 
chloride (Sigma Chem. Co., U.8.A.); NADP (1 mg/ml.); 
glucose-6-phosphate sodium salt (1 mg/ml.) or 6-phospho- 
gluconate trisodium salt (0-5 mg/ml.); 0-01 M potasium 
cyanide; 0-08 M calcium chloride in 0-05 M glycylglyoine 
buffer at a pH of 7-0 for the former, and 8-4 for the latter, 
dehydrogenase. To these were added either 0, 10, 15 or 
20 per cent w/v of polyvinyl aloohol (PVA). This sub- 
stance was obtained from Bush, Beaoh and Segner Bayley, 
Ltd., London; the grade used was ‘Polyviol M05/140': 
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this designation indicates that it has a ‘medium’ molecular 
weight, possibly of the order of 30,000, a viscosity of 
about 5 centipoises at 20? C when dissolved as a 4 per cent 
solution, and & saponification number of 140, indicating a 
low acetyl content. Sufficient activity for measurement 
was obtained after incubating for 20 mm. The formazan 
produced by the dehydrogenation was eluted with 10 per 
cent n-heptanol in tetrachloroethane’ and measured 
spectrophotometrically; the nitrogen content of the seo- 
tion was determined after digestion with 72 per cent 
perchloric acid (AnalaR grade)!*. The area of the sections 
was calculated by planimetry of their image, projected 
by means of a photographic enlarger. 


Table 1. THE Hrrror OF DOTERENT OOKCHKTRATIONS OF PVA IN THE 
IXOUBATION ÀUNDIUM IN RETAINING NITROGENOUS MATERIAL 


xg N[unit area of sectipn after 
Section  Coneenira- ing tor Amiot of Drogen 
thiek- ton of (a) Giucose-6- a (%) retained 
ness PVA (X) de- ucona for 
(x) ydrogenass (a) (b) 
8 0 125* 10012 50 45 
8 10 182120 189120 82 85 
B8 15 260 408 2371490 120 108 
8 20 124113 1856414 100 88 
B No incubation 222136 
14 0 21:14390 165106 02 48 
14 10 22-0114 22-7 1 2:8 07 67 
14 16 20-1436 3206118 85 96 
14 20 42444 352423 100 108 
14 No incubation 84°14 01+ 
20 0 23 517-7 24'0r40 54 55 
20 10 268+25 30-1406 61 69 
20 15 887+05 84:137 88 78 
20 20 14591835 485r40 100 110 
20 No incubation 4838+04 
* In this t, only ane value was obtamed. 
t These values: exclude, one secon which was obviously of twice the 
nommal thickness. 


The results indicated that with 20 per oent PVA ın the 
incubation medium no nitrogenous material was lost from 
the sections, irrespective of thickness. Reduction of tho 
concentration to 15 per cent gave nearly complete reten- 
tion, the exceamve resulta with the 8u sections being due, 
probably, to the insensitivity of the method at such low 
concentrations of nitrogen. With the procedures used for 
preparing and incubating the sections, the loss of nitrogen 
was never greater than 50 per cent, even in the absence of 
PVA, while the addition of this inert molecule gave 
Hed improved retention of the nitrogenous matter 
of all thickneasee of sections studied. j 

It seemed reasonable to make a direct teat of whether 
the dehydrogenases were being lost from these sections 
into the incubation medium in the microcells, as was 
found by Gahan and Kalina’. It could have been argued’ 
that the deposition of formazan found in the sections 
incubated even in the presence of 20 per cent PVA 
could have been produced. by loss of the enzyme into the 
medium, where it generated NADPH, which then acted 
as substrate for tissue-bound diaphorase, or ‘NADPH- 
neotetrazolium reductase". To investigate this, sections 
of all three thicknesses were incubated for 5 min in the 
relevant incubation media- lacking substrate and co- 
enzyme to allow leakage of enzyme. They were then 
transferred to another microcell which contained fresh, 
complete media, and incubated for 20 min. When 10 per 
cent PVA was used the reduction in enzyme activity 
produced by such pre-incubation was just apparent; when 
15 per cent PVA was used, no significant difference could 
be seen between sections which had been so treated and 
those which had been incubated normally. This was in ' 
marked contrast to the findings of Gahan and Kalina’, 
who lost all of both these dehydrogenases into the medium 
after 1 min; consequently no staining would have been 
expected when those sections, having been pre-incubated 
without substrate or ooenxyme for 5 min, were transferred 
to & complete medium. This differance in resistance to 
pre-incubstion, with different concentrations of PVA, 
correlated well with the retention of nitrogenous material 
as detected by chemical estimation of the nitrogenous 
matter. 
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Thus it seams possible that the presence of sufficient 
polyvinyl alcohol in the incubation medium may allow all 
the nitrogenous matter of the sections, and even ‘soluble’ 
enzymes, to be retained during the histochemical reactions 
for enzymes. This is possible without the use of chemical 
fixatives which will inactivate or denature the enzymes. 
Polyvinyl alcohol has been shown to be very inert oyto- 
chemically"; its effect seems to be comparable to that of 
polyvinylpyrrolidone in biochemical studies on isolated 
mitochondria’. 
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PATHOLOGY 


Possible Relationship between Aortic Acid 
Mucopolysaccharides and Species-susceptibility 
to Experimental Atherosclerosis 

DUOFFHBANGHS between species in susceptibility to ex- 

tal atherosclerosis is one of the most stimulating 
problems of atherogenesis. Animal species leas susceptible 
to cholesterol-induced atherosclerosis showed a greater 
lipolytic activity of the arterial wall! and a higher alpha- 
beta serum lipoprotein ratio* than susceptible ones. 
Moreover, the thyroid gland was found to be more active 
in the former group than in the latter*-*. 

On the other hand, very scarce subendothelial ground 
subetenoe was observed in normal guinea-pigs (e alightly 
susceptible species)!*, whereas the revorse was observed in 
£he intimal layer of the rabbit, which i is notoriously highly 
susceptible. 

On the basis of the foregoing observations, the serum 
tipid pattern and the acid muoopolysaooharide (MPS) 
content of the aorta were studied in ten fasting healthy 
erage: of both sexed, of the following species: mouse, 

uinea-pig, monkey, pig, dog, rabbit, 
antes and aoe ig A battery of histological testa was 
used, since no one method is considered to be reliable b 
jteelf for the demonstration of acid MPS. Material whioh 
was metachromatic with Toluidine Blue and Axur A (the 
former on fixed and the latter on unfixed sections), ee 
-which gave a positive reaction with Alcian Blue and 
stain, modified by Rinehart and Abul-Hay, was considered 
to be acid MPS. 

Our serum lipid findings did not show any significant 
correlation with specific differences in susceptibility to 
cholesterol-induoed atherosclerosis. Almost similar alpha- 
bete serum li tein ratios were found both in resistant 
{rat, hamster) and in susceptible species (pigeon, chicken). 
It might therefore be that the efficiency of 
serum lipid homeostasis t be more significant in rela- 
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tion to the different susceptibilities. This homeostasis, 
indeed, is very efficient in the dog, the hamster, and the 
rat'.7.1*-16, where a sustained hyperlipaemia cannot be 
induced by feeding a hyperoholesterolio diet, whereas it is 
much lower in the rabbit and in the chicken, where serum 
cholesterol concentration can be increased by such a 
dietary manipulation, 30-fold and 12-fold, ronpestively1. 
It is interesting that we have constantly found a perallel 
between the amount of acid MPS and the reported different 
species -susceptibility to cholesterol-induced atherosclerosis. 
Aartas of rat, hamster and mouse were found to be almost 
completely devoid of acid MPS, whereas aortes of chicken, 
and rabbit showed large quantities of acid MPS, 
intermediate levels being observed in guinea-pig, monkey, 
dog and pig. 
histochemical i 
reported affinity between plasma lipoproteins and acid 
MPS of the arterial valle aL, suggest that lipid EE A 
may more readily occur in arterial walls particularly 
in acid MPS. Ti may onsite at fout a partial 
explanation of the species differences in susceptib 
experimental atherosclerosis. 


~~ 
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.Comparison of the Physicochemical Pro 
of a Urinary Pigment of Human and 
Origin í 
A GENETICALLY determined syndrome has been de- 
scribed in the Holstein-Friesian strain of cattle which 
causes the calf to die in hypoglycsemis soon after birth. , 
Affected calves of this strain are carried as many as 90 ^ 
days beyond the normal 280 days of gestation. The 


genetic defect appears when the calf is homozygous for 
the trait. Both the heterozygous cow and bull are capable 


rties 
vine 


T 


we 


“pi ta were eluted at the same ethanol concentration 


F 
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of generating a normal progeny if crossed with & non- 
affected animal; and the cow is capable of normal-length 
pregnancy if it does not carry a homozygous, affected calf. 
Holm! has reported that during an affected pregnancy the 
-urine of these cows lacks a ta pigment that can 
normally be detected in organic solvent extracts of hydro- 
lysates of urines of non-affeoted cows. These findings are 
reported to be consistent enough to be used for the 
screening of the pregnant cows to detect those that carry 
an affected foetus. 

Our experience in processing human urines for steroid 
hormone estimation is that a guperficially similar pigment 
RO 

to compare the physicochemical properties of the 
P ta of human and bovine origin. 

rines from four normal, non-pregnant Holstein- 
Friesian cows were obtained through the courtesy of 
Dr. Holm. Human pooled urine was used for i 
All four of the bovine samples and & sample of pooled 
human urine of identical volume (400 ml.) were hydro- 
lysed by solvolysis with sulphuric acid and ether*. The 
ether extracts were washed with 0:1 N NaOH im water, 
and evaporated to dryness. The neutral extracts were 

phed on neutral alumina increasing 
concentrations (0:02, 0-2, and 2-0 per cent) of ethanol in 
benzene as eluant. Both human and bovine magenta 


2 per cent). The hically purifled pigments 
were soanned in a Beckman ‘DU’ spectrophotometer. 
Both human and bovine pigments had closely similar 
spectra in the range of 4000-6000 A, and a single absorp- 
crag? ry MIS le range with a maximum absorption 
at 5320 A. 


/methanol/water 

system. The K calculated according to Craig et al.* was 
identical, K 50-96, for pi ts from humans and cows. 

After counter-current on there waa a shift in 
the absorbency maximum of both pigments to 5440 A. 
The pigments were then acetylated in pyridine using !*C- 
labelled acetic anhydride. Exoess acetio anhydride was 
removed by extraction with ether and water. There was 
no appreciable ohange of colour after lation, and the 
maximum absorbency remained at 5400 A.- The deriva- 
tives were then re-run in 100 transfer counter-current. 
Both derivatives behaved identically, showing & new K, 
K 0-07. After the second counter-current, demonstration 
of radioactivity in the pigments showed that they were 
acetylated. 

Cow or human 
urine 


Bolvolysis 
and 
di 
Neutral fraction 


Al,O, Column desinen 


: Spectrophotometry 


lst Counter-current distribution (K = 0-96) 


mer Spectrophotometry 
2nd Counter-current distribution (K —0-07) 


Spectrophotometry 
While a statement about the identity of the human and 
bovine pigment must await their chemical] characterizs- 
tion, the evidence so far obtained strongty suggests that 
they are identical. 
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using three aliquots 
(1) solvolysis with 2 N H,8O, using ether as the organio 
phase; (2) addition of concentrated HC] up to 15 per cent 
concentration, followed by 15 min reftux; (3) enzymatic 
h lysis with beta-gluouronidase ('Ketodase', Warner- 
oot). The activity af the enzyme ion was 

previously assayed, using the method of Talalay e£ al.*. 
All preparations were extracted, and the extracts were 
dried and taken up in benzene for chromatography on 
Al,O,. The eluted magenta pigments were then dissolved 
in & constant volume of absolute ethanol and their absor- 
benoies were compared in a Beckman ‘DU’ apeotrophoto- 
meter at 5820 A. The highest yield was obtained fram 
the H,SO,-ether solvolysis method. Using this figure as 
100, HCl hydrolysis resulted in a recovery of 75 per cent, 
and enzymatic hydrolysis gave only 15 per cent recovery. 
We i ret these results to mean that in humans the 
pigment is not copj as a glucuronide to rx d 
extent. As glucuronide conjugation in cattle has 
reported by Holm, there is probably a species difference in 
this respect. It is conceivable that if the genetioally 
determined condition of cattle has a perellel in buman 
species, estimation of this pigment in urine may be of use 
in the detection. of such a condition. Studies are in pro- 
gress to assess the range of normal excretion of the pigment 
in man. 

The investigation was supported by National Foun- 
dation grant PN5270. 
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IMMUNOLOGY 


Serological Relationship between Adenovirus 
: Haemagglutinins of Group 2 

Hurmgorogous haemagglutination-inhibition (HI) anti- 
body responses have recently been reported! to occur in 
volunteers inoculated with adenovirus type 26 or type 27. 
A significantly increased frequency of type 13 responses 
was obeerved among men inoculated with type 26 as well 
as high frequencies of reciprocal responses between 
26 and 27. These findings were interpreted as indicating 
the existence of antigenic relationships among these types. 
Heterologous responses to 17 other types also occurred; 
however, these were lees frequent and were distributed in 
&n apperently random fashion, so that additional antigenio 
relationships between individual serotypes could not be 
identified. 

The various serotypes of adenovirus have been classifled 
by Rosen according to the haemagglutination (HA) 
reactions of virus suspensions with rhesus erythrocytes 
and with rat erythrocytes’. The agglutinating serotypes 
are classified as follows: Group 1 includes serotypes that 
agglutinate rhesus erythrocytes only (types 8, 7, 11, 14, 
16, 20, 21, 25, 28); Group 2, sero which completely 
agglutinate rat erythrocytes (types 8, 9, 10, 13, 15, 17, 19, 
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procedure and antibody 
determinations have been presented previously*. Brieffy, 
seventeen volunteers were infected with adenovirus type 
26 and fifteen volunteers with type 27; both these 
types are olassifled in HA group 2. Sera were collected 
prior to inoculation and 8—4 later, and HI antibody 
determined". A rise in antibody was considered significant 
if the titre increased from <1:10 to 1:10 or greater, 
or when any initially measurable titre increased at least 
fourfold. 

In Table 1 are shbwn the frequencies of rises in antibody 
according to serotype, presence or absence of pre-existing 
antibody, and type of adenovirus inoculated. In Table 2 
are shown the same data reclassified according to HA 
group and presence or absence of pre-existing antibody. 
The results in the two groupe of volunteers were combined 
since both the inocula belong to HA group 2 and since 
the patterns of responses were quite similar. Excluded 
are homologous responses and heterologous responses 
previously interpreted as showing an antigenio relation- 
ship. Among paired sera in which pre-existing antibody 
was abeent the percentage of responses directed against 
phe of He Brey d was menieantly greater than 
that of the responses to serotypés of HA group 1 (P « 0-01) 
but were not significantly than the percentage 
directed against serotypes of group 3 (P 0-07). Among 
paired sera in which pre-existing antibody was present 
the percentage response was significantly greater in the 
serotypes of 2 than in those of group 1, and in 
those of group 3 (P 20-08, P «0-01, respectively). Com- 
parison of the- percentage response against group 2 
serotypes with that against groupe 1 and 8 cambined 
shows that the former was significantly greater (P < 0-01) 
regardless of the presence or absence of pre-existing 


antibody. 
Table 1. UENCY OF Rises IN AD HANMAGQLUTDEA"HOX 
IXHIBITÉON ANTIBODY TARIE FOLLOWING 


OOULATION WITH TWO 
TYPES OF ADENOVIRUS ACCORDING TO TYPE AND STATUS OF PRE-EXISTING 
AFTIBODY 


Aenor ris 27 A ara wy 
Absent Present 


Adenovirus No. Wo. No. No. No. No. No. No. 
serotype' rises tesis rises tesis rises tests rises 
1 14 0 3 0 11 0 4 0 
2 15 2 2 0 15 2 0 0 
$-— 15 0 1 0 15 1 0 0 
4 16 0 H 0 10 0 5 0 
5 18 4 4 0 10 0 5 0 
6 17 2 0 0 16 0 0 0 
T 14 0 3 0 15 1 0 0 
8 15 3 2 0 13 1 2 1 
9 14 1 3 1 13 3 3 2 
10 16 1 1 1 12 3 3 1 
11 16 0 1 0 15 0 0 0 
18 17 7 0 0 13 1 2 1 
14 15 1 2 0 14 0 1 0 
15 16 0 1 0 15 1 0 0 
16 17 0 0 0 15 0 0 0 
17 15 4 1 0 13 3 2 1 
19 16 2 1 ph 15 1 0 0 
. 20 17 0 0 0 15 0 0 0 
21 17 0 0 0 15 1 0 0 
22 16 1 1 1 15 0 0 0 
125 17 4 0 0 14 1 1 0 
24 15 3 1 1 15 1 0 0 
129 17 17 0 0 14 9 1 1 
27 12 8 5 5 15 18 0 0 
Tnble 2, COMPARISON OF FREQUHECY OF HETEROLOGOUS HAEXAGGLUTIE- 
x ANTIBODY Eines 
HI antibody 
Absent Present 
HA Xo. No. No. No. 
group risas % testa rises % 
1 215 4 2 X -10-8 9 0 0 Hraei test 
.1 204 37 14 -«001 24 10 42 f P-008 
3 135 10 7 =3-2 =10-2 
=0-07 u 0 0 = «0-01 
1, 3 351 14 4\ 7° -18-6 3 0 0 -189 
1 204 37 14 24 10 4* - «0-01 


= «001 
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In summary, volunteers inoculated with adenovirus 
classified in HA group 2 exhibited ic rises 
predominantly to serotypes also classified in group 2, 
which suggests that haemagglutinins of serotypes com- 
prising the HA group may be serologically related. In 
this connexion, it should be noted that soluble haemagglu- 
tinins of HA group 2 as well as complement-ftxing antigens 
and virus particles have similar chromatographio elution 
characteristics‘. Moreover, using rabbit antisera in HI 
tente, Hogan bas reported thet hetero io reactions occur 

sero within HA rather than to viruses in 
differant HA groupe’. Jo 
E another investigation, volunteers were immunized 

ith a soluble antigen prepared from a suspension of 
adenovirus belonging to HA group 8 ( 1). Preliminary 
results indicated a greater frequency of HI antibody rises 
against of group 3 than against serotypes of 
groups I and 2 (ref. 6). 
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BIOLOGY 


Sex Determination and Genic Balance of 
Ophryotrocha puerilis, a Hermaphrodite 
Polychaete Worm 

Pusa male and female individuals were obtained from 
protendrous hermaphrodite strains of Ophryotrocha puerilis 
trough selection for the ee Sere 
and for the anticipation of the female phase. Both the 
Atlantio and the Mediterranean sub-species of O. puerilis 
show polygenic sex determination!. 

Observations have been made until recently on live 
specimens by looking for the y oec of oocytes which 
marks the beginnmg of the female phase. Pure males 
are characterized by the absence of any externally detect- 
able during. the whole life-cycle and pure females 
by the appearance of oocytes at the beginning of sexual 
maturity. 

The normal gonadal differentiation has recently been 
studied through cytological investigation on individuals 
collected from natural ulations or ing to freahly 
established cultures of Ophryotrooha*. A firin basis for 
comparison was provided in this way for research on the 
gonadal differentiation of individuals belonging to lines 
which were selected either for the prolongation of the male 
phase (the so-called arr: us lines) or for the antici- 
pation of the female phase (the so-called thelygenous 
lines). 

Marked deviations from the typical development of 
the female phase gonads—oconsisting mainly in & scarce 
differentiation between oocytes and nurse cells—have 


' been observed in individuals fram the fourth generation 


of arrhenogenous lines. A vacuolization of the cytoplaam 
in the primary and secondary spermatocytes, & peculiar 
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stickiness of the spermatids and irregularly shaped sperm- 
like structures are observed on the other hand in the young 
stages of the individuals from the fourth or fifth genere- 
tions of thelygenous lines. Selection male or 
female factors resulta, therefore, in deviation from the 
-normal male or female differentiation during the stages 
that correspond to the male or female phases of unselected 
individuals. Unchecked proliferation of undifferentiated 
germ colle—which may out ooelamio cavities of the 
worms-—elso often takes place during such stages, 88 
shown in Fig. 1. The selection the factors for 
either sex phase socounts for most o such results although 
the production of undifferentiated germ cells 
in the place of normally built gonads still needs closer 
investigation. 

Unexpected alterations of the maturation of the sex 
oella were observed, on the other hand, also in the phases 
that were favoured by artificial selection. Individuals 
belonging to the fourth or tho fifth ion of arrheno- 
genous lines ahow, namely, some unmistakable alterations 
of the male sex cells which consist in the frequent appear- 
ance of picnotic nuclei and in the stickmess of the sperma- 
tids. i alterations of oogenegis—which 
consist in the formation of dwarf nurse cells and in altered 
spatial relationships between such cells and oocytes— 
are also observed in the fourth and fifth generations from 
-thelygenous lines (Fig. 2). 

; It can be concluded, therefore, that selection against 
the femal factors and against the male- 
determining factors affects the sex phase against which 
selection is carried on, and also the sex phase that is 
apparently favoured by selection. Prolonged selection 
' for either sex alters in other words the balance among sex 
factors in such & way as to alter the expreasion of both 
sexes. =, 

Classic research work showed that given thresholds of 
sex balance must be reached in in Drosophila 
and in other ee ee 
female . It seems that the normal 
Gf the malame of Che Terada Dhana oun only bo obtamod 
in the ite Polychaete within 
given limite o between male- and female-determin- 
ing factors. Such limits appear, however, to be not sharply 
defined because such balance is not conditioned in OpAryo- 
trocha pwerilis by the presence of major genes or gene 
blocks which are located in the sex chromosomes of 
gonochorist species. The present results poinb, on the 
other hand, to the conclusion that factors of the oomple- 
mentary sex are necessary for the normal expression of 

Yeither sex; which can be regarded as an extension of the 

E rinciple of the genetic bipotency of the sexes. 
The foregoing mechanism of sex balance reduces the 

fitness of the sex homozygotes and it functions as a 
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homocostatio mechanism which reduces sex variability 
in natural populations of Oploirodho puit 


G. Baoct 
Istituto di Zoologia, 
Univeraità, 
Torino, A 
' Sid Ò re 195. C gae Mina Fig eA kel. uere, 


Tue Mon. fool. Ital., 69, 106 (1962). Zunarelll, B., Boll. Zool., 29, 
ruwt 


Red Water Bloom of a Din ellate in 


Hillsborough Bay, Flori 


Warnes of Tampe Bay, Florida, are regularly sampled 
for plankton in connexion with studies of the Florida red- 
tide organism (Gymnodinium brevs, Davis) and estuarine 
ecology. On May 5, 1964, various division stages and 
chain formations of an armoured dinoflagellate, Ceraiétm. 
furca (Ehrenberg), were detected in the surface waters of 
Hillsborough Bay, an arm of Tempe Bay. The 
water samples were tinted mand contained an average 
count of 2-204 x 10* cells of C. furca per litre. Two weeks 
later, during an aerial survey of Tampa Bay, two staff 
biologists noticed patches of blood-red water in the upper 
portion of Hillsborough Bay. On May 25, during & special 
cruise in Bay, water in the entire upper 
portion of the Bay was discoloured with brownish and 
reddish patches. The moet intense discoloration was 
noticed in areas protected from the wind. No mortality 
of fish or any other organiam was observed in the field. 
Blue crabe, Oallinectses sapidus Rathbun, and scaled sgar- 
dines, Harengula pensacolas Goode and Bean, were actively 
swimming through the patches of blood-red water without. 
showing ill effecta. 

All organisms were enumerated in the living state by 
counting techniques previously 1, capu dd 
the organisms, two-litre Erlenmeyer flasks oon 
e ede eei ui m dE 
laboratory to conpentrate phototropic organisms. C. furca 
concentrated in the meniscus of the flasks 165-30 min after 
exposure to the light, giving it a brownish-red tint. |In red 
water samples, O. furca was noted in very high concentra 
tions, probebly the highest on record for this dinoflagellate. 
The density of cells varied from 2-24 x 10* to 14.29 x 10* 


cells per litre. 
Micro 4—Ty in diameter, were also abundantly 
represented in the water samples. Furthermore, they were 


numerous in non-discoloured water from the same general 

aree, suggesting that they played no part in the red dis- 
eploration. Some samples containing O. furca and these 
flagellates also yielded very &mall numbers of Polykrikos 


dulphia sinensis Greville, and veliger-type 
larvae. These organisms were rare and 
did not contribute signifloantly to the 
intense colour. 

A third cruise was made to the area on 
June 1. At this time the discoloured water 
contained blooms of Sceletonema costatum 
(Greville) Cleve in addition to blooms of 
O. furca. The discoloration was much ea 
pronounced than in blooms 
cipally of C. furca. Patches of blood e; red 
water were absent, but the water retained a 
reddish hue. Concentrations of C. furca 
varied from 8-1x 105 to 5-57x10* cela 
per litre. The cell ity of S. costatum 
ranged from 4-0 x 10% to 1-45 x 10° cell 
chains per litre. By June 12, discoloured 
water had disappeared from the area 
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and only very low concentrations of O. furca and S. 
costaium were present in the samples. The area was 
inspected again on June 22, and no discoloration was noted. 

A laboratory experiment was conducted to test light 
absorbency as an indicator of the degree of water colora- 
tion by C. furca cells. Aliquota from a bloom containing 
14-3 x 10' cells per litre were serially diluted from 100 
per cent to 5 per cent by volume in 5 per cent increments. 
The diluted aliquote were then shaken slightly to distribute 
the organisms. Spectrophotometer cella of one-centimetre 
path length were filled with the dilution, and the absor- 
bency measured at 400 my. The pattern of the obearved 
&beorbencies agreed with the volume dihrtions. A maxi- 
mum of 0-180 was noted for the 100 per cent volume and 
0-018 for the 10 per cent volume. 

To teet the toxicity of a Ceratium furca bloom on fish, 
several specimens of Lagodon rhomboides (Linnaeus), 95— 
112 mm (FL), Paralichthys albiguita Jordan and Gilbert, 
104-5 mm (FL), and a specimen of Ohastodipterus faber 
(Brouseonet), 125 mm (FL), were selected. These fish were 
kept for 36 h in an aerated 15-gal. tank containing high 
concentrations (14-29 x 10° celle per litre) of this dino- 
flagellate. The fish remained active and behaved normally 
throughout the experiment. After the experiment, all C. 
furca were deliberately killed. As the dead dinoflagellates 
settled to the bottom of the tank, the water regained ita 
normal transparency. 

The observations presented indicate that unusually 
dense concentrations of O. furca were responsible for the 
blood-red discoloration, and that there was no toxio effect 
on fish. The bility that discoloration was also 
mius bys ibe Bloor al A -contitum celle Ein ta Sinon 
the samples taken on May 25 from blood-red patches of 
water contained only blooms of O. furoa. In water samples 
from areas of C. furca and S. costatum blooms, the intensity 
of discoloration was lees than in water containing only C. 
furca blooms. S. costatum is one of the most abundant 
diatoms in Hillsborough Bay. Each year, blooms are 
obeerved throughout the winter and into the spring 
months. No water discoloration has been associated with 
S. costatum blooms. 

The association of O. furca blooms and water discolora- 
tion in Florida is reported here for the first time. One of 
the more frequently observed sea-water disoolorations 
along the south-western coast of Florida is commonly 
known as ‘red tide’. This is a natural fish-killing pheno- 
menon and is always associated with discoloured water 
contaming dense populations of Gymnodinium breve, a 
naked dinoflagellate’. The discoloration of water during 
the outbreaks of the Florida red tide may vary between 
brown. red and green. Another discoloration of biological 
origin in Tampa Bay and off the west coast of Florida was 

by Hutton*. He did not mention the oolour of 
the water, which he associated with blooms of Gymno- 
dinium splendens Lebour. He described the discoloration 
in offshore waters as streaks of reddish-brown water, 
approximately one mile in width. The water contamed 
8-5 x 104 specimens of Acartia tonsa Dana per litre. 
Labidooera asstiva was also present in Hutton’s samples 
but in amaller numbers than A. tonsa. Hutton observed 
no damage of fish in connexion with the blooms of G. 
splendus, A. tonsa or L. aestiva. 

A blue-green alga, Skujaella (Trichodesmsum) thishbautt 
De Toni, is associated with brownish discoloration in 
coastal waters of south-western Florida. Fish kills caused 
by this alga have not been reported from the area. 

ALEXANDER DRAGOVIOH 
Joun A. Kurrr, JUN. 
Rosert D. Kx*rry 
Bureau of Commercial Fisheries Biological Station, 
Bt. Petersburg Beach, Florida. 


t Thiet aid WIIN Berrios, Species Balmiife Repar 
* Dragovich, A snd May, B. Z, U.S. Fuh and Wildtife Service, Piskery 
Bulletin, 208, 62 (1901). 


* Hutton, B., F., Quart. J. Fla. Aosd. Sol , 28, 2 (1060). 
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Relationship between the Ovary and Oviduct 
in the Domestic Hen 


Duzrxa the course of experimenta designed to investi- 
gate the relationship between ovulation and neating 
behaviour in the domestic hen, a number of hens were 
operated on to form a fistula in the magnum. While 
the technique of this operation haa been described else- 
where!, certain observations on these hens, cogent to the 
problem of egg production and reproduction in general, ` 
are given here. 

In each of four birds the fistula was so made that any 
ovum, entering the infundibulum and ing in the 
oviduct would be shed externally through the fistula on 
the ventral abdomen. The fistula waa covered with 
cheese cloth, secured around the bird’s back by safety 
pins. Each bird was kept in an individual pen with a 
number of trapneste at her di 

In general, ovulation in this species is followed by 
nesting behaviour, the form of which depends on the 
environment. In the pens in which these birds were kept, 
a normal hen first exhibita some restlessness, then 
‘examines’ several nests for a variable time, possibly 
returning to feeding and other activities between ‘nest 
examination’; finally, she enters a trapnest and settles 
into & sitting position. In the operated birds, a proportion 


unaccompanied 

through the fistula. These nestings not preceded by ovum 

occurred during the winter months shortly 
before the birds went off lay or when they were coming 
back into lay. At these times the combs and wattles 
indicated that the ovary was active, and the birds were 
generally in a laying condition; but examination through 
the fistula showed that the oviduct was in a shrunken 
state. Thus, it appeared that the ovary and oviduct 
were out of phase, and this suggested that internal laying 
had oocurred during these periods. At post-mortem each 
bird examined had a fully active ovary with many mature 
follicles and a mass of yolk material was present in the 
body cavity. The oviducta were clearly cee rd of 
doeling with the shed ova. This anomaly is not y to 
have been due to tho surgery, for nesting without ovi- 
position has been found to increase at similar periods in 
normal birds, the egg-laying and nesting records of which 
have been closely observed (Fig. 1). 

These observations appear to indicate that two separate 
mechanisms are involved, one for the control of ovarian 
activity and the other for the control and maturation of 
the oviduct. In cats, Michael* has shown a comparable E d 


100 


90 


70 


60 


Percentage 
5 8g 





Jul Aug. Sept. Oct Nov. Deo. Jan. Feb. Mar. Apr. May 


1. Nesings without ovipontion as a percentage of total r 
that ıs, peroentage loss of posible eges duo to the oviduct not 
o 


'Yurmn 


No 3002 September 1l, 1965 


separation between oestrous behaviour and vaginal and 
uterine state. Young et al, working with guinea-pigs, 
also found ovarian activity and oestrous behaviour 
to be imperfectly correlated, and, furthermore, their 
results show that the relationships between the three 
measures of ovarian activity were also variable. It is 
very probable that during the laying season of a bird a 
number of potential eggs are lost through lack of oo- 
ordination botwroon the ovary and oviduct. 
D. G. M. Woon-Gusx 
A. B. GOBHRT 
Agricultural Research Council, 
Poultry Research Centre, 
Weet Mains Road, Edinburgh. 
1 Gilbert, A. B., and Wood-Gush, D. G. ML, J. Reprod. Fertil, 5, 451 (1068). 
*Michacl, R. P., Sokence, 188, 322 (1062) 


* Yi wo, B. W., H.L,and 0. W., 4 J. 
ird Pra oly Myers, Hagquist, mer. 


Floral Meristem-organizing Gradient 
in Tobacco Stems 


THe existence of a gradient reflecting the ability to 
form flower buds, along the stems of tobacco plante (var 
"Wisconsin 88’), has been previously reported. Internode 
fragments, cultured on a simple medium devoid of growth 
substances, produce a callus which reflects this gradient 
in terms of ite tendency to organize. Fragments isolated 
from the basal part of the stam produce only callus, 
those from the vegetative mid-part of the stam may pro- 
duce 2 or 8 vegetative buds’, whereas those isolated from 
the flowering part of the stem form calluses producing 10 
to 20 flowering buds*. The higher the fragments are cut, 
the greater the ratio of flower to vegetative buds per callus. 

The ient thus observed on internode fragments 
cul $n vitro probably exists in the intact flowering 
plant. The problem is to provoke a tissue proliferation 
$n vico, such that it bears newly formed organs, which 
would enable one to determine whether organ formation 
reflects such a gradient. The fact that tumours induced 
by oertain strains of Agrobacterium aoiens can 
organizet’ might prove useful in uncovering existence 
of a gradient tn vivo. 





NATURE 


1211 


Agrobacterium tumefaciens (Strain T37) was injected 
into the internodes of fl. Nicotiana tabacum planta 
(var. ‘Wisconsin 88’). At the inoculation sites, tumours 
develo: and the nature of the organization 
de ing on the level of the stem at which the injection 
was made. On the flowering part of the stem, the tumours 
were small, and bore organs some of which produced 
flower-buds (Fig. 1). Just underneath the inflorescence 
the tumours developed small stems with leaves and then 
flower-buds. Lower still, teratologic organoids were 
observed, and further towards the base of the stem only 
unorganized tumours were obtained. A flowering gradient 
was thus observed, and the gradient apparently existe in 
the intact plant as well as in isolated fragments. 

Both 1n vivo and in vitro, the tendency for teratomatous 
tissue of tobacco to organize depends on the hormonal 
milieu in which such tissue is growing, particularly in 
respect to auxm and gibberellm*. For normal tobacco 
callus, the kinins also appear to play a oritioal part in bud 
organization’. The gradient of organogenesis described 
in these p experiments is therefore presumably 
due to a gradient of hormone concentrations inside the 
plant, but whether the flowering of the organs formed on 
the inflorescence-axis is entirely a hormonally controlled 
process cannot be decided until floral organogenesis can 
be experimentally induced with specific hormones. I 
thank Dr. Manigault for kindly supplying the bacterial 
strain. 

DANIMLLE ÁGHION-PRAT 
Laboratoire du Phytotron, 

Gif-sur-Yvette, Franoe. E 

1 Ohogard, P., and Aghlan, D., O.R Acad. Soi., Parts, 853, 5851 (1901). 

1 Skoog, F., and Teul, O., Amer. J. Bot., 35, 782 (1948). 

* ghion, D., O.R. Acord. Soi, Peris, 285, 003 (19003). 

‘Bram, A. O., Bot. Gas., 114, 863 (1953). 

3 Braun, A. O., and Stonier, T., Protopiermatologia, Bend X, 5a, 1 (1058). 

; 20th Growth Symp. Soc. Study of Development 


The Biological Action of Growth Substences, 
Brey Boc. E29. "ioi: 10118 (067). € 


Influence of loxynil on the Photo-reduction 
of ge Plastoquinone by Isolated 
oroplasts of Vicia faba L. 

ALTHOUGH plastoquinone (a 2,8-dimethyl p-benzo- 
quinone, with a O,, side chain at O,) was first isolated 
in 1946 by Kofler from alfalfa grass, it did not excite 
much interest until Crane! extracted the compound 
from the chloroplasts of green leaves. Plastoquinone 
(PQ) was first implicated as a participant in photo- 
synthetic electron transport systems by Bishop*. Recently, 
Redfearn et al.' have shown plastoquinone to be an 
intermediary electron carrier in the photosynthetic 
system, being & part of the light-dependent water-splitting 
mechanism as outlined by et al. We have 

recently reported* that joxsuil (4-hydroxy-3,5-diiodo- 
benzonitrile)‘ inhibits photophoephorylation and the 
accompanying reduction of pyridine nucleotide by 
chloroplasts. The results reported have been improved 
in recent months to give 50 per cent inhibition of both 
processes at a concentration of ioxynil of 5x 104 M. In 
an attempt to elucidate the action of ioxynil on the 
photosynthetic electron transport system, the ability of 
chloroplasts to photo-reduce endogenous plastoquinone 
was investigated. 

Obloroplasts were isolated and washed as previously 
described’. The technique involving the measurement of 
plastoquinone was that described by Redfearn’ in which 
the steady-state oxidation-reduotion levels are measured. 

licate tubes contamed 0-05 M. Na/K phosphate buffer 
7-0 containing 0-01 M potassium chloride, and chloro- 
plaste equivalent to 1 mg chlorophyil/ml. in a final 
volume of 8-0 ml. Other chemicals were ed as required. 
The tubes were illuminated from both sides by two 
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250-W photoflood bulbe, using water filters to eliminate 
over-heating. After 5 min, a solution of pyrogallol in 
methanol (— 20° O) was added to prevent re-oxidation of 
the reduced pen poo formed, during the extraction 
procedure. tubes were removed from tho light, and 
an equal volume of, 40°~60° petroleum ether was added. 
The plastoquinone was extracted by partitioning the 
petroleum ether layer with 95 per cent methanol. The 
petrol layer waa evaporated to dryness under vacuum 
and the reaidue diseolved in 8 ml. of pure ethanol. The 
qpostrum of the extract was determined on a Unicam 

-P. 800 recording spectrophotometer between 220- 
310 mp, and the value of AE at 255 my, after reduction 
with a few grains of NaBH, was taken as a measure of 
the amount of plastoquinone in the oxidized form. 

o-Phenanthroline, & known inhibitor of the Hill reaction, 
ioxynil ia inhibiting the phot OE platte bius. 
i in iting photo-reduction of inane. 
The resulta are shown in Table 1. - s 


Table 1 
^ Addi tons Incubation X PQox 
Hone Tes 750 
one 
Joxynfl Dark 65-2 
pe Tight 87-5 
e- Derk 96-8 
o-Phenanthroline Light 


Photo-oxidaton 
. The final concentrations of loxyni! and o-phenanthroline were 5 x 10-4 AL 


From Table 1 it can be seen that 12 per cent of the 
p inone present becomes reduced on illumination, 
while no similar reduction was observed when the mixture 
was incubated with either ioxynil or o-phenanthroline. 
Indeed, a photo-oxidation was observed in several 
instances with o-phenanthroline. This observation 
also been noted by other workers’. Since plastoquinone 
is considered to be the acceptor of electrons from the 
chlorophyll b mediated reaction involving the splitting of 
& water molecule, both o-phenanthroline and ioxynil 


& to inhibit this reaction. The net result is that 
astoquinone remains in the oxidired form, instead of 
being reduced. i 
Table 2 
i Additions Ineubation i % PQex $ 
None Dark 87-5 83-3 
Nono Light 75-0 68-6 
aml aud Dark 87-6 91-0 
ascorbate and DOPIP Light 87-6 89-0 
yer no d Dark  Pboto-oxidadon 95-8 
© apoorbate we DOSE Tight 56-2 50 


light 4*8 , 45 


0 

9 
ws mre eet en idee ied 
Umed were: (4) 1-01 ; (B) 1-16 mg/ml. 

The effect of adding ascorbic acid/dichlorophenolindo- 
phenol (DOPIP) was investigated in an attempt to by-pass 
a 2 a a eue otiuhibttce The results are shown 
in Table 2. - 

The effect of ascorbate on the system is to generate 
extra reducing equivalents. Since there is-a vast photo- 
reduction of plastoquinone in the light in the presence 
of ascorbate, compared with the control, there must be 
untapped plastoquinone present which is not reduced 
under normal conditions. This reduction in the presence 
of ascorbate is only slightly inhibited by o-phenanthroline, 
indicating that the do by ascorbaté are 


by-passing the site of inhibition. This situation, however, ` 


does not occur in the presence of ioxynil under the same 
conditions. 

It has been suggested by Witt et al.* and by Trebst* 
that there may be more than one site involving plasto- 
quinone in the photosynthetic electron chain. 
Our implication is that, this being the case, it would appear 
that ioxynil has a blocking action at more than one site 
of plastoquinone, since there is no enhanced reduction of 
plastoquinone in the presence of ascorbate. This may be 
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shown in Fig. 1, seb out on the basis of redox potentials, 
according to Arnon’, 

In the light of theee resulte, ioxynil, apart from 
inhibiting the reaction Av" as does o-phenanthroline and ^ 
3-(3,4-dichlorophenyl)-1,1-dimethylurea , also has 
a ing action at some other part of the cham. It 
may be case that p i is also located at 
those parts of the chain indicated by X and Y in Fig. 1. 

If this is so, then this may be the explanation for the 
enhanced reduction of plastoquinone by ascorbate in the 
light, and also the ad sites of action of ioxynil. A 
second site for plastoquinone has been suggested by 


Redfearn for this enhanced reduction of ania ined 
in the presence of ascorbate. The results described would 


seem. to confirm this ion. This being so, plasto- 
quinone could presumably function at X or Y, two pointe 
along the cyclic phosphorylation pathway, which ww 
already know to be inhibited by ioxynil. 

This work was supported by May and Baker, Ltd., 
Degenham, Esser. 
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Post-irradiation Recovery of Escherichia coli 

RADIATION sensitivity of Hscherichia ocoli strains is in- 
fluenced by conditions for growth prior to and after 
radiation exposure. Stapleton and Engel! have shown that 
B. cols Bjr (OSH) grown in a buffered-peptone medium 
developed higher X-ray resistance. The cells grown in rich 
medium, however, might have become more exacting in 
their nutritional I is and their recovery was  ; 
limited on basal media*. At the game time, the recovery > 
of ultra-violet or X-irradiated cells was hi when they 
were subjected to sub-optimal growth itions* 5. 
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It can, therefore, be assumed that the cells grown in 
rich medium may withstand radiation injury better than 
those grown in basal medium, but the latter may possess 
greater capacity for recovery. To test this hypothesis, E. 
cok strain B was grown in buffered-peptone medium! ahd 
in Davis’s gluooee-salts medium‘. After irradiation, the 
survivors were further subjected to cold starvation in 
phosphate buffer at 7° C for 14 days. The effects of such 
stresses were measured by the loss of colony-forming 
abili 

E wed ein tenu EE E 16 E 
87° C on a shaker. This oo ded to the terminal 
logarithmic phase of the culture. giucose-salta medium, 
21 h were required to reach the same phase. Both cul- 
tures were centrifuged and washed twice with 0-007 M 

hate buffer. The washed cells were then resuspended 
in the same buffer to give approximately 10* oellg/ml. by 
adjusting the optical density to a standard value. Aliquots 
of these ns were irradiated with y-reys to receive 
10 krads from a cobalt-60 source (dose rate: 638-3 krads/h). 
Irradiation was carried out in air with the temperature 
maintained at 18? O to minimize cold sensitization’. This 
resulted in 99 per oent inactivation of the initial population. 

Both irradiated and non-irradiated cell suspensions were 
[tr thie ilated bate to giv Roney oa 
ml. and stored at a sub-growth temperature of 7° C (ref. 8). 
Daily samples were drawn from this suspension for 14 days 
and the viable counts were determined by simultaneously 
plating 0-1 ml. portions on solidified peptone agar and 
glucose-salts agar. Platings were made in triplicate from 
two identical experiments and the standard error was cal- 
culated from total of 6 plates each. All plates were inou- 
bated at 80° C (ref. 9) for 24-48 h. No additional colonies 
develo after this period. 

The buffer suspended E. cok B was fairly stable at 7° C. 
The cells grown in buffered peptane retained approxi- 
mately 60 per cent of their initial viability after 14 days 
while cells grown in glucose-salts remained 40 per cent 
viable after the same period (Tables 1 and 2). The cold 
starvation, therefore, appears to exert only a mild streas 
` to healthy cells. 

The cells were grown in buffered peptone medium for at 
least 2 weeks before they were used as inocula. Despite 


Table L Now-rRADIATED JJ. col B GROWN IN BUFFERED-PEPTONB BROTH 
AXD HELD IN 0-067 M PnrO&PHATA BUFFER AT 7°O 


r^ Plated on i a dp agar Plated on 
Viable counts of max. Viable % of max, 

( x10") (x 10%) 
P 1-07 x 0-03 7177 1:02 +010 69-3 
1 1-20+0-11 816 1 3240-26 91-1 
2 120601011 85-7 1 47 +0-06" 100-0 
8 0-96 + 0-28 65-3 1-23 + 0-07 82-9 
4 122 +0-35 83-9 1291015 BT 
5 1-14 +0 04 TI-5 1321019 89-T 
6 0 9040 07 67-3 1-14 +007 TUS 
T 0-99 + 0:37 67.5 1-14 +016 T7-5 
8 0-06 + 0-05 65.8 1-30+0-10 884 
9 1122017 76-1 1-22 +006 82-9 
10 1084010 70-0 1160-11 783 
11 0-68 1 0-07 56-4 1-31 + 0-06 89-1 
12 1000+002 8-0 1:17 + 0-06 705 
18 0-74 x 0-06 5083 1:190 04 80-9 
14 0-93 10 02 63-3 0 89+0-06 605 


* The maxtmum oount obtainable from identically treated samples. 


Table 2 NON-IRRADIATED Æ. cod B GROWN IN GLUOOSE-RALTS BROTH AND 
HELD IN 0-007 M PHOSPHATE BUFFER at 7*O 


Plated on buffered- agar Plated on ts agar 
oount of max, % of max. 
TO (x10*) (x10*) 

0 1-45 +0-10 96-7 1-450:0112* 1000 
1 142 0-04 94-6 1-83 10:13 88-6 
1 13241010 a2 1881010 920 
3 1-16 + 0-06 713 1-08 10-06 708 
4 1 06 + 0-06 70-6 1-22 + 0-08 81-3 
5 1 21007 806 0-97 + 0-05 46 
6 1-02+0-12 68-0 0-9110-07 604 
T 0-94 0 20 62-6 0:81 +0 06 54-0 
8 0-87 x0 19 580 0-75 + 0-00 50-0 
9 0021013 61:3 0-77 + 0-08 513 
10 0-82 + 0-07 54-6 0-72 10-12 48-4 
u 0-71+0 08 47:3 0-04 +007 45:3 
11 0-78 + 0-20 52-0 0 02 + 0-06 413 
13 .06510-06 433 06140 0 40:7 
14 0-57 + 0-08 38-0 0-57 10-08 38-0 


* Tho maximum count obtainable from identically treated samples. 
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this, the peptone-grown cells formed nearly equal number 
of colonies on glucose-salts agar (Table 1). This indicates 
pha the popen quoa population was free of auxotrophs. 

During cold starvation, the peptone-grown cells in- 
creased in number for the first 2-8 days. J. coli is known 
to carry on metabolism at 0° O at a much reduced rate!*. 
Although no normal growth was expected to oocur below 
8° C*, the reduced rate of endogenous metabolism may 
have been able to complete some division initiated before 

the cells. Since no similar phenomenon was 
encountered with cells grown in gluooee-salta, such delayed 
division might have been carried out by metabolites acou- 
mulated during growth in the richer medium. 

The radiation survivors behaved differently. A steady 
decrease of viable cells was noted during cold starvation 
when cells were enumerated on the same 
medium (Fig. 1). The same cells plated on glucose-salta 
agar did not show this steady decline. Viable counts on 
pear ips Shee ile psp a oar ind 
The viable counts on agar remained colades 
constant for about 10 days, hilo nae peptone agar counté 
declined rapidly, and approached the same level as those 
on peptone agar on the fourteenth day. 

Since the cold starvation was not sufficiently strenuous 
to normal oells, the rapid decline of viability among the 
radiation survivors on peptone agar may be due to a 
continuous loss of sub-lethally injured cells from the popu- 
lation. If such damage was on the metabolio potential as 
was indicated with freexing!!, phenol treatment” and with 
X-ray reported by Stapleton e£ al.*, the recovery on pep- 
tone agar should have been superior to gluoose-salta. 

Alper and Gillies’, Stapleton e£ al.‘ and Gillies and 
Alper’, however, have shown that the sub-optimal recovery 
conditions were conducive for a greater recovery of irra- 
diated E. cols. The slower rate of growth in glucose-salta 
medium then may have been responsible even for the 
recovery of peptone-grown oells. The lag period in peptone 
broth was ximately 40 min, while 4 h were needed 
before turbi could be detected in glucose-salta broth. 
Ad tie lee casa el seers eis onl 
not be measured, similar difference in the length of this 
period would be It is conceivable that peptone- 
grown cells should have required even a longer lag period 
on glucoee-salts. Such prolonged recovery period, there- 
fore, might have engbled the damaged cells to recover even 
if it required an adaptation to a minimal medium. Such 
adaptation could have been possible because the peptone- 

grown population was free of auxotrophs. The nature of 
Sach injury is beep farther investigated: 

princ. ids in gluoose-salte, after irradiation, could 
be equally well on either peptone or glucose- 
salts agar (Fig. 2). The more rapid viability loas of the 
non-irradiated population during cold starvation indicates, 
however, that the gtucose-salte-grown cells possessed lesser 





6 
Days at 7° O 
Fig. 2. 10 krade y-trradiation surviving B gok B grown ts 
broth and held tn 0-067 M buffer at 7° O. @, Plated on 


» plated on 


survival potential under this strese. The cella grown in 
gluoose-salts were more sensitive to radiation than those 
grown in peptone (Table 3). The relative stability of 
irradiated cells during cold starvation then might have 
been due to such population containing a leaser number 
of sub-lethally injured cells. If we assume that the rapid 
growth following injurious treatments has resulted in 
forced , cella grown in glucose-salts might have 
been able to compensate for such streas by having diver- 
sifled enzymatic machinery. : 

Table 3. PERCENTAGE IN?rIAL BUXYIYAL OF B. soli B AS IRYLUNKOND BY PRE- 
IRRADIATION GROWTH MADIA AND BY POPT-IERADIATION* EOOYRRY MEDIA 


Growth media Recovery medta (agar) 
(broth) Buffered-peptone 
Buffered-peptane 1:36 0-13 1-03 10 15 
Ginoose-sa]ts 0:73 +0-07 0-83 x0 09 


* Irradiated in 0 067 M phosphate buffer. 


It appears that sub-lethally injured E. coli require a 
slow recovery process which is nob compatible with the 
rigour demanded of optimum growth. Such injured state 
could be reversed even after prolonged starvation at lower 
temperature. The nature of this injury, nevertheless, does 
not appear to be an impaired metabolic capacity. 

This work was by U.8. Atomic Energy Com- 
mission under contract AT (04-8)-503. 
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VIROLOGY 


Immune Adherence to Tissue Culture 


HANKADBSORPTION is often used to detect virus infections 
of tissue cultures. This technique is not, however, of 
universal application because the phenomenon cannot 
always be elicited even in cases where the virus 1s known 
to cause utination. . 

Another type of agglutination of primato erythrocytes 
by micro-organisms and other antigens can be demon- 
strated if both a specific antiserum for the antigen and 
complement are included in the mixture. This phenomenon 
has been called by Nelson! ‘mmune adherence’. 

During attempts to cultivate several group B arbo- 
viruses in chick embryo tissue cultures growing on poly- 
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Table 1. LOC ADHERNNOR TO TIASUMN CULTURA 


Adherence (positive or negative 
Mirtures to chick embryo lung oals 4 
growing on polythene 
1 Human O RBO + miserum + C" + 
2 Human O RBO+antieerom - 
3 Human O RBO+C - 
4 "'Non-primate'* RBO + antiserum +0’ - 
BBO: red ceils. 


thene**, I was unable to observe any cytopathic effect 
and there was no adsorption of goose in the 
pH range used for the demonstration of haemagglutina- 
tion by these viruses. I was thus led to consider immune 
adherence. To discover whether this was practicable, an 


- antiserum for chick embryo cells was prepared by the 


intramuscular injection into guinea-pigs of a suspension 
of chick chorio-allantois. 0-1 ml. of a mixture of washed 
human O erythrocytes in physiological saline, the anti- 
serum inactivated at 56° C for 0-5 h, and guinea-pig 
complement (0^, was allowed to sediment for 0-5 h ab 
87° O on to cultures of chick embryo lung cells i 
on disks of polythene. The cultures ware then 

in a beaker of saline, mounted in 5 per cent glyoerol in 
saline on & microscope slide and examined with phase 
contrast illumination. The were domly 
adherent to the oell sheet. Adherence occurred at room 
temperature or at 87° O but not at 4^ O. The optimum 
concentration of erythrocytes was found to be 0-5 per 
cent, and by titration, the optimum amounts of antiserum 
and of complement were chosen to be four times the mini- 
mum amounts i to allow immune adherence. 
Table 1 shows the effects of omitting or altering com- 
ponents of the mixtures. The phenomenon is not & comple- 
ment-dependent mixed aggregation’ because adhesion 
still occurs after both the antiserum and the complement 
have been abeorbed with human O erythrocytes. To 
demonstrate immune adherence to virus-infected tissue 
cultures, immune sera to & neurotropic strain of yellow 
fever virus were prepared in guines-pigs by the intranasal 
naulaan (Gf id motes boda a i 

Two weeks after an inapparent infection, the guinea-pigs 
were bled. Chick lung cultures growing in ‘Medium 199’ on 
disks of polythene were infected with yellow fever virus: 
the disks were examined after 24 h. Mixtures of human 
O erythrocytes, inactivated immune serum and guinea- 
pig complement were allowed to sediment on to the diaks 
and immune adherence occurred (Fig. 1). No adherence 
was observed to diaks of uninfected lung cultures nor to 
infected cultures with any of the mixtures numbered 
2, 8, 4 in Table 1. The sensitivity of this method of 
virus assay requiring only 24 h waa of the same order as 
titration by moculation of suckling mice. Similar results 
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were obtained with two other arboviruses using in each 
case the specific antiserum. 

Apart from the use of immune adherence in applica- 
tions analogous to the le described or in cases where 
(ho vios dose nal Ouse acraapioanation, the: Rime 
technique may prove useful for the detection of new anti- 
gens in cells transformed by onoogenio viruses. Immune 
adherence to tissue cultures might also lead to the dis- 
covery of new viruses. Material for culture could be 
obtained from an individual in the acute stage of a virus 
infection and speciflo immune serum would be provided 
later by the same individual in convalescence. 

Foxausr FoLtox 
Department of Bacteriology, 
London School of Hygiene and Tropical Medicine, 
University of London, 
- Keppel Street, W.C.1. 
1 Nalon, E. A., Soienos, 118, 733 (1983). 
1 Fulton, F., J. Gen. Microbiol., 98, 416 (1990). 


* Arya, B. O., Nature, 804, 907 (1964). 
4 Nelson, D. B., Adv. Immunol, 8, 151 (1963). 


CYTOLOGY 


Electron Microscopic Observations of Human 
Chromosomes isolated by Micrurgy 


Tum elucidation of the structure of the human chromo- 
some is of basic biological importance. A more detailed 
of the mechaniams involved in utilization, 
duplication, and tranaferral of genetio information requires 
a concept of the physical manner in which this information 
exists during these three processes. To this end a number 
of models of chromosome structure have been proposed. 
Theee models have been based largely on light microscopic 
observations and electron mi puta us cial 
chromosomes of various planta animals*. Bo far, 
none of these models has been universally accepted as 
being representative of the human chromosome. 
Published eleotron miorogra of mammalian mitotio 
chromosome structure have filaments of certain 
thicknesses, but 80 far they have failed to reveal credible 
reproducible configurations at the various levels of 
chromosome? . I believe that the 


Chang liver cells 4^ vitro are pre-treated with calchicine 
and mounted in an open-ended chamber for 
procedures. The chamber is filled with a physiological 
chemically defined medium into whioh the chromosomes 
are to be isolated. A cell in metaphase is located and an 
inciston is made in its cytoplasmic membrane. During the 
following 2 min or so the mitotio a slips out of the 
cell through the incision. Next tips of two micro- 
needles are carefully inserted into the isolated mitotio 
apparatus in an effort to the spindle. The micro- 
sedis ard then dently pulled away from aote jns 
enough to separate the chromosomes along lengths 
SEERA ee ee ee Dane 

process several chromosomes are madvertently 
damaged or destroyed by being stretched or ameared on to 
the ocover-slip. , many of the other chromosomes 
are readily identifiable as belonging to one of the various 
groups of the human set’ and show neither damage nor any 
non-chromosomal material (contamination) which can be 
seen with the light microscope (Fig. 1). At the next step, 
which is fixation, any of a variety of fhratives may be used. 
At this time, any protein in the medium around the 
chromosome may precipitate and care must be exercised 
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to remove as much as possible without damaging the 
chromosomes. Finally, the points of attachment of the 
spindle to tne coverslips are loosened and segments of 
spindle with attached chromosomes are placed on & 
‘Formvar’-coated grid, at which time the fixative may be 
rci. and rep by a solution which undergoes 
o of pH and salt concentration as the pre- 
mood d in air. At this time the preparation is 
ready for examination with the electron microscope. 
Human chromosomes in this fashion and 
examined with the electron microscope show oonsidergble 
structural detail. Although there appear to be structural 
variations along the length of at least some chromatids 
and between some chromosomes, preliminary analysis of 
several chromosomes suggests the following generalizations. 
The centromere has been clearly seen as a quasitri- 
angular structure about 7000 A acroas its largest dimension 
(Fig. 2). Occasionally the centramere may appear heart- 
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3. A mwohematio representation of general features of human mitote 
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sha and the indentation is interpreted as part of the 
early stages of division (Fig. 8). 

From the region of the centromere there appears to 
extend the length of each chromatid & rather 
large (about 1200 A thick) fllament having little electron 
density. At the telomere it ap that this filament 
bends back on itself and courses through the length 
of the chromatid in such a way that there appear to be 
two such filaments loosely twined about one another 
(Fig. 8). 

Around each of these segments of about 1200 A there 

to be other filaments of various sizes ranging from 
about 100 A through about 600 A thickness. Theee flla- 
ments have moderate electron density, and at least some 
of them appear in turn to be surrounded by 30-50 A thick 
filaments which have relatively great electron ity. 

Secondary constrictions and satellites have been y 
oce oe RURE T Mone Horton umerogrepba, bii to 
few have been seen to permit statements as to the precise 
nature of their structure. 

Although these results are to be regarded as preliminary, i ? 
they are based on chromosomes fixed and/or dried m 
&oetio acid, ethanol, methanol, formaldehyde, glutaral- 
dehyde, chromium trioxide, lanthanum nitrate, potassium 
molybdate and phosphotungstic acid. 

Chromosomes in cells treated with hypotonic solutions 
followed by fixation with acetic acid and ing fail to 
reveal recognizable unita of structure. guch 
chromosames are seen as amorphio densities overlam by 
clumps of spherules, as are similarly prepared chromosomes 
in Fig. 9 of Barnicot and Huxley*. Some of the other 
fixatives and drying solutions have yielded resulta which 
are compatible with half chromatids composed of a 
hierarchy of pairings of amaller into larger and larger 
fibres as reported by Osgood! and by Cole and Langley’. 
However, numerous preparations which appear to be na 
better state of preservation of structure show distinct 
patterns of smaller coils winding around the larger ooils as 
in Fig. 3. 

ne igations are now being made to construct oom- 
plete of specific chromosomes and to 
chemically, enzymatically, and micrurgically induced dis- 
sociations of structure from otherwise intact chromosomes 
of diploid human cells. 


: Symp. Biol., 18, 103 (1059). 
pronis A, end Hurley, H. H, Ana. Hum, Genet (Lond.), $$, 253 
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GENETICS 


Inbreeding and Genetic Loads in Irradiated 
Experimenta! Populations of Drosophila 
meianogaster 


Morton, Crow and Muller! suggested that measurements 
of the inbreeding depression can be used to estimate the 
magnitude of the genetic loads which populations carry 
as well as to differentiate between the mutational and 
balanced components of such loads. Several studies de- 
signed to investigate this problem have been done in 
DrosopMia*-* and in Tribolium". The validity of the 
technique proposed by Morton, Crow and Muller has been 
questioned (see Levene* and Dobzhanaky* for references). 
Inbreeding investigations, nevertheless, remain useful to 
the examination of genetic loads in populations, although 
the possibilities of discrimination between the mutational 
and balanced components have become remote. This 
communication summarizes the resulta obtained from 
investigations aimed at comparing the magnitudes of the 
genetic loads in experimental populations of Drosophila 
melanogaster. These populations have been exposed to 
X-irradiation (to the malee) for a number of generations 
and then maintained without further irradiation for vary- 
ing periods of time. Their radiation histories are outlined 
in Table 1. 

The populations (except the control) had been subjected 
to & cumulative X-radiation exposure of 120,000 r, 
although at different rates. The egg-adult viability in 
these populations, after the initial rise for 3-4 generations 
followmg the cessation of the irradiation, has remained 
at a level between 70 and 75 per cent, below the level in 
the control ulation (87-80 per cent). This situation 
has i for more than 57 generations in VI-ER-20, 
47 generations in LY—ER-80 and 85 generations in 
II-EGR-—60. 

The experiments investigating the effecta of inbreeding 
on viability were carried out over & period of four oon- 
secutive contemporaneous generations, 70—73 in the 
control, 46-49 in VI-ER-20, 36-89 in I V-ER-80 and 
23-26 in II-EGE-060. In all populations exoept the 
control, these represent the number of generations of 
relaxation from irradiation. The technique adopted was 
the same as that used by Malogolowkin et al.4. A total 
of 140 single-pair matings were set up per population. 
From each of the single-pair progenies, virgin females 
and males were collected and three types of crosses were 
set up as follows: (1) unrelated—between groups of 10 
females from one culture and 10 males from a different 


Table 1. CHARACTWRISTION OF THE HXPERINEWTAL POPULATIONS 


Population Treatment Started 

a1 Oontrol, no radiation t., 1062 
TYI-EB-30 Me qocetved 6,000 r. per generation July, 1063 
IV-EB-30 Maios roootvod 4.000 en Deo., 1903 
II-EGR-60 Mae recon ved 2,000 r. per generation June, 1064 


for 60 generations 
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culture; (2) brother-sister matings—between groups of 
10 females and 10 males from the same culture; (3) half-sib 
matings—a single male was crossed to a female from one 
culture and two days later the same male was crossed 
to a female from a different culture, and from the progenies 
= groupe of 10 females and males were taken end inter- 
crossed. The inbreeding coefficients in the thrée kinds of 
matings are respectively F — 0, 0-25 and 0-125. 

The egg-adult viability was studied in the progenies 
of the foregoing three types of mating. The flies were 
placed in 6-in. glas vials with spoons containing cornmeal- 
molasses—agar medium darkened with an i of 
charcoal for easy visibility of the eggs. Two samples of 
50 eggs each were taken moahi gronp of pere and 
were allowed to develop (in regular -pint culture 
bottles containing cream of wheat~molasses medium) at 
25° C. Complete counta of the adults hatching in the 
cultures were made. 

. The numbers of cultures with different tages of 

survival from egg to adult stage are summarised in Table 2. 
It is obvious that the viability in the irradiated popula- 
tions is lower than in the control. More interesting, 
however, is the distribution of the viabilities over a short 
range (and hence amall variance). This is not unexpected, 
since all the populations were maintained under conditions 
of relaxed natural selection (for details, see Sankaranara- 
y&nani*^). The Drosophila populations utilized for 
inbreeding studies so far were obtained either from 
Nature or from population cages**, where natural 
selection is more intense. 

The mean viabilities observed on the inbred and outbred 

ies are shown in Table 3. As expected, the outbred 
progenies (F = 0) are the most viable, followed by the 
progenies of half-sib matings (F = 0-125), and full-sib 
matings (F = 0:25). In the control, the reduction in the 
viability due to inbreeding is relatively small. In the 
other three populations the inbreeding depression is 
greater, but not as great as observed in the studies on 
natural pe of D. pseudo-obsoura* and D. 
willistons'. addition, the relative reduction in viability 
due to inbreeding is of the same order of magnitude in 
spite of the fact that these populations have been relaxed 
frqm irradiation for different numbers of generations. 
These data compare very well with those obtained by 
Torroja*^* for experimental populations of D. pseudo- 
obsoura 


The A and B statistics and the B/A ratios and their 
standard errors are also presented in Table 8. These values 
. have been calculated from the date following the method 
of Malogolowkin e£ aj.*. The A value is & measure of the 
mortality in outbred progenies (F = 0) and this mortality 
is due to a combination of genetio and environmental 


causes. The B value measures the additional mortality 
due to complete inbreeding. 
Table 2 NUMBERS OF OULTURES DIFFERENT PEXRCENTAGES OF 
FROM EGG TO ADULT PTAGN 
TOM 45 490 58 57 61 65 6O 78 T7 Sl 85 990 903 
F 48 52 56 60 64 68 72 76 80 84 88 92 960 N 
C-1 0 sp de wa aen Sn rn ss. c. eS. 29 63 30 2 1389 
0125 .. .. e go 5. 55. 5. 7 B2 061 12 .. 132 
025 .. .. data - .. .. 11 BR 41 3 .. 187 
VI-MR- 0 wes x .. .. 10 338 55 81 7 .. .. .. 136 
Q125 .. .. 5 637 409 28. 1 2 1 120 
0-25 2 15 16 40 297 234 0 1 ... 184 
IV-BR- 0 sas ee e $1771238 11 1. 130 
30 0125 . 1 4 20312 35 27 8B .. .... 127 
O25 . 8 31 38 413 1B 7 .. . .. 134 
II-EGB- 0 os ee es 1 30 54 $9 10 .. 184 
60 0-125 1 3 15 836 45 22 9 .. .. 128 
025 2 6 28 40 42 18 5 .. .. .. .. .. .. 186 
Table 8. PERCENTAGES oF Hoos DEVELOPING TO THE ADULT BTAGNS IK 
OUTHRED AND INBRED or A, B AND B/A VALURS 
œ VI-BR- IV-BR-90 II-BGR-60 
JNgg to adult 
F-0 87-23 + 0-20 74:18 x 0-32 71:52 + 0-28 71:51: 0-80 
F-0125 8500+024 60 55 10-59 65 08+ 0-46 65-04 + 0-39 
F=025 83-42 1020 04-07 + 0-48 60-31 + 0-42 59 6640-48 
0-1870+0 008 02970+0004 03368+0004 03387+0-004 
18104+0-015 0-572910 0033 0 692110081 07165+0-032 
BIA 1:321 0-13 103 +013 2:00 +011 2121+011 
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The A value is small in the control and is larger in the 
populations with radiation histories. The B value is, 
again, small in the control and is much larger in the 
other populations. Among the irradiated populations 
VI-BR-20, which had the greatest number of generations 
of relaxation from irradiation (and hence was exposed to 
the action of normalizing natural selection for a greater 
length of time), has the lowest B value, followed by 
IV-ER-80 and II-EGR-60. The differences, although not 
significant, ars in the expected direction. It is interesting 
to point out that the B values are somewhat smaller than 
those calculated for natural populations''*. 

The B/A ratios are small, ranging from 1-32 for the 
control to about 2 in the other populations. This does 
not necessarily mean that the genetic loads in thee popuii 
tions are predominantly balanced. This is ely in 


-the radiated populations which have been under induced 


mutation preasure for several generations and then relaxed 
without irradiation for a period between 30 and 57 

ions. It is le that under the selection 
conditions in which these populations were maintained, 
numerous induced mutants affecting viability and which 
are semidominant still persist. The consequence of this 
will be an inflated A value resulting in a small B/A. This, 
coupled with the questionable validity of the B/A ratio 
to determine the geneticstructure of the populations, makes 
the utility of the B/A statistic quite dubious. Dobzbanaky 
et al.*, Malogolowkin e£ al.* and Levene & al.’ came to the 
game conclusion. 

A, B and B/A values caloulated taking into considers- 
tion only two of the three examined viability values are 
not significantly different from those obtained using all 
three viability values. This indicates that there are no 
significant departures from linearity within the range of 
the F's studied. 

This work was done under contract AT(30—-1)3090, 
U.8. Atomic Commission. I thank Prof. Th. 
Dobzhansky and Prof. Howard Levene for their advice, 
Mr. Wyatt W. Anderson for p ing and i 
the data using the control data 160—A computer, an 
Prof. H. Keffer Hartline for itting the use of the 
computer, and Mrs. Kokila l DaT eA for her 
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PSYCHIATRY 


Object-naming by Dysphasic Patients 

In ious communications!" two of us reported that 
with normal subjecta the time taken to name an object is 
inversely proportional to the logarithm of the frequency 
of the name-word in the language, as estimated by a 
standard word-count®. These experiments were originally 
undertaken to clarify the incapacity to name objects 
shown individuals who have suffered some forms of 
brain injury, and the study has accordingly now been 
extended to subjects of this kind. The technique has 
necessarily been simplified and now comprises manual 
display of cards bearing the 26 pictures of objects origin- 
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ally used, and timing with a stop-watch (1/100 sec) in 
place of the optical projection and timing by voice-key 
and pen-recorder in the experiment previously reported. 

The subjects were all men with penetrating gunshot 
head-wounds, the majority incurred in the Normand 
campaign of 1944. Thelr ages ranged from 37 to 61, wi 
a mean age of 44-5 years. e total number of cases tested 
was 102, but of these, 24 had bilateral lesions and these 
have been excluded for the present as have those 
4 who were not unquestionably right-handed. Fig. 1 shows 
the frequency-latenoy relationship for the remainder divi- 
ded into the relevant lesion groupe, having similar mean 
ages and verbal intelligence quotients. Also shown are 
resulta for the university group used in the previous 
experiment together with those for a hospital control 
group (patients of age and verbal level similar to the brain 
injured but with no ascertained neurological or psychiatric 
disorder). In the case of the dysphasica those resulta have 
been rejected in which, following presentation of the sti- 
mulus, two or more verbal interjections were made before 
involved in oireumlocutory speech; the further period thus 
expended is somewhat random in amount. 

With regard to Fig. 1, a linear relati ip was found to 
subelst between mean latencies for the 26 objects and the 
logarithm of their frequencies, the coefficients of oorrela- 
tion ranging from — 0-80 to — 0-87 (P < 0-001). Analysis of 
variance confirmed the goodness of fit of these five linear 
regressions at P <0-001. Analysis of variance showed the 
latencies for all to differ from each other at 
P «0-01 to P «0-001, wi the exception of the university 
subjects and the hospital control group, where the dif- 
ference failed to reach signi . 

A oom: of regreasion coefficients showed that the 
slopes of the three brain groups differed signif- 
cantly from the hospital oontro (P «0-01 to P <0-001), 
yephasice versus left-hemisphere group without 
dysphasia at P « 0-05. The differenoe between slopes for 
Mu es ice as compared with the right-sided group, 
an eft- and right-hemisphere groups without dys- 
phasis failed to reach i oe; ae did the Mapes tee the 
university subjects and ital controls. 


We draw the following conclusions from these results. 
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results in a further and significant increase. (8) Right- 
sided lesions exercise a effect in this connexion than 
those left-sided ones which produce no speech disorder. 
(4) Lesions productive of speech-disorder, as assessed by 
clinical test, show the greatest increase in the time required 
to name objects. 

Attention has been directed by Paterson and Zangwrill*, 
and Milner* (reviewed by Piercy*) to the disturbing effecta 
of some right-hemisphere lesions on visual perception. 
This could account for the differences between right and 
left non hasio patiente, but further analysis of the 
looalixation data, now in is required to clarify this. 

Fig. 2 shows the resulta, for the same in terms 
of percentage correct naming against log of the 
word-names. This affords clear evidence that the detection 
of slight, or residual, -dieorder by a teat 
requires the use of objects (or pictures of them) which are 4 
of a certain order of rarity, as assessed by their name- 
words. With objects the names of which have a frequency 
of above 10 per million, there is virtually no difference in 
the number correctly named (98 versus 100 per cent), 
while above 30 per million, in this case, no failures at all 
occur (even if such a difference may appear witb the more 
refined technique of latency-measurement). A marked 
difference in correct responses appears only with objecta 
the names of which have a frequency below 10-5. 

We thank Dr. W. Ritchie Russell for the facilities 
fee re DE emir SO Sry patient under 

care. 


Feroa B. Nawoomsy 


Department of Neurology, Churchill Hospital. 
R. C. OLDFIELD 
A. WINGFIHBLD 


* Oldfield, B. O., and Wingfield, A., Mature, 908, 1031 (1064). 
1 Oldfield, R. O., and Bises 1s Tae Soca era rte see ds " 
x LS and L, The Teacher's Word Book 
Tamia Universtiy, Now York 1000. 
* Paterson, i., and Zangwill, O. L., Broin, 67, 531 (1944). 
5 Milner, B., Pree, Assoc, Ree. Nerv. Dis, 88, 244 (1058). 
* Piercy, KL, Brit. J. Payckict., 118, 310 (1964). 
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THE PLIGHT OF LIBRARY SERVICES IN BRITAIN 


his presidential addreas to the Library Association 
at Harrogate in May, Sir Frank Francis denied that 
at present Britain had any library system as such. He 
did, however, comment on such recent developments as 
the coming into force of the Public Libraries and Museums 
Act, with ita provisions for a more comprehensive and 
far-reaching public library service and for establishing a 
Libraries Advisory Council, the creation in the Depart- 
ment of Education and Science of a national organization 
for scientiflo and technological information and the 
proposals of the Library Association for a national 
bibliographical advisory council and a national biblio- 
graphical centre. While Britain’s libraries may present 
a sort of pattern, they have grown up in numerous ways 
and there is no formal relation between the various groups. 
Even such arrangements as exist are really only attempta 
to overcome obstacles to the supply of information 
caused by Britain’s unorganized provision of libraries. 

Sir Frank put his finger unerringly on the vital weakness, 
and it is this which needs to be tackled first. Indeed, 
unless we can advance considerably towards the develop- 
ment of a national system, it is unlikely that realistic and 
sound decisions regarding provision for the libraries of 
the universities and other institutions of higher learning 
will be taken when the Parry Committee reports. Again, 
sound as in principle is the creation of the new Office 
for Scientific and Technological Information, it representa 
a piecemeal approach which can endanger much more 
vital elements in a national aystem. The new organization 
is comparatively unimportant compared with the Patent 
Office Library and the new National Reference Library 
for Science and Invention which is to succeed it. From 
the scientific and technical point of view, the latter Lib- 
rary, which is the essential counterpart to the National 
Lending Library for Scienoe and Technology at Boston 
Spe, is a first priority in any national system, but no 
Government has yet given the scheme the whole-hearted 
and urgent support that the national interest demands. 
While the new organization set up by the Department of 
Education and Science may in time provide much inform- 
ation which will be invaluable m formulating national 
policy in the whole field, its present importance is trivial 
compared with bringing into effective sarvice the National 
Reference Library for Science and Invention. 

It is in the light of this situation that the numerous 
proposals for developments in the field of libraries and 
information services are best appraised at the present 
time. Sir Frank Francis himself emphasizes that the 
biggest problems are centred in the learned libraries and 
in the adequacy of the library and information services 
at the highly specialized level. Since it is proposed, 
however, that the new National Reference Library for 
Science and Invention should form part of the British 
Museum, it was strange that Sir Frank made no reference 
to the delays in starting the new building or even to the 
urgency of establishing such a library on a much more 
adequate scale than even the Patent Office Library which 
it is to replace. Nor, in discussing the part that inter- 
library lending should play in Britain’s library economy 
and the moet satisfactory basis on which to plan such 
lending, did he consider the relation between the new 
Nationa] Reference Library for Science and Invention and 


the National Lending Library for Science and Technology. 
Since the declared policy of the latter is to concentrate 
on literature of the past fifty years, there is an obvious 
g&p if the needs of the inventor as well as of the historian 
of science or technology are to be served reasonably. 
This cannot be shrugged off merely by defending the 
sound practice of the British Museum Library that the 
visiting scholar should be assured that a very high propor- 
tion of his requirements can be met on the spot. 

There is a difficulty here which must be met by oon- 
sidered policy and some reasonable arrangements regarding 
holdings of older scientific and technical literature, either 
for reference or for loan of the originals or of photo- or 
micro-copies. It is one of the problems which & national 
system can (and should) solve, and it is also one of these 
which the division of Government responsibility for 
information services between two Ministries, as has 
already been noted (Natures, 206, 068; 1965), nay make 
more difficult. Sir Frank Francis admitted in his address 
that without the willmg and dismterested co-operation of 
librarians and the institutions they served the Department 
of Education and Science would be unable to develop 
properly the new services of the British Museum, including 


-this new department with its current scientiflo reference 


collection of one million volumes on open shelves, with 
relevant specialist advice and & staff of some 200. He 
said nothing, however, about the urgent need for action 
to provide the space which will enable the services to 
operate nor did he refer to the Ministry of Technology. 

Meanwhile, the Library Association is itself concerned 
about the lack of adequate national planning to organize 
efficient acceas to the ever-increasing output of books, 
periodicals, reporte and other documents, and besides its 
Oommittee on Scientific Library Services it has a Working 
Party of ita Research Committee on National Reference 
Services which has issued a preliminary report, Aocess to 
Information*. This report, which was discussed recently 
by Mr. L. Corbett in the Library Association Record for 
May (87, 151; 1965), outlines the proposals for a national 
bibliographical advisory council and a national biblio- 
graphical centre noted here. They are intended to meet 
the need for a national planning body for such services 
and for an organization which will provide points of entry 
into the service available. 

At present nothing effective is being done to create a 
national plan, although the Library Association, the 
Association of Special Libraries and Information Bureaux 
(Aslib), the Department of Scientific and Industrial 
Research (until ita dissolution) and the Royal Society 
have intermittently promoted the development of biblio- 
graphical and information services. Research into the 
development of library, bibliographical and information 
techniques is at present carried out by several bodies, as 
is to be seen, for example, in the survey of information 
needs of physicists and chemists undertaken in 1963-64 
by Prof. B. H. Flowers on behalf of the Advisory Council 
on Scientific Policy and reported in the Journal of Docu- 
mentation (21, 83; 1905). Akin to this is the survey of 
chemical publications made by Dr. R. 8. Cahn for the 
Chemical Society of which an outline has been published 


* The Library Association. Acesse to Information : National 
frapkical Service. Pp. 4. inorm a 
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in Ohemisiry in Britain for August (1, 358; 1965). Earlier 
in the year Prof. W. C. Overend opened & parallel dis- 
cussion of this subject before the Society of Chemical 
Industry, and at the Library Association’s annual oon- 
ference at Harrogate in May, Mr. K. A. Mallaber, chairman 
of the Association’s Library Research Committee, read 
what he believed to be the first paper on research read at 
the Association's annual conferences. Techniques and 
trends in the effective utilization of engineering informa- 
tion were discussed by Mr. B. E. Holm in a paper 
published in Asiib Proceedings (17, 184; 1965). 

The Publio Libraries and Museums Act, 1964, gives the 
Department of Education and Science general oversight of 
the publio library service and it will be responsible for 
ensuring that workable schemes of inter-library oo-opera- 
tion exist. Besides participating in the co-ordination of 
effort and determining priorities, its responsibilities 
include establishment of the National Reference Library 
for Science and Invention and the National Lendmg 
Library for Science and Technology. It is intended that 
the new Office for Scientific and Technical Information 
shall bring together all the various growing points, 
inoluding the needs of university libraries, and see how 
the various proposals can best be fused into a national 
policy for developing soientiflo library and information 
services. While the Office will promote new services 
wherever the need is proved, it will not seek to run such 
services unleas no other suitable organization exists. 

The new Office was set up after the preliminary report 
Access to Information was completed, but while the 
Working Party was aware of the proposals on which the 
new organization was based, it did not consider they 
offered & complete solution. Like the Heyworth Com- 
mittee, which recommended a specific enquiry on this 
point, it saw a similar need for bibliographical organization 
in the social sciences and the humanities and suggested 
that duplication of effort could be avoided if the arrange- 
ments for scientific documentation served other subject 
fields as well. A national plan requires effective national 
machinery. 

While the National Central Library is the recognized 
centre for inter-library lending of books it is still inade- 
quate as a bibliographical information centre. Sir Frank 
Francis laid some strese on the differences in the needs of 
the scholar in the humanities as compared with the 
sciences or technology in this connexion. He thought it 
unlikely that a central lending library for the humanities 
would need to duplicate a large part of the holdings of 
the British Museum and other libraries. The Working 
Party suggests that to be effective the union catalogues 
of the National Central Library should include the 
holdings of major national, university and research 
libraries, irrespective of whether the material is or is not 
available for lending. No formal arrangements, however, 
exist to cover the immense reference potential of the 
British Museum and such national libraries as the Science 
Library, the Patent Office Library, apart from many of 
the smaller special libraries, a few university libraries and 
the public bbraries, and even the British National Biblio- 
graphy covers only a limited selection of Britain’s pub- 
lished output. 

While some of the services which are required under a 
national plan are thus in existence, they require extending 
and co-ordinating. To this end it is proposed that a 
representative ‘National Bibliographical Advisory Council’ 
shall be responsible for determining priorities and promot- 
ing and extending such services, as well as for stimulating 
research and for co-ordinating library and information 
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service activity. It would also be responsible for improv- 
ing the co-ordination of bibliographical services, including 
abstracting and indexing services, for encouraging better 
provision of reference and bibliographical facilities in 
libraries, and for acting as a link with international bodies 
concerned with planning bibliographical and information 
services. The executive functions would be entrusted to a 
national bibliographical centre with an adequate profes- 
sionally qualified staff and charged with establishing a 
clearing house for information on resources (including 
compiling and publishing detailed guides to sources of 
information and bibliographical guides of all kinds as well 
as sponsoring and organizing regional centres of informa- 
tion); establishing and controlling a full national biblio- 
graphy, present and retrospective; esteblishing full union 
catalogues; carrying out research and serving as a 
clearing-house of information on research; and acting as 
the secretariat to the advisory council. 

Mr. Corbett discusses the wider background of these 
proposals in the article already mentioned and in doing 
so indicates the limitations of the Government's own 
action in establishing the Office for Scientific and Tech- 
nical Information. The planning for a National Reference 
Library gives Britain e unique opportunity to develop 
this to include first an information division and secondly 
a research division to stimulate and co-ordinate existing 
experiments and studies in scientific communication, 
classification, abstracting, indexing and the use of litera- 
tare as well as to promote new studies which might arouse 
fresh interest in these professions and raise their status— 
a matter with which the present Minister for Education 
and Science has already indicated his concern. Mr. 
Corbett dismisses as entirely inadequate the Advisory 
Council for Scientific Policy’s mild reference to the need 
for the closest liaison between the new organization and 
the National Reference and Lending Libraries, both of 
which he would place under the new Office and in close 
liaison with any branches of the Ministry of Technology 
serving this fleld. He does not refer, however, to the 
probability that there might be some overlap or confusion 
with the work of the national bibliographical centre 
proposed by the Library Association: that position could 
well be olarified by another Scientiflo Information 
Conference such as the Royal Society announced in 1948 
or by a special investigation by & high level committee. 
Such a suggestion, however, is advanced to help convince 
the scientific community and the Government alike 
of the urgent need for & sound and comprehensive 

olicy 

" ML ‘Corbett, however, suggests that a reference centre 
is needed for science and technology such as was proposed 
and supported by the Advisory Council for Scientific 
Policy fifteen years or more ago. Although that plan 
was abandoned ten years ago, Mr. Corbett still sees the 
need and the possibility of such a centre arranged in three 
divisions, of which the National Reference Library (to be 
built on the south bank) would be the basic unit, but 
dynamically extended to include an information division 
and a research division. This would be developed from 
the extensive Patent Office Library and would be the 
heart of the national centre and energetically administered. 
Oomplemented by the other two divisions, its resources 
would go far to satisfy the needs of British science, 
technology and industry. If the Library remains under 
the British Museum Trustees, Mr. Corbett insists that it 
must work in close harmony and conform in policy with 
the scientific and technical requirements of the two other 
divisions and their Council. 
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Whether such a course is practicable or even advisable 
seems doubtful. So little progress has beer made and 
the record of frustrations and disappointments is such 
that there would appear to be sound reasons for separating 
the reference library entirely from the British Museum 
and relating it much more closely with the National 
Lending Library for Science and Technology in the Office 
for Scientific and Technical Information. We do not 
hesitate in war to change commanders who fail to win 
victories, and we should not be more reluctant in peace, 
in such vital matters as this, to replace those who fail to 
produce the energy and vision needed for resulte. The 
time is long overdue for a full enquiry into the reasons 
for such prolonged delay: the Estimates Committee has 
often enquired into matters far lees prejudicial to the 
public interest. 

Mr. Corbett makes no such comments himself, but 
there is & pointed reference to the possible effect of one or 
two driving personalities on the establishment of a new 
organization and on attracting to it imaginative staff. 
He also notes the need for a comprehensive register of 
scientista and their work—here again the division of 
responsibility between the Ministry of Technology and 
the Department of Education and Science does not seem 
likely to conduce to efficiency. It would probably be far 
more effective if one Ministry or the other were made 
responsible for establishing registers of scientista and of 
scientific research in progress and also studies of scientific 
and technical manpower. 

Organisation apart, there can be no question as to the 
opportunities which confront the new Office for Scientific 
and Technical Information. Mr. Mallaber’s paper displays 
some of these in the fleld of research and indicates how 
random has hitherto been the nature of the subjects 
investigated. Much of it has been the experimental 
investigation of theories to establish hypotheses. Libra- 
rians have not been particularly enamoured of what 
might be called pure research—the free collection and 
association of data from which new and perhaps unex- 
pected information may emerge—but Mr. Mallaber 
believes that such work needs encouraging, though it is 
leas likely than the former to produce immediately useful 
results. The third type—development work—-hss been 
little pursued in Britain largely on grounds of cost. While 
he suggests that in the next few years the Library 
Association should concentrate on securing & full and 
balanced statement of what research is needed and 
in creating within the profession an appreciation of the 
importance and value of research, he looks to the 
Government as the main source of funds. 

Here again there is a question of the relations between 
the Library Association and the new Office which brings 
out the vital importance of the professional contribution. 
That appears also in the compilation by the Colleges of 
Technology and Further Education Sub-Section of the 
Association of a revised edition of recommended standards 
of library provision in such institutions, recently issued 
under the title College Librariest. These new standards 
attempt to take into account such developments as the 
growth of liberal studies and the widening of curricula, 
and are designed to asaist the provision of sound and 
comprehensive library services in colleges of art, oom- 
merce, technology, and further education, etc. They 
cover resources required for efficiency such as books and 
sal, monet dete ce ia 
Raman sehr dire keen aei f ir 
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other material, staff, buildings and finance, and in issuing 
this revised edition the Library Aseociation has rendered 
a real service to further education. First things come first 
and while nothing can replace the need for energy and, 
vision and sound judgment at the centre the effectivenses 
of any national policy depends largely on ita continuous 
support by professional action at all levels. 

Still more recently, an article in The Times of August 10 
stated that temporary accommodation has been found 
for the National Reference Library for Science and Inven- 
tion in Central London and that an announcement from 
the Ministry of Public Building and Works might be 
expected within the next few weeks. At the same time 
the article, recapitulating briefly the history of the whole 
project over at least fifteen years, severely indicted succes- 
sive Governments for procrastination over a vital matter, 
and quoted Sir Frank Francis as saying that the whole 
scheme was in the melting pot at the moment. The 
article drew & letter on the following day from Sir Frank 
himself, agreeing as to the vital importance of this 
Library in connexion with the need for an increased 
effort in science and technology and maintaining that 
the plans submitted to the Royal Fine Arta Commission 
in 1903, worked out in the expectation that the Library 
would form part of a new Patent Office building, would 
provide a scientific library service second to none. Never- 
theless, quite apart from the uncertainty arising from the 
Government's severe curb on spending announced in July, 
Bir Frank admits that uncertainty over the future of the 
Patent Office has brought matters to an abrupt halt. 

Sir Frank gave some facts as to the progress which had 
been made before this situation arose. A staff of 93 out of 
the 97 so far sanctioned by the Treasury had been recruited 
—with the present staff in the Patent Office Library the 
total is expected to be about 200—and in collaboration 
with that Library they are already surveying and oo-or- 
dinating the collection in the Patent Office Library and 
the British Museum Labrary, filling gaps and purchasing 
up-to-date serials and monographs. The trustees of the 
British Museum have given strong support to all that has 
been done and are gravely disturbed at the obstacles to 
their plans. Sir Frank added that the advisory committee 
under Prof. H. J. Emeldéus, set up by the Trustees to 
advise on the services of the new library, had not met 
simply and solely because the delays and uncertainties 
made nonsense of any such meeting—as they do in fact 
of any thought of a national policy until the Government 
wakes up to the vital importance of the matter and 
realizes the mischief that it and ite predecessors have 
done. 

This, as Prof. R. 8. Hulton rightly observes in & sub- 
sequent letter of August 16, is the real problem. From 
what E. M. Nicholson is reported to have said, a major 
culprit at the moment is the Department of Education 
and Science, but the Ministry of Technology is equally to 
blame. Certainly it is to be hoped that neither scientists 
nor industrialists will be deluded by the establishment of 
a new Office for Scientific and Technological Information 
while the first eeeentials for promoting Britain’s industrial 
as well as her scientific and technological effort are 
neglected and disregarded. It is idle for the present 
Government to shrug the responsibility off on to their 
immediate predeceasors: if the first post-war Labour 
Governments had shown sufficient insight and energy the 
project would have been completed long since; if the 
present Government had acted on the plans available to 
it last autumn, to which Bir Frank Francis referred, the 
project would have been well started. 
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What has to be realized, and realized at the top, is 
that the needs of science and of technology are not to be 
met on the cheap or by party trickery. They require 
far-sighted constructive planning, free from party preju- 
dice and dogma, and sustenance by adequate resources 
which, once committed, are immune from preasure. Only 
so can serious waste be avoided. There are members 
enough in the present House of Commons, quite apart 
from the House of Lords, judging by some recent speeches, 
who have some understanding of the implications both of 
& National Reference Library for Science and Invention 
and of a genuine national library policy. So, is it too much 
to expect that they, firmly supported by professional 
associations of scientista and technologists, including the 
learned societies, should induce the Parliamentary and 
Scientific Committee to raise the issue and make matters 
really uncomfortable for any Government to continue to 
procrastinate ? The Government must make the decisions 
and allocate the resources required to establish the 
National Reference Library for Science and Invention at 
the earliest possible moment and make a national policy 
not only possible but also a reality. 


ADRENAL STEROIDS AND THERAPY— 
A CRITICAL ASSESSMENT 


Adrenal Sterolds and Disease 
By Cuthbert L. Cope. Pp. xi--827. (London: Pitman 
Medical Publishing Co., Ltd., 1965.) 126s. net. 

HIS book bears the imprint of the dual qualification 

of ite author as & physician and & biochemist; it is 
Saita wil an orbs kunlada of steroid biochemistry 
while all the time having the clinician’s needs in mind. Ib 
has the attraction, nowadays so rare, of a book written by 
a single author, and yet covers a wide field of medicine and 
therapeutics, gmoe corticosteroid therapy had, and still 
bas, application far outside the range of diseases of the 
adrenal gland. 

The introductory chapters deal briefty with the chemical 

structure, the biosynthesis and the occurrence of the 


natural adrenal steroids. Their concentrations in blood - 


and other body fluids, their metabolic transformation and 
the estimation of their metabolites in urine are discussed 
in the next chapters. There is a particularly useful analysis 
of the origin of the different urmary metabolites. This 
enables the reader to assess the very variable value of the 
many biochemical methods employed to test adrenal, 
pituitary or testicular function by steroid analysis in body 
fluids. Interesting examples of results of steroid estima- 
tions made in blood apparently contradicting findings in 
urine, or of different methods used in the same body fiuid 
giving divergent answers, will serve as a useful guide 
through clinical biochemical literature. Testa of adrenal 
function occupy one chapter; this is followed by a dis- 
cussion of more general questions, such as the role of the 
adrenal in stress, the evicenos für Gragainat tho sxistonde 
of ‘diseases of adaptation’, the relation between adrenal 
steroids and inflammation or immunity. Much space is 
devoted to the response of the body to prolonged treat- 
ment with steroids or with ACTH, to the question whether 
the response io stress-of either the adrenal gland or the 

may be permanently inhibited by such treat- 
insu, an 46 the demonstration of the extreme poarciby of 
reliable date on these problems. 

After several chapters with specific adrenal 
diseases of the type which has been known for many 
decades, there is a discussion of the discovery of aldo- 
sterone, its physiology and pethology, and its synthetic 
antagonista. The evidence for and against the existence of 
a steroid which causes loss of sodium occupies one chapter, 
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&nd the changing views on the relation between hyper- 
tension and the adrenal cortex another. A chapter on the 
synthetio analogues of cortisol serves as an introduction to 
the discussion of indications and complications of steroid 
therapy. It is here that careful consideration has to be 
given vo Mie mola ple cune pueden Uy PANT cero 
some of which are desirable in certain conditions and 
dangerous in others, and to the dangers of long-term 
effecta which may lead to a kind of addiction, to with- 
drawal symptoms, and to rebound phenomena of the 
underlying disease. No other medicinal substances are 
Spee ee Cees complications of 

own administration and to lead to disaster when 
their administration is stopped. The book concludes with 
chapters on special problems. One deals with the use of 
steroids in collagen diseases, in disorders of the blood and 
in ophthalmology. The fact that the eye oan be treated 
with steroids by local application carries the great advan- 
tage of avoidance of systemic signs of overdosage, but this 
does not mean that treatment need not be cautious and 
circumspect. One chapter discusses the discovery of sub- 
stances which inhibit adrenal synthesis by interfering with 
§-hydroxylation, and another the clinical implicationsfof 
the observation that certain steroids cause fever. Adrenal 
function in pregnancy, in the foetus and in the new-born, 
occupy special chapters. Another is devoted to the recently 
discovered 


masoulinizing effect on the foetus of treatment - 


of the mother with progestins, and a further chapter to the 
occurrence of signs of hyperadrenaliam in malignant disease 
not located in the adrenal gland. Each section has ita own 
detailed bibliography. 

The author's views are balanced and cautious, and are 
expressed in a clear, readable style. Diagrams and short 
summaries help to clarify and recapitulate oonclusions 
drawn from an often bewildermg mass of contradictory 
claims. Fellacies of arguments based on inconclusive 
evidence are pointed out, and the reader is ahown how to 

ish incontrovertible biochemical evidence from 
data which can be interpreted in more than one way. 
The clinician interested in the rationale of steroid therapy 
and in diseases of the adrenal gland will be the first to 
profit from this book, but the laboratory worker interested | 
in the practical consequences of endocrinological research 
will find it just as fascinating. Mantua Voer 


RABBIT THROUGH THE 
LOOKING-GLASS 


The Rabbit In Eye Research 
Compiled and edited by Prof. Jack H. Prince. Pp. xvid 
53. 52. (Springfield, Il: Charles C. Thomas, 1964.) 87 


P ETE geben claim ht thin oompandtum opens 
a complete study of the eye of the rabbit is very 
nearly true. It oovers the anatomy of the bony orbit and 
of the ocular adnexa. There is a detailed account of the 
morphology and physiology of the globe wherein the 
chapters on the chemistry and aqueodynamice of the 
ocular fluids and on the retina and optic nerve are out- 
standing—the former by its excellence, the latter by its 
lack of critical appraisal of the material with which it 
deals. The on the electron microscope is beauti- 
fully illustrated and lucid in the extreme. The book 
concludes with a description of the vascular and neuro- 
and & ahapter on the effecta of sundry 
electro-magnetic and ultrasonic radiations. 

Why was this well-organized book written at all? Prof. 
ee ee “while one must always remind 
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these similarities is a matter of opinion, and the cynic may 
be forgiven the thought that if cats had been cheap-m 
pre-myxomatosis days, a case might now be made for 
writing a practical book on cate—in spite of their tapeta. 
Monkeys would be even better. Same examples serve to 
illustrate this point: the solidity of the walls of the eye-ball 
of man more nearly compares with that of these tissues in 
cat than m rabbit. This is a matter one recalls whenever 
tonometrio date are compared for different species, and 
here we learn (p. 286) that aqueous flow rates in rabbit 
eyes have to be derived from calibration tables constructed 
for human eyes. Anyone conversant with the trabecular 
meshworks in the two species will be pardoned for raising 
his eyebrows over this extrapolation. Secondly, the 
function of the rabbit retina differs from that of man more 
than does the feline. As this difference extends to visual 
behaviour, and there is no evidence of any typically 
human photopic apparatus in the rabbit, any hope for a 
search for cone pigments in the rabbit retina would not 
appear to be by & marked sense of priority. 
Again, a considerable part of the section on the electron 
microscopy of the retina contains examples culled from 
work on guinea-pigs. Even though there are many simi- 
laritiee between the two species in this respect, this is 
supposed to be a book on the rabbit eye, not on oompera- 
tive anatomy. 

The price of the book is more than £18. For all the 
troubles now befalling sterling this is a fearful amount of 
money. At that price one could expect a more uniformly 
high quality in graphs, especially when they are “after”. 
But the fact remains that the book is a classic of ite kmd: 
those who oan afford it will find reimbursement in the 
time saved in looking for references by using the extensive 
lista after each chapter and also the excellent index. 

R. A. WeaLe 


ANTIBIOTICS RESEARCH 


Recent Advances in Chemistry and Blochemlstry of 
Antibiotics 

By Prof. Hamao Umezawa. Pp.iv--264. (Tokyo: Micro- 

bial Chemistry Research Foundation, 1964.) 1800 yen; 

5 U.S. dollars. 


RESENT Advances in Chemistry and Bi of 
Antiobiotics, the first book to be published val the 
Microbial Research Foundation of Japan, seta out to 
present a readable account of the more important dis- 
coveries in the chemistry, bioch and mode of 
action of antibiotics from 1958 to about mid-1964. Bo 
far as possible, a chemical classification has been adopted. 
The first chapter deals with sarkomyoin, griseofulvin, 
puberulic and stipitatic acids and a host of other non- 
nitrogenous antibiotics, many of which, like helvolic acid, 
cephalosporin P and fusidio acid, have structures sugges- 
ting biogenesis by way of mevalonate. A brief chapter on 
the glutarimides precedes polyene an agents and 
macrolides. The importent group of antibiotics derived 
from amino sugars, including streptomycin, bluensomycin, 
neomycin, paromomycin and kanamyoin, follows and con- 
cludes with a brief account of the mode of action of 
streptomycin and kanamycin. Brief reference to N- 
glycoside antibiotics is followed by the peniciline and 
Paapaa C and a lengthy chapter on antibioticos 
erived amino-acids and polypeptides. The remain- 
ing chapters are devoted to the tetracyclines, aromatio 
nitrogen-containing and heterocyclic antibiotics, and con- 
clude with & section on miscellaneous substances such as 
the antibacterial streptolygidin and the antiprotozoal 
agents teleocidin A and B. Structural investigation among 
many of the substances in the final chapter continues, 
hence classification is biological rather than chemical. 
The style of the book is reminiscent of Annual Review of 
Biochemistry, for which much of the material was originally 
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written before it was decided to publish it in its present 
form. In one or two places the text tends to be a catalogue 
of physical and chemical date and, while this is invaluable 
for reference, it tends to make those sections lees readable. 
Prof. Umezawa has, however, succeeded in producing & 
text which is brief and comprehensive but not incompre- 
hensible. It is perhaps that there is no mention 
of oephaloridine, although the closely related 7-(2-thienyl- 
acetamido)desacetoxycephalosporanic acid and ocepha- 
loeporin C4 are both included. 


A few graphical errors were found; for example, 
“bond” (Ene 7, p. 107), “streptomyces” (line 15, p. 179) 
and ‘ o% (line 28, p. 67) are misspelt, and the 


numeral under the structure for rhodosamine (p. 158) 
should be 7Z-X XIV. A to references 187 and!189, 
the group in formula I-LVI (p. 27) is misplaced 
and it is not made clear if this is a revised structure com- 
municated to the author. The page numbers to references 
187, 144 and 145 are inoorreot and the symbol for tauto- 
meriam and not mesomerism should be used at E T'-X VIII 
(p. 188), while acetylenedicarboxamide is described on p. 
101 and not 102 as indexed. These very minor criticisms 
are, however, more than abundantly offset by Prof. 
Umezawa’s masterful handling of this subject. In parti- 
cular, those chapters with amino sugar, amino- 
acid, peptide, heterocyclic, glutarimide and nitrogen-free 
antibiotics reflect his expertise, and the penicillins and 
tetracyclines are excellently presented. 

This book provides a wealth of up-to-date information, 
which, together with almost fifteen hundred references to 
reviews and original sources, makes it a valuable addition 
to the bookshelf of all organic chemists, biochemiste, and 
microbiologists interested in current in this fleld 
of natural products. Prof. Umezawa Fag set a high stand- 
ard for future companion volumes. A. M. Coun 


UNIFORMITARIANISM VERSUS 
NEO-CATASTROPHISM 


Bombarded Earth 

An Eesay on the Geological and Biological Effects of Huge 
Meteorite Impacts. By René Gallant. Pp. 256+ 27 photo- 
graphs. (London: John Baker Publishers, Ltd., 1904.) 36s. 
net. 


HE great triumph of the British school of geologiste 

represented by Hutton, Playfair and Lyell was to 
bring order out of chaos simply by postulating the doctrine 
of uniformitarianiam. This assumption removed the need 
for the continual invocation of catastrophes required by 
Cuvier’s school of thought, with its derd for the fixity’ 
of species. The death knoll to such ideas was given by 
Darwin’s theory of gradual evolution. 

In the past few decades, however, it has become clear 
that meteoritic impact must have played some part in the 
shaping of the Earth's features. The basic question at 
issue is whether the overall effect of meteoritic impact is 
amall or significant. In Bombarded Harth, Gallant intro- 
duces a hypothesis of neo-catastrophiam, the mechanism 
of which is meteoritic impact, not supplanting uniformi- 
tarianiam but complementing it. 

The first quarter of the book is devoted to a treatment 
of meteoritic impact, which, by and large, but with certain 
reservations, representa the consensus among most astro- 
nomers and many geologists to-day. From this point of 
departure, Gallant devotes a chapter to the possibility of 
shirts of the polar axis and changes in the length of the 
day by virtue of meteoritio impact on the Earth. Apart 
from the effect of meteorites in this connexion, such 
changes of small magnitude are known to occur at present 
and the causes of some of them are known (Gold, T., 
Nature, 175, 526; 1955). Gallant finds that significantly 
large shifts can be brought about without fragmentation 
of the Earth itself only by a relatively long sequence of 
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impacta by asteroids of reasonable size. He makes his 
calculations on the basis of conservation of energy in the 
impact whereas the correct balance to use is conservation 
of momentum (see the discussion of impulsive forces and 
Carnot’s theorem in J. 8. Ames and F. D. M 

Theoretical Mechanics, Dover Publications, New York, 201 
and 278, 1958). The former method is not valid but 
probably gives answers approximately correct. 

Gallant discussea next the possibility of slip of the 
Earth’s crust over the underlymg mantle by virtue of 
meteoritic impact, producing contmental drift. Since 
most suggested mechaniams of creating the drift are 
inadequate (except possibly thermal convection), he pos- 
tulates sliding of major land masses over the asthenoephero 
(interpreted as plastic) consequent to meteoritio impact. 
In later chapters, he invokes this process to interpret the 
data on palgeontology, palaeoclimatology, and palaeo- 
magnetism that Wegener’s hypothesis is frequently called 
on to explain. In this connexion, he streases the apparently 
sudden extinction of various species (such as the dinosaurs 
at the end of the Cretaceous) as evidence of catastrophiam. 

However, a rule of thumb exists in the field of the 
weapon effecta of craters from nuclear explomons on the 
ground, implying that a heavily reinforced concrete struc- 
ture underground and only narrowly outside the crater 
formed by the explosion will survive, at leest in large 
part. The important point is the very high rate of attenua- 
tion of a shock wave to seismic amplitude in the ground 
outaide of the crater. Thus, it is extremely doubtful that 
Gallant’s mechanism to produce slip of the Earth's crust 
can be o ive. 

Gallant refers with examples to the frequently suggested 
poseibiity that many of the large and roughly circular 
features on the Earth are meteoritio in origin. In this 
connexion, he mentions the theory which I have put 
forward (Nature, 190, 1048; 1961) that the terrestrial 
ocean basins were formed in this manner, far back in the 
Pre-Cambrian. However, he does not fall into the 
absurdity of claiming that all such roughly circular 
features are meteoritic in origin. 

Some errors of fact were noted. On p. 79, meteor velo- 
cities for hyperbolic orbits are quoted—now known to be 
rare or non-existent. The temperature 10* *O given on p. 
180 for impact of a large meteorite is far higher than the 
actual figure of approximately 105 °C. The latter value is 
large enough to produce thermal ionization and thus an 
intense flash of light m the impact, but not enough to 
excite nuclear reactions, as stated on p. 181. 

An unfortunate aspect of the argument of Bombarded 
Earth is the suggested correlation of impacta of large 
meteorites with events in the historical records of ancient 
peoples. Moreover, the discussion in many cases contains 
a rather larger measure of unverifiable speculation than 
most specialista would be willing to accept. 

J. J. GILVARRY 


INDEX OF CRYSTALS 


The Barker Index of Crystals 

Vol. 8. Crystals of the Anorthic System, Part 1: Intro- 
duction and Tables. Pp. vi+94. Part 2: Crystal Descrip- 
tions A.l to A.831; Atlas of Configurations. Pp. vii +text. 
Edited by M. W. Porter and L. W. Codd. (Oambridge: 
W. Heffer and Bong, Ltd., 1964.) 240s. per two parte. 


HE Barker Index facilitates the speedy non 
destructive identification of i materials. 
Volumes l (Nature, 169, 851 (1952)) and 2 (Nature, 180, 
821 (1957)) covered some 6,500 substances, and this final 
volume, listing some 800 triclinio (anorthio) crystals, 
brings a monumentel undertaking to a praiseworthy 
conclusion. 
Given any crystal in & standard setting and orientation, 
a systematio description becomes possible in terms of 
particular interfacial angles. This principle, conceived by 
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Federov and rendered workable by Barker (whose Syste- 
matio Crystallography was published in 1930), faces ita 
most searching test when applied to crystals of the triclinic 
system. Here, Barker’s rule of simplest indices sometimes 
fails to resolve ambiguities of setting, and much of the 
credit for overcoming this difficulty, mainly by means of 
topological and projective relationships, must go to Prof. 
Terpstra and his colleagues in Groningen. Because of 
this unavoidable complexity, Volume 3 has nearly double 
the average number of pages per crystal compared with 
the previous volumes, while matrix methods of checking 
angles have involved the use of a computer. Is it, parhaps, 
a little optimistic of Dr. Perdok to suggest that "the 
chemist with merely a basic crystallographic knowledge” 
would be able to use this volume of the Index? 

The basic pattern remains similar to that of Volumes 1 
and 2. In Part 1, after an explanatory introduction 
(including worked examples) by Dr. Hey, Mr. Codd gives 
an &ooount of the use of the bond matrix for caloulating 
crystal angles, and Dr. Perdok surveys the work done in 
Groningen. Then follows a table of multiple tangenta (for 
the third time !), the main determinative table of classi- 
fication angles, and more limited auxiliary tables of 
refractive indices, densities and melting pointe for con- 
firmatory purposes. Two new features now appear: first 
a 48-page table, constructed from the output of the 
Oxford University computer, lista the bond matrix and 
its Inverse for nearly all the crystals; then a 94-page table 
of configurations is given to facilitate selection of correct 
crystal setting and orientation. Part 1 concludes with the 
customary threefold list of substances, although it 1s to be 
regretted that some names, for example, A.760, are leas 
informative than they would be had they followed the 
nomenclature recommendations of the International 
Union of Pure and Applied Chemistry. 

The crystal descriptions, which make up the greater part 
of Part 2, are not only valuable in their own right, they are 
a useful supplement to the American Society for Testing 
Materials (A.8.T.M.) powder ındex, for there are only 18 
substances ın common. Part 2 concludes with a colourful 
30-page atlas of configurations, provided as an alternative 
means of crystal setting by reference to standard zono- 


grams. 

It is a credit to both editors and printers that accuracy 
continues high and errors are few—a power missing on p. 
42, and a mis-spelt word on p. 49; a formula error in A.269, 
while A.88 is assigned six A.B.T.M. index linee instead 
of three. Economy in cross-reference and space might 
have been achieved by listing the bond matrix immediate- 
ly after the crystal description, and olarity in the intro- 
ductory chapter might have been better served by distin- 
guishing occurring in the text from those so usefully 
collected at the end of this section. But the omission of 
anorthic minerals from the present volume is deliberate. 
While we applaud the vimon of the Barker committee, the 
workmanship of an international team and the devotion 
of the joint editors, they promise us & mineral supplement 
for good measure. R. Huta 


A SYSTEMATIC REFERENCE TO 
PALAEARCTIC BIRDS 


The Birds of the Palearctic Fauna 

A Systematic Reference. Non-passeriformes. Vol. 2. 
By C. Vaurie. Pp. xx+763. (London: H. F. and G. 
Witherby, Ltd., 1965.) 147s. 


R. VAURIA’S first volume, covering the Passeri- 

formes, was published in 1959 (Nature, 184, 666; 
1859); this second volume deals with all the non-passerine 
species, 559 in number. The complete work provides a 
new base-line for the taxonomic and geographic study of 
the species and sub-species of birds native to Greenland 
Europe, North Africa, and the northern part of Asia, 


- advocate 
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It will certamly be a standard work of reference for many 
years to come. 

The work has this clearly defined purpose; and it is not 
within ite scope to give descriptions or illustrations of 
species, and still lees their life-histories. It does, however, 
mention the distinctive characters of sub-species, in order 
to indicate the trends of variation. Some information is 
also given about habitat, which is relevant to distribution, 
although, as the suthor pointe out, ite nature varies 
geographically and seasonally, and can in the longer term 
be influenced by ing environmental factors. 

Thus, Dr. Vaurie has kept to his particular and surely 
sufficient task of systematic presentation, based on many 
years of work in the principal museums of Europe and 
North America; the instatution which he serves, the 
American Museum of Natural History in New York, 
nowadays has the Rothschild Collection earlier used by 
Hartert at Tring. The author has worked in close touch 
with Soviet ornithologiste, and this has been of great help 
in enabling him to deal effectively with the forms found in 
northern Asia. In the course of his investigations he has 
published many notes on icular groupe, allowmg him 
now to give the end- ta without detailed discussion 
except where it 18 desired to direct attention to some out- 
standing problem. All references,to other sources have 
been checked by him with the original publications. The 
whole massive undertaking bears the stamp of expert 
authority. 

In his taxonomic presentation, Dr. Vaurie directe 
particular attention to the trends of intraspecific geo- 
graphical variation. There is a weloome flexibility in 
dealmg with sub-speciee, which he places in three grades of 
valdity—well differentiated, not well differentiated but 
acceptable, and unaccepted but worthy of mention 
(mostly pointa on & oline). 

The other facet of the presentation gives the distribu- 
tion of each species and sub-species within the region. The 
information is given ın some detail and is a moet valuable 
feature of the book. Exxtra-limital distributaon and the 
exstence of extra-limital sub-species are more briefly 
indicated. 

Although other taxonomists may not accept the author's 
judgment on every point, the existence of this work will 
constitute a challenge to state reasons for any different 
pani Ornithologists in general may be less willing to 

ollow Dr. Vaurie in certain unexplained departures from 
the traditional order of species within a genus, or of genera 
within a family; these sequences have long since ceased 
to be regarded as more than convenient, and it is not clear 
that new arrangements have any special merit. 
LAWNDSBOROUGH THOMSON 


TOWARDS A STRATEGY OF MATURITY 


The Sclentific 

The Impact of Science on Society. By L. V. Berkner. 
Pp. xvi--187. (New Haven and London: Yale University 
Pros, 1964.) 30s. 


N these Turnbull Lectures, delivered at the University 

of Yale, Mr. L. V. Berkner discusses in succession the 
economy of plenty, advanced education for a new age, 
the relations between science and government, science 
and philosophy, and what he terms “a strategy of 
maturity”. In the first he explains the significance of 
science and technology for the economy of the United 
States as a whole. However, while he emphasizes the way 
in which science and technology contribute to the stability 
of the economy, his attitude is startlingly different from 
that of Prof. J. K. Galbraith. He seams inclined to 
roduction and change for their own sake: he 
never challenges the tendency for the proceas of pro- 
duction to create ‘needs’. His more constructive and 
fundamental thinking is found in later chapters, for 
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example, when he considers the e of the univermties 
in the changing society of the United States. Despite 
the close relations to conditions prevailing 1n the United 
States, of which he is somewhat critical, his comments on 
high-school education and univermty education should be 
pondered in considering the expansion of higher education 
in Britain, particularly in relation to the proportion of 
technicians to postgraduates who are being trained. 

In his chapter on the role of the universities he com- 
mente freely on Clark Kerr’s Ths Uses of the Unwersuy, 
and again refers to this in his brief outline of the problems 
of Government finance for research and the selection of 
reeearch projecte. Here also he 18 critical of present-day 
policies and urges that up to 35 per cent of overhead 
expenses should be allowed against direct costa under 
research grants as encouraging institutaonal support for 
younger and unknown acientiste, and the initiation of 
new, but soundly conceived, projects as well as encour- 
aging better internal administration of public funds and 
greater freedom for the scientist while reducing Federal 
control of the institution. Much of his discussion of science 
and philosophy stems from Lord Snow’s The Two Cultures, 
the broad thesis of which he accepts. This he regards as 
fundamentally a problem of communication. He is oon- 
cerned that failure to comprehend the character and 
power of the means available for improving the condition 
of the bulk of mankind may lead to the degeneration of 
our civilization. This is a task which calls for the con- 
tribution of the humanist as well as of the scientist if we 
are to achieve the disciple of mind and body that will 
master the machme. 

When he outhnee his “strategy of maturity", Mr. 
Berkner comes nearer to the point of view of Prof. Gal- 
braith. He considera that at present the educational 
capacity of the United States, particularly with regard to 
the proportions of learning and skill required, the policies 
governing the encouragement of science and the attitudes 
of society generally, are potential sources of instability. 
Causing instability also in & similar fashion are: the 
potential elimination of poverty by extending to every 
level of society the opportunity for higher education; the 
increasing lack of balance in social opportunity in & 
world divided between the highly industriahzed nations 
and the underdeveloped areas; and the radical change 1n 
the character of war and of justice among nations. 

On the educational side, he looks for & solution to the 
improvements ın curricula and in teaching at the elemen- 
tary and secondary school level which are already leading 
to progress in individual capacity, as well as to improved 
articulation between school and university. Improvements 
which could also help include increasing the opportunities 
for studente to participate in research at an early age 
with more effective presentation of the idea content in 
university courses, and the shift of professional emphasis 
and specialization to the graduate school. However, he 
suggests that in tho next decade in the United States the 
emergence of the junior college may be the most far- 
reaching development, and this suggestion also has ite 
implications for Britain. He has some cogent observations 
on the character of business management and on training 
for management and more especially on relations between 
business and industry. He writes with brevity and realism 
on social change, the problem of poverty and population 
and the challenge of the underdeveloped peoples. Implicit 
in 1t all is the msistence on honest and clear thinkmg 
regardless of political prejudice. We must face frankly 
the real issues of the timo, and a strategy of maturity would 
arise from any rational attitude of mind that evaluates 
alternatives objectively and tests each step analytically, 
seeking to utilize the optimum advantages that our 
scientific culture affords. Outside the American context, 
Mr. Berkner offers little in the way of constructive pro- 
posals, but nevertheless he is as challenging and stimu- 
lating for the British readers as for the American audience 
he orginally addressed. R. BRIGHTMAN 
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Measurements for Stresses in Machine Components 

By V. F. Yakovlev and I. 8. Inyutin; translated from the 
Russian by J. J. Cornish. FP. xv+185. (Oxford, London 
and New York: Pergamon , 1964.) 50s. 


HOLE this text has all the signs of careful and 

reliable translation, it remains a somewhat slender 
vand in some respects ill-belanoed treatment of experi- 
amental stress is. The authors support their discus- 
sion by 69 reasonably well-chosen illustrations (mainly 
line diagrams) and 48 bibliographic referenoes—&lmost 
entirely selected from Soviet publications. Though & 
useful book for engineers and research workers deeply 
concerned with the strength of structures and maohine 
componenta, it has little general appeal as a teaching 
text, and the publishers rightly claim no more than that 
it “. . . wil be of interest in graduate departmente of 
engineering .. .". 

It is not unduly purist to point out that, despite the 
title, the book is concerned with the more familiar situa- 
tion, namely, measurement of strain and subsequent 
inference of stress. The central theme is devoted to tech- 
niques, based predominantly on the electric resistance 
strain gauge, for assessing the distribution of strees inside 
solid bodies: the greater part of the text deals essentially 
with statio loading, but the final chapter touches briefly 
on dynamic and i conditions. The technique 
requires that unbonded strain iently small 
and close together to justify the assumption of measure- 
ment at a point—should be embedded in models (not 
necessarily full-scale) cast in epoxy resin. Practical 
aspects are discussed in considerable detail, covering 
manufacture and iti of the gauges themselves, 
appropriate electrical measuring circuits, correct treatment 
and curing of the resin, together with advice on materials 
suitable for the moulds. Illustrations of how the pro- 
cedure may be applied are then given in terms of aimple 
bending of beams, stress concentration at a circular hole 
in a flat-plate, two mutually perpendicular i 
which are pressed against each other, and the pressure of 
variously shaped dies on an elastic half-space. Mathe- 
matical analysis is used somewhat sketchily and it is 
robably at this point that workers having only a limited 
Pack ground iw stress analjeis: will find the book aeaa 
factory 


particular inadequacy runs through to the main theme 
of the book; and the inexperienced reader is left much 
in the dark on how exactly to infer principal streases at a 
point where he has no prior knowledge whatever of the 
axes of the principal strains. 

However, despite its weak points, this book will be 
of interest and practical value to the experienced workers ; 
and this, in fairness, seems to have been the primary aim 
of the authors. B. N. Comm 


Theories of Nuclear Fission 

By L. Wilete. (Oxford Library of the Physical Sciences.) 

Pp. x+182. (Oxford: Clarendon Prees; London: Oxford 

University Press, 1964.) 18s. 

li bee: study of nuclear fission prooessed has been an 
active fleld for more than twenty-five years, but 

many features still remain to be explored experimentally 

and discussed theoretically. However, it is a good 

moment to review the progress made over the past 

decade. 

In his small monograph Dr. Wilets discusses present- 
day models of fission, including the liquid drop, adisbatic 
and statistical models. He starts with a clear and concise 
description of the historically important liquid drop model. 
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The elegance and precision of this model, which has always 
appealed to physiciste, are exemplified by this treatment. 
Its limitations are explained and then the discussion 
movee to more reoent models. Rather than discuss them 
in detail the main features are listed, therr importance 
considered, and the region of validity examined. Probably 
this style of treatment is essential in a monograph. For 
the same reason only a limited range of the experimental 
material is covered, but the most pertinent is used in 
order to test the models. The mathematical presentation 
is fairly elamentary, making Theories of Nuclear Fission 
quite easy to read. The pragmatist may feel that this ` 
prevents an exact understanding of some parts of the 
subject. However, to those unfamiliar with the modern 
developments in the theory of fission, this monograph 
will be & useful guide, while to those engaged in the fleld 
it is & stimulating review. Altogether it is a well-written 
and well-presented monograph. P. A. EGHLSTAFYT 


Theory and Methods of Nuclear Reactor Calculatlons 
Edi by G. I. Marchuk. Authorized translation from 
the Rusman. Pp. viii+199. (New York: Consultants 
Bureau, Inc., 1964.) 40 dollars. 


Jason and Methods of Nuclear Reactor Calculations 
is a collection of fifteen papers dealing with neutron 
transport theory, and in particular methods used in the 
design of reactors, with & group of three papers dealing 
with topics such as optical model calculations and inelastic 
soattering of neutrons by iron. It is a translation by the 
Consultants Bureau, New York, of the original Russian 
text published in 1962, and edited by Prof. G. I. Marchuk. 
The translation has been carried out efficiently. 

The papers dealing with reactor theory discuss methods 
which are useful in practical work—they are mainly 
numerical in character. The first two pepers deal with 
the application of the spherical harmonics method—a 
method which has been superseded in many cases by the 
direct numerical integration Sn methods of Carlson, 
which are also discussed. Other subjects of technical 
interest which are mentioned include: the calculation of 
the burn-up of pae in reactors, the thermal neutron 
spectrum in.a homogeneous mixture of moderators at 
different temperatures and neutron resonance absorption. 
The paper which deals with the optical model of the 
nucleus is concerned with the calculation of the transport 
cross-section—im this paper the choice of various pare- 
meters in the model does not seem to be always justifiable. 
However, it is & useful compilation of papers of interest to 
reactor physicists. J. H. Tarr 


A Petrography of Australlan Igneous Rocks 
By Dr. Germame A. Joplin. Pp. xiii+210. (Sydney and 
London : Angus and Robertson, Ltd., 1904.) 68s. 


HIS short text-book of petrography, presented along 

genotio lines, is illustrated entirely by descriptions of 
rock-types occurring in Australia and it has doubtless 
been written to vide advanced students in Australia 
with a course of instruction besed on local material. 
The work, however, is well documented and it will be useful 
elsewhere both as a précis of Australian literature and as a 
ready source of references to it. The book is in three 
parte, of which the first is concerned with classification, 
nomenclature, and textural terms (including brief glos- 
saries of rock names and of textures), the second with the 
rocks of non-orogenic regions (tholeiites and alkali basalts), 
and the third with rocks of the orogenio belts (alpine 
ultramafics, spilites, andesites, granites). Shoshonites 
and their differentiates occur in both environments. 
Dr. Joplin has given a lucid exposition of the relationship 
between magma-type and tectonic environment, and in 
this connexion her work deserves to be widely read. It 
contains $9 tables of chemical analyses and is illustrated 
by about 150 microdrawings. C. F. Davipson 
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INTERACTION OF TECHNOLOGIES* 
By Da. J. W. S. HEARLE 


Department of Textile Tech 
(Manchester College cf 


gu UM i ee The use of materials 
is central to all technology. The rooket technologist 
may oaloulate the thrust needed or define the controls 
which must be used; the computer technologist may 

the functional o ns; the electronic circuit 

may think of 
We ea ain baa, even the artist or 
musician may conceive their creations: all these thmgs 
can be done in the abstract; but for execution of any of 
the plans real materials must be used. With other teoh- 
nologies, such as chemical engmeering, metallurgy, textile 
technology, and much of mechanical and civil engmeering, 
it is le to isolate any aspect of the subject 
whioh is not a materials blem. Ultbnately the 
solution of any Savina: vour oan be reduced to 
putting the right material in the right place. 

Materials science is thus a meeting-ground for many 
technologies. There are others, such as the provision of 
power, instrumentation and oon eel obaki and 
statistics, the similarity of mathematical forms, and the 
application of the laws of mechanics. These are all areas 
where the practitioners of different technologies can profit 
by common discussion. None is moreimportant than the 
vision of materials with the properties needed to do the Job. 

New materials and advancing technology. We can see 
in materials science an immediate intergotion in tech- 
nol advance. New materials generate new technical 
possibilities, and so new industries arise; while, contrari- 
wise, the demands of advancing technologies force the 
materials technologist to develop new materials. Some- 
times the new material triggers the creation of a new 
utilization technology, and sometimes the demands of an 
advancing technology trigger the production of a new 
material. 

This sort of interaction is seen in the relation between 
electronic engineering and semi-conductora, between fuel 
technology and rooketa, or between aircraft design and 
advances in metallurgy. It is seen in the development of 
polymer technol in the past forty years which has led 
to the vast new of plastics, man-made fibres 
and synthetic rubbers: these in turn have influenced 


tyres, engineering, appliances, furniture, packaging, to 
name but a few—while, on the other hand, the demands of 
Ee ee es 
temperature polymer technology. At the frontiers 
of vancing technology, there is a ferment of ideas 
associated with advances in materials science. 

Older iss: the oreation of new demand. In 
well-established industries using readily available and 
well-known materials, the problems of materials teoh- 
nology may not be so acute. The materials available may 
seam to meet all the technical requirements; and the 
designer oan get by for a time without too much thought 
about materials—merely selecting them as components on 
the basis of past experience or a cursory aheok of 
tables of standard products. Even here, advances in 
materials technology must be watohed, if for no other 
reason, in order to ensure that the material bemg used is 
the most economical. But, surprisingly, new materials 
often generate new and unexpected technical demands. 

The advent of synthetic fibres provides a simple 
example. Wied! uylon-was introduced in 1088, ita obvious 
technical advantage was toughness, and it was first used 
where there was an unsatisfied demand for this quality: 
stronger ladies’ stockings, harder-wearing socks, and 

* Bee. Nature of September 11, p. 1121 (1965). 
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better parachute fabrice were among the first uses. But 
then the development began to follow lmes which would 


not have been predicted by a textile Actes abies for 1988. 


Even the requirements in ladies’ stockings 

long life to extreme fineneas—the demands of glamour 
outweighing the demands of efficiency. Then, with nylon 
and also the polyester and acrylic fibres which followed, 
new ease-of-care, drip-dry, waah-and-weer, crease-re- 
sistant and pleat- ing properties were achieved in 
textile fabrics as a result of the heat-setting characteristics 
of synthetic fibres. There had been no great publio demand 
for this: prior to 1945,.the public had accepted the 
attributes of a cotton shirt or & wool suit as satisfactory. 
But once we met the advantages of the new materials, we 
realized how much we wanted the new properties. 

As a consequence, the cotton, wool, and rayon tech- 
nologists had to set to, and find ways of achieving similar 
properties in fabrice made from these fibres. Resin finishes 
which would yield drip-dry cottons, and chemical treat- 
mente which would set wool fabrics were discovered. 
Scientifically there is little reason why these processes 
could not have been discovered in the great advances in 
the chemioal finishing of textiles m the second half of the 
last century, or through the work of the strong British 
textile research associations established around 1920. But 
it was not until the new material had created the new 
demand that the problems were tackled and solved. The 
whole process has been repeated following the enormously 
successful introduction of stretch yarns made from 
synthetic fibres: stretoh cotton and stretch wool are 
following. All this is part of a revolution in textile tech- 
nology, more fundamental than the industrial revolution 
which brought power to the machines but did not change 
the materials; and it has come about as a result of inter- 
action between chemical technology, polymer technology, 
man-made fibre technology, and traditional textile tech- 
nology—3nteraction, too, between mechanical and chemical 
aspects of fibre and fabric technology. 

Materials sciences. The problems which arise between 
materials-produoing, materials-procesang, and materials- 
using technologies make one group of interactions related 
to different stages in the life of a particular material. But 
what about interactions between the technologies of 
different materials? 

Tronically, the various materials technologies have 
developed with little contact between one another. 
Although they may have had mutual associates, tho 
metallurgist and the glaas technologist, the ceramicist 
and the textile technologist have not often met. 

The lack of contact between materials technologists 
mattered little so long as each industry was run mainly 
on a craft basis, utilizing traditional recipes and pro- 
cedures. The oookery involved in the ageing and. 
ripening of the cellulose solution used in rayon production 
is of little relevance to the empirical cookery of the iron. 
smelter. It is only with the application of science that a 
basis for useful contact between materials technologies 
becomes established. The understanding of the chemistry 
and of the macroscopic physical behaviour of materials 
dates from the days of Newton, Boyle, Hooke, Lavoisier, 
Dalton, Kekulé, Poiseuille, Faraday, and Clerk Maxwell; 
but it is only in the past fifty years that we have really 
come to understand. the fundamental nature of materials. 
Even to-day, although we know a lot about gases, orystal- 
line solids, and rubbers, and have mathematical theories 
of their behaviour, we are still very ignorant about liquids 
and glassy amorphous solids. 
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At first, too, as scientista looked at the problems of 
industrial materials, there was so much to study that each. 
materials science could develop on ite own. A basic frame- 
work of knowledge had to be established. But now, as & 
result of the advances in pure science and in the applied 
sciences of various materials, contact between materials 
scientists is needed and is likely to yield surprising benefits. 
Already there are examples which can be quoted. 

Oontinuwy and discontinuity. In the materials of 
construction, strength is the most obvious technological 
requirement. Strength comes from continuity of structure. 
In metals we have a continuous band of electrons holding 
the atoms together, and in polymers we have a continuous 
network or cham of covalent chemical bonds. In strong 
materials, the structure of which is not 80 well known, this 
provides a clue about what we must look for. Thus in 
gleases there is probably & network structure though this 
is not so well defined as in polymers. In orystals of small 
molecules, the extent to which one can get strength 
depends on how closely the molecules can pack together 
in order to develop a degree of continuity in inter- 
molecular attractions. 

Conversely, discontinuity is & source of weakness. 
Materials fail at flaws. Here, Griffith’s classical treatment 
of the propagation of fracture from a crack hae set off a 
train of interactions in technology. The Griffith criterion 
haa been applied and modified in glasses, metals, polymers 
and many other materials. 80 long as one is dealing with a 
pure homogeneous flawless material, one's gaze can be 
narrower: the properties of the particular assembly of 
atoms aro all that matter. The modulus, that 1s the force 
needed to produce a given amall strain, can be caloulated 
from the deformation characteristios of the particular 
atomic bonds in the structure; and the result will usually 
agree well with the values for real materials. But caloula- 
tions of strength will always yield too high a value, usually 
orders of magnitude greater than the strength of real 
materials. It is the unusual pomte of wealmess that must 
be looked at, and not the behaviour of the bulk of the 
material. In studies of the rupture of real materials, we 
can be helped by the relevant work ın the technology of all 
materials. The behaviour of materials at discontinuities 
is & general problem. A recent book on Fracture Processes 
i» Polymerto Solids draws heavily on earlier work in 
metals and glass. On the other side, Orowan and 
McClintock at the Massachusetts Institute of Technology 
have examined the pattern of ridges produced in the 
fracture of gelatine and the cracks developed during the 
flexural fatigue of 'Plastiome', and have used the resulta 
to explain the &mmilar effects which occur on & much smaller 
scale in metals. 

The importance of flaws aa a source of weakness has led 
to the recent searches for flawless materials: perfect single 
crystals. Diamond is the classic naturally occurring ex- 
ample; but now we have single crystal whiskers of metals 
and of materials like silicon carbide. These are fibrous in 
form, and in their application lessons can be learnt from 
the old-established fibre technologies of textiles and paper. 

Curiously enough, discontinuity can also be a source of 
strength. It can spread out the forces on a material; it 
can prevent dangerous stress concentrations; it can 
interrupt the progress of a crack. Whereas a continuous 
material may be able to resist very large loads, it is hable 
to be brittle and to shatter under conditions where a 
material with the nght sort of disoontmuity would yield, 
but would not break. The crystal defects in metals. the 
amorphous regions in orystalline polymers, and the 
rubber which can be dispersed in polystyrene in order to 
toughen it perform this funotion. 

In dealing with & real materials system, the technologist 
has to keep m mind two separate but interrelated aspects: 
first, the responses of each part of the system to the local 
stress; and secondly the influence which this has on the 
distribution of strees through the system. For example, 
the absorption of water by cellulose fibres always breaks 
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cross-links and makes it easier for the molecules to slide 
over one another: but, in rayon, with short molecules, this 
lowers the strength; whereas, in cotton, with longer 
molecules, where breakage by molecular slip is not 
important, the more uniform distribution of stress results 
in & higher strength.  Leeeons like this illuminate our 
understanding of materials in general. 

Another area where work with different materials haa 
interacted ıs in the statistical problems of failure. 
Lawrence Balla—one of the first great technologists of 
the cotton industry—appreciated the ‘weak-link effect’ 
in determining the strength of cotton yarn. Then, in 1928, 
Peirce at the Shirley Institute treated the problem 
statistically, dealmg both with the series problem of & 
sequence of elementa of differing strength and the related 
parallel problem of & bundle of threads. As one follows the 
subject, the contributions come from Weibull and Irwin 
on metals, leadmg into the whole problem of fatigue in 
engineering materials; from Spencer-Smith agan on 
textile yarns, dealmg with the effect of correlation in 
strength between neighbourmg elements; from Coleman 
on fibres and polymers, taking &ooount of the time- 
dependent effects; and from Freudenthal and Gumbel in 
their work on extreme value statistios, which demonstrates 
the relevance of the problem im any technological field 
where one is interested in the rare occurrences at one end 
of & frequency distribution. Work on cotton yarns could 
become relevant to work on the interruption of radio 
control in space: the statistical problems are similar. 
The intensity of interruption varies from hour to hour, 
day to day, and year to year as a result of the super- 
position of several regular and random effects: the 
variation of thickness of strength of & yarn along ite length 
srmilarly results from & superposition of different effecta. 

Polymers and metals; glasses and liquids. Ten years 
ago most scaientista concerned with either material would 
have said that polymers and metals were as different as 
the proverbial ‘chalk and cheese’. But last summer 
Malcolm Williams of Chemstrand Research Center opened 
a lecture at the Massachusetts Institute of Technology by 
presenting pairs of slidea, and inviting the audience to 
decide ioh were from metals and which were from 
crystalline polymers. There was oloeo similarity in the 
morphological forms shown in electron micrographs and 
in the shape of curves of mechanical properties. The link 
between the two is the way ın which crystallization occurs. 
The chief determining factors m orystal growth are the 
critical sze of nuclei, the tendency to minimize free energy, 
and the mass and heat transfer m the region of the 
growing orystal. These are general effects and they result 
in similar forms. If crystallization starte in several 
places we get @ domain structure. Imperfections appear 
as defects and dislocations in the crystal. On applying a 
force, there is first ẹ small elastic deformation of the 
orystal itself; but then, ae the foroe builds up, the defecta 
start to move through the system, like a ridge being pushed 
along in a carpet; crystal planes slide over one another, 
and we get yielding and permanent deformation. This 
happens in the drawing of films, metals, and flbres. 

The polymer scientist used to think of orystallme 
polymers as composed of small crystalline regions 
embedded in & non-crystalline matrix, and consider the 
deformations of the two parts separately. Now he is 
realizing that it is also possible to thmk of materials in the 
same way as the metallurgist, and consider polymers as & 
continuous crystalline material loaded with defecte. Of 
course, the behaviour of metals and polymers ia not 
identical: in polymers the atoms are connected in long 
chains, and this both mfluences the type of movement 
which is posaible and 1s likely to lead to larger regions of 
disorder. Consequently there is still value in the older 
ideas, as well as the newer ones coming in from metallurgy. 

While crystalline polymers have much in common with 
metals, the examination of the technology of amorphous 
polymers will benefit from work on glasses and liquids. 
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The extent to which there is some degree of order in these 
systems is an important unsolved problem. This m turn 
reacts on the behaviour of crystalline materials, since the 
existence of order in the melt will influence the detailed 
structure of the crystalline solid which is formed. An 
understanding of the bebaviour of a wholly amorphous 
material may also be a help in understandmg more 
complicated polycrystalline materials: investigations of 
the cold-drawing of amorphous: polymers such as poly- 
styrene are being carried out as a lead to the understanding 
of drawing of synthetic fibres. 

Fibrous systems. In living organisms, fibres are of 
great importance: nerves, muscle fibres and tendons all 
help to make the body work. Man has long utilized fibres 
in textiles and paper. Fibres are strong and flexible—two 
properties which are often for if you strengthen 
& structure you usually e it more rigid. In & well- 
designed fibre system, you can allow the fibres to act 
independently to give freedom of movement, but cause 
them to combine to resist rupture. 

The flexibility of fibres is to be expected, because they 
are so fine, sometimes lees than ten wave-lengths of light 
in diameter; but ther is greater than might be 
expected. Whereas sheet glass has a strength of about 
2,000 Ib./in.*, commercial glass fibres are nearly a hundred 
times stronger, and carefully prepared undamaged glass 
fibres break at 500,000 Ib./in.*. This is due to the critical 
dependence of strength on cracks and other flawa—you 
cannot have a deep crack in a fibre ! 

Consider & bundle of 1,000 glass fibres. If one fibre is 
broken, the strength is reduced by 0-1 per cent; but a 
comparable crack in the surface of an equivalent glaes 
rod would cause & catastrophic drop in strength. Further- 
more, if there is some cohesion, due to friction or & binding 
material between the fibres, then a fibre which is broken 
in one place will contribute to the elsewhere. 
The degree of cohesion has to be right: if it is too strong, 
the stress concentration will not be prevented, and the 
advantages of the fibrous system will be lost, while if it is 
too weak the whole fibre will slp. 

The best-known practical realization of strong fibre- 
reinforced systems is in remforoed plastica: cotton or 
paper in phenolio resins, and fibreglass in polyester 
resin. The plastica technologist is likely to be faced with 
a choice between woven and knitted fabrics, and with the 
other complexities of textile and paper technology. 

Now there is also an interest in fibre-reinforced metals. 
Rolls-Royce, for exemple, are investigating aluminium- 
costed quartz fibres which can be preased up into blocks. 
They are having to solve the problems of melt spinning, 
just like any other fibre producer. Others are investigating 
the possibilities of single crystal whisker fibres. 

Apart from all the incidental mixing of technologies 
which comes from the use of fibres in constructional 
materials, there ıs the fundamental problem of how 
fibre-reinforced materials behave. Ther technology is not 
yet well understood. The commercially successful re- 
inforoed, plastica have been produced by empirical trials, 
rather than designed on the basis of rational understand- 
ing. Theoretical and experimental investigation of a 
variety of systems is needed. 

There is a wider unifying subject here in the structure 
and mechanics of fibrous systems. Wood and paper, 
woven and knitted textiles, cords and ropes, the new 
non-woven. fabrics, fabrics coated with flexible thermo- 
plastios, thermo-setting resins or metals reinforced with 
inextemsible fibres, and concrete toughened by the addition 
of nylon fibres are all different systems; but there are 
analogous problems in the geometry and statistios of fibre 
arrangement and in mechanical, electrical, thermal, 
diffusion and optical behaviour. The acquisition of & 
Pee in dosing qM il Ke yten wall carne: om 
studymg them 

Problems of scale. There are othor useful analogues 
where the scale of a system is changed. Scale down a 
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fibre assembly a thousand times and you have an assembly 
of polymer chain molecules; scale it down a hundred 
times, and you have the fine fibrillar structure which 
often occurs when polymers orystallize; but scale it up & 
thousand or more times and you have concrete reinforced 
with metal wires or rods. 

Theoretical or experimental resulta can be taken over, 
with care, fram one problem to another. The understand- 
ing of rubber elasticity helps our understanding of non- 
woven fabrica. The well-proved analysis of the mechanics 
of twisted yarn has been applied in an analysis of the 
mechanios of single plant fibres. 

Rheology and dynamic behaviour. Mechanical properties 
are dependent on time. This is always true, though it can 
be ignored when an elastic deformation is so much more 
rapid or & viscous deformation so much slower than the 
time scale of irn) Renta In the many circumstances 
where time cannot ignored, the subject of rheology 
brings together a diverse collection of scientists and 
technologists. The basic mathematical and experi- 
mental methods are the foundations of the subject; 
but the superstructure spreads out into metallurgy, 
polymer technology, oil technology, lubrication, ad- 
heaion, papermaking, textile technology, geophysics, 
physiology and medicine, soil mechanios, and other 
applications. 

We find in this subject, too, link between mechanical 
and electrical properties of materials. The of 
dipoles into alignment with an electric fleld 18 a mechanical 
action. Ño the dynamic of & material to an 
alternating electric signal has very olose similarity to the 
response to an alternating stress. Dynamic compliance 
(the reciprocal of modulus) ıs analogous to dielectric 
constant; mechanical is analogous to the build-up of 
electric polarization ; ind the effect of temperature in 
loosening up 5 structure is similar. 

The experimental problems of rheology also tax the 
ingenuity of the electronic engineer, so that we find one of 
the most im t schools of the rheology of liquids in a 
school of electrical vs NU sohools are in 
mathematics, physics, or chemistry departments a8 well 
as in many technological depart 

Dynamics of processing. t is one thing to investigate 
materials in the laboratory, or even to examine them in 
uBe: it is another thing to examine their behaviour in 
processing. Speed is then all- -important. Polymer orystal- 
lization may take hours or weeks in the laboratory, but 
the man-made fibre being extruded in the factory moves 
through the orystallization zone at & high speed. A. drill 
pierces metal in a fraction of a second. Large volumes of 
material flow through pipes at high speed. 

In all theeo situations, the dynamios of processing must 
be considered. Consider the first example of the produo- 
tion of & man-made fibre. As it emerges from the spinneret, 
we have first the rheological problem of flow in & visoo- 
elastic medrum—withm the tube the molecules are orien- 
ted, but on emerging they sprmg back to a disoriented 
form, and we get a contraction, & bulging, and a reduction 
in velocity. Then we get problems of hydrodynamics and 
aerodynamics, aa the flow accelerates under gravity but is 
retarded by the drag of the surrounding gas. All the time, 
we have a heat-flow problem aa the specimen cools; this 
leads to change in viscosity, and ultimately to solidifica- 
tion and perhaps to crystallization. Finally, there is tho 
mechanical problem of winding up the yarn. If we want 
to take any measurements during the process, we are 
immediately led into complex problems of instrument 
engmeering—how do you determine the temperature of a 
rapidly moving molten threadline, & few microns in 
diameter? If we want to control the proceas, we have 
the problems of control engineering. Can the technology 
of man-made fibre production possibly be studied in 
isolation ? 

The same comment could be made about many chemical 
engineering and meohanioel engineering proceases. The 
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dynamic problems inevitably bring in aspects of many 
technologies. 

The textile industry. As final examples, we take two 
more limited topics. The first is the textile industry—or 
should it be industries ? It used to be. Spinnmg, weaving, 
knitting, and ohemical finishing were all examined 
separately: Individual companies had a very narrow 
range of operation: they. often dealt with only a speoiflo 
MU OE proscutug of one e of fibre. 

is has ahanged now; textile technologist must 
know the whole fleld. He must be able to select the fibres, 
and determine the sequence of operations from fibre to 
finished product. Here we see not so much the interaction 
of technologies as the merging of several technologies into 
one, and with the non-woven fabrios coming very close 
also to paper technology. 

Tyre-cords: a choice of materials. The other example 
concerns a choice between materials in s large industrial 
market with fairly clearly defined requirements. For use 
as tyre-cords there is a choice between cotton, rayon, 
nylon, polyester fibre, fibreglass, and steel. All are being 
used—the natural fibre, the regenerated fibre, the synthetic 
fibres, the glass, and the metal. This is an example of 
interaction by competition in use. The user must look at 
all the technologies; the supplier must watch the tech- 
nology of his competitors. 

Cotton used to be the material used, but in the 1940s it 
t in bicycle tyres. Then 

is still a nicely poised 
balance of technical and eoonomio factors. Incidentally, 
the strength of rayon tyre-cords has been almost doubled 
in advances over a period of ten years, due to this oom- 
petition. Bo far, the competition was within the textile 
industry, buf with steel wire the competition came from 
outside textiles. Courtaulds hedged by &oquiring a com- 
pany supplying steal for this purpose ! The technological 
an onu arguments &boub the different materials 


Adogntapha- Gf AAN In this article, it hae been 
shown. how the materials technologies interact with other 
technologies in use, and in the methods used to process 
materials, 'Theee interactions are fairly obvious. The 
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user has to handle many materials; and there is oompet- 
ition between materials from very different sources. 
Lees obvious is the value of interaction between the 
scientific studies of different materials. Work on other 
materials oan be a useful source of ideas; and sometimes a 
detailed analysis can be taken over. "But perhaps the 
most valuable general feature is that a comparative 
investigation of different materials enables the specific to 
be separated from the general. It is all too easy in dealing 
with D etae material to attribute phenomena to 
tures: to ascribe the characteristic draw-ratio in 
race fibres to some particular molecular transform- 
ation, whereas it is merety a result of adiabatic extension of 
material with a certain, ‘common form of load-extengion 
curves; or to attribute particular oblique lines of fracture 
to a particular crystal structure instead of to a stress 
distribution which would occur in all specimens of the same 
shape. Luder's bands, first found in metallic fracture, have 
reappeared in the literature of the fatigue failure of fibres. 
Or again, changes which were found in the nature of break 
of reinforced metal specimens as the specimen length was 
changed, were found to be similar to effecta which had been 
previously reported for textile yarns. 
By examining the behaviour of & variety of materials, 
Ue one DUE Up colar Dony o! oid n of 
ical compendium of unrelated facta. e now 
have d e necessary scientific basis, though the complica- 
tion of applying it to the behaviour of real materials—so 
different fram the abstractions and specially simple 
examples beloved by the pure physicist—should not be 
underestimated. On the more practical side, there is 
much to be gained from collaboration and exchange of 
ideas in processing methods—outting, moulding, drawing, 
forming, and Bo on—and in instrumentation and control. 
As the use of materials booomes more and more s rational 
technology, and lese pure industrial empiriciem, the 
benefits of interaction among the materials technol 
and with other technologies grow. For this reason it is 
encouraging that materials scientista and technologists are 
y co-operating in various centres and societies, 
so that barriers between the technologies are coming 
down. 


FUTURE OF THE TRISTAN DA CUNHA ISLANDS 


By Dr. N. M. WACE 
Department of Geography, University of Adelaide 


HE plant and animal life of remote islands has long 

been conmdered of unusual interest, especially since 
the classical investigations of Oharles Darwin in the 
Galapagos group'. To the earlier explorers, the insular 
forms of life were matters mainly of curiosity and unoo- 
ordinated speculation; but since the publication of 
Darwin's Origin of Speoiss* and Alfred Russel Wallace’s 
Island Life*, it hag been widely accepted that island biota 
present features of outstanding biological, evolutionary 
and geographic interest. Much attention has therefore 
been paid to investigations of the plant and animal hfe 
in many remote islands, i» Hawa‘, Juan 
Fernandez’, and the Galapagos* and other Pacific archi- 
pelagoes’, and also in Macaronesia and in the islands of 
the Indian and Southern Ooeans*. 

Wallace* emphasized the devastating effects of the 
introduced goats on the native vegetation of Bt. Helena, 
and a continuing and increasingly important theme of 
later workers on islands has been the very marked impact 
of man and his associated plants and animals on the 
indigenous insular ecosystems’. Simpson”, m discussing 
islands as “evolutionary traps and blind alleys’, con- 
sidered that man and the organiams introduced by him 
have caused more extinction of native species on islands 


than on continents. Elton“ discussed the reasons under- 
lying the sudden changes induced by man, and a recent 
symposium™ has been devoted largely to a discussion of 
man's impact on Pacifio islands, and ecological and 
economic consequences of the rapid changes that he has 
initiated in them. The instability of island ecosystems 
is thought to be due chiefly to the small size, lack of 
diversity and consequent ecological disharmony in their 
native floras and faunas; the presence of un oited 
niches in their ecosystems; and the lack of refugia, and 
hence of buffering effecta on the biota against environ- 
mental changes. Introduced herbivorous and predatory 
mammals, as well as the direct firing and clearmg of 
vegetation, seam to have been the most effective agents 
used by man in disrupting many island ecosystems". 
Most of the remote temperate and tropical oceanic islands 
of the Atlantio have long e settled by man, or have 
been greatly altered by g ts and other grazing animals 
introduced since their by Europeans in the 
sixteenth and seventeenth oenturiog!*. 

The temperate and tropical oceanic islands of the 
Indian Ooeen either support large and rapidly increasing 
human populations which have exterminated much of 
their indigenous biote!'", or have been much altered by 
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the introduction of herbivoree!*, The native biote of all 
the low-latitude Pacifico islands has been to some extent 
disturbed by pre-Kuropean man, except for Juan Fernan- 
dex and poembly the Gala 18; but both these grou 
dalma all the teandin igh. islandeof the Paoi 
have suffered radical alterations to their biotas since their 
discovery and exploitation by European man", Even 
the remote islands of bigher latitudes in the Southern 
Ocean which have proved too inhospitable for permanent 
human settlement have not escaped the introduction of 
mammals such as rabbits, which are having a profound 
effect on their native ecosystems". 

The four voloanic islands of the Tristan da Cunha 
group in the mid-South Atlantio (87?—40? S., 10°-12° W.) 
were uninhabited by man when discovered by the Portu- 
guesse in the early sixteenth century". Although 
populations of seals on all four islands were destructively 
exploited during the late eighteenth century, and Tristan 
main island supported a human population from 1810 
until ite evacuation following the voloanio eruption there 
in 1961, the smaller islands in the group remain gubetan- 
tially unaffected by human activities. Because of their 
inhospitable climate and terrain, and their remoteness 
from shipping routes following the advent of steam 
propulsion at sea and the cutting of the Suez Canal, the 
islands have largely escaped the later human attention 
that has characterized almost all other tropical and 
temperate archipelagoes. 

In their present state, the Tristan da Cunha islands 
therefore represent something unique and of great 
scientific interest: a group of remote but ecologically 
diverse oceanic islands in temperate latitudes, with a 
substantial native flora and fauna in which the pre-human 
ecological status quo is still very largely preserved. 

Following the Royal Society Expedition to Tristan da 
Canha in 1962, the islands have recently been the subject 
of & series of geological and biological papers which 
summarize the present state of knowledge concerning 
their geological origin’, and the composition, age, 
history and relationships of their plant and animal’* 
life. Geochemical, pelaeomagnetio and geomorphic 
evidence all suggest that none of the islands is older 
than mid- to late-Tertiary!**, and evidence of continuing 
volcanic activity is present in layers of volcanic ash from 
peat deposita which were laid down during the past few 
thousand yeara*'. The native biota appears to be recently 
immigrant, and mostly derived from Scuth America; it 
lacks the deep-seated endemism which is characteristic of 
the Galapagos, Hawaii, Juan Fernandez and St. Helena**.**. 

The isolation which has so largely preserved the biota 
of the Tristan islands from disturbance and alteration at 
the hands of man is not likely to continue indefinitely. 
Since the return of the islanders in 1962 and 1968, oon- 
siderable new construction has occurred and livestock 
imported to Tristan main island. Strategic, commercial, 
or other considerations could soon lead to & rapid breek- 
down of their isolation, with the consequent loss of much 
that is of unique biological intereet!*. 

Because of the preservation of some of the islands from 
drastic human interference, the Tristan group presents 
numerous opportunities for research into problems of 
fundamental ecological and evolutionary interest which 
are not readily obtainable elsewhere. A close examination 
of the ecological status quo prior to the arrival of introduced 
plante and animals could contmbute much to an under- 
standing of the causes of instability in ecosystems’! and 
ita possible relationship to the degree of integration within 
the biotic communities!*. Owing to the relative smmplicity 
of their impoverished biota, the islands present ecological 
problems such as those of niche analysis and species 
interaction, which could more easily be examined there 
than in a continental setting’. Examination of the 
efficiency of energy firation, nutrient oycling and gross 
productivity within the speaies-poor ecosystem would be 
of considerable interest for comparison with those of 
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climatically similar continental regions having a more 
diverse biota. Biometric and genetic investigations of 
the Tristan populations could yield much valuable 
information on the structure and variability of radiating 
taxa, and on the types of genetic system present, and 
could contribute to an understanding of the importance 
of the ‘founder principle’ in differentiating small immi- 
grant populations”. 

Gregory?! has streased the need for the establishment of 
aerospora investigations in remote islands, and the 
Tristan group would make an ideal site for such work. 
Combined with other investigations on dispersal agente, 
aerobiological work might also throw some light on the 
old and still controversial problem of the posmbilities of 
long-range dispersal of plante and animals acroes wide 
ocean barriers?. The presence of four islands in the 
Tristan group, of differing ages, sizes and altitudes, 
adds greatly to their potential for research in these 
fields. Peat deposita on all of them, containing organic 
remains of the past five thousand years’’, together with 
older remains which have been dated up to 40,000 years 
B.P. on some islands“, make it possible to carry the 
ecological investigations back into the recent past. 

The more pronounced effects of man on some islands 
than on others makes possible a close examination of 
the alien species as they extend their range to the less 
affected smaller islands. An accurate documentation of 
the human-induced alterations in their ecosystems would 
be a useful contribution to the understanding of dis- 
turbances due to man, which have gone unrecorded 
elsewhere until the proceeses involved are very far 
advanced1?:16, 

The examination of these ecological and evolutionary 
processes in the Tristan da Cunha islands demands active 
conservation of their native biota. Owing to their ecological 
instability, and vulnerability to the effecta of man, some 
control of human activities on the smaller islands will be 
essential if the gcientiflo interest of their unique ecosystems 
is not rapidly to disappear. The history of insular biota 
elsewhere indicates that both herbivorous and predatory 
mammals (especially goats, sheep, pigs, rabbits; osts, 
dogs, mongooses and rats) must be rigidly excluded from 
the smaller islands, and no attempts made to clear the 
vegetation by firing’. If the usual more or less 
haphazard processes of exploitation and development by 
man are permitted in the Tristan islands, the sorry story 
of many of the Galapagos group, the Hawaiian arohi- 
pelago, Juan Fernandez, Kerguelen, Macquarie, St. 
Helens and many other remote islands, will be repeated 
there, with the attendant disruption of established 
ecosystems and reduction or extinction of sBpeoice, 
accelerated eromon, and ultimately lowered potential for 
biological productivity. 

Stringent regulations are already in force governing 
the exploitation of wild hfe, and the introduction of alien 
species to the Tristan islands***. The importance of 
their observation m relation to the indigenous svifauna 
has been stressed by the International Committee for 
Bird Preservation*'; but conservation experience else- 
where has shown that such regulations are difficult to 
enforce unless linked to a programme of research in 
which there is a continuing interest by biologists on the 
spot". The misunderstandings which led to the impor- 
tation of goats (since destroyed) to Gough Island ın 1958 
could easily be repeated with catastrophic resulta to the 
existing ecosystems. 

If the native biota of the Tristan da Cunha archipelago 
is to be preserved for investigation, it will be essential to 
have biologists in the islands who understand the import- 
ance of and the need for conservation. This could best 
be achieved by the establishment on Tristan main island 
of a small biological research station, from which Visite 
oould be made to the other islands for investigation. The 
setting up of such a research station would enable other 
scientists with special interests in the islands (for example, 
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geologists, geophysiociste, medical scientists, oceano- 
graphers, sociologists) more easily to work there. Instead 
of the usual rearguard action against commercial, military, 
or other interests, which go often characterize efforta at 


in the Tristan da Cunha Islands. The conditions for 
conservation are relatively simple, smoe active manage- 
ment is not needed, and it is necessary only to limit 
The conservation of the terrestrial biota and the establish- 
ment of & permanent research station on Tristan need 
conflict with no established commercial interests, and 
could at the eame time become a considerable asset to 
the recently re-established human ity, since the 
activities of the visiting scientists would lead to demands 
for both goods and services and the consequent inflow 
of money and employment of islanders. 

The President of the Charles Darwin Fofmdation for 
the Islands bas stressed the importance of 
the establishment there of facilities for biological research, 
linked to conservation of their unique and historically 
interesting biote*. The Galapagos and the Tristan-Gough 
group share many of the olasmical features of oceanio 
island archipelagos, which have contributed so much to 
evolutionary thought. They are important to ecological 
investigations because they provide a range of diverse 
but naturally simple species-poor ecosystems to be found 
nowhere else in the temperate and tropical regions of the 
globe. Although present methods of transport and the 
increasing demands of man oonstitute a threat to such 
vulnerable ecosystems, modern research techniques will 
undoubtedly allow further valuable scientiflo information 
to be obteined from them. Unless a range of undamaged 
oceanio islands is rigorously protected at onoe, the next 
decade may see the irreparable loes of these opportunities 
for research. It is greatly to be hoped that the Inter- 
national Biological Programme will provide an oppor- 
tanity for the in tion and conservation of oceanic 
islands on a global e, and that the Galapagos Founda- 
foe and a masenih Daly ane Teea da Oaia 
Islands will be only two in a world-wide network of 
sanctuaries and study areas. 

In the formulation of their ideas on organic evolution, 
Charles Darwin and Alfred Russel Wallace derived much 
from their investigations of island life. There are there- 
idol diae ud appropriate ways in which biologists might 

e centenary of the general acceptance 
OF hogs ideni (het Gee the, panded GE cee on 
oceanic islands such as the Galapagos and the Tristan 
da Cunha group. 

Note. The Southern Zone Research Committee of the 
Royal Society established on October 5, 1964, & Tristan 
da Cunha Study Group. This group is directed to evaluate 
the scale of interest in research on the four islands of the 
ee Oe, ee et er eee 
facilities there. Circulars are being sent to scientists 
known to be interested in oceanic island problems and to 
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heads of departments and others on a rather wide scale. 

The group wishes to hear from anybody concerned with 

these matters, and co: should be addressed 

to the Convener, Dr. M. W. Holdgate, cjo the Royal 

epp 6 Cornwall Terrace, Regent’s Park, London, 
1 
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DR. WILLIAM ROXBURGH : THE FATHER OF INDIAN BOTANY 


HIS year marks the 150th anniversary of the death of 

Dr. William Roxburgh and of the publication of 
Observations of the late Dr. William Roxburgh, Botanical 
Superintendent of the Honourable Hast India Company's 
Garden at Caloutta, on the Various Specimens of Fibrous 
Vogstables, the Produce of India, which may prove Valuable 
Substitutes for Hemp and Flax, on some Future Day, in 
Hurops, “edited by a friend, to whom he transmitted them 


By Da. J. SEN 
Indian Botanic Garden, Calcutta 


from St. Helena, during his illness; and . . . published at 
the expense of the East India Company, for the mforma- 
uq e and the benefit that may arise there- 
from throughout the Bettlements in India” (London: 
1815). 
Roxburgh died at Park Place, Edinburgh, on February 
18, 1815, before the small volume, Observations, was 
published later in that year. It is the first connected 
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Boientiflo account of the cultavation and utilization of jute 
and some other fibrous plants growing in Indis, and is 
notable for the precise descriptions and presentation of 
resulta of experiments conducted by him at the Honourable 
East India Company's (now Indien) Botanical Garden at 
Calcutta. 

The descriptions of the two species of jute, namely 
Corchorus oapsularts Linn. and C. oluorws Linn., which 
yield fibres of commerce, are recorded by him in yet an- 
other umous publication in three volumes entitled 
Flora Indica (1820-82), which again is the bams of all sub- 
sequent Indian botanical works on taxonomy and floristics. 
This phere effort rightly earned for him the title of 
“the Father of Indian Botany", and until 1872, when the 
publication of Hooker's Flora of British India started 
appearing in & series, Roxburgh’s waa the only available 
single work through which & knowledge of Indian planta 
could be acquired. In the fleld of economic botany also, 
it was the only source of information until the pubheation 
of Sır George Watt’s A Dictionary of the Hoonomtic Products 
of India, the first volume of which appeared in 1889. 
Roxburgh’s other botanical works, particularly Planis of 
the Coast of Coramandel (in 8 volumes) and Hortus Ben- 
galensis, and albums containing original paintings of 


ae 


Indian plants, are algo well known as acoomplishments of . 


& very high order. 
© Roxburgh first accepted an appointment on the 
Honourable East India Company's Madras Establishment 
m 1776, and there he became acquainted with Dr. John 
— Koenig, & pupil of Linnaeus, which no doubt influenced 
his subsequent work in India. He took charge of the 
present Indian Botanic Garden in 1793 aa its first official 
superintendent, and with his great foresight he included 
both purely scientific and commercial aspecta of botany m 
his programme. He established the great herbarium of the 
Botanic Garden for floristio and systematic studies of 
Indian plants, and at the same time started the introduc- 
tion, cultrvation and utilization of economic plants in 


India. (Most of Roxburgh’s collections wore distributed 
to the Euro herbaria by his successor, Dr. Nathaniel 
Wallich. present herbarium was in fact made by Sir 


George King (superintendent, 1871-97) from the nucleus 
of collections started by Dr. Wiliam Griffith (Offg. super- 
intendent, 1842-44) and developed by his successors in 
office. It is now the ‘Central National Herbarium’ of 
India.) Among the many plants he introduced at 
Samulcotta and at Calcutta, the most important are 
reported to be cinnamon, coffee, mahogany, mulberry, 
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Dr. A. R. Zhebrak 


ANTON ROMANOVIOH ZHEBRAX, & well-known geneticist 
of the U.8.8.R., died suddenly on May 20 at the of 
sixty-three. He was also a statesman and one of the 
Heer of the U.N.O. as a member of the U.S.S.R. 

ion to the San Francisco International Conference. 
As a highly educated biologist and & frank man he was 
a zealous champion against Lysenko. Zhebrak was th 


Zhebrak was the son of & poor peasant. As 
he rose fast during the i A became & gå i 
: any of Agriculture in Moscow, a 
” genetics in his Alma Mater. Tho 
Zhebrak with crosses of wheate 
brought him fame and a se 
He was president of the Acg 
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nutmeg and pepper. It is also reported that he took an 
active interest m the improvement of sugar cultivation, in 
the ing of gillcworms and in the manufacture of silk. 
He left India in 1813. ] 

Long before Roxburgh started his tg on 
fibrous plante at the Indian Botanio Garden, both the 
species yielding Jute used to be variously cultivated by 
looal people. Roxburgh readily realized the great com- 
mercial value of jute fibres, and took up experimental 
cultivation of jute in the Garden, retted his produce, and 
measured the strength of their fibres m twisted condition 
before and after tanning or tarring them. Very soon he 
exported the first hundred tons of raw Jute to Britam, and 
thus paved the way for the development of the jute 
industry in India. His untiring efforts with jute and 6 
number of other fibres, the samples of which were sent to 
India House and to the Society (now the Royal Society) of 
Arta in London, were acknowledged by the award of the 
Society of Arte’ Gold Medal to him on no fewer than three 
occasions. Many of these fibres are described in the 
Bociety's Transacitons for 1804. . 

The subsequent history of the modern jute industry is 
another story, which, however, no doubt owes its origin 
to the genius of Roxburgh. Ite development 1s & fasoinat- 
ing narrative told m & series of articles by Mr. D. R. 
Wallace in the Empire Evening News of Calcutta end later 
published as a book—The Romance of Jute (Caloutta: 
1909), which itself has now become almost a historical 
document. 

Near the ‘Great Banyan Tree’ of the Indian Botanic 
Garden, there is & simple monument (on the top of a 
small mound) to the memory of Roxburgh. The Latin 
inscription on the monument is by Bishop Heber, and the 
English rendering of the inscription (as follows) by 
Reverend Father Santapau written on a separate tablet 
was fixod last year to the slope of the mound (bearing tho 
monument) for ready approciation by tho people of India 
whose debt to Roxburgh still remains immeasurablo. 




















Whoever You Be 
If this place soothes the mind with its sweetness 
Or teaches you to thmk of God with reverence 
You must bold in bonour 


sia. As a stalwart biologist Zhebrak could not reconcile 
himself to the absurd conceptions of Troflm Lysenko and 
was his energetic opponent. He was also a patriot anc 
mourned the shame of his native land. 
articles in the American proes ho tried to dg 
that Lysenko had given some services f: 
that these services, and not hia 
gopetios, were the reason {g 
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profeasor of botany im the Moscow Pharmaceuti 
Institute. He died im this post. ig 
Being in disgrace and having no t opportunity 
for his genetic works, Zebrak continued tham ada cea 
citizen. Some of them have been published since the 
death of Stalin. The groat merit of Zhebrak was that he, 
as & profeasor of botany in the Pharmaceutical Institute, 
continued to prepare new Russian geneticista as his 
disciples in botany. Dr. Zhebrek was & very kind, oom- 
pliant, tolerant and honest man, but was irreconcilable 
to a falsification of science and intolerant of scientific 
careerigte. Many young geneticists, his disciplea, met near 
his ooffin to see their beloved teacher on his last journey. 
Almost all the Russian geneticists were present at the 
funeral of their friend and companion in arms in tho 
struggle for the scientiflo truth. 
Anton Zhebrak lived until the time when the Russian 
people and ite Government understood the scientific 
ignoranoe of Lysenko and the damage of his delirious 
conceptions for the development of science and &gricul- 
ture. But the correction of old mistakes continues mean- 
while very slowly. In 1048 Lysenko, as a favourite of 
Stalin, seizéd the Department of Genetica in the Moscow 
Academy of Agriculture and for more than sixteen years 
carried out his absurd genetics for young studente. In 
March 1965 he abandoned this mocked and held 
in contempt by his studente, but Zhebrak was still not 
returned to his old legitimate post—which is now vacant. 
Nevertheless, we trust that the U.S.S.R. as the country 
of N. I. Vavilov and A. R. Zhebrak will return to its place 
of honour in the fleld of development of soientiflo genetice 
and plant breeding. A. Kurzow 


























Dr. A. c. Graves 


Dr. Gnaavas, Test Division leader at Los Alamos 
Beientiflo Laboratory, died suddenly on July 29 while on 
holiday near Del Norte, Colorado. He was fifty-five years 
of age. 

Dr. Graves, who most recently flew aa a scientiflo crew 
member during the May 1965 Solar Eclipse Expedition 
in the South Paciflo, had been a member of the Army 
Scientific Advisory Panel, and scientific adviser at the 
Nevada Test Site and Paciflo Proving Ground since 1955. 
He was deputy scientific director during 1947-48, and 
scientific director during 1948-55 of Pacific i 
Ground operations; and test director at the Nevada Test 
Bite during 1951—54. 

Dr. Graves was one of the pioneers in the practical 
applications of nuclear energy. With forty-one other 

cientista, he helped build the world’s first chain-reacting 
1le—the reactor in the squash court of Stagg Field in 
nicago which proved, on December 2, 1942, that a chain 
acti sustained and controlled. Ever since 
en Dr. Graves has been intimately associated with 
omic energy work. . 
Br. Norris E. Bradbury, director of Los Alamos Scien- 
" id: “The tres dnath of Alvin Graves 
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1942 until 1943 he was with the University of Chicago 
Feind nas Laboratory. He joined the staff of Los 
Alamos Scientific Laboratory in 1943 and became head of 
the Laboratory’s Test Division in 1948. 


E. W. Golding, O.B.E. 


Mz. EpwARD WirnLIAw GOLDING was born on March 9, 
1902, at Northwich, Cheehire, and died at Ewell, f 
on June 2, 1965. He was educated at the Sir Jobn 
Deane’s Grammar School and at Manchester College of 
Technology, where he studied, as student and research 
scholar, under Prof. Miles Walker. He obtained his 
degree of B.Bo.Tech. in 1923 and that of M.Bo.Tech. in 
1984. On leaving the College, he served for two years in 
the Research Department of Metropolitan-Vickers Electri- 
cal Co., Ltd, at Manchester, and in 1926 was appoin ted 
lecturer in electrical engineering at the then University 
College of Nottingham. 

Specializing, at first, in electrical measurements, he 
later became interested in the applications of electri- 
city to agriculture and horticulture. His investigations 
of these subjecta were undertaken with the meticulous 
thoroughness which characterized all his work, and his 
first book, Hlecirical Meqsurements and Measuring Instru- , 
menis (1988), now in ite sixth edition, was followed by 
The t ion of Agriouliure and Rural Disirwcis 
published in 1986. : 

He was, in those days, an enthusiastio and competent 
golfer, and memories of his burly figure striding purpose- 
fully around the Wollaton Park course will always remain 
with those who knew him there. In 1944 he was trans- 
ferred from associate member to member of the Institu- 
tion of Electrical Hngmeers, and, in 1945, he joined the 
Electrical Research Association sa head of the Rural 
Electrification Section. To this post was added, in 1948, 
responsibility for the work of the newly established Wind- 
power Section. The investigation of the possibilities of 
large-scale generation of electricity by wind- er soon 
developed into a major interest which brought him into 
contact with people from all over the world. He became 
a member of the Working Group (Windpower) of O.E.E.C., 
acted as Unesco adviser, on problems of anergy, to the 
Arid Zone Research Advisory Committee, and carried 
out missions for the United Nations and its specialized 
agencies in Israel, India, Somaliland, Haiti, Uruguay 
and Egypt. ; 

Although Golding’s writings were part of his work, - 
they wererelso hip sunt baby and e E ae, 4 
pleasure. In 1955, The Generation of Hlectrictiy by Wind 
Power was published. This was followed by two major 
Food and Agriculture Organization Bulletins: Windmills 
for Water Lifting and the Generation of Electricity on the 
Farm and The Potentialities for Rural Electrification in 
Asia and the Far Hast, and a booklet, Power Supplies, 
written for the Overseas Development Institute. Through- 
out the years he maintained a close association with mining 
engineering matters and was 6 past-president Sese 
Branch) and Fellow of the Association of Mining EXE 
ical Engineers as well as being examiner ior 
of the Institution of ae 
. also a member of the Institution o 

B üngineers and a Fellow of both the Royal 
tural Society and the Royal Geographical Society. 
19 was awarded the O.B.E. for his services to 
z countries, and in 1958 the duties of overseas 
or were added to his other Electrical Research 

espanaibilitieg. He oontinued to travel 
adviser on power supplies in remote 
epartmente in many countries, 

and scientific societies, schools 
members of the Electrical 
He was, also, & most 
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active participant at many international conferences and 
symposia, the most recent being the U.N.C.8.A.T. Con- 
ference in Geneva in 1963. In 1960 he was appointed 
assistant director of the Electrical Research Association, 
and in this capacity his broad outlook, his range of engin- 
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eering knowledge and his concern for the well-being of his 
colleagues were of great value. 
He was a generous, likeable man whose passing will leave 
the poorer all with whom he over came into contact. 
A. H. SroDHART 


NEWS and VIEWS 


Physics In the University of Sussex: Dr. D. F. Brewer 


Dr. D. F. Bauwue has been appointed to a chair in 
physics in the University of Sussex. He was born in 
1925, and went to the Univermty of Oxford durmg the 
Second World War to take a shortened course in physics. 
He then spent three years of research in industry before 
RE to Oxford where he took an honours degree in 
1950. For his doctoral thesis with Mendelssohn at the 
Olarendon Laboratory, Brewer selected work on the 
properties of liquid helium, a subject to which he has 
since devoted moat of his efforts and to which he has made 
& great number of important contributions. He became 
particularly interested in the formation of the helium 
film from the gas phase and found that the onset of 
superfluidity is suppressed as the flim thickness is reduced. 
Dr. Brewer further investigated the destruction of super- 
fluidity by vortex formation in channels of varying 
diameter—research which also led to a new determination 
of the viscosity of the normal component. All this work 
was done in Oxford, some in collaboration with D. O. 
Edwards. He left in 1957 for Columbus, Ohio, where 
another of Mendelasohn’s old studente, J. G. Daunt, had 
been carrying out experimenta on the properties of liquid 
helium-8. There Dr. Brewer was responsible in for 
the discovery of the melting curve minimum in the 
work on the specific heat below 1° K. He returned for 
three years to Oxford in 1959 where be determined the 
specific heat of helium-3 under preesure down to 45 milli- 
degrees. When in 1962 the University of Sussex decided 
to enter the fleld of low temperature research, Dr. Brewer 
was an obvious candidate to lead it. He joined first as 
senior lecturer, and was appointed reader in 1964. Again 
the properties of adsorbed helium, now of both isotopes, 
became his main interest, but various other problems are 
being investigated in his group, which alreadynumbers ten. 


Microbiology In the University of Sheffield: 
Dr. J. R. Quayle 


Dr. J. R. Quay Le, senior lecturer in the Department of 
Biochemistry since 1963, has been appointed to the 
West Riding chair of microbiology in the University of 
Sheffield ın succession to Prof. S. R. Elsden, who has 
been appointed the first director of the Agricultural 
Research Oouncil’s new Food Research Institute at 
Norwich (Nature, 204, 1036; 1964). Dr. Quayle graduated 
in chemistry at the University of Wales and later obtained 
a Ph.D. at the same University. On moving to Cambridge 
—where he obtained a second Ph.D. under the supervision 
of Lord Todd—his interesta began to move in the direction 
of biology. It was, however, when Dr. Quayle went to 
Califorma to work with Prof. Melvin Calvin that his 
transformation to a biologist came about. In Prof. 
Calvin’s laboratory, where he made key contributions to 
the understanding of the enzymology of photosynthetio 
carbon dioxide fixation, he made his first contact with 
micro-organisms and with the technique of autoradio- 
graphy. In his subsequent career as a eee 
carbon dioxide fixation mechanisms have been one of his 
main interests, and his use of autoradiography to elucidate 
metabolic pathways of micro-organisms has been a charac- 
teristio feature of his research. On returning to the 
United Kingdom, Dr. Quayle joined Sir Hans Krebs as a 


member of the Medical Research Council's Unit for Re- 
search in Cell Metabolism in Oxford. Here he had a 
particularly fruitful association with Prof. H. L. Kornberg 
and buit up an international reputation for himself in 
working out the metabolic pathways whereby micro- 
organiams elaborate complex substances commencing with 
substances as simple as formate or acetate as sole source of 
carbon. The combination of chemical expertise with a 
feeling for, and understanding of, living things is rare, 
but where it exists, as shown by Dr. Quayle’s career and 
numerous ,publications, it can produce an outstanding 
microbiologist. 
Solld-State Physics In the Bradford Institute of Tech- 
nology: Dr. D. BIJI 


Da. D. Bur, reader in natural philosophy at the 
University of St. Andrews since 1959, has been appointed 
professor of solid-state physics in the Bradford itute 
of Technology. Dr. Bijl was awarded the degrees of 
‘candidatus’ and ‘doctorandus’ from the University of 
Leiden. After the Second World War he re-started his 
experimental work on paramagnetic relaxation. For the 
latter, together with research on electron spin resonance 
partly carried out m Oxford during the tenure of a British 
Council scholarship, he was awarded a Dr.Bo. (Physics) 
by the University of Leiden. From 1950 until 1955 
Dr. Bijl held a Preesed Steel, Ltd., Company research 
fellowship at Oxford. During this tone he pursued two 
lines of research: thermal expansion of solids at low 
temperatures and electron spin resonance in crystals at 
low temperatures. His research group at the University 
of St. Andrews has developed work in these fields The 
future main lines of research which Dr. Bijl expects to 
develop are in microwave spectroscopy, lattice dynamical 
properties of solids and semiconductor physics. For the 
seesion 1965-66 Dr. Bijl has accepted an invitation to 
spend a year at Massachusetts Institute of Technology 
as visiting profeeeor in the Centre for Materials Reeearch 
and i When he takea up his appointment 
at Bradford, Dr. Bijl will be responsible for the develop- 
ment of research and postgraduate studies in solid-state 
physics and for assisting in the staffing and organization 
of undergraduate schools. 


Medical Research Council : Advisory Boards 

THe Medical Research Council is assisted in the 
formulation and execution of its research prow are by 
three Advisory Boards, the Clinical Research , the 
Biological Research Board and the Tropical Medicine 
Research Board. These bodies have the main function of 
overseeing the progreas of work supported by the Counoei 
and advising on proposals for such support in their 
respective fields, and their membership is closely integrated 
with that of the Council itself. Members of the Clinical 
Research Board and the Tropical Medicine Research 
Board are appointed in consultation with the Health 
Departments and the Ministry of Overseas Development 
respectively. The following appointments by the Council 
to the three Boards from October 1 are announced: 
Clinical Research. Board, Prof. A. S. Duncan, Department 
of Obetetrios and Gynaecology, Welsh National School of 
Medicine, Cardiff, and Prof. T Cecil Gray, Department of 
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Ansesthesia, University of Liverpool; Biological Research 
Board, Prof. R. A. Gregory, George Holt profeesor of 
physiology, University of Liverpool; Tropical Medicine 
Research Board, Prof. P. C. C. Garnham, Department of 
Parasitology and Helminthology, London School of 
Hygiene and Tropical Medicine, and Prof. D. V. Hubble, 
D DAE of Paediatrics and Child Health, University 
of Birmingham. 


Blood Group Reference Laboratory 


Dz. K. L. G. GorpmurrH, formerly deputy director, 
suoceeded Dr. A. E. Mourant as director of the Blood 
Group Reference Laboratory on September 1. This 
Laboratory, which is administered by the Medical Research 
Council on behalf of the Ministry of Health, will continue 
to deal with all aspects of blood group work with the 
exception of anthropological and population surveys which 
will remain the responsibility of the outgoing director. 
On the same date, Dr. Mourant will transfer to the 
Counoil'a External Scientiflo Staff in charge of a serological 
population genetics laboratory b set up by the 
Council. This Laboratory, which will incorporate the 
Anthropological Blood Group Centre (hitherto supported 
through a grant from the Medical Research Council to the 
Royal Anthropological Institute), is to be situated at 
Boundary House, 91 Charterhouse Street, London, E..C.1; 
ita postal address will, however, be Serological Population 
Genetica Laboratory, o/o 8t. Bartholomew’s Hospital, 
Weet Smithfield, London, E.C.1. 


Ministerlal Meeting on Sclence 


UNDER the title ‘“Mimsters Talk about Science’, a 
summary and review of the first ministerial meeting on 
science, October 1963, edited with an introduction and 
notes by E. G. Mesthene, secretary of the ministerial 
meeting on science, has now been issued by the Organiza- 
tion for Economic Co-operation and Development (Pp. 
178. Paris: Organization for Economic Co-operation 
and Development, 1965. 10 francs; 15s.; 2.50 dollars). 
Of ite five parts, one is a prefatory part, in which Monsieur 
Lefèvre, Prime Minister of Belgium, comments on the 
purpose of the meeting generally, and Dr. A. King, 
director of the Organization for Koonomic Oo-operation 
and Development scientific affairs, reviews the pomtion 
of science in the work of the Organization. This is followed, 
in the second part, by an account of the work of the 
advisory group on science policy prefatory to the meeting, 
including the report ‘Science and the Policies of Govern- 
ment” and some discussion of the theory and practice of 
science policy generally. In Part 3, J. Salomon reviews 
the work of international scientific organizations generally, 
and there is a summary paper on issues of international 
science policy. Part 4 includes a foreword by J. R. Gess 
and a paper by C. Freeman, R. Poignant and I. Svennilson 
on science, economic growth and Government policy, 
covering first the economic aspects of science and next 
the problems of Government policy. Part 5 gives a 
summary of the meeting and the text of the subsequent 
communiqué. 

Perlodical Publications In the Patent Office Library 

THe Patent Office Library is a public, open-access 
reference library, the use of which is freely available to 
all. In addition to a world-wide collection of patent 
specifications and patent journals, it contains 300,000 
volumes of periodicals and books covering the whole field 
of the exact sciences and their associated technologies. 
The third edition of Periodical Publications in the Patent 
Office Library is & list of periodicals current at the end of 
July 1964, resenting some 9,000 titles (Pp. v+436. 
London: H. .O., 1965. 28s. net). This has been 
prepared from a visible-strip index provided in the 
Library, which is kept up to date by addition of new 
titles as they are received. In this list, which is primarily 
intended for use away from the Library, alternative forms 
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of title, especially alternative language forma, have been 
added, and in a few cases references have been given 
from alternative forms of entry for organizations. The 
publication is divided into five sections. The first deals 
with U.K. Patent Office publications, the second with the 
series of overseas patente, and Section 3 the overseas 
de and trade-mark indexes, abstracta and periodicals. 
ion 4 deals with international patent indexes. Section 
5, which constitutes the mam part of the publication 
(pp. 13-486), lists alphabetically the scientific and tech- 
nical periodicals held. Title entries are given if the title 
is distinctive; if not, the name of the issuing body is 
entered. The Patent Office Library does not lend ite 
publications, but a quick postal photocopy service is 
Vahl and this is supplemented by an immediate 
hile-you-wait' photocopy service for personal callers. 
The basic charge is 9d. & page. 


Physical Review 


THe more frequent issue, weekly instead of fortnightly, 
of the Physical Review commenced in 1964 and the division 
into four volumes per annum has not proved sufficient to 
meet the growing demands for publication. The editors 
announce that ıt will be necessary to publish one volume 
per month in 1966. Because of technical difficulties, 
however, it will not be possible to offer separate subeorip- 
tions in smaller divisions than the present sections A and 
B. Starting in January 1966, each monthly volume will 
contain four issues and one comprehensive index issue. 
Each of the four issues will be devoted to one of the 
following specific seta of subjects in the following order: 
(1) atoms, molecules, plasmas; properties of atoms, ions 
and nuclei in solids; fluids; collective effecta in solids; 
(2) solids (except the topics listed under (1)); (3) nuclei; 
(4) elementary particles; flelde; relativity. The index 
issue will contain a comprehensive author index and an 
analytic subject index for all four sections. Members of 
the American Physical Society are offered the option of 
receiving (A) issues 1, 2 and index; (B) issues 3, 4 and 
index, or (AB) all issues. Non-members may subscribe 
only to all issues (4B). The editors state that it seems 
inevitable that more than four text issues per month will 
be needed in 1967. 


The Geochemical Soclety of Indla 


Wrrk the primary objective of fostering national and 
international co-operation between the geochemiste and 
persons applying geochemical resulta in any field of 
investigation, an all-India society, to be known as the 
Geochemical Society of India, was established on August 
20. The Society will have ite headquarters at Patna, 
India. The following are the chief aims of the Society as 
contained in ite statutes: ‘The principal objective of the 
Society shall be to foster the study and application of 
geochemistry in the national and international spheres. 
In pursuance of the foregoing objective the Society shall: 
(1) work with any interested group in planning symposia 
and other types of meetings that are related to geo- 
chemistry; (2) sponsor a journal called The Journal of 
the Geochemical Sootety of India; (3) appoint commissions 
and committees to study problems that require an 
all-India or international co-ordination”. Among the 
chief programmes of the Society are the following: 
(1) All-India co-ordination of work on the Earth sciences; 
(2) publication of quarterly bulletins containing abstracts 
and summary data of work under way in India together 
with notes and news of important researches being 
carried out in the different institutions of the country 
as well as elsewhere. 

The officers of the Geochemical Society of India are: 
Presdeni, Prof. D. N. Wadia; 7 
M. 8. Krishnan, Dr. A. G. Jhingran, Prof. L. Rama Rao, 
Dr. Hari Narain; Treasurer, Shri A. P. Jain (Patna); 
Eveoutwe Secretary, Dr. D. N. Ojha (Patna); Regional 


Vice-Presidenis, Prof. © 
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Seoretartes, Dr. A. N. Chowdhary (Calcutta), Dr. D. B. 
Sikka (Punjab), Dr. B. P. Radhakrishna (Mysore), 
Dr. 8. K. Ben (Kharagpur); Oounctl Members, Prof. 
W. D. West (Sagar), Prof. R. C. Misra (Lucknow), Prof. 
R. O. Sinha (Patna), Prof. 8. N. Wakhaloo (J. and K.), 
Prof. T. C. Bagchi (Kharagpur), Shri H. Nandi (Tatanagar), 
Prof. 8. N. Sarkar (Dhanbad), Prof. 8. K. Siddhant 
(Burdawan), Prof. J. N. Chatterjee (Patna), Prof. I. C. 
Pande (Chandigarh), Dr. P. Sinha (Patna), Prof. F. 
Ahmad (Aligarh), Dr. A. K. Saha (Calcutta), Shri 8. P. 
Nautiyal (Bangalore), Dr. Sriramdas (Waltair); Brecutive 
Editor, Prof. R. O. Sinha (Patna), with an editorial 
&dvisory board. 


Bullding Research 

Two important publications have recently been issued 
as Building Research Station Digests, one entitled '"Proteo- 
tion j Corrosion of Reinforcing Steel in Concrete" 
(No. 59), the other "Chimney Design for Domestic 
Boere” (No. 60) (London: H.M.8.0. Pp.8and 4d. each. 
1965). The former is concerned with those factors 
responsible for unsatisfactory performance of reinforcing 
steel where corrosion occurs and indicates the require- 
ments for depth and quality of concrete cover which must 
be met if this is to be avoided. The subject is briefly 
dealt with under headings: functions of cover, factors 
favouring corrosion, effecta of corrosion, how corrosion 
occurs, prevention of corrosion, avoidance of defects in 
practice, materials (aggregates and special reference to 
chlorides aggressive to steel derived from marine deposits), 
construction and workmanship, preventing corrosion of 
steel in concrete floors, and includes examples of failed 
cover and spoiled appearance of concrete structures due 


high-efficiency domestic boilers burning solid 
fuel, gas or oil, if the chimney is to function satisfactorily 
without internal damage from effects of condensation 
or risk to health and safety. It is stressed that the 
need is '".. . to provide flue liners or flue blooks for 
appliances of the controlled combustion type . . . recog- 
nixed in building legislation, but satisfactory ormance 
depends also on the sixing and thermal i tion of the 
flue”. The important headings here are: boiler operation 
(all fuels), combustion, condensation and chemical attack, 
relative merits of air dilution and thermal insulation, and 


design aims. 


Flexible Urethane Foam 


^ Iw an informative, illustrated article by Charles E. 
Petty, entitled ‘“‘Changing the Form of Foam", an acoount 
is given of an established industry based on a ‘ha 
accident’ some eleven years ago (Dupont Magazine, 59, 
No. 3; May-June 1965. E. I. Du Pont de Nemours and 
Co., Wilmington, Delaware, U.8.A.). pean e 
William Powers, foam division manager of th 

Paper Company, this is what Happened. "In 1954, our 
research laboratory was looking for a material to make 
household sponges. One candidate we tested was urethane 
foam, which has all these qualities and looks and feels 
like a sponge. When we tested foam’s resistance to a 
strong caustic solution, however, the thin membrane-like 
‘windows’ that connect ita network of tiny, interconnecting 
strands dissolved away, lea only a three-dimensional 
foam akeleton’’. Much the test did not actually 
produce the desired sponge, it did reveal the possibilities 
of a foam product with a highly versatile open-pore 
structure; such material readily permitted of 
gases and liquids, and also served as a formidable barrier 
against transported dirt, dust, ete. Foam is essentially 
97 per cent air, the remainder being tiny interconnecting 
strands with enormous dust-holding capacity; it is 
calculated that a cubic foot of foam with 100 pores per 
lineal inch may have as many as 2,000 ft." of strands to 
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catch dirt. The basis of this flexible urethane foam is 
Du Pont's ‘Hylene’ organic i tes. The article 
shows (in colour) same of the foam blocks of varied texture, 
manufactured by the Scott Paper Company. The rise in 
total consumption in the United States of urethane foam 
products is certainly impressive; since 1958, usage has 
risen from 10 million to 200 million pounds per annum. 
It is on record that while uses for Soott's urethane foam 
have steadily soared, an acceptable sponge has so far not 
been developed; ‘‘on the contrary, we looked so hard 
for & sponge, we came up with an open-pore product that 
won't even hold water". 


Guldes to Mineral Exploration 


A COLLECTION of articles by officers of the Geol 
Burveys throughout the British Commonwealth, entitled 
Some Gtades to Mineral Exploration, has recently been 
published by the Geological Survey of Canada 
ment of Mines and Technical Surveys. Paper 65-8. 
Edited by E. R. W. Neale. Pp. 123. Ottawa: Queen’s 
Printer, 1965. 75 cents). The symposium was originally 
issued in 1964 by the Commonwealth Geological Liaison 
Office in London, the mimeographed papers of which have 
only a limited circulation; but in view of the potential 
value of the work to a wide circle of readers interested in 
the newer techniques of geological and geophysical search 
for ore deposita, it has been published in this more reedily 
available form. Five of the eleven articles are by scientists 
of the Canadian Burvey, two by thoee of the Overseas 
Geological Surveys organization in London, and one oech 
from the Surveys of Australia, New Zeeland, Indis and 
Great Britain. The collection was brought together by 
the Canadian geologist, Dr. E. R. W. Neale, as one of the 
innumerable activities undertaken during his outstand- 
ingly successful two-year term as Commonwealth Geo- 
logical Liaison Officer in London, which has just come to 
an end. He is succeeded by Shri G. H. 8. V. Prasado Rao, 
of the Geological Survey of India, to whom a warm wel- 
come is assured. 


Potatoes 


THs annual production of potatoes in Great Britain is: 
about 6 million tons, of which 4 million meet the demand 
for human consumption and 700,000 tons are required 
for seed; the balance is used for stock, but there is always 
a considerable wastage. The potato crop is an expensive 
one to grow and the capital costa increase with the intro- 
duction of new machines, so that & comprehensive review 
from the Ministry of Agriculture, Fisheries and Food of 
modern techniques is weloome (Bulletin No. 94. Potatoes. 
ag iv+112+4 plates. London: H.M.8.O., 1965. 8s. net). 


ery aspect of the growing and handling of the crop is 
aa with by a group pu gene and the material is 
co-ordinated and edited by C. V. T. Dadd. The sequence 
is the logical one of starting with notes on the breeding, 
health, and certification schemes, and finishing with the 
regulations of marketing and the results of investigations, 
carried out in various of Britain, into the profit- 
ability of potato growmg. The bulk of the Bulletin, 
however, is devoted to seed rates for different varieties 
with particulars of seed treatment, storage and sprouting, 
cultivations and planting and the fertilizer recommenda- 
tions for different clasees of soil, carly potato and seed - 
potato production, the importance of irrigation and 
potato spraying, methods of haulm destruction and 
implements for harvesting. There are also discussions on 
tuber quality, on storage requirements and on the 
preparation of potatoes for the market. There are nino 
appendixes concerned with useful details, and an index. 


Soll Ecology and Blology 

Tamem has been a Biology Commission since the 
founding of the International Bociety of Boil Bcienoe, but 
ite work has been concerned mainly with microbiology. 
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However, during the past twenty years there has been a 
great increase in the science of general ecology based on 
the biology of reproduction, growth, moulting, digestion 
and excretion of the various groups that iorpate in 
the life of the soil. To provide a suitable means of 
presenting the work of investigators in this fleld, a new 
journal, with an international editorial board, was 
launched in 1964 (Revue d’Bcologis et de Biologie du Sol, 
Tome 1, Fascicule 1, Juin 1964. Published quarterly. 
Pp. 1-122. Paris: Gauthier-Villars et Cie, 1964. Annual 
subscription 70 france). The first volume, consisting of 
3 numbers, contains 20 papers totalling 574 pages; there 
are 10 papers, 140 pages, in Volume 2, No. 1. Two of the 
papers are in English, the remainder in French. 


Scoring Virulence of Phytopathogenlc Bacterla 
UNDER appropriate conditions, many phytopathogenic 
bacteria can expreas virulence capacities much broader 
than is indicated by clinical experience. For example, 
px through heterologous hoet plante can reeult in 
virulence characteristics. A likely mechanism 
Lu be the selection by the unnatural host plant of 
postulated naturally occurring virulent individuals in a 
statistically avirulent population—such ulation analy- 
sis requires a ''vegetable white mouse” as a device for 
scoring virulence. The use of excised bean pods, under 
carefully conditions, together with genetically 
labelled bacterial cultures, has provided M. P. Starr and 
D. W. Dye of the Plant Diseases Division, Department of 
Scientific and Industrial Research, Auckland, with reliable, 
sensitive and convenient virulence-scori techniques 
(New Zealand Journal of Sotence, 8, No. 1; 1965). 
Phylogeny of the Chlmaerolds 
O. PaArrHRSON, writing from the British Museum, 
considers the Holocephali to be more olosely related to 
arthrodires than to sharks and rays, although not de- 
soended from the very similar ptyotodont arthrodires, as 
Orvig and Stensio have considered probable, but as an 
independent evolution from pre-arthrodiran stock (PAt. 
Trans. Roy. Soc., B, 249, No. 757. June 10, 1965. The 
Phylogeny of the Ohamaercids. Pp. 101-219+plates 
22-28. London: the Royal Society, 1965. 655s. 0d.; 
8.30 dollars). The phylogeny of modern chimseroid 
fishes is traced back through Mesozoic times to a Palgeo- 
zoie sub-order of the Chimaeriformes, the Mensspoidei, 
which possessed armour, at least to the extent of & 
dorsal head-shield: the balance of evidence suggests 
that the Chimsenformes were derived directly from 
armoured ancestors with an unmodified hyoid arch, 
from which stock unarmoured Holooephali of the Carbon- 
iferous period, such as Helodus and Ohondrenchelys, 
would also be derived. A fairly clear picture of the head 
of a Lower Carboniferous menaspoid genus, Delopiychius, 
begins to emerge, partly from ma aa] previously ascribed 
to Oracanthus. Fossil remains of Holocephali, other than 
their tooth-plates, being rare, the microstructure of fin- 
spines, dermal plates and scales, and teeth provides 
much of the evidence. Changes in the structure of the 
dorsal fin-spine and in the evolution of a synchronomorial 
(placoid) scale from a cyclomorial form are found to be 
parallel to changes which took place in sharks. It 1s held 
that the Devonian anoestors of the Chimaeriformes would 
have possessed a dermal structure like that described as 
Eerematolepis (Mid-Devonian), which is not accepted here 
as pbyotodont. The point seems crucial, but this sort of 
histology is at present very much a specialist’s subject. 
The section on tooth structure is mmportant ginoe it deals 
with part of the evidence from which the origin of teeth 
in vertebrates may eventually be understood. The criteria 
used seem justifiable, for example, presence or absence 
of pallial dentine, although the outer part of pallial 
dentine may become metaplastic and form part of the 
enameloid tissue. A di showing the supposed 
phylogenetic relationships would have helped to a more 
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critical understanding of this topical problem—have the 
aphetohyoid, joint-neoked fishes survived in the chim- 
aeras t—likewise a diagram showing the crown and so- 
called root in different durophagous fishes. 


Brain of the Pearly Nautilus 


Norurwa has been known hitherto of the fine structure 
of the brain of Naunius, and Prof. J. Z. Young's recent 
paper (Phü. Trans. Roy. Soo., B, 249, No. 754: The 
Central Nervous System of Nautilus. Pp. 1-254 platos 
1-7. London: the Royal Society, 1065. 21s.; 3.15 
dollars) will be of wide interest. The brain proves to be 
in many ways similar to, but simpler than, that of other 
living Cephalopods (Coleoidea), but differs from the 
ooleoid brain in the relatively amall size of the optio and 
large sire of the olfactory lobee, and of the rhinophore: 
the brain is a ‘nose’ rather than an ‘eye’ bram, maoroe- 
matic rather than mioroematic. The nerves from the 
fannel are shown to be connected with the lateral part 
of the brain, where & small ‘magnocellular lobe’ is to be 
found; those from the digital tentacles, however, lead 
directly into the supracesophageal cerebral centre, which 
also receives the nerves from tbe hood. The tentacles 
should thus be regarded as cephaho; the name ‘Cephalo- 
poda’ embodies an ancient error of interpretation. The 
cerebral connexion of the digital tentacles is of pees 
interest in the hght of two other rca by Prof. J 
Young (Phl. Trans. Hoy. Soc., B No. 755: P 
Buccal Nervous System of Octopus. The Oentres for Touch 
Disorsmination in Octopus. Pp. 27-867+plates 8-17. 
London: the Royal Society, 1965. 18s.; 2.70 dollars), 
one of which traces elegantly the series of nerve-centres 
of the feeding proceases in Octopus—datching the food, 
poisoning, tnturating and swallowing it—-while, in the 
other, the connexion and origin of the inferior frontal 
system of the brain of Octopus are described. This system 
is already known to be the centre of tactile learning and 
is now shown to be derived in development from the 
feeding centres. It is thus suggested that food-discrim- 
ination is all-important in developing the learnmg centres 
of the brain in the Cephalopoda. 


International Commission on Zoological Nomenclature 
Nortox is hereby given of the possible use by the 
International Commission on Zoological Nomenclature of 
ita plenary powers in connexion with the Ebr Acme 
full details of which will be found in the B in of 
ical Nomenclature (22, Part 3; August 13, 1965): 
(1) Validation of the generic name Cacatua Vieillot, 1817 
(Aves). Z.N.(S.)1047. (2) Designation of a e-species 
for Anthanassa Soudder, 1875 (Insecta, Lepidoptera). 
ZN.(S.) 1697. (3) Suppreasion of the illo name 
Aphelenchus steuers Stefański, 1916 (Nematoda). Z.N.(S.) 
1698. (4) Validation of the generic name Amblema 
Rafinesque, 1820 (Lamellibranchiata).  Z.N.(S.) 1099. 
(5) Suppression of the speciflo names Voluta i 
Linnaeus, 1788, V. morio Linnaeus, 1767, V. rufina 
Linnaeus, 1767, and Bulla conoidea Linnaeus, 1767 (Gastro- 
rae diio Z.N. (S.) 1700. (6) Validation of the name 
yumanensis H. Allen, 1864 ia). 
Mir (S. 1701. (7) Suppression of the generic name 
, ta er, 1835 (Lamellibranchiata). 
Z.N.(S.) 1702. Any zoologist who wishes to comment on 
any of the foregoing cases should do so in writing to the 
Secretary. International Commission on Zoological Nomen- 
clature, c/o British Museum (Natural History), Cromwell 
Road, London, 8.W.7, before February 18, 1960. 


Races of Man 
Tun second edition of Races of Man, by Sonia Cole, 
serves as & useful guide to the methods of investigation 


used in the differentiation of racial types . 131418 
platea-+ 34 figures. London: Trustees of the British 
Museum (Natural History), 1905. Ills. 6d.). A brief 


historical background is followed by descriptive chapters 
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on physical characteristics, genetical and evolutionary 
features and blood grouping. Recent advances in the field 
of human biology have been incorporated. The influence 
of environment on evolutionary change is one of the more 
interesting aspects of this investigation; but the rather 
simplified explanation about the unspecialized nature of 
the human body is not the entire story. Ons 
hesitates to attribute the lack of specialization entirely to 
man’s achievement of & ‘culture’, which rendered unneces- 
sary any major evolutionary alteration to his physique. 
The chapter on racial origins is ing in view of the 
cumbersome terminology still bemg advanced by some 
physical anthropologists. The author is surely right in 
suggesting that only two genera should be distinguished 
in the early hominids, but it would have been interesting 
to see the single genus line expoetulated. Not everyone 
would accept the wide geographical range of these early 
hominids, but the racial and geographical range of Homo 
crecius seems incontestable. The ition in the evolu- 
tionary oe of the Great Interglacial European 
representatives still tends to be avoided. The emergence 
and appearance of Homo sapiens throughout the world 
make up the remainder, and bulk, of this useful handbook. 


Ramsay Memorial Fellowships 

Tum Ramsay Memorial Fellowships Trustees have made 
the following awards of new fellowships in chemistry for 
the year 1965-66: General (British) Fellowship to Mr. 
Moti Lal at the University of Strathclyde; a Glasgow 
Fellowship to Mr. J. A. Miller at the University of Cam- 
bridge; a Canadian Fellowship to Dr. J. F. Skinner at 
University College, London; a Japanese Fellowship to 
Dr. H. Suxuki at Bedford College, London; a Spanish 
Fellowship to Dr. J. A. Burriel Lluna at the Imperial 
College of Science and Technology, London; a United 
States Fellowship to Dr. L. L. Ames. The Trustees have 
renewed the following fellowships for the same year to: 
Dr. R. D. Levine (General (British) Fellowship) at the 
University of Oxford; Dr. T. W. Dingle (Canadian 
Fellowship) at the University of Oxford; Mr. M. J. Baillie 
(Glasgow Fellowship) at the University of Cambridge; 
Miss Margaret Kershaw (New Zealand Fellowship) at the 
University of Reading. 
The Harkness Fellowships of the Commonwealth 

Fund—New York 

Trosty Harkness Fellowahips of the Commonwealth 
Fund-New York are offered each year for study and 
travel in the United States. Candidates must be British 
subjectes who are citizens of the United Kingdom or 
present Colonies by birth or by naturalization. Oandidates 
must be between 21 and 32 years of age on September 1, 
1966. By that date they should have a degree from a 
university or the equivalent in qualifications conferred by 
professional bodies, or an attested level of professional 
competence in the public service, the professions, the 
creative arte, journalism, business, industry, or other 
comparable careers. Candidates who propose an academic 
career must have experience of uste research. 
The fellowships are tenable for between 12 and 21 months. 
Round-trip passages to the United States are provided. 
Emoluments include living and family allowances, travel 
in the United States, tuition and research expenses, and 
other allowances. Selection of Fellows for nomination to 
the Fund is at the sole discretion of the Committee of 
Award, which will conduct interviews at Harkness 
House, London, in February, 1966. Further information 
and details of the fellowships can be obtained from the 
Warden, Harkness House, 38 Upper Brook Street, London, 
W.1. Application, on forms provided by the Fund, must 
reach Harknees House before November 11. 


University News: Cambridge 


Tum following have been elected to fellowships at 
Churchill College from October 1, 1965 (Title B): Dr. 
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J. A. Miller, to a senior research fellowship; Dr. J. B. 
Gibson (Sheffield), to a senior research fellowship. 


Belfast 


Tma following lecturers have been appointed: R. N. 
Hughes (psychology); Dr. J. T. Patterson and Dr. D. J. 
Stewart (agricultural bacteriology); Dr. B. G. J. Thomp- 
son (mechanical engineering). 

Newcastle upon Tyne 


Tue following appointments have been made: Pro- 
Sessors, Dr. R. B. k (zoology); Dr. P. Collison (social 
studies); Dr. J. Brown hology); Headers, Dr. T. 
Borateherd (physiology); . J. G. Buchanan (organic 
chemistry). 


London 


Dr. 8. Comme has been appointed to the chair of 
chemical pathology tenable at Guy's Hospital Medical 
School. following readers have also been appointed: 
Dr. P. G. Hall (geography, tenable at the London School 
of Economics and Political Science); Dr. M. M. R. 
Williams (nuclear engineering, tenable at Queen Mary 
College); Dr. H. Sawistowaki (chemical engineering, 
tenable at the Imperial College of Science and Techno- 
logy); Dr. D. W. Turner (organic chemistry, tenable at 
the Imperial College of Science and Technology). The 
title of reader in mathematics has been conferred on Dr. 
L. M. Hocking in respect of his post at University College. 


Announcements 

A symposium on ‘Man-made Lakes”, organized by the 
Institute of Biology, will be held at the Royal Geographical 
Society during September 80—October 1. Further informa- 
tion can be obtained from the Institute of Biology, 
41 Queen's Gate, London, 8.W.7. 


Tus fourteenth autumn meeting of the Society for 
Water Treatment and Examination will be held at 
Leamington Spa during September 20—Ootober 1. Further 
information can be obtained from Mr. A. W. H. McCanlis, 
41 Carshalton Road, Sutton, Surrey. 

A symposium on ‘Management in Research a ipm 
tions" will be held at the Manchester College of Science 
and Technology on ber 29. Further information 
oan be obtained from Registrar, Manchester College of 
Science and Technology, Manchester 1. 


A symposium on “Genetic and Environmental Factors 
in Human Ability”, arranged by the Eugenics Society, 
wil be held in University College, London, during 
September 80—October 1. Further information can be 
obtained from the General Secretary, the Eugenics 
Bociety, 69 Eccleston Square, London, B.W.1. 


Taa second international symposium on ‘Inhaled 
Particles and Vapours", by the British Occupa- 
iety, will be held in Cambridge durmg 
September 28—October 1. Further information can be 
obtained from Dr. J. 8. MoLintock, Medical Services, 
National Coal Board, Hobart House, Grosvenor Place, 
London, 8.W.1. 


Foraromu (Forum Atomique Européen) Congrees 1965 
will be held at Frankfurt-on-Main during September 29— 
October 1, and will consist of a discussion meeting dealing 
with the subject ‘Nuclear Energy in Euro Raw 
Material to Electricity Grid". The state of development 
and future prospects of the use of atomic power for energy 
supply in Europe will be surveyed and there will be four 
sections dealing with, respectively: fuels, including 
uranium sources and fuel elementa; present types of 
nuclear power stations; use of the nuclear power station 
in the electricity grid; and conclusions concerning the 
future utilization of nuclear energy in Europe. Further 
information can be obtained from Foratom-Congress 1965, 
5300 Bonn an Rhein, Koblenrer Strasse 240. 
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CONSERVATION OF BROADLAND 


N adjournment debate in the House of Commons on 
, July 12 on the Broads as a national perk was 
PE ME J. Parker almost simultaneously with 
pub on of the Nature Conservanoy'a Report on 

The Report was referred to both by Mr. Parker himself 
and Mr. B. Harell, while in replying on the debate Mr. A. 
Skeffüngton, the Joint Par to the 
Ministry of Land and Natural Resources, said that the 
Ministry welcomed the Report as stimulating, knowledge- 
able and imaginative and that he was studying it with 
great interest. Mr. Parker re-opened the question of 
clearing the Broads of weeds, which ten years ago he had 
estimated would oost about £l million. He pressed for 
Bove Polity WER BORAR Lo tne Dronda in she interests 

both holiday makers and residenta in the area, and 
hoped that it would be possible to interest the new 
University of East Anglia in the problems of the area, 
and to encourage it to asaist in research. Mr. Hazell also 
referred to the need for such a policy, quoting the Strategic 
Plan for Broadland stressed in the Nature Conservancy’s 
Mr. Skeffington agreed that it was essential for 
the whole future of the countryside and the future of 
this area to be viewed afresh in the light of a rapidly 
changing situation, including a considerable increase in 
population and & great increase in mobility. He said 
that the Minister was making a thorough and oompre- 
hensive review of all the problems associated with the 
countryside and admitted that this was much overdue, and 
that the present expenditure of £43,000 by the National 
Parks Commission under the Act was derisory. The 
review being made at present would consider not only the 
needs of the parks already designated but also of possible 
future parks, which would be areas of recreation calling 
for greater accesmbility than required in the national 
parks themselves. This review was substantially oom- 
pleted and the Minister hoped to reach a conclusion on this 
shortly. Finally he admitted that the problem was urgent 
and that, as the Nature Conservancy’s Report stated, 
tame was not on the side of Broadland and to do nothing 
would be to abandon the region to erosion, conflict and 
decay. 

The Nature Conservancy’s Report follows an earlier 
draft, and the recommendations now included are based 
on discussions on this draft. The General Survey contains 
the factual material, which constitutes the second chapter, 
and this is followed by one on present trends and another 
giving the Conservancy’s appraisal and conclusions. 
Recommendations are set forth in the final chapter and 
these call for a basic policy to conserve and enhance the 
Broadland environment for holidays and for outdoor 
recreation as well as research and education. For holidays 
and such outdoor recreational activities as angling, 
yachting, dinghy racing, nature study and canoeing, 
which are essential leisurely pursuits, for research and 
education and for agriculture, Broadland provides a 
unique setting. The Report directa attention to the need 
for some understanding of the forces shaping the environ- 
ment which increase the value of Broadland for basio 
scientific studies and biological education. Some reoree- 
tional activities, both now and in the future, could be 
much better met in other areas, in or near large oonurba- 
tions, but the total impact of existing demands on Broad- 
land is large, and increasing. There are unmistakable 
signs that without positive sound policies for the long- 
term planning, management and development of the 
region many of its special features will degenerate, and 
much of its charm and value will be lost. Much of it is 
ecologically unstable and the restorative processes of 


The Nature Oonservency. Report on Pp. 98 (87 plates). 
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Nature cannot keep pace with the demands on them. 
Future policies must take full account of all these con- 
siderations and the Report insists on the need for a 
strategic plan for Broadland containing both short- and 
long-term features. Its detailed preparation will call for 
co-operative effort from many experte, and its imple- 
mentation will demand full understanding at regional 
level and encouragement and guidance at national level. 
Ita broad objectives must be the maintenance and 
enhancement of the Broadland environment; the har- 
monization of the activities and uses, for example, by 
space and time zoning; and an expansion programme 
involving the creation of new Broads and waterways, 
planned, managed and developed to meet further demands 
and to offer further scope for zoning. The success of the 
plan will require acceptance of the precept that long- 
term planning, management and development of the 
Broadland's resources of land and water and wild life 
must be based on research and education. The problems 
arising from incompatible uses are aggravated by over- 
crowding, which also prevents the best use being made 
of a given area. Accordingly, all proposals for expanding 
the use of Broadland must be based on an appraisal of 
the social and economic advantages of this use, and must 


be weighed against any resultant degradation of the 


environment. This calls for research and study to 
establish what the real advantages and effects of use 
are likely to be. 

Certain steps can be taken under existing statutory 
powers and by negotiation, for example, in relation to 
pollution of the Broadland waterways from whatever 
source. It is recommended that appropriately constituted 
expert groups should be established to consider and advise 
on pollution, the performance of craft intended for use 
on the waterways, on mooring facilities, on the require- 
menta for caravans, house-boats and 'flat-e-floate' and on 
a oode of behaviour. Discussions between interested 
parties, phased as part of the plan, should also be initiated 
to examine the pre-requisites for increased use of those 
waterways at present closed to navigation or restricted 
in use. The full use in Broadland of existing powers to 
cater for the recreational activities on water should be 
urgently studied by the River Authorities, and discussion 
should be held to explore the poesibilities of extending 
the application of roning, both in time and space, as & 
means of minimizing conflict between incompatible uses. 
Detailed consideration should be given to the practicability 
of creating new Broadland waterways since these would 
help to meet existing and future demands for more water 
space and also to distribute present and forecasted 
pressures more evenly and to facilitate zoning. 

A supplement by certain members of the working party 
is appended in which the recommendations are based on 


-the fact that at present no single authority can hope to 


identify all the facta or to provide solutions within its own 
powers. Accordingly, it is proposed that, ag a matter of 
urgency, the Government should establish machinery to 
designate ‘National Recreational Areas”, together with 
an agency to administer them and to provide facilities 
for outdoor recreation in the countryside generally, and 
that Broadland should be designated as one of these areas. 

Some authority should be invested with financial 
Tesources and responsibility for preparing a long-term 
strategic plan and, pending the completion and adoption 
of this plan, this authority should seek to ensure the 
co-ordination and unity essential for the effective planning, 
management and development of the region. The 
Conservancy also recommends that as soon as possible a 
consortium be established of the planning, river, and 
navigation authorities with an independent chairman of 
standing, appointed by the Government. Meanwhile the 
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consortium should be empowered to implement any 
proposals falling within the powers of the authorities 
constituting it; to encourage and facilitate appropriate 
action by other bodies; and to develop support among 
other bodies and the general public for the policies and 
measures proposed. It should maintain close working 
liaison between the interesta concerned and create new 
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facilities for the publie enjoyment of Broadland within the 
aatos of the Conadrvadcy a Ropar, as well as maintain 
constant review of trends and aegne in the aree 


implement the agreed policies, and advise on the 
economic implications of these proposals. 


RADIOCHEMICALS 


OUR booklets have recently been issued by the Radio- 
chemical Centre, Amersham *. 

The first, Selected References to Tracer Techniques, is 

& revised edition and contains a bibliography of selected 


publications useful to newoomers to tracer work. The. 


contents consist of titles of general texts and articles deal- 
ing with the tion of labelled ompa tracer 
applications, Ponies ods of measurement and safety pre- 
cautions. 

Radioactive Isotope Dihition Analysis is a second edition 
of the booklet in which the principle of the analysis is 
explained and shown to be a sensitive method of determ- 
ination of many substances in mixtures. It is emphasized 
that the technique does not require expensive laboratory 
facilities or materials. The application of the method is 
illustrated by icular les. 

Problems of radiation sBelf-deoompoeition of materials 
are of increasing interest to users of radioactive tracer 
compounds, and the summary of experience gained from 
the storage of radioactive compounds at the Radiochemical 
Centre which is given in the third booklet, The Stability of 
Labelled Organic Compounds, should be very helpful. The 
information is largely empirical. Date for a number of 
compounds are listed. To ementa] Asie iatha ivesti 
gation or observation of the decomposition from self- 
irradiation are the chemical character of the molecule 
which determines the liability to primary (external) and 
secondary effects; the purity, the solvents and diluents, 
the concentration, the specific activity, the temperature 
and other environmental conditions; and the type and 
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energy of the radiation from the incorporated nuclide. A 
detailed list af precautions in handling or storing radio- 
active organic compounds is included. 

The fourth and most recent booklet, Standards of Activ- 
tty, discusses the of standard available, their certifica- 
tion and use. activity of a quantity of radioactive 
material ia defined in accordance with the 1962 report of 
the National Commission on Radiological Unita and 
Measurements (ICRU) (NBS Handbook 80) as the number 
of nuclear disintegrations which occur in the quantity in 
unit time. The curie, 5-7 x 10!* disintegrations per 
seo, 18 the special unit of activi , and activity can be 
quoted in curies or in its sub-multiples. Activity is not 
constant with time but decays at a rate determined by the 
radionuclides present. 

Because of uncertainties in purity and half-life, the 
accuracy to which the activity can be caloulated at a given 


. time-becomes worse the longer the period from the refer- 


ence time. Standards of activity have therefore an 
ephemeral nature and care must be taken in the interpre- 
tation of the title ‘standard’. The moet satisfactory 
physical form for a standard of activity is a solution in a 
flame-sealed glass ampoule, but other forms are available. 
Standards of activity are principally used for the calibra- 
tion of measuring instruments, and the booklet makes 
clear the precautions to be taken if full use is to be made 
of the high accuracy associated with absolutely standard- 
ized solutions. In the second half of the booklet the 
standards available from the Radiochemical Centre are 
discussed and a complete schedule (operative during 1968- 
66) of standardized solutions together with details of their 
guaranteed accuracy and delivery time is given. Each 
of the four booklets contains a list of references. 
B. WEINTROUB 


; SCIENCE ABSTRACTS 


EMBERS of the Documentation Research Project 
section of the American Institute of Physics have 
carried out a comprehensive survey of published physica 
literature by a detailed analysis of the contents of the 
1961 issues of Physics Abstracts (Section A of Science 
Abstracts). A report of the has recently been 
published *. A total of 20,287 abstracts covering 405 
periodicals from 29 countries were scrutinized, and certain 
details coded and transfered into machine-readable form. 
The method of used is described and illustrated by 
a oode sheet and sample abstract. The speciflo codes 
chosen for the country of origin, the periodical, the lan- 
guage and the subject flelds, which formed the four major 
flelds of enquiry, are included in an appendix to the report. 
Each fleld is dealt with in detail in a separate section of 
the report. The greater number of papers were devoted to 
nuclear physics and solid-state physics. About half the 
articles abstracted during 1961 had been pyblished 
* Literutwure 
Physice Titrat (Sobence Abel Seton 4), 1941 it en By Biela 
Keenan and Pauline Atherton. Pp. 186. (Now York: The American Insti- 
tute of Physics, 1064.) 


during that year. This may be olosely related to the fact 
that Physics Abstracts uses the author abstract when 
available. There were twice as many author abstracts 
as signed abstracts. Incorporated in the report, in 
addition to the numerous tables of data and illustrative 
charte, is a reprint of an article in the Journal of Chemioal 
Doowmentation (4, 157; July 1964), in which description 
is given of an investigation of the time-lag of coverage 
by Physics Abstracts with respect to three particular 


- periodicals. The time-lag refers to the time in months 


between the date of issue of the periodical in which an 
article appeared and the date of appearance of ita abstract 
in Physics Abstracts. The three periodicals were Physical 
Review Letters (an English language journal with no author 
abstracta), the Jowrnal of Ohemsoal Physics (an English 
language journal with author abstracts for articles but 
not for Letters to the Editor), and Zeitschrift für Phystk (a 
foreign language journal with author abetracte in English 
or in a foreign language). The investigation showed that 
the a time-lag was similar for all three periodioals, 
about three to four months. Many factors contributed 
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to the time-lag, but the analysis indicated that the avail- 
ability of author or English language abstract could reduce 
the time-lag by as much as one month. 

Sotencs Abstracts, which consists of two sections (Beo- 
tion A, Physics Abstracts, and Section B, Electrical 
Engineering Abstracts), is produced by the Institution of 
Electrical Engineers, in oo-operation with the Institute 
of Physics and the Physical Society, and the American 
Institute of Physics. The director is D. 8. Hopper, and 
advisory editor B. M. Crowther, formerly editor. The 
editor for Section A is A. Tybulewior, assisted by seven 
assistant editors, and for Section B, L. MacQuisten-Wal- 
lace, assisted by five assistant editors. During 1964 the 
original committee of management was replaced by an 
advisory panel the function of which is to consider the 
questions of general coverage and production of the 
Abstracts and luture automatic retrieval. An important 
conference of representatives of interested bodies, together 
with delegations from the United States and from the 
Science Research Council (then the Department of Saienti- 
flo and Industrial Research), was held during October 


yoars ago, a larger size and photolithographic repro- 
duction were in but it ia only recently that the 
full advantages of these changes have been utilized. The 
U.D.C. classification number, which used to be attached to 
each abstract, was dropped some time ago without any 
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complaints by users, and to follow the development of 
physics & gradual but continuous revision of subject 
headings has taken place. Details of the revision and of 
the arrangementa of entries are all carefully explained 
and listed in the index numbers. A notable change in 
the form of the author index took place in March 196b. 
A new style to be used in the monthly index and in cumula- 
tive indexes, which enables an entry card on which the 
details of an abstract is entered to be arranged easily in 
index order or to be used several times for different author 
indexes, has been introduced. A shortened form of the 
title of an article is used. When the article haa several 
authors, each author’s entry appears separately and all 
the names do not appear together in the entry, but the 
first author’s name is followed by the sign ‘+’ before the 
abstract number and the co-authors’ entries with the 
‘+’ sign after their name. 
(1905), Science Abstracts will publish the annual cumulative 
indexes in two perte, each covering 4 six-month period. 
The first parts covering the January—June issues have 
already and the Part 2 (July—December) indexes 
will be issued after the publication of the December 
issue. Abstracts are numbered consecutively throughout 
the twelve monthly issues as previously. 

Author and subject indexes covering the period 1960—64 
for both Sections A and B are to be published during 
1965. The cumulative author index for Section A, 
Physics Abstracts, contains some 240,000 entries oover- 
ing 2,800 pages of text and is bound in four perte. Ite 


publication date was May 1965. The cumulative -` 


subject index with about 870,000 entries is to follow, as 
also the indexes for Section B, Eleorical Engineering 
Abstracts. 


SYNTHESIS OF RIBONUCLEIC ACID BY DIFFERENT REGIONS OF THE 
EARLY AMPHIBIAN EMBRYO 


By Pror. C. H. WADDINGTON, C.B.E., F.R.S., and Mas. E. PERKOWSKA 
Institute of Animal Genetics, University of Edinburgh 


HE differentiation of the various regions of an 
embryo into a number of distinct adult oell types 
must involve the synthesis in each region of a character- 
istic battery of proteins. According to present ideas, this 
must necessitate the production in each region of speciflo 
RNAs which ‘code for’ the proteins. It is 

also necessary that the embryonic cells should provide 
themselves with the tein-synthesizing machinery, 
such as ribosomes, with which they are initially not 


adequately equip One should therefore expect that 
there are well differences in RNA synthesis both 
in time and within an embryo. However, even in 


well-studied forms, such as the vertebrate egg, we are 
only just beginning to become acquainted with the basic 
facta 


The teobniqué which was employed first was autoradio- 
graphy, and it was shown! that shortly after ion 
begins there is a regionally differentiated pattern of RNA 
(and protein) synthesis, which is moet rapid in the organs 
of the dorsal axis. This synthesis oocurs predominantly 
in the nuclei, and more specifically in the nucleoli, organ- 
elles which have long been suspected, and more recently 
definitely ahown!:*, to be concerned with the production 
of ribosomes. However, the nature of the RNA detected 
in the autoradi hs remained a matter of conjecture. 
Biochemical me have also shown that there is more 
rapid RNA synthesis in the dorsal parts of the amphibian 
embryo’, and that there are differences in the base 
compositions of the total RNAs of various regions’. The 
method of centrifugation through a density gradient, 
which can be used to examine the sedimentation constant 


of the various RNAs, has been applied by Brown and 
Littna* to material extracted from whole embryos of 


Xenopus. In most of these the RNA had been labelled 
with phosphorus-82 incorporated into the oocyte, and 
available turn-over to syntheses occurring at later 


stages, but in some experiments “CO, was supplied directly 
to embryos. Studies were made on the sedimentation 
patterns of RNAs extracted from whole embryos at 
various stages, but no attempt was made to characterize 
the different regions or tissues. 

The main aim of our experiments was to compare the 
sedimentation patterns of different regions of the embryo 
at different stages. They therefore had to depend on the 
dissection of embryos so as to isolate the regions to be 
studied. This is bound to be a somewhat laborious task, 
the difficulty increasing with the precision and detail of the 
dissections. It was therefore first necessary to discover 
whether sufficient label for the p of sedimentation 
analysis oould be got into the RNA of a reasonably 
amall number of embryonic organs, such as would be 
practicable to dissect. It was also necessary to discover 
what labels could be taken up by isolated organs; in 
Xenopus substances such as nucleotides are taken up 
very badly if at all by uninjured embryoe*. 

We have worked mainly with newt (Triturus alpesiris) 
embryos, although a few experiments have been made 
with axolotl material. As label we used uridine 5-*H 
(from Radiochemical Centre, Amersham, England, 24-4 
c./mmole). It was found that this penetrates adequately 
through the cell plasma membranes which are internal 
to the embryo, but was absorbed very poorly in isolates 
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Stage 14 (12 embryos, 6 h labelhng) 
L Sedimentation pattern 
Lib a iaun piem ee —, ixis; .. ,ectoderm,---, 


which are completely covered with the external layer of 
epithelium, which carries the so-called 'ooet". The 
intensity of ionization obtainable from a group of ex- 
planted organs depends, of course, not only on their mass 
and the time of exposure to the label, but also on the 
activity of RNA synthesis. In the preliminary experiment 
conducted so far, the dissections have been rather crude, 
merely separating the embryos into three main regions: 

(a) dorsal axis, including neural system, notochord and 
somites; (b) endoderm; (c) lateral ectoderm including 
much of the underlying lateral mesoderm. Using such 
relatively large fragments, it was found that adequate 
radioactivity is obtained with no more than 6-8 dorsal 
pieces (from embryos from early tailbud to hatching 
stages) exposed to tracer for periods of as little as 2 h. 
Larger numbers, or longer exposures, are needed for dorsal 
regions of the open neural plate stage, or for endoderm 
pieces until near hatching, since in both these regions the 
rate of RNA synthesis is low. The ectoderm pieces, 
except from the earlier stages, are very thin, containing 
little substance, and considerably larger numbers would 
be required for study of them. 

Embryos were freed from the jelly capsules with the 
usual sterile precautions, and dimsected in one of the 
standard amphibian-embryo salines (Holtfreter’s or 
Barth’s) containing antibiotics ilin and strepto- 
mycin) as well as sulphadiaxine. tile stages were im- 
mobilized with MS 222, and then a little citrate (to about 
0-1 per cent) was added to the dissection medium to 
facilitate the separation of tissue masses. After exposure 
to the tracer in solid watch-glasses containing about 
l ml. of medium, the fragments were rinsed 
in saline, and then processed without being 
subjected to a chase. After light homo- 

ization, RNA was extracted by the Perry 
henol method!*. Smoe the quantities 
of À in the cultured fragmenta were not 
sufficient to give a reading of optical density, 
an adequate amount of unlabelled Xenopus 
tadpole RNA was added to the preparations, 
whioh were then layered on to a 5-25 per cent 
ee, of sucrose, and centrifuged in the 
pinoo 25-1 rotor at 2°-8° O for 16 h at 
21,000 r.p.m. Fractions were collected in 
30-35 tubes, the optical density taken, and 
the radioactivity measured on a Packard 
Tri-Carb scintillation counter. 

Fig. 1 shows the sedimentation profiles 
from the three regions of 12 alpestris em- 
bryos of the open neural plate stage (stages 
13-14 of Glaeaner) labelled for 6h. This is 
the earliest stage from which we have reeulte. 
It is apparent that RNA synthesis is bogin- 
ning to become active in the dorsal region, 
but is scarcely appreciable in the endoderm; b 
in the lateral ectoderm, which was accom- 
panied by most of the lateral mesoderm, 
there seems to be incorporation into RNA 
considerably lighter than 28 S, but we do 
not have resulte for this region in the imme- 


diately succeeding stages of development, 
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and the significance of this result needs further 
investigation. The most striking feature of the 
sedimentation pattern is the importance, in the 
dorsal region, of incorporation into RNAs which 
are considerably heavier than 28 S. This pattern 
is repeated in the dorsal regions from later stages, 
from teilbud to hatching. Fig. 2 shows the 
sedimentation patterns from dorsal regions of 
stages 18-14 (open neural plate, repeated from 
Fig. 1). from stage 20 (tailbud) and stage 27 (early 
muscular mee). The iments involved 
different numbers of embryos (6-10) and different 
lengths of labelling, and are thus not oom- 
parable in the vertical (ionization) scale; the 
sedimentation patterns have been superposed simply to 
emphasise the similarity in general pattern, in particular 
the great importance of heavy RNA: 

The sedimentation pattern is somewhat different in 
the other two regions. In the ectoderm, as already 
mentioned here, the small masse of the fragments has so 
far prevented us obtaining clear resulta, but by stage 
27 there is certainly incorporation into 28 S RNA, with 








Stage 28 (7 embryos, 4 h labelling) 
Fig 3. Oomparative sedimentation MI and before 
Ye pa pic ans endoderm, shortly 
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probably some formation of rather heavier material 
(perhaps about 85 S), but little sign of the much heavier 
types seen in the dorsal region. In tadpoles shortly 
before hatching, incorporation into the endoderm has 
become quite rapid. is illustrated in Fig. 8, which 
compares the dorsal region with the endoderm (including 
the posterior part of the pharyngeal cavity). The mass 
of the endoderm fragments is considerably greater than 
that of the dorsal regions, and although the two graphs 
are plotted on the same co-ordinates, they are not strictly 
comparable quantitatively. However, qualitatively, they 
show that the synthesis of heavier types of RNA is much 
leas important in the endoderm than in the dorsal axis. 
This observation has been made iri several other experi- 
mente in which these two regions could be compared at 
stages just before or after hatching. 

The signi of the regionally different patterns of 
RNA synthesis which have been revealed in these pre- 
liminary experiments remains to be elucidated. On 
general grounds one would expect two categories of 
synthesis to be proceeding: of ribosomal and of measenger 
RNAs. It would be anticipated that the messengers in 
different regions would differ in specificities, but there are 
no grounds on which one might be led to expect them to 
differ in sedimentation . Concerning the ribo- 
somal RNA, it is difficult to know what one might expect. 
The ribosomes of different adult tissues do not have 
RNAs of markedly different sedimentation characteris- 
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tics, and, although the existence of many DNA aistrons 
coding for ribosomal RNA" * raises some question whether 
there may not prove to be ti ifle differences in 
these substances, there is again no reason to suppose 
that these would show up im sedimentation patterns. 
However, there is evidence that the production of ribo- 
somes may involve, as a first step, the formation of ribo- 
somal-RNA rs much heavier than 28 S (refs. 2, 
9 and 10) and it seems likely that some at least of the 
heavy material in our sedimentation patterns is of this 
. It is not possible to interpret the difference in^ 
i tation pattern between dorsal axis and endoderm 
until further analysis has revealed how much of the heavy 
RNA is ribosomal precursor, and how much m or 
DNA.like. We are planning to use the method of DNA- 
DNA hybridization to study this problem further. 
Pig epee TT Og So Ty t pre US 
i Denis, H., Devel. , 9, 458 
1 Gurdon, J. B., and Brown, D. D , J. Mol, Baol., 18, $7 (1065). 
1 Wallace, EL, and Birnstjel, M. L., Biookien. Biophys. Acts (1n the press). 
* Frtehtnger, B. A., Exp. Oeil Res., 6, 182 (1954). 
? Douctur, H. ML, and Bristow, D. A , Nature, 806, 1821 (1905). 
* Brown, D. D., and Latina, IL, J. Mol. Biol., 8, 660, 683 (1904). 
* Holtfreter, J., J. Bap. Zool, 93, 251 (19438). 
ME M, and Spiegelman, B., Proc. U.S. Nat. Acad. Soi., 53, 737 
Mosis ea and Darwell, J. H, Pwookim. Biophys. Res. Comm., 7, 490 
19 Perry, X. P., Proc. U.S. Nat. Aond, Soi., 48, 2170 (1902). 


CHANGES IN ELECTRON SPIN RESONANCE SIGNALS OF 
RAT LIVER DURING CHEMICAL CARCINOGENESIS 


By Dx. ANTONY J. VITHAYATHIL, Dr JESSIE L. TERNBERG and Pror. BARRY COMMONER 
Departments of Botany and Surgery, Washington University, St. Louis, Missouri 


cubrir empirical obeervations and theoretical 
considerations have suggested a functional relation- 
ship between unpaired electrons, such as those associated 
with free radicals, and carcinogenesis. That aminoazoben- 
xene derivatives most effective as carcinogens may form 
relatively stable free radicals after being assimilated into 
tissues was suggested by Kensler, Dexter and Rhoads’. 
Condensed ring compounds which have a relatively strong 
tendency to acquire an unpaired electron from an alkali 
metal, forming a relatively stable free radical, are among 
the more powerful carcinogens’. The carcmogenic 
capability of aromatic compounds may be related to a 
region of high electron density in the molecule, & condition 
which might readily oocur in a free radical’. 

Direct observations comparing the concentration of 
unpaired electrons due to free radicals of metabolic origin 
in normal and tumour tissues were first reported from 
this laboratory in 1954‘. These showed, on the basis of 
electron spin resonance determination of frozen-dried 
preparations, that tumour tissue preparations yielded 
much smaller electron spin resonance signals than com- 
peor normal tissues. Since then we have shown, 

m measurements on surviving tissues at physiological 
temperatures, that the electron spin resonance signal at 
g — 2-005 normally observed in animal tissue such as liver 
is absent, or nearly so, in surviving tumour tissue‘. 

A direct examination of the relationship between 
chemical carcinogenesis and the free radicals obeerved 
by the electron spin resonance technique in animal tissues 
has now been carried out. The resulta reported here 
show that three chemically different carcinogens, soon 
after they are administered in the diet, cause the transitory 
appearance of a distinctive free radical at g = 2-035 + 0-002. 
This new electron spin resonance signal appears to be the 
earliest known specific response to the carcinogenic 


stimulus. This generalization, if supported by obeerva- 
tions on other carcinogenic agents, may provide a useful 
ae ei to the problem of cancer detection. 

these I ts electron spin resonance signals 
were obtained from 50-100 mg samples of surviving liver 
tissue taken from rata (male and female; Holtzman 
strain; 150—200 g initial weight) maintained on a semi- 
synthetic pellet diet. In experiments with p-dimethyl- 
aminoazobenzene (butter yellow) and thioacetamide, the 
experimental diet contained 0-06 per cent of the carcinogen 
in & feed deficient in riboflavin (1 mg/100 g diet). In 

iments with 2-acetylaminofiuorene (AAF) the experi- 
mental diet contained 0-06 per cent of the carcinogen in 
& basic mixture containing 400 mg of riboflavin and 
200 mg of nal) tet sage per 100 g. The control dieta 
were identical with the experimental ones except for the 
omission of the carcinogens. 

At 3-4 day intervals, animals from the experimental 
and control series were killed, their livers removed and 
stored on cracked ice for early measurement or stored in. 
the frozen condition for later measurement. For electron 
spin resonance determination, 50-100 mg of liver slices 
were prepared, weighed and inserted into a flat electron 
spin resonance cell in 5 per cent glucose. Measurementa 
were made at 15° C. 

The electron spin resonance spectrometer used in these 
investigations is designed gpecifically for measurementa 
of aqueous samples at physiological temperatures, and 
has been described briefly elsewhere’. The apparatus 
was arranged for automatically repeated sweeps of & 200 
gaus field, traversed in a 16-sec period, with a modulation 
amplitude of 16 gauss. The intrinsic time-constant of 
the instrument is about 500 psec. All measurements 
were made a constant value of Q, thereby fixing the 
inherent sensitivity of the apparatus. In order to enhance 
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repeated sweeps were summed in half the channels of 
a 400-ehannel multi-channel analyser (RIDL model 
$4-12B, modified). In the remaining 200 channels a 
blank was recorded by entering the resulta of 50 repeated 
sweeps using.the cell containing 5 per cent glucose but 
no tissue. This blank was au i subtracted from 
the experimental signal and the result read out of the 
by means of an X—Y recorder. g 

The resulta obtained in Wesen ee with 
butter yellow, thioacetamide and are shown in 
Figs. 1, 2 and 8 respectively, together with the comparable 
data from control animals. All the liver samples from 
control animals show the electron spin resonance signal 
at g = 2-005, half-width 20 gauss, which we have observed 
previously in liver tissue from a number of laboratory 
animals’. This signal is also present in non-tumorous 
liver samples from carcinogen-fed animals. However, in 
all three i -fed series, the livers exhibit an 
additional signal not observed hitherto in any normal 
tissue. In all three cases the new signal occurs at g = 2-035 
+0-002 and exhibite a half-width of about 20 gauss. 

In all three carcin series, the g= 2-085 signal is 
transitory. However, Fig. 4 shows that there are striking 
differences in the times of appearance and disap oe 
of the observed signal. In rats fed on AAF, the abnormal 
signal appears within 7 days after feeding starts, rapidly 
declines m intensity, relative to the normal signal, and 
disappears after 12 days. When the diet contains butter 
yellow, the g= 2-085 signal makes ita first appearan 
after 14 days of feeding, reaches a maximum intensity 
at about 20 days and disappears after 40 days. For rata 
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fed on thioacetamide, the process i 
relevant times being 40, 54 and 61 days. 

According to Rees e$ al.', the time required for the 
appearance of liver tumours in rate fed AAF under 
conditions similar to those used in our experiments is 
about 4 months. In the case of rats fed on a butter- 
yellow diet similar to that used in our experiments, 
Miller and Miller* found that animals developed tumours 
in about 4-68 months. Rats fed on thioacetamide at the 
concentration used in our experiments developed tumours 
only after about 12 months or more’. Thus, the abnormal 
electron spin resonance signal appears, and disappears, 
long before tumours are in evidence. 

Rees et al. have reported a series of histological and 
biochemical observations of livers of rate fed with these 
three carcinogens. In rate fed with AAF the histological 
appearance of the liver is ‘relatively normal’ during the 
first 5 weeks, although some inflammatory changes and 
bile duct proliferation are noted’. Bile duct proliferation 
reaches a maximum at 14 weeks. In rate fed on butter- 
yellow only minimum histological changes are observed 
in the first 4 weeks". In the next 5 weeks bile duct 
proliferation increases progressively, and thereafter rather 
gross histological changes, 1noluding nuclear abnormalities, 
are noted. When rata are fed dieta containing thioaoet- 
amide, bile duct proliferation is observable only after 
6—1 weeks, and histological changes then become gradually 
more intense!*. Biochemical investigations of the DNA 
and RNA contents of livers from rats fed on these car- 
cinogens show no variations which can be porreluted. with 
the time ired for & ce of tumoursg''!*, 

ee resulta ıt apparent that when the abnormal 
electron spin resonance signal which we have observed 
in the livers of the carcinogen-fed rats is first detected, 
that is, 6, 14 and 40 days for AAF, butter-yellow and 
thioacetamide respectively, histological changes are 


NATURE 


“September 18, 1965 vou 207 


minimal and non-specific. In these instances, the electron 
spin resonance signal at g=—2-035 appears to be the 
earliest known unequivocal sign that the tissue is later 
to beoome tumorous. 

Additional evidence that the signal at g=2-035 is 
specifically -related to the process of carcinogenesis is 
suggested by the apparent identity of the signals observed 
in the three e i tal series, both with respect to 
g-value and half-width. The three carcinogens used in 
these experiments are quite different in molecular struc- 
ture; they have in common only their carcinogenic 
capability, and that they induce the appearance of an 
appar identical free radical in the affected liver. 

oreover, & series of similar diet studies on rate fed a wide 
variety of pharmacologically active drugs with no known 
caroinogenio activity, carried out by Dr. John J. Heise 
in this laboratory, failed to induce the appearance of the 
g = 2-035 signal in the liver. ` 

Preliminary efforts have been made to identify the 
source of the g = 2-035 signal. The abnormal signal is 
absent from mitochondria isolated from liver of animals 
fed butter-yellow when the whole tissue exhibits the 
signal. It has not been possible thus far to observe the 
abnormal signal in any of the usual fractions of tissue _ 
homogenates. Unlike the normal signal at g = 2-005, 
which is readily observed in isolated mitochondria, the 
free radical which gives rise to the signal at g = 2-035 
does not appear to withstand the procedures mvolved in 
fractionation and isolation. . 

That three chemically different carcinogens induce the 
appearance of an apparently identical electron spin 
resonance 8i tends to militate against the possibility 
that the abnormal signal is due to & free radical form of 
the carcinogen itself, or of one of its metabolic derivatives. 
As a first approximation it would appear that the g = 
2-035 signal is due to unpaired electrons associated with 
some cellular component rather than with the carcinogen 
or a derivative of the latter. 

During the course of these experimenta we were able to 
confirm our earlier observation that the electron spin 
resonance signal at g = 2-005 commonly observed in 
normal liver tissue is absent from tumour tissue. Fig. 5 
shows the electron spin resonance spectra observed con- 
currently from a butter-yellow induced hepatoma and 
from a non-tumorous region (as indicated in histological - 
sections) in the same liver. The g = 2-005 signal typical 
of normal liver tissue is observed in the non-tumorous 
region, whereas no detectable signal is present in the 
tumour proper. Fig. 6 shows electron spin resonance 
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samples. All curves except the lowest one are from Itver tumours. 
lattar reuireeenia lives marple fics © patient with ial fever. 
The electron o were made the same 


spectra obtained from several human liver tumours of 
different origin. In all cases, the g = 2-005 signal, which 
is typically present in normal liver, is abeent in the tumour 
tissue. The same figure shows that a liver biopsy taken 
in the case of a non-tumour disease yields the normal 
-signal at g = 2-006. 

The results reported here show that, in the case of the 
three substances tested, chemical oarcinogenesis is 
associated with oertain characteristic changes in the free 
radicals detectable in rat liver. In all cases a signal at 
g = 2-085, which is not present in normal liver, appears 
shortly after the carcinogen is added to the diet, mses to a 
maximum intensity and disappears long before carcinoma 
is evident either grossly or microscopically. At this time 
the signal at g = 2-005, which is typical of normal tissue, 


Malignant tymours typically exhibit no 
detectable pee spin resonance 

These results are thus far empirical in the sense that we 
have no evidence as to the biochemical origin of the 
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abnormal electron spin resonance signal. If, as we 
suggest, the signal at g = 2-085 is due not to a free radical 
form of the carcinogen, but to the generation of unpaired 
electrons in some structure or constituent of the cell 
itself, then the primary effect of the carcinogen may be 
on the oell's electron-transport system. Such an affect 
would be in accord with the concept, long under discussion, 
that carcinogenesis involves a transformation of cellulan 
oxidation—reduction processes. 

The present results suggest a possible new 
the early detection of the onset of cancer. If Rien sire 
spin resonance signal at g = 2-035 is an early and specific 
sign of later tumour formation, then it ahould be possible 
by electron spin resonance analysis of a biopsy to determine 
whether a tissue with suspicious but not frankly tumorous 
ee is likely to later develop into a tumour. 8o 

thia conclusion seems warranted only for the three 
specific carcinogens which we have studied, but with 
further investigations of this type ıt should be possible to 
determine whether a wider generalization—on which a 
diagnostic scheme for early detection of cancer might be 
besed—is valid. Such studies are in progress in this 
laboratory. 

This work was supported by grante from the US. 
National Institutes of Health and the U.8. Office of 
Naval Research. 
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AN EARLY POTENTIAL EVOKED BY LIGHT FROM THE PIGMENT 
EPITHELIUM-CHOROID COMPLEX OF THE EYE OF THE TOAD 


By Pror. KENNETH T. BROWN 
Department of Physlology, Australian National University, Canberra 


POTENTIAL with no detectable latency was 

reoently found in the monkey retina by Brown 
and Murakami’, and this response proved biphasic in 
form’. It was found by microelectrode methods, and 
identifled by rigorous criteria as generated by the reoep- 
tors; henoe it was named the early receptor potential 
(RP)-*. Higher stimulus intensities have made it 
possible to record this from excised eyes by 
means of grossa electrodes‘. Investigations by this 
method have shown that in the pure rod eye of the rat 
the intervening photopigment is rhodopsin, rather than 
some accessory pigment‘ 5. Thus the early RP is an 
extremely rapid consequence of the absorption of light 
by the photopigment. The physiological significance of 
this response is of great interest, but is not yet determined. 
One question which arises is whether this type of response 
is unique to vertebrate photoreceptors, or whether it 
occurs in other cells which possees pigments for absorbing 
light. 


A major advantage of studying isolated eyes is that 
er ad E o UD 
and certain variables may be controlled more readily than 
in eyes $n situ. The early RP of the monkey is extremely 
insensitive to anoxia, and even to death of the anrmal!?. 
During investigations of the early RP, therefore, one 
may use the advantages of isolated eyes without sacrificing 


- normality of the response. Thus work was undertaken 


on the isolated eye of a toad (Bufo marinus), which 18 
readily obtainable in Canberra. Observations on the eye 
cup, after removing the retina, revealed a new rapid 
biphasic response reported here. 

this work the animal was pithed, and the eye 
enucleated in normal room lighting, following which 
three types of preparations were made by dissection 
under dim red light. In one preparation a cut was made 
around the eye, so that the cornea, lens and ciliary body 
could be removed as a unit. This preparation, consisting 
of the eye cup with the retina, was placed on & cotton 


N 


- 1250 


wick electrode soaked with frog Ringer’s 
solution. A second cotton wick electrode 
made contact with the vitreous humour 
inside the eye. In a second type of prep- 
aration the optic nerve was first ahaved off 
with & razor blade, taking a small portion 
of sclera with the nerve; this freed the 
retina from ite attachment at the optic 
disk. The front of the eye was then 
removed, and a piece of dry cotton wool 
was shaped to fit the eye cup and inserted 


Eye cup 


» 


NATURE 


September 18, 1965 vo 207 


without retina 


Eye cup with retins 





into it. After a few moments the cotton o9 id 

adhered to the retina, which was easily teen 

removed. The cotton was then used to ~ r- ~ 

support the retina, which was mounted 

with the receptors facing upwards. The 2. The effects of hght ada: followed by dark adaptation, on all three prepara- 
cotton was soaked with Ringer’s solution, n palit the fret response, Tha repetation wes ibn miia bed si 
to act as one electrode, and the other wick n ins ots Plead bee Leni eal or ak ce to the fifteenth 
electrode was placed in contact with the from Might adaptation, and record C is the first response after or dark adapta sion, 
receptor surface ribar ite centre. Micro- on. "Ta the boton renra of each culum. Ue sharp iral ths Hone al ned oE Foo 
scopic examination of retinae removed in stimulos. The iru erre for Rr iE 100 aV Toltagri oalihiation 
this manner showed the outer segments The apitada of te respones From Ue soto rotina Gourtamed orpoa rapkdiy bow- 
packed in solid array over the entire over, and the 50 ay calibration holds for records B and C from the isolated 


receptor surface. There was no indication 
that any outer segments remained with the eye cup, ex 
perbape at the cut edges of the retina, and no pigment 
adhered to the receptor surface. Thus the method of 
removing the retina provided a satisfactory ion 
between the retina and pigment epithelium. e third 
preparation was the eye cup without the retina. This 
preparation could be made by the procedure for isolating 
the retina, and a number of experiments were performed 
with this preparation. When the retina is removed from 
the eye cup, however, the remaining tissue is subject to 
rapid drying. Ringer’s solution could be placed in the eye 
cup, but it quickly drained out through the hole at the 
optio disk. is problem was solved by leaving the stump 
of the optio nerve intact. After removing the front of the 
eye dry cotton was fitted to the eye cup. The cotton was 
used to pull the retina free from the eye cup, except for 
the attachment at the optic disk, which was carefully cut. 
Ringer’s solution was placed in the eye cup, which 
was mounted as in the case of the eye cup with the retina. 
Each cotton wick electrode passed into a glass tube 
filled with Ringer's solution. A platinum wire was 


t 





inserted into the solution at the other end of the tube, 

. &nd that end of the tube was sealed by wax. The glase 
tubes were then wrapped with black tape, to avoid 
photoelectric artefacts at the fluid-metal junction. 
Discharge of the condenser in the light source caused a 
amall electric artefact, which was recorded occasionally 
as a positive pip, as shown in two records of Fig. 2. This 
proved useful for measuring response latencies. Amplifica- 
tion was by a Tektronix type 2461 differential amplifier 
in a type RM 585 oscilloscope. The polarity of all records 
was such that an upward deflexion indicates itivity 
of the vitreous side of the p tion. The uency 
response was flat from 6 to 60,000 o/s, which was sufficient 
to give undistorted responses. 

Light flashes were provided by the condenser—discharge 
flash of a photographic lamp (Honeywell ‘Strobonar 650’). 
This lamp was mounted outside the recording room, and 
the light was led to the preparation by a flexible fibre 
optics bundle having a numerical of 0-55 (Amer. 
Opt. type LG6—830). One end of this fibre optics bundle 
was placed close to the flash tube, the front aover of the 
lamp having been removed; the other end was placed 
directly over the tion. The diameter of the fibre 
optics bundle was ut 6 mm, which fite well to the 
size of the eyes examined, so an intense brief flash was 
delivered to the entire preparation. The timing of the 
flash was monitored by a solid-state photovoltaic detector . 
(Hoffman type EAT7ES$), and displayed on the second 
beam of the oscilloscope. This detector has a rise time 
of about 20 usec, so the onset of the flash was accurately 
recorded, but the decay, in the record not to 
reflect the true time course of the light flash. The effective 
exposure time of the flash is stated by the manufacturer 
as 0-7 msec. j 

Fig. 1 shows responses from the eye cup without the 
retina. Record A shows that the new response is biphasic 
in form, consisting of & id negative phase followed 
by a slower positive phase. Following the poartive phase, 
there is no indication that there are any laver portions of 
this response. Record B, at faster trme base, resolves 
both phases of the response, while record O shows more 
clearly the rapid first phase. Record D was obtained 
after removing the pigment epithelium-choroid complex 
from the eye cup, leaving only the sclera, which was 
partially filled with Ringer’s solution. No sign of the 
new response was obtained under these control con- 
ditions, or when the cotton wick electrodes were in 
direct contact. ‘Thus the responses of records A-O 
cannot be either ‘electric or photoelectric artefacts. oe 
possibility was also considered that the nse might 
not ce unless Ringer's solution was added to the 
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p Similar but smaller dis decas were obtained, 
er, without adding Ringer’s solution to the eye cup. 
Similar responses were also recorded, although with a 
higher noise level, when the wick electrodes were filled 
only with distilled water. Since no Ringer’s solution was 
in contact with the preparation in this case, the new 
response cannot be a special type of artefact resulting 
from the addition of Ringer’s solution. The new response 
was not detected from the sclera alone. But it has been 
detected from the isolated pigment epithelium-choroid 
complex, after removal of this tissue from the sclera by 
procedures similar to those for isolating the retina. Thus 
the new response must be generated by the action of 
light on the pigment epithelium-choroid complex. 

Fig. 2 shows the effecta of light adaptation, followed 
by dark adaptation, on all three ions. In each 
column response A was elicited by the first flash. The 
preparation was then light adapted by stimulating at 
l-min intervals for a total of 15 flashes, and response B 
was elicited by the 15th flash. The preparation was then 
left in darknees for 15 min, to observe recovery from 
light adaptation, and response O was elicited by a flash 
at the end of this recovery period. The response of the 
eye cup without the retina consistently decreased in 
amplitude during the period of stimulation, but this may 
have resulted from slight drying of te preparan. In 
some cases there was a small recovery of amplitude after 
the period in darkness, as shown in Fig. 2. But this 
effect was not always found, and was small in amplitude 

“when it ocourred. Thus if there is any effect of this 
light-adapting procedure on the new response, the effect 
ig v small and has not been clearly demonstrated. 
Similar results were obtained when light adapting by 
flashes at 15-seo intervals. Hence the first phase of 
the new response is remarkably resistant to light adap- 
tation. 

In the isolated retina the first and second phases of 
the early RP were about equal in amplitude prior to 
light adaptation. By oomperison with previously pub- 
lished records, the litude of the first phase is exoep- 
tionally large. Thus the isolated toad retina is a favourable 
case for studying both phases of the early RP in the same 
response. peat E Ey een tel tek he early 
RP may be abolished? or reduced‘ by light stimulation, 
and in the isolated toad retina the amplitude of the early 
RP declined rapidly with successive flashes. The second 
phase declined more rapidly, however, than the first 
phase. After about the 10th flash the second phase was 
entirely abolished, but a amall first phase remained, and 
the amplitude of the first phase was rather stable during 

-further flashes. Thus response B shows the relatively 
stable response which could be obtained after about the 
10th flash. During the subsequent period of dark 
adaptation, partial recovery occurred for both phases of 
the early RP. 

The di t effects of light adaptation on the early 
RP, and on e cep uem p oaa S a a distinction 
between these two responses. It is also of special interest 
that the second phase of the early RP is more affected 
by light adaptation than the first phase. This shows that 
the two phases of the early RP are generated by somewhat 
differential blocking -of the second phase of the response 
at very low temperatures**. Since light adaptation is a 
normal physiological type of factor, the present findings 
show & degree of independence of the two phases in their 
normal functions, as well as in their mechaniams of 
generation. Light adaptation aleo provides a convenient 
msthod for isolating the first phase of the early RP from 
the second phase at physiological tures. Previous 


investigations have shown that the quantitative effecta of - 


light adaptation become more marked as they are traced 
through the early stages of the visual Ts, It is 
noteworthy that this principle holds also for the first and 
second phases of the early RP. 
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As the eye cup with the retina was light ada the 
first phase of the eines i ois weer ot 
the second phase. e responses ‘became rather stable 
after about the 10th flash, and in this case response B 
shows a small first phase followed by a second 
phase. Thus the qualitative effects of light adaptation 
on the whole preparation are superficially opposite to 
those on the retina alone. This is obviously due to the 
new response, which is not from the retina, and which 
strongly reeiste light adaptation. In this case response B 
must contain a amall first of the early RP. But 
what ap to be the second phase of the early RP 
consiste of the first phase of the new response. 
Note that the latency to the second peak of the response 
decreases with light adaptation, as the early RP declines 
and as the second peak becomes more dominated by the 
new response. Thus the new is orucial for 
understanding the effects of light adaptation on the whole 


Preparation. 

@ top half of Fig. 3 shows initial responses from the 
retina (E), and from the eye cup (E), which d eh 
impoeed for ison of their time courses. en 
the stimulus occurred in recordings of the early 
RP, the was already above the baseline by the 
end of the artefact. Since the artefact had a duration 
of slightly leas than 10 psec, the latency of the early RP 
is even leas. This is the shortest latency measured so far, 
but is still & maximum value, and the rising first phase 
of the early RP appears to extrapolate to the leading 
edge of the artefact. Thus the early RP has very little 
or no true latency on & psec scale. The new response 
rises just after the artefact and appears to have a true 
latency, al & very short one, of the order of 
25-30 seo. It also rises somewhat more slowly 
than the early RP. The time from onset of the 
stimulus to the initial response peak is about 0-2 msoo 
for the early RP and about 0-8 msec for the new response. 
The second peak of the early RP occurs about 1-75 mseo 
after onset of the stimulus, while the second peak of the 
new response occurs after about 11 msec. The first 
phase of the new response overlaps both phases of the 
early RP, as shown in Fig. 8, but the second phase of 
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the new response 1$ much slower than the. early RP. 
The lower half of Fig. 3 shows the sum of responses E 
and R, and a superimposed tracing of the initial response 
from the eye oup with the retina. By comparison with 
the response of the retina alone, tho sum of the two 
responses has a slightly earlier first peak, a distinctly 
faster fall from the first poak to the baseline, and an 
earlier second peak. On these aspects of the time course, 
the actual response in Fig. 3 fite satisfactorily to the sum 
of the two ourves. Initial responses from the eye cup 
with the retina consistently showed such differences in 
time course from initial responses of the isolated retina. 
Thus the new response also accounts for these differences 
in time course between initial responses of the isolated 
retina and of the whole preparation. 

In Fig. 3 the peaks of the curve ‘E +F’ are not as high 
as those of the curve ‘H with R’. This comparison assumes 
that the responses of the retina alone, and of the eye cup 
without the retina, are the same as the responses when 

' they are recorded in the total preparation. This assump- 
tion is not fully met, which has intrinsic interest. Light 
adaptation reduced the initial peak of the early RP more 
rapidly, and to a greater extent, when tbe retina was 
isolated than when the retina was in the eye cup. This 
is probably because recovery between stimuli was more 
efficient when the retina was in the eye cup. This is 
supported by the finding that after the 15 min recovery 
period the initial peak of the early RP from the isolated 
retina increased by & factor of only about 3, while that 
from the retina in the eye cup increased. by about 6. 
This difference in recovery rates may be expected -from 
Dowling’s evidence that the pigment, epithelium normally 
acts.as a storage site for vitamin A, which is released 
from the photopigment during bleaching, and that this 
vitamin A oan be returned to the receptors for regenera- 
tion of photopigment in the dark’. Because of the more 
efficient recovery processes, the early RP from the retina 
in the eye oup must be larger than that from the isolated 
retina. Light adaptation not only reduces the amplitude 
of the early RP, but in the isolated retina may be seen 
to slow the rate of rise and delay the initial peak. Thus 
the early RP of the retina in the eye cup is not only 
larger; it must also have a faster time course. These 
factors pertain even for initial responses, because of the 
light adaptation which occurred during dissection of the 
eye. These factors seem to account for the lower peaks 
in the summed response than in responses from the 
whole preparation. The d from additivity 
becomes more marked d light adaptation, as may 
be expected. Summation o the separate responses in 
records B of Fig. 2 would ead ie any appearance of 
the first phase of the early , but such & response 

always when the retina was in the eye cup. 
Previously published records by groes recording methods 
have all been from whole excised eyes, and some quantita- 
tive functions have been determined on excised eyes of 
the albino rat*-*. It is difficult to record from isolated 
tissues of the rat eye, because of ita small sizo. But I have 
performed ihe type Of empor M due iio rut With 
of Fig. 2 on the ole exoised eye of the albino rat, with 
resulte comparable to those obtained in the toad. Re- 
sponses to the first few flashes contained a prominent 
positive first peak, and the latencies to the first and 
second peaks of the initial were about 0-15 and 

1-5 mseo, respectively. With light adaptation the first 

deolined quickly, and in this animal disappeared 
entirely after the third flash. The negative second pegk 
also deolined, although more slowly; ita latency decreased 
to about 0-75 msec, and it proved highly resistant to 
light adaptation. It seems evident that this negative 
response of the light-adapted rat eye must consist largely 
of the type of repo found from the pigment epithelium- 
choroid complex of the toad eye. It has the same polarity, 

a peak latency which is intermediate between that of the 

first and second peaks of initial responses, and, most 
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important, a much higher resistance to hght adaptation 
than the mitia] phase of the early RP. 

Previous investigations have not revealed a distinct 
positive peak of the early RP in normal responses of the 
rat eye. This may have been due to more light-adapted 
preparations, since the first peak disappeara quickly with 
light adaptation. In any case, this absence of the positive 
first peak suggests that the contribution of the early 
RP to the responses has been relatively small. Also the 
latency to the negative peak in publiahed records is in 
good agreement with the latency I find to the peak of 
the light-adapted response from the whole rat eye. These 
findings make it quite likely that investigations of the 
negative peak of the whole rat eye have pertained largely 
to the new type of response. Thus it now seems i 
that separate investigations be conducted on the early 
RP of the isolated retina, and on the new response of 
the eye cup without the retina. In microelectrode work 
the amplitude maxima of both peaks of the early RP of 
the monkey have been found at about the level of the 
inner segments of the receptors’. Hence the early RP 
may be separated from the new to some extent 
by adjustment of microelectrode depth, but even with 
this method the early RP is bably contaminated by 
the new type of response. Iso preparations seem to 
offer the best solution to this problem. 

Since the albino rat lacks melanin, but ap 


to have 
the new nse, it is D that 


in absorbs 
response. Thus there is no . 
reason to expeot that the new is generated by ` 
choroidal cells. The cells of the pigment epithelium, 
however, contain numerous myeloid bai in both frog!’ 
and albino rat“, These are intracellular organelles, the 
lamellated structure of which is typical of light-sensitive 
structurea!**", When the albino rat is maintained on 
vitamin A acid these myeloid bodies, like the rod outer 
segmenta, degenerate; both structures then te 
on & normal vitamin A diet. This siggeste that the 
myeloid bodies contain a substance which is synthesized 
from the same isomer of vitamin A which is required for 
the synthesis of rhodopsin in the outer segments. Thus 
the myeloid bodies may contain a photopigment, either 
rhodopsin or a closely related substance. In good agree- 
ment with this possibility is Oone’s finding that the 
negative peak of the rapid response from the whole eye 
of the albino rat has a spectral response curve similar 
to the absorption spectrum of rhodopsin‘ and that the 
cella of the pigment epithelium generate the o-wave of 
the electroretinogram’-“, The o-wave occurs in the 
toad eye, and is not found from the isolated toad retina’. 
But the c-wave has not been recorded from the eye cup. 
of any animal after removing the retina. Discovery of a 
rapid response from the pigment epithelium-choroid 
complex of the toad suggests that the o-wave may be 
initiated in the pigment cells by an intrmsic photo- 
sensitivity. One wonders, in fact, whether the second 
phase of the response here may be a o-wave 
elicited by the brief light flash. This second phase of 
the new response seems too slow to compere with the 
early RP, and probably has a different significance. 

It likewise seems especially important to know whether 
the first phase of the new response is generated in funda- 
mentally Mia sevo way Ba the frst phase of Mia on y E 
If so, this is a type of response ich is not unique to 
vertebrate photoreceptors, but which occurs more gener- 
ally following the absorption of light by a pigment. 
Opposite polarities of the first phases of the two responses 
do not seem significant in this regard, since this could 
result simply from opposite orientation of the generating 
structures. If the two responses are fundamentally the 
same, the new response seems especially favourable for 
investigating the mechanism of generation. This is. 
primarily because of the great-stability-of the response 
when elicited repeatedly by intense light flashes. Naming 
of the new response will be deferred until there is further 
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information on these problems of ita origin and nature, 
work on which is now being undertaken. : 

This work was conducted while I was a Fellow of the 
Commonwealth Fund, on sabbatical leave of absence 
from the University of Oslifornia Medical Center in - 
San Francisco. This work was also ported in 
part by grant B-1903 from the National Institute of 
Neurological Diseases and Blindness, U.S. Public Health 
Bervice. 

! Brown, K. T., and Murakami, M., Nature, 201, 626 (1964). 
* Brown, K. T., and Murakami, M., Waters, 204, 780 (1064). 


NATURE 


1288 


B E. T., Watanabe, K., and Murakami, M., Coid Spr. Harb. Symp. 
Brow, E Piol- (nm press). 

* Cone, R. À., Nature, $04, 736 (1064). 

> E. å., Nature, 804, 836 (1064). 

Hbrey, T. G., Nature, $06, 484 (1965). 

J. Gen. Phystol., 48, 1287 (19063). 


E., Sotencs, 148, 1113 (1965). 

EL, Nature, 188, 114 ). 
(Acadenne Press, New York and 
tOpAthal.. 38, 78 (1964). 


(1960. 3 
B., Harvey Lect., 51, 175 (1056). 
the edit. 
eoe 061). Hr 
Med., 70, 221 (1959). 


and Gibbons, L R., in The Structure 
^ Brown, E. T., and Wiesel, T. N., J. Physiol., 158, 257 (1961). 


. ACETYLCHOLINE RELEASE FROM THE CEREBRAL AND CEREBELLAR 
CORTICES: ITS ROLE IN CORTICAL AROUSAL 


By D& J. W. PHILLIS 


and G. C. CHONG ` 


Department of Physiology, Monash University, Clayton, Victoria, Australia 


HE relationship between the functional state of the 

brain and its acetylcholine (ACh) content has been 
the subject of a number of investigations. Variations in 
the AOh level have been correlated with physiological 
changes in nervous activity, such as those ooourriig in 
the transition from sleep to wakefulnees, or during the 
action of anaesthetics and convulsants'“. In general, 
states of depreasion of the nervous system are associated 
with an increase in the acetylcholine content’. More 
specifically, the existence of a similar relationship between 
activity in the cerebral cortex and its ACh content has 
been demonstrated’, and investigations on the release of 
ACh into pools of eserinized saline on the surface of the 
exposed cerebral cortex!:* support the interpretation that 
increased cortical activity resulta in the conversion of 
‘bound’ acetylcholine into a freely diffusible form. The 
mammalian cerebral cortex contains a substantial amount 
of choline scetyltransferase, the presence of which is 
largely dependent on the integrity of suboortical oon- 
nexions*, and it is probable that these are constituted by 
the cholinesterase-staining fibres, which project from the 
retioular formation to the cerebral cortex!*, An association 
between the reticular ‘activating’ formation and cholin- 
ergic transmission in the cerebral cortex has also been 
postulated as a result of pharmacological investigations 
on the electroencephalogram (EEG) of cats with mid- 
brain hemisection‘. ‘ 

An increase in the ACh release during peripheral nerve 
stimulation which was restricted to the contralateral 
primary somatosensory cortex has resulted in the sug- 
gestion that the cholinergic fibres to the cortex may be 
associated with the primary afferent pathways’, though 
this has not been supported by pharmacological investi- 
gations with topically and iontophoretically applied 
atropine™:4, which failed to block primary evoked 


Many oells in the cerebellar cortex are strongly excited 
by &eetyleholine?, and the presence of cholinesterase- 
staining fibres in the cerebellar peduncles, which also 
/ contain substantial amounts of choline acetyltrans- 
ferase!*:3*, suggests that cholinergic tranamission occurs 
in the cerebellar oortex!'. It was of interest to ascertain 
whether ACh release also occurred from the cerebellum and 
to compare this with the results from cerebral cortex. 

Cylindrical ‘Perspex’ cups, 
l em, were held against the surface of the cortex of cata 
in such a manner that fluid placed within the oup could - 
not leak out’, Several cups were used simultaneously in 
, most experimenta, distributed bilaterally on the sensori- 
motor, auditory and visual primary cerebral cortical areas 
and over the parietal cortex, covering suprasylvian and 
lateral gyri. Cerebellar cups were placed on the posterior 
vermal cortex. After placament of the cups, all exposed 


with an inside diameter of .. 


cortical surfaces were covered with a 4 per cent agar jelly. 
The cups were filled for a period of 80 min with a mam- 
malian Ringer-Looke solution containing 1 x 10+ g/ml. 
eserine. They were then refilled with 0:4 ml. of fresh 
eserinized solution which was left in contact with the 
cortex for periods of 15-830 min. Samples were assayed 
on the heart of Tapes turgida*.1" and some samples from 
cerebral cortex were croes-assayed on cat blood pressure. 
Pentobarbital sodium was used to anaesthetize the cats 
during these experiments. Four enoéphale isolá prepara- 
tions were also utilized to 


experiments on oerebral cortex are 
summarized in Tables 1 and 2. Release of ACh from the 
unstimulated cortex was comparable in all the ‘areas 
tested; this accords with the finding that the ACh content 
of different areas of the cat cortex is similar’. The amount 
of acetylcholine released could be increased by direct 
stimulation of the cortex underlying the cups and by 
stimulating & variety of peripheral afferent pathways 
(limb, facial and auditory stimulation). In disagreement 
with the results described by Mitchell, however, was the 
finding that peripheral stimulation caused an increase in 
the ACh output into all cups. Increasing the depth of 
anaesthesia resulted in & reduction in the release of ACh, 
and intravenous administration of atropine (1-8 mg/kg) 
was followed by an elevation in the release. Release from 
the cortex of enodphale isolé preparations into cups on 
the sensori-motor and parietal cortices was comparable 
with that from the more lightly ansesthetized cate. 
Atropine applied topically on three encéphals.isolé prepara- 
tions increased the mean rate of unstimulated release from 
0-82 to 1-05 ng/min/om?*. Fig. 1 illustrates some of the 
effecta on EEG tracings of eserine and atropine applied 


Table 1. AOUN Rate OF AOETILOHOLINB RELEASE FROM UNETIMULATED 
OoxTEX ft 


Rates expressed in ean! 
A. OEXNEMRAL Ratein Rate 
Anacsthetized oats Wo. of first ' second Rate tn 
s - cais $0 min 80 min first hour 
Left sensori-rnotor cortex 10 027 030 0-33+0-10 (B.E.) 
Right sensori-motor cortex 9 014 0-16 0-161007 
Audttary cortex 7 0 08 027 0-17 + 0-09 
Visual cortex 4 0-09 007 0 08 
Parietal cortex 2 014 0-17 016 
fight erao n 
sensori motor cortex 3 0-45 0-45 0 45 
Parietal cortex 0-165 0-24 0-20 
B. OERESELLAR 
Posterior vermal 6 0-029 0024 — 0028510-006 
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Table 2. MEAE PERCENTAGE IFORIASE IX RATE OF RELEASE IXDUOND BY VARIOUS MODES OF STIMULATION * 






* Rate of release Immediately before and after stimulation used to caloulate baseline for these figures. 
1 Mean of 24 observations, 


topically on the cortex of enoéphale isolá cata. Eserine 
caused a decrease in the amount of synchronized activity, 
the EEG more closely 


Ded by of 
atropine, in conjunction with eserine, was fo by the 


that is seen in the atropinized animalis, In cata, dogs, 
rabbits and atropine induces EEG changes in 
the conscious animal identical with those of natural sleep 
(high voltage waves and burste of spindles) and it has 
also been observed that atropine makes it diffüoult to 
elicit an al reaction even though the animal is 
behaviourally awake. It is evident from the effecte that 
havo been described that topically applied atropine will 
duplicate a substantial proportion of the phenomena which 
occur after intravenous administration of this drug, which 
are probably, therefore, the result of an action on the 
cerebral cortex. 

The cerebellar cortex contains only bd ies Alon 1/10 
- of the amounts of acetylcholine and choline acetyltrans- 
ferase that are present in the cerebral cortex (Phillis, 
unpublished observations; ref. 16), which is consistent with 
the finding that the amountof ACh released was proportion- 
ately reduced. A release of ACh from the unstimulated 
cerebellar cortex was consistently demonstrable and this 
was increased by direct stimulation of the surface of the 
cerebellar cortex. 

Mitahell* has discussed the reasons for assuming that 
the ACh released into cups placed on the' oerebral cortex 
actually origmated from within the cortex and is not of 





100 m 
50 (0-100) 













210 (38-400) 
1 imac 
80 ed ` = 


sub-cortical or vascular origin. A comparison of the 
levels of release fram the cerebral cortex in the two series 
of experiments reveals that the rate was leas by a factor 
of approximately 1/10 in our cate. This is probably the 
result of Mitchell’s use of atropine to increase the level of 
release and thus facilitate the assay of acetylcholine, since 
atropine, administered intravenously in doses of 1-5 mg/kg 
to four cata, caused a mean increase of 0-36 ng/min/cm! 
in the rate of release of ACh. Peripheral stimulation 
through a variety of afferent pathways caused an increase 
in the rate of ACh release in all the areas tested. A com- 
parison of the figures in Table 2 shows that the level of 
increased release was not determined by the modality of 
stimulation in relation to the specific primary areas 
involved.  Forepaw stimulation caused a comparable 
increase in the level of release from the ipsilateral and 
contralateral .sensori-motor cortices and from the contra- 
lateral auditory cortex. The reason for the disparity 
between these resulta and those described by Mitchell, 
who recorded an increase in the rate of release during 
forepaw stimulation only in the contralateral sensori- 
motor area, is not altogether clear. It was noted that 
high levels of spontaneous release were associ- 
ated with lees dramatic increases during stimulation, and. 
hence it is possible that the high levels of unstimulated 
release induced by atro may have prejudiced the 
Faites et eei. podia air rg It is 
also possible that atropine may have some action on the 
reticular formation" and that its use was associated with 
a blook of the reticular activating system. In this case, 
the increase in cups over the contralateral primary 
somatosensory cortex could have been the result of. an 
activation of local cholinergic circuits in the oortex by 
The ‘that such local 
circuits may oocur is by the finding that, after 
undercutting, 17-8 per cent of the choline acetyltransferase 
activity remains in the cortex’ compared with the 2-4 per 
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cent in the distal portion of the sectioned peripheral nerve 
after a similar time-interval™. ^ 

The reason for the increased rate of unstimulated 
release which occurs after the administration of atropine 
Bee) eed ene e ciue ee 


" to the that in the brain 
content of ACh (ref. 24). Possible modes of action have 
been discussed. 


The widespread distribution of an increased release of 
ACh after peripheral stimulation suggests that the path- 
ways subserved by cholinergic fibres must project in a 
diffuse manner to the cortex. It has already been sug- 
gested’ that the projections of the reticular arousal system 
to the oerebral cortex may be cholmergio and this would 
be consistent with the diffuse nature of the cholinergic 
system described in this report. Further evidence for a 
cholinergic mediator i ets ee E 
from experiments on the effecta of topically a 
eserine and atropine on the cortical EEG. The abil 
these compounds to mimio the effects of ‘waking’ and 
‘sleeping’ states of the EEG, as well as to duplicate the 
actions that they have when injected intravenoumly*! 0:5, 
suggests that & cholinergic synapse, mediating arousal 
responses, is likely to oocur in the cerebral cortex. The 
resulta obtained with such topical applications of drugs 
ee T a acuti Wee ee 
action of these compo after intravenous injections is 
at the cortical level, or whether they also have an action 
in the reticular formation iteelf, as suggested by Rinaldi 


* and Himwich™. It has been postulated that the effecta 


of atropine on the cortical EEG occur at a suprareticular 
level™. 

The results described, on the release of ACh from the 
cerebellar cortex, are consistent with the sugpeetion!t:!! 
that there are cholinergic synapees in this structure. The 
amounts of acetylcholine released were just above the 
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threshold level of sensitivity of our assay, and attempts 
to demonstrate an increase in the rate of release during 
peduncular stimulation were unsuccessful. However, an 

Investigation of the distribution of acetylcholine-sensitive 
cells in the cerebellum has indicated that theee occur 


predominantly in the depths of the cortex, and further 
Apinis BRAG Due pul ee a ur 

to analyse the amounts released at different levels of 
the cerebellar cortex. 
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RELATIONS BETWEEN STATIONARY AND DYNAMIC PROPERTIES 
OF RANVIER NODES 


By H. MÜLLER-MOHNSSEN and O. BALK 
Institut fur Blologie, Gesellschaft fur Strahlenforschung M.B.H., München 


N an earlier paper! we referred to our measurement of 

stationary current-voltage (CV) characteristics of the 
Ranvier node, which contains a region of negative 
__Tesistanoce. We now try to that there is a relation 
7 between the stationary CV and the physio- 
logical function, that is, the action potential of the node. 
“In electronics the function of two-electrode circuit elements 
is referred to their stationary OV characteristics. We 
have investigated whether the amplifymg properties of 
the Ranvier node depend on its stationary characteristic. 

From the electronic point of view the Ranvier node 
consists of an active two-electrode device which acts 
between & stable and metastable state. Whenever a 
' stimulus exceeds the constant threshold amplitude, the 
Ranvier node turns from the stable to the metastable 
state. A supra-threshold stimulating impulse is amplified 
to a nerve of constant height, that is, to the ‘action 
iau cul (AP). Output energy exoeeds input energy, 

t is independent of the amplitude of a supra-threshold 
stimulus ( amplification). This function requires 
that the characteristic of the membrane includes a 
regenerative part with tive resistance. A character- 
istic like this resembles of an Esaki diode and can 
indeed be recorded stationarily, like a material property, 
_. independently of the ion environment necessary for normal 
T excitation!-*, : 


£ n proved 
depolarized Ranvier nodes which are no longer normally 


excitable. Therefore, the following questions arise: (i) 
Why cannot the stationary negative slope characteristic 
cx cuc nodes with resting potential? 

and, (ii) can the normal AP, proceeding from resting 
conditions, also be referred to the stationary negative slope 
characteristic ? 

The shape of the non-stationary, that is, the dynamic, 
OV characteristic of the membrane, measured earlier 
a a ny dicam mper ay 

and Frankenhasuser*, leads to the assumption that the 
negative resistance is located between +10 and +50 mV 
relative to the resting potential, but in the region of inward 
current. Measuring this part of the characteristic with - 
impressed voltage forces the membrane to a current 
delivery in & direction opposite to the applied voltage 
(metastable state). Because this active inward current, 
produced by the membrane, op in direction to the 
applied voltage, lasts no more 


resistance cannot be measured stationarily. Yet a slight. 
shift of the operating range, by a larization of 20 mV, 
for example, is t to permit stationary measure- 


ment of a negative resistance, since at this time a 
amall part (between +10 and 4-80 mV) of the current 
belonging to the negative resistance is already located in 
the direction of polarizing voltage relative to the new 
equilibrium potential. Thus, the inward current oorre- 
sponds to'the direction of the applied voltage and can be 
drawn from the external circuit. At further depolariza- 
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tion caused, for example, by a veratridin-containing 
Ringer's solution or by an increase of the extra-cellular 
K°-concentration, increasing parte of a negative resistance 
can be recorded. At a depolarization to 60 mV almost the 
complete range of the negative resistance can be covered. 
Even though the membrane itself no longer delivers 
it still posseases the control properties of the normal 
membrane. Whenever the K*-depolarired membrane is 
repolarized to resting potential, that ia, to ite normal 
operating point, by an electrotonus, thus producing an 
outside energy source, action potentials can be released 
again, but with amplitudes determined by the oorre- 
sponding K°-depolarization. They are called K*-AP. 

All circuit elements with a falling OV characteristic 
are capable of digital lification ('Eseki' diode, Dyna- 
tron). The shape of their.output voltage can be made 
similar to action potentials of nerve flbres.' ' lariza- 
tion and repolarization threshold” of these artificial aot- 
ion potentials corresponds to the beginning and the end 
of negative slope. part of the OV characteristic, respect- 
ively, that is, to the two extreme values of the curve. The 
peak litude is given by the voltage distancé between 
the working point and a defined point on the other branch 
of positive resi oo. In the same way we try to correlate 
AP and the stationary OV characteristic of the Ranvier 
node shown in Fige. 1 and 2. Depolarixing stimuli cause 
a shift of the membrane potential to a level ‘corresponding 
to & current minimum on the CV diagram, that is, the 
depolarizing threshold. This leads to & leap of potential 
into the proximity of K* or Na*-equilibrium potential. 
Thus, the metastable state is achieved, and the membrane 
potential decays until it reaches the value corresponding 
to a current maximum. A jump in repolarization direction 
then restores the resting potential. 

The depolarization and repolarization threshold as well 
as the amplitude of K*-AP can be directly referred to the 
stationary characteristic of the excitable "membrane 
measured during K*-depolarization. Since a long-lasting 
polarization to a value equal to Ew. is not possible in 
myelinated nerve fibres without damaging the membrane, 
the characteristio underlying the normal Na*-AP can, 
however, not be recorded stationarily. Thus, only 
indirect approaches may lead to an answer to the second 
question. The influence of environmental conditions 
altering the AP may be used to determine whether they 
induce at least qualitatively correspondmmg alterations of 


+Jm (1079A) 
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2. Changes at the stationary OV characteristic ai reduced : 
EE. Cuatant af 80 mM/L (nodo 206/08, ourves). ne 


48 mV; b, e, d, to VEN: after - 
INR IDE RA x1. De- 


260, €, 





2 t(m sec) 


2.. of action tials at reduced extracellular pH. Same 
riesiaon ox in 2") nocmal AP (84 mY) sub- threshold response 
mY; (b) 1-3 seo to pH 4-0. Sub-threshold 42 
inorease af compared to Fig. a; (0) 
after 6 sec amplitude of “AP” is continnously variable between 
response (42 mV) and maximum amplitude (60 mV) depending an 
stimulus strength 


the characteristic of the depolarixed Ranvier node. In 
this investigation we have utilized the characteristic 
recorded at 80 mM K® depolarization, which covers almost 
the complete range of negative resistance. 

First, the influence of stabilizing and labilizing condi- 
tions ‘was investigated. Stabilizers (Ca®-rich, acid, 
hypertonic and 80,— Ringer solutions) cause an increase 
in depolarization and repolarization threshold, while a 
decrease is induced by labilixors (Ca*-poor, alkali and 
hypotonic solutions). If the AP can really be referred to : 
the characteristic, the stabilizers ought to cause a shift ' 
of minimum and maximum current potential toward 
higher depolarization voltage, while these potentials ought 
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to be shifted toward higher polarization voltage by 
labilizers.. In our experiments, these alterations were 
found regularly; one example is shown by the alterations 
of the stationary OV characteristic caused by changes of 
pH in Fig. 1. 

Further expermmenta were concerned with the investiga- 
tion of an environmental influence of special interest. 
Owing to & decrease in the extracellular pH to 4-7, the reg- 
ion of negative resistance, that is, the transitional region 
between the two branches of positive ohmic resistance, is 
reduced by i the potential minimum current 
toward the direction of depolarization (Fig. lo). Acoord- 
ing to the foregoing considerations the following altera- 
tions of the AP might be expected: strong increase of 
the stimulus threshold, of the amplitude of sub-threshold 
response and decrease of amplification (AP energy/ 
threshold stimulus energy). Prolonging the action tme 
of the acid solutions, or lowering the pH values, resulte in 
a further reduction of the transitional region, and the 
formerly negative resistance now becomes positive. If 
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there is a relation between characteristics and AP, in 
this phase of alteration, ‘AP’ with a continuously variable 
ampli should occur, because the membrane no longer 
behaves as a regenerative system. At a pH of 4-6, the 
reaistance in the transitional region is reduced to such a 
degree that it reaches the value of the high-ohmic branch. 
Thus, the CV characteristic of a simple rectifier appears. 
By then the Ranvier node should be unexcitable. 

In our experiments, all these predicted AP alterations, 
even the variable amplitudes, could be demonstrated as 
is shown in the original curves of Fig. 3. Theoy, too, were 
strictly reversible like the corresponding alterations of the 
characteristic (original curves, Fig. 2). These results 
lead to the conclusion that the fünotion of the Ranvier 
node may be referred to the stationary membrane charac- 
teristic. 

1 Balk, O., and Mulier-Mohnasen, H., Natwrwiss., 49, 503 (1062). 

* Muller-Mobnesen, H., and Balk, O., X. Vergi. Pkyeiol. (In the prem). 

* Dodge, Y. A , and Frankenhacuser, B., J. Physwl., 148, 188 (1069). 

‘ i. L., Huxley, A. F., and Kats, B , J. Phyviol., 118, 424 (1061). 
3 TasaXi, L, and Bak, A. F , J. Neurophysiol., 81, 124 (1959). 


GENETICS OF THE ALKALINE PHOSPHATASE POLYMORPHISM OF 
THE HUMAN PLACENTA 


By Dx. E. B. ROBSON and Pror. HARRY HARRIS 
Medical Research Council Human Biochemia! Genetics Research Unit, Galton Laboratory, University Collage, London 


INETIC!, eleotrophoretict and immunochemical? 
investigations have shown that the alkaline phoe- 
phatase present in human placenta differs in several of its 
properties from the alkalme phosphatases oocurring in 
other tissues, and that the enzyme is probably 
peculiar to the placenta. It has also been noted that 
electrophoretic differences may be found between the 
alkaline phosphatase extracted from different human 
placentae. Boyer? described three types of electrophoretio 
pattern and suggested on the basis of their population 
frequencies that the differences were genetically determ- 
ined. In this article we show how human placentas may 
be classified into at least six distinct phenotypes according 
to the electrophoretic properties of the alkaline phosphatase 
present. We also give the results of twin studies which 
indioate that these phenotypic differences depend on the 
genotype of the foetus, and that at least three relatively 
common autosomal allelic genes determine this enzyme 
polymorphism. a : 
Placental extracta were prepared by a modifloation of 
Morton’s butanol method‘ as used by Boyer*. They were 
subjected to horizontal unidimensional starch-gel electro- 
phoresis at both pH 8-6 and pH 6-0 because it was found 
that the two sorta of separation were required to give 
& satisfactory discrimination between the phenotypes. 
For the separation at pH 8-6 Poulik’s iris-borate dis- 
continuous buffer system’ was used, and electrophoresis 
was carried out at 6 V/om for 6 h at room temperature. 
For the pH 6-0 separation the was made using & suo- 
cinio &cid/tris buffer (0-0025 M in succinic acid, 0-0046 M 
in £ris) and the bridge solution consisted of a citrio acid/ 
sodium hydroxide buffer (0-41 M in citric acid), and electro- 
phoresis was carried out at 8 V/am for 6 h in a oold room 
at +5° C. After electrophoresis the zones of enzyme 
activity were developed using B-naphthyl phosphate as 
substrate in a reaction mixture as described by Boyer*. 
The great majority of placentae can be classified into 
one or another of six distinct phenotypes according to the 
pattern of electrophoretic components revealed by these 
procedures. Fig. 1 illustrates diagrammatically the 
characteristic electrophoretic seen at pH 8-6 
and at pH 6-0. The six phenotypes will be referred to as 
-F, FJ, I, SI, F8 and 8. In phenotypes F, I and 8 most 


of the alkaline phosphatase activity is present in the 
form of a rapidly moving component. In phenotype F 
this component is distinctly faster than that in pheno- 
type 8 both at pH 8-6 and at pH 6-0. In phenotype I 
the characteristic component has & mobility close to that 
of the F component at pH 8-6, but at pH 6-0 it is much 
slower, and has the same mobility as the 8 component. 
The phenotypes F8, SI and FI are all characterized by the 
presence of three rapidly moving components ab either 
one or both pH's used. In each oase two of these ahow 
mobilities similar to the main components of F, I or 8 
while the third has an intermediate mobility and is also 
somewhat more intense than the other two. It should be 


Type 
8 F8 BI I M r 
o 
pH 86 
©) 
INSERT 
© 
.3H 60 
; o 
INSERT 


hg. 1: Plaéenial alkaline phosphatase phenotypes revealed by starch- 
Der ^ gal electrophoresis at p. 8-6 an pH 6-0 by 
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noted that under the conditions described, phenotypes 
F, FI and I cannot be ivocally differentiated from 
one another at pH 8- 6, while at pH 6-0 phenotypes B, BI 
and I are i ble. Thus separation at both 
pH's is required for lete discrimination of the six 
phenotypes. It ecerne likely that Boyer’s' type A included 
our types F, FI and I, and that his typo AB imludedhgur 


types F8 and BI. 

each of the six phenotypes at least one other oom- 
ponent which migrates only very alowly and does not 
move far from the origin at either pH 8-6 or pH 6-0 is 
also regularly seen. These slow-moving components 
exhibit slight differenoes in mobility in the different 
phenotypes and these have been found to correlate with 
the more striking differences observed in the major and 
more rapidly moving componente. 

The patterns shown in Fig. ! include only the principal 
components seen in the various phenotypes. Several 
minor components may also be demonstrated in each of 
the phenotypes provided a sufficiently active preparation 
is used. Types B, F and I, for example, can be shown to 
have, besides the major rapidly moving component, two 
slightly faster and one slightly slower minor componenta. 
These minor components appear to parallel the mobility 
differences shown by the major components they are 
associated with, and do not interfere with the discrimina- 
tion of the six phenotypes. 

For routine typing, extracts were prepared from only 
a small portion (1—4 g) of any particular placenta. How- 
ever, & number of experiments have been carried out in 
which samples taken from different parte of the same 
placenta were examined separately. In each case the 
electrophoretic patterns obtained from different samples 
of the same placenta were found to be identical. 

Table 1 shows the incidence of the various phenotypes 
in & series of 338 placentae obtained from births at Univer- 
sity College Hospital, London. They were derived from 
single pregnancies of women of European origin, but were 
otherwise unselected. It will be seen that the relative 
frequencies of the various phenotypes do not appear to be 
significantly related to the sex of the offspring. 
series there were 6 examples in which the electrophoretic 
patterns were different from the six standard phenotypes. 
They included three further phenotypes each being rare, 
having frequencies of lees than 0:01. These rare types will 
be considered in detail elsewhere. 


Table 1. 


Bex of infant 
Phenotype Male Total 

8 61 80 141 
BP 48 es 111 
BI 18 14 32 
4 t 5 
FI 7 8 15 
F 14 14 28 
Others 1 5 6 
183 185 338 


In a smaller series of 64 placentae derived from Negro 
mothers living. in England, 54 were of phenotype B, 5 
of phenotype SF, 4 of phenotype SI and 1 of phenotype 
FI. There was thus a marked excess of phenotype 8 over 
that found in the European population, a result which is 
in agreement with the findings of Boyer? and which 
indicates that quite marked population differences exist. 

On the basis of the electrophoretic patterns and the 
relative incidence of the different pheno it is possible 
to construct a simple genetical hypothesis. This is that 
the six common phenotypes are determined by three auto- 
aomal allelic genes (PH, Pr and Ph), phenotypes F, I and 
S representing the homozygous Br pre (PEPE, 
PUPŪ, and PRP), and phenotypes BI and FI the 
corresponding heterozygotes (PhPif, PBPA and PUPP). 
Tho characteristic electrophoretic pattern of each of these 
postulated heterorygous types leonsists of three oom- 
ponents and the mobilities of two of them are identical 
to those of the main components in the respective homo- 
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rygous types. The third enzyme component has an inter- 
mediate mobility and it seems possible that it may 
represent in each case a ‘hybrid’ enzyme containing 
polypeptides characteristic of the two other components 
present. The rare phenotypes also show ‘triplet’ eleotro- 
phoretio patterns, and they can probebly be regarded as 
heterozygotes for a rare allele and one or other of the 
commoner alleles Pi, Pi» or PD. Several different rare 
alleles probably occur. 

From the observed incidence of the six common 
phenotypes in the population (Table 1) one can obtain 
estimates of the gene frequencies of the three common 
alleles Pi, P! and Ph. They are 0-27, 0-09 and 0-64. 
Using these values one finds good agreement between the 
observed numbers of the different phenotypes and the 
expected numbers a Hardy-Weinberg equili- 
brium (Table 2). In this calculation the small number of 
rare phenotypes have been excluded. 


Table 2. OSSERYED AND HXPECTED NUMBERS OF THE SIX COXMOX 
PLACENTAL ALKALINE PNOSFHATASB PHENOTYPE ASSUMING A HARDY- 
WIEINBERG HQUILIBRIUM WITH GERM E TOUR f—0-64, 4-009 AND 
p= 
Population sample 
Hxpeceted Observed 
Phenotype genotype Expected inadence nombers numbers 
8 Pr pt n" 0 410 156-9 141 
BF PPPI! tyr 0-546 1147 111 
BI PPHPP 0-115 39-2 32 
I Pn Pt! 0-006 2-7 5 
FI PT Pi! 0 040 16:1 16 
F PEPE 0 073 42 28 
(5-447) 1-001 331-8 832 


It is impractical to carry out an extensive family 
investigation of the ordinary kind in order to study the 
genetics of a characteristic which is peculiar to the human 
placenta. However, it has proved possible to test the 
genetical hypothesis by studying the distribution of the 
various phenotypes in a series of pairs of placentae derived 
from dizygotic twins. Such twin pairs can be 
simply as pairs of sibs. We have been fortunate in obtain- 
ing appropriate material from an extensive investigation 
of twin births which is being carried out in the Birmi 
area under the general direction of Dr. John Edwards 
with support from the Association for the Aid of Crippled 
Children. 

Table 3 summarizes the resulte obtained in $80 placentae 
from 190 dizygotic twin pairs. In each case the placentae 
were diahorionio and twins of the same sex were included 
when they could be shown to differ in at least one genetio- 
ally determined characteristic among 6 red cell antigenic 
systems and 8 polymorphic red cell enzyme systems. All 
the twin pairs were from parenta of European origin. In 
112 placental pairs the alkaline phosphatase phenotypes 


Table 3. 


Dirygotio assuming = 0-27 Hrpeced — Observed 
twins alleles with q=0 09 numbers numbers 
frequencies p, ¢ and r f 0-04 
like pairs 
8 0 25e%1+r)° 02754 52-55 53 
BF BF Tc»X-rr) 01049 37-08 37 
F FE MA 0204 559 6 
SI 8I 0 7 LE X1r)) 0-0531 10-09 11 
I I 0 + 0 46 1 
FI FI OSpgipgt(1+p~X1+@) 00172 3-27 4 
Unbk 1086-77 118 
e 

8 ap^ DD 01814 34-47 41 
8 F 0 0150 1-85 1 
8 SI +r) 0 0604 11:48 13 
8 I 0-0016 0 30 0 
8 FI 0 0100 1-90 1 
ar F ptu 0 0592 11-25 4 
BF BI Prl + 2r) 0 0854 678 7 
BF I »rr 0 0014 027 1 
BF FI T2») 0 0240 45 3 
F SI 0 0042 0-80 2 
F I 0-0002 0 04 0 
E FI gy*«1» 0-0084 1-60 1 
sI I er10 0-0054- - 1-06 1 
Bl FI Ni. 0 0184 3-60 2 
i1 FI +p 046 0 
81-27 78 
Totals - 1-0000 190 04 100 
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were the same, and in 78 pairs they were different. Rare 
phenotypes were observed in four additional twin pairs, 
two being alike and two unlike. These four pairs have 
not been included in the analysis shown in Table 3. 

Since many of the pairs are unlike one can exclude the 
possibility that the placental alkaline phosphatase pheno- 
type is determined by the maternal genotype, because if 
this were so none of the pairs should have shown differ- 
ences. It-is possible to calculate the expected incidence 
of like and unlike placental paire assuming that the alka- 
line phosphatase phenotypes are not genetically determ- 
ined but oocur essentially at random. In the 190 pairs 
one would have expected on this basis to find 08-8 pairs 
which were alike, and 126-7 pae which were unlike. 
There is clearly a great exceas of like pairs in the dixygotio 
twin series, and this, of course, is what would be expected 
if the placental phenotypes depend on the genotype of 
the foetus. 

With gix different phenotypes 21 sorte of twin pair may 
occur. If the phenotypes depend on the foetal genotype 
then one may test the i Vo apicali oag 
the expected incidence of each of different sorts of sib 
pair, using the gene frequencies derived from the general 
population sample (the gene frequencies in the Birming- 
ham twin series were found to be essentially the same as 
in the University College Hospital single pregnancies 
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series). The calculation is shown in Table 8 and it will 
be seen that there is i general very good agreement 
between the numbers of the different sorte of twin pair 
obeerved and the numbers expected according to the 
hypothesis. 

We conclude, therefore, that the placental alkaline 
phosphotaso phan are determined by the foetal 
genotype that the polymorphism can be largely 
accounted for in terms of three relatively common suto- 
somal allelic genes. There appear to be quite wide 
variations in gene frequency in different human ul&- 
tions, and it is probable that & number of rare es also 
occur which may give rise to unusual enzyme patterns. 
The biological significance of this polymorphism is still 
quite obscure, but it may well prove of importance in 
problems concerned with maternal-foetal interaction. 

We thank Dr. J. H. Edwards, Institute of Ohild Health, 
University of Birmingham, and his colleagues for assistance 
in the twin investigation, and Dr. M. Crawfurd of the 
Galton Laboratory and Prof. W. C. W. Nixon of the 
Obstetric Department, University College Hospital, 
London, for further assistance. 

1 Ahmed, Z., and King, H. J., Biockim. Biophys. Adta, 45, 581 (1060). 
1 Boyer, B. EL, Soience, 134, 1002 (1901). $ 

* Boyer, B. H., Ann. N.Y. Acad, Soi., 103, 038 (19068). 

* Morton, EB. KE, Biochem. J., V2, 505 (1964). 

* Poulik, M. D., Nature, 180, 1477 (1967). 


CESTICIDAL ACTIVITY OF SUBSTITUTED DIHYDROBENZO-I,3-OXAZINES 


By A. B, SEN, J. C. KATIYAR* and B, K. BHATTACHARYA 
Central Drug Research Institute, Lucknow, India 


EMARKABLY little has been done to find an ideel 
cesticide, and the extract of male fern (Dryopteris 
filix-mas), which has been in use from medieval times, 
ie still the of choioe. Yet this and other drugs like 
quinacrine, di 
are rather toxic and their efficacies are not always pre- 
dicteble. During routine screening of ands for 
cesticidal activity, two compounds (7'Q-OA 119 and 
TQ-OA 121) were found active in 10-' against Hymeno- 
lepsis nana 9^ vitro. This article reporte the activity of 
these compounds against H. nana in vivo and discusses 
their comparative therapeutic effloacy. 

TQ-OA 119 (8-(8’,4’-dichlorophenyl)-2,4- 
dioxo-6-ahloro-dihydrobenro-1,8-oxarine) (I) and T'Q-O.A 
121 (8 - (2’ - chloro - 4’ - nitrophenyl) - 2,4 - dioxo-6 - ohloro- 
dihydrobenro-1,8-oxaxine) (LI) were obtained from Firma 
Dr. Karl Thomae, Biberach/Riss, West Germany. The 
compounds were insoluble in water, alkali or acid. 

Previously in this laboratory the infection of H. nana 
was maintamed in mice. But recently we have found 
that newly weaned rata of the University of Frei 
strain, which we received through the courtesy of Prof. 
H. Druckrey, are even more susceptible. There is almost 
100 per cent ‘take’. 

Initially, the tn vitro ing was done following the 
method of Sen and Hawking!, which allows use of aloohol 
nob exoeeding 1 per cent of the medium as a solvent for 
the 

The compounds were then tested 9 vivo in rets, using 
the technique of Steward’. Esch rat under experiment 
was fed with 200 mature eggs of H. nana, later starved 
on the fourteenth day, given the drug orally in “Tween 80’ 
suspension on the fifteenth, starved on the sixteenth and 
killed on the seventeenth day. The remaming worms 
were collected from the intestine and a score was made 
depending on their size. The results were compared with 
those from a control group. 

* Benjor Research Fellow, C B.T.R. 


rophen, hexylresorcinol, areooline, ete., ` 


To determine the imitial dose for in vivo testing the 
maximum tolerated dose for each was first 
determined. The maximum tolerated dose for T'Q-O.4 119 
and T'Q-O.A 121 was found to be more than 3 and 8-6 g/kg, 


which would reduce the average score in the treated 
animals to one-tenth or lees of the average soore of the 

untreated controls. 
While ing the therapeutic efficacy of these com- 
pounds with well-known cesticides, it was found that all 
ious investigations had been carried out in mioe. 
ently, for comparison the tests were repeated in 


(0) 
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Table 1. SUMMARY OF THE im piso TmETS 


The solu headed "responde dives the nmiber of stima freed: fram: worms 
the number of anmmals treated 


Response Average 
sooro 


Compound mg/kg Remarks 
In rats 
TQ-0A 119 500 3/8 0 Very active 
Oon trol 0/8 116 
500 4/4 0 Very active 
Control ` 0/4 60 
200 7/10 21:30 Active 
Control 0/5 302-3 
200 6/10 108 Activo 
0/5 183-0 
100 9/10 10 Aotlve 
io ito s $ Bhghtly active 
z a 
Control 0/5 302-3 
TQOA 121 750 5 0 Very actrve 
Oontrol 0/4 060 
500 6/6 0 Very active 
Oontrol 0/5 200 
500 10/10 0 Very active 
22 — T$ I Veya 
ery ve 
Oontrol 0/6 200 
100 0 71 Active 
50 D EN ? Slightly active 
ya 
Oontrol 0/5 215-0 
50 190 Slightly acuve 
Control 0/5 158 0 
In mo 
TQOA 110 200 5/5 0 Very active 
Oontrol 0/5 95-08 
100 5 0-50 Very active 
Control 0/5 95 08 
100 5 05 Very active 
Control 0 80-0 
50 5/5 0 Very active 
mes ee 
ery active 
Control 0/5 800 
25 3/5 T8 Ao ve 
Oontral 0/5 95-08 
25 b 140 Slight action 
Oontrol 0/5 80-0 
TQ-04A 121 200 0 Very active 
Oontrol 0/5 95 08 
100 6/5 0 Very active 
Oontrol 0/5 70 
50 5 0-04 Vary active 
Oontral 0/5 96-08 
50 3/6 3-1 Acure 
Control 0/5 800 
25 5 21:0 Slight action 
Control 0/5 95-08 
25 5 127 Slight action 
Oontrol 0/5 80-0 


mioe. A summary of the results of in vivo testa in rate 
and mioo is presented in Table 1. 

TQ-OA 119 in 500 mg/kg dose cleared all the rate. 
Though 200 mg/kg dose did not clear all the rate, it 
removed a substantial amount of worm load, as evident 
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from the score. 100 mg/kg had lesa but still considerable 
action. 

With TQ-OA 121, 750, 500 and 200 mg/kg oleared all 
the rate. With lower dose of 100 mg/kg only three of the 
ten rete were cleared, but there was a substantial reduction 
in the worm load. 

When quinacrine, a well-known ocesticidal compound, 
was tried in 500 mg/kg ın rats, four of the ten treated 
rate died. Only two of the remaining six were cleared, 
and the treated : untreated. ratio of average score was 
8-1: 188. With lower dose of 200 mg/kg no significant 
affect was observed. 

In mice, 50 mg/kg of T'Q-OA 119 waa very effective. 
Even 25 mg/kg was appreciably effective. With TQ-04 
121, 100 mg/kg removed all the worms from all the 
treated mice, but 50 mg/kg could not, although the 
average score was much lees than the untreated. 

If maximum tolerated doses for T'Q-OA 119 and 121 
are taken as 3-0 and 3-6 g/kg, respectively, and minimum 
effective dose as 50 mg/kg, the therapeutic indexes for 
these two in mice come to 60 and 72, respectively. 
The low toxicity of these compounds is proved by 
the fact that even after administration of maximum 
tolerated dose in mice the animals did not show any 
untoward effect during the next seven days and there 
was no macroscopic changes in the viscera during post- 
mortem examination. In comparison, the therapeutic 
index for quinacrine comes to about 8, taking 100 mg/kg 
as minimum effective dose (Standen, quoting Keeling?) and 
800 mg/kg arbitrarily as the maximum tolerated dose, 
which is the LD,, determined by Bovet et al.‘. Bhat- 
tacharya and Sen‘ found the therapeutic index to be 5 in 
the case of BIQ 22. Similarly, safety levels are also low 
with other known oeetioidal : 

The effectiveness of TQ-OA 119 and TQ-OA 121 
agamst H. nana in two species of animals (rate and mice) 
and high therapeutic indexes make them promising as 
cesticidal drugs. However, T'Q-OA 119 in 500 mg/kg and 
TQ-OA 121 in 150 mg/kg doees when fed orally were 
ineffective against Nippostrongylus brasiliensis infection 
in rate. 

1 Ben, A. B., and Hawking, F., Brit. J. Phermacol., 15, 486 (1960). 
1 Steward, J. B., Parasitology, 45, 255 (1955). 

* Standen, O. D., in , edit, by Sohnitzer, R. J , and 
Hawking, Y., 1, 719 (Academio Press, New York and London, 1063) 
‘Boreh Dc De E: Pa Bohneider, J., and Montexm, G., Bull. Soe, Pathol. 

Eaoigus, &, 268 (1948) 
5 Bhattacharya, B. K , and Ben, A. B , Brit. J. Pharmacol., H, 240 (1006). 


A ‘FOUR-EYED’ FISH FROM THE DEEP-SEA: Bathylychnops exilis 
COHEN, 1958 


By Pror. WILLIAM G. PEARCY 
Department of Oceanography, Oregon State University, Corvallis, Oregon 


SAMUEL L. MEYER 
Department of Ophthalmology, University of Oregon Medial School, Portland, Oregon 
AND 
OLE MUNK 
Institute of Comparative Anatomy, Copenhagen, Denmark 


ATHYLYOHNOPS EXILIS Oochen, 1958, a rare 

North Pacifico mesopelagic fish in the family Opistho- 
proctidae, has an unusual eye. A spherical protuberance, 
complete with a well-developed lens, is located on the 
rostro-ventral portion of the orbit (Figs. 1 and 2). This 
genus is named Bathylychnops (meaning ‘deep-lamp-eye’) 
because this structure was originally thought to be & 
photophore or light-producing organ’. However, ite 


gize and location prompted us to study the eye of B. exiis 
histologically. 

A specimen, 470 mm in length, was captured in an 
oblique midwater trawl tow from the surface to 1,000 m 
depth off Oregon. It was alive and displayed vigorous 
swimming movements when first captured. This large 
specimen, which was fixed in 10 per cent formalin, provided 
the main material for examination. One eye was removed 
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and embedded in celloidin, and serial sections were cut 
l5u thick. Every tenth section was stained with haema.- 
toxylin and eosin and mounted. es sections 
were also stained with silver stains, ory’s trichrome, 
and Bhorr's connective tissue stain. Two amall individuals 
were also examined. The head of a 107-mm specimen and 
both eyes of a 110-mm specimen were embedded in paraffin, 
cut into 8u serial sections, and stained with haematoxylin 
and eosin, Heidenhain’s azocarmine—aniline blue stain, 
aloian blue, alcian blue—periodic acid Schiff, periodic acid 
Sohiff, and luxol fast blue. 

The eyes of B. exilis are large and directed dorsally 
(Fig. la). Tho anatomical axis of each eye forms an 
angle of about 85° with the perpendicular, providing & 
large dorsal binocular field of vison. The secondary globe 











a 


Fig. 1. Head of Dan fare (170 ae) (a) Dorsal 
view, (b) view showing secondary globe (Ga) x 


ae) Te g $ e : 
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is located on the rostro-ventral portion of the main globe, 
olose to the limbus of the cornea. It is directed in a ventral 
and ghghtly caudal direction (Figs. 1b and 2). Dimensions 
of these structures are given in Table 1. 


Table 1. DIMEXSIONS OF SOME OPTIO STRUCTURES OF A B. enis 470 XX 
IN LAWGTH 


Bire (mm) 
Main globe 
- diameter 145 
Equatorial diameter i 
Hisvation of cornea above limbus 30 
Secondary globe 
Antertor-posterior diameter 76 
decal bo 30 
Hievation of lens above limbas 20 
Corneal projections 
Dorsal projection. 50x30 
Hisvation above limbus 20 
Ventral projection 36x30 
Blevation above itmbus 3-0 


Two peculiar thickenings, appearing as whitish regions 
in Figs. 2 and 1, were noted near the limbus of the cornea, 
behind and dorsal to the secondary globe. These structures 
were elevated several millimetres above the limbus 
(Table 1). They were not found in our small specimens, but 
were noted by Cohen! in Bathylychnops more than 112mm. 

A section through the secondary and main globes is seen 
in Fig. 3. The secondary globe, located on the rostro- 
ventral part of the main globe, is enclosed by hyaline 
soleral cartilage. In the ventral part of the secondary 
globe there is & spherical lens-like structure, consisting of 
concentrically lamellated connective tissue. This lens is 
biconvex in sections of the small specimens. The secondary 
lens is continuous witb and differentiated from the adjoin- 
ing sclera. The possibility of phospholipids in the periphery 
of the lens, indicated by staining with luxol! fast blue, 
suggeste that the refractive index may exceed the usual 
values for teleostean cornea, which differ only slightlv 
from that of sea-water. 

Within the secondary globe is & retinal diverticulum, 
which is continuous with the retina of the ventral part of 
the main globe. No secondary optic nerve is present. 
Where the retina of the diverticulum overlies the inside 





- Lic PA Ee 
4. Retina of 
Det p apport dobe and ) mah globe. R, Layers of 


; nnolear layer; OP, outer 
plexiform layer, IN, inner nuolear layer; IP, inner periton layer, 
G, ganghon oal layer; WF, opie nervo fibre layer 


surface of the lens of the secondary globe, it is reduoed 
va Dn m of endothelium-like oella, continuous with 

e retina proper and the pigment epithelium respectively. 
There is no pigment in the layer which is continuous wiih 
the Pigment epithelium, and the choriocapillaris and 
choroidal pigment are also absent in this region. Light can 
thus pass directly from the secondary lens through the 
unpigmented window in the retinal diverticulum to the 
normally differentiated secondary retina. A narrow elit- 
like opening connecting the lamen of the diverticulum 
with the interior of the mam globe was noted by gross 
dissection. The alit, about 2 mm in length, was covered by 
an operculum which prevented light from entenng the 
main globe. It opened into the rostro-dorsal portion of 
the secondary globe. The exposed opening could be clearly 
discerned when & beam of light was projected on to the 
secondary lens. 

The retina of the secondary globe 1s very simular to that 
of the main part of the eye (Figs. 4a and 4b). As with other 
deep-sea flahes, only rods are present in the photoreceptive 
layer of the retina’. In B. eris the rod layer consists of 
Ro s here of outer segments or acromeres. Four layers 
are fo in the thickest portion of the retina in the 
central part of the fundus (Fig. 4b). The rods are narrow 
and many occupy the area above a single bipolar cell. 
The dense outer nuclear layer and the progreasive decrease 
in the number of cells in the inner nuclear and ganglion 
cell layers indicate a high degree of retinal summation 
and therefore acute sensitivity. 

The two projections on the cornea, located above and 
behind the secondary globe (Fig. 2), are nearly circular in 
croga-section (Fig. 8). These structures, which are dif- 

- ferentiated from and continuous with the cornea, appear 
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very similar histologically to the lens of the secondary 
globe. Muscles, probably derived from tensor chorioidees, 
insert on the base of the secondary globe, on the corneal 
thickenings above the secondary globe, and on the solere. 
They may be able to move these structures, perhaps to 
assist in photo tion over & wider fleld. In other 
respects the main zlobe of B. exilis shows few deviations 
from the typical teleostean pattern. 

The highly specialized and well-developed eyes of B. 
exits indicate that photoreception plays an important part 
in ite orientation and ecology. The large eyes are directed 
dorsally and are separated by only & thin septum. Because 
of this there is & wide dorsal binocular fleld of vision. 
Unlike many other deep-sea fishes, however, B. exilis 
bas achieved an enlarged binocular fleld of vision without 
resort to the specialized tubular (‘telescopic’) shape of 
the eyeball. Binocularity in deep-sea fishes may be useful 
for space perception in an environment where the usual 
monocular cues for estimating distance are lacking’. 
The well-developed axial musculature and vigorous move- 
ment of B. exis while alive indicate that it is a strong 
swimmer. For such a fast-awimming predator, snapping 
at amall, dimly silhouetted or bioluminescent prey in the 
dark environment, stereoscopic depth perception would 
presumably be a distinct advantage. Sensitivity may also 
be increased by binocular vision which lowers the 
threshold below that of monocular vision? *. Likewise, the 
several rows of acromeres in the retina may represent a 
means of increasing sensitivity without substantially 
decreasing resolving power*, 

The specialization of the eyes of B. exis for dorsal 
binocular vision restricta their visual flelds, but the 
8600 globes compensate for this by providing for 
light and movement perception in a ventral direction. 
This is important for detection of prey or predators, or 
their bioluminescence, in water below. The two 
corneal thickenings (see Fig. 2), originally called photo- 
genic tissue, may also serve as lenses and further increase 
the periscopio field of vision. The thickenings are elevated 
above the orbit so that they can be seen above the lens 
when viewing the intact eye from behind. Consequently, 
light caudal to the fish striking these lens-like structures 
may be refracted on to the lens and hence on to the main 
retina. 

Evolution of the secondary globes appears to be closely 
related to the development of stereoscopic vision. This is 
supported by the fact that simular, but structurally far 
simpler, specializations are present in the tubular eyes of 
some deep-sea fishes. Analogous structures have been 
described by Brauer? in the related genera Doltchopteryz, 
Optshoprocius and Wsnieria. In these fishes a well- 
developed portion of the accessory retina forms & small 
diverticulum, in which part of the retimal pigment 
epithelium and the adjacent choroid are unpigmented, 
forming & window through which light may be perceived. 
Unlike B. extlis, however, light does not strike a normally 
differentiated retina but first strikes the rods adjacent to 
the window. Moreover, none of these other fishes has a 
secondary lens for focusing light. B. exilis, which lacks the 
wide visual fleld provided by tubular eyes, has the most 
highly evolved secondary ‘eye’. It also has corneal 
protrusions. Both structures increase the field of vision 
while maintaining the advantages of the typical shape of 
the main globe. 

The large B. extks was captured while making oceanic 
collections under AEC contract AT(45-1)1726. The work 
was supported in part by & grant from the National 
Science Foundation (GB 1588) to one of us (W. G. P.). 

1 Cohen, D. M., Stanford Iobth. Bull., 7, 47 (1958). 

? Cohen, D. ML, Copeia, No. 2, 147 (1060) 

* Brauer, A , Dis Tisfsee- Fuche, YI, Anat Teil. Win. 
Jap. ewf dem Downíer ' Valdwia" 1808-1900, 15 (1900). 

‘Walls, G L., The Vertebrates Eye and its Adaptvse Radiation (Oranbrook Inst. 
Bol, 1042 

* Weale, E. NARIN, 996 (1955). 

* Monk, O., Vidensk. Midd. fra Densk naiurh, Foren., 185, 353 (1063). 
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IMMUNOLOGICAL ELECTRO-ADSORPTION METHOD AS APPLIED IN 
THE CASE OF MICE LEUKAEMIA 


= By C. MATHOT, Dr. A. ROTHEN and S. SCHER 
E The Rockefeller institute, New York 


HE immunological electro-adsorption method 
recently described! proved most sensitive ın detect- 
ing antibodies in cases where only utjnin or 
complement-fixation teste were available. Both sensitivity 
and rapidity of the experimental procedure make the 
method particularly useful. It consiste in adsorbing for 
l min or Jess, on a metalized glass slide, a thin layer of 
material containing some antigen. The antigen is adsorbed 
from a solution of a partially purified fraction under the 
influence of an electric current with the proper polarity, 
the alide for all cases tested thus far being negatively 
charged. Then the alide is immersed in a dilute solution 
of the antiserum to be tested, also in the presence of a 
weak current, the slide being positively charged this time. 
It is found that the layer bed after the antiserum 
treatment is thicker when the serum is homologous rather 
than heterologous or normal. The thickness of the layers, 
which runs from a few A to a few hundred A, ia measured 
optically with an ellipsometer. As described in ref. 1, it 
was poesible to detect immunological reactions for eight 
arthropod-borne viruses, and the corresponding antisera 
^ could be diluted 1 to 10* before specific reaction failed to 
be observed. à 

It was of interest to extend this method to other systems, 
and the results obtained with a virus from leukaemic mice 
(Friend's virus)* are presented in this article. (We thank 
Dr. Alice Moore for suggesting Friend's virus for a pos- 
&ble testing of the electro-adsorption method and Dr. 
Charlotte Friend for providing us with an infective 
extract of spleen.) 

The infection of the mice was carried out according 
to the method described by Friend! by injecting a homog- 
enate of spleen of diseased animals intraperitoneally into 
N.OS. Swiss mice. The antigenic material used for the 
immunological test was prepared by two methods. 

In the first method, described by Friend’, an antigenic 
fraction was obtained from diseased spleens homogenized 
in saline (the weight of the diseased spleens varied from 
lto 5g) A clear homogenate containing 20 per cent by 
weight of the original spleen was obtained after centri- 
fugation at 10,000g. This preparation was called antigen 
stook solution. 

— In the second and better method, described by de 
` Harven and Friend’, the virus was recovered from the 
plasma of infected mice bled from the axilla. The plasma 
was submitted to fractional centrifugation and filtered 
three ‘Millipore’ filters of pore sizes 0-65, 0-3u 

and 0-224. 

Immunological electro ion testa were - 
formed essentially as described in ref. 1. The pdorpilons 
were carried out on glass slides, 6mm x 120 mm, coated 
by evaporation with ‘Inconel’ (80 per cent nickel and 
20 per cent chromium). 1-5 ml. of the antigen solution 
and 0-8 ml. of the serum diluted 1 to 15 in veronal buffer, 


pH 1:5, were used for each test. The slides were negatively 
charged for the adsorption of the antigen and positively 
charged for the adsorption of the sera. The duration of 
the adsorption was 80 seo in every case. The current 
was maintained at 0-800 m.amp for the adsorption of 
both antigen and antibodies using a constant current 
electronio power supply (available from  Soitronics, 
419 East 73rd Street, New York). 

A summary of the resulte obtained with 17 mice is 
presented in Table 1. The antigen used for these teste was 
the stock solution from the spleens diluted 1 to 5 in water. 
The sera of the infected mice were obtained through orbital 
bleeding and tested daily until the animals were killed. 
The number of days elapsed between infection and the 
time of bleeding is indicated in column 1. Each successive 
column corresponds to the results obtained with & single 
mouse. The first group of 5 mice was infected with the 
stock solution, the second group of 6 mice was infected 
with the stook solution diluted 1 to 2, and the last group 
with the stock solution diluted 1 to 4 in saline. The 
numbers indicate the thickness in A of the layers adsorbed 
during the serum treatment. It is apparent that only two 
days after infection with either the stock solution or the 
solution diluted 1 to 2, the layers adsorbed from the 
antisera are signifloantly thicker than the layers adsorbed 
from the serum of the same animals prior to infection. 
This is interpreted as indicating a very rapid antibody 
formation. Fourteen days after infection the thickness 
of the layers adsorbed from the sera ranged from 103 A to 
126 A as compared with 52 A to 59 A for normal sera. 
As an additional control, 6 mice were injected with a 
20 per cent homogenate in saline of normal spleen. The 
thickness of the layers obtained after adsorption of the 
sera 7 days after injection ranged between 56 A and 59 A, 
the values found for the sera of non-injected mice. 

The thickness of the layers obtained after the anti 
adsorption was 70-80 A when the undiluted stock solution 
was used and 25-85 A when the solution was diluted 1 to 
4 in saline, as was the case for the experiments presented 
in Table 1. 

Similar experimente were carried out with antigen 
preparations obtained from the blood of infected mice, 
as already described here. After filtration and centrifuga- 
tion of the plasma for 30 sec at 30,000g, most of the anti- 
genio material remained in the supernatant. The 
obtained after further centrifugation at 38,000g for 1 h 
was ed in saline. It contained some antigenic - 
material which could be adsorbed on the slide since the 
thickness of the layer adsorbed was 79 A after treatment 
with an antiserum and 52 A after treatment with a normal 
serum. 

In another run, after low-speed centrifugation (15,0009) 
for 90 min and filtration, the plasma was centrifuged at 
44,000g for 90 min. The supernatant contained some 


Table 1 
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antigenic material, since slides after adsorption of this 
material could adsorb layers 48 A, 55 A, 57 A, 62 A and 
69 A thick from sera obtained 0, 4, 7, 18 and 46 days, 
respectively, after infection. This supernatant was further 
centrifuged for 3 h at 40,000g. The supernatant was 
inactive this time, but the pellet was found to be anti- 
genic. It took, however, two days for the material to 
become active after the et was resuspended. All 
centrifugations were carried out at 4°—8° C. 

A few experiments were made to test the stability of 
the antigen as a function of tem . After serum 
treatment, the slide adsorbed 50 A with a normal serum 
and 46 A with the antiserum when the antigenic prepara- 
tion had been heated 15 min at 90? O. Heating the 
antigen at 50?—55? C for 15 min did not diminigh the anti- 
genic properties (98 A after treatment with the immune 
serum and 40 A with the normal serum). After heati 
the antigen at 65°-70° for 15 min, an increase of 70 
was observed after immune serum treatment as com- 
pared with 40 A after normal serum treatment. These 
reeulte indicate that the antigenio activity is more stable 
than the infectivity of the agent which, according to 
Friend", is destroyed by heating at 56° C for 80 min. 

Some experiments were carried out using extracts of 
either diseased or normal spleens as sources of antigen to 
be adsorbed on the slides. Three different types of serum 
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were adsorbed afterwards on the slides. The results 


have been summarized in Fig. 1, where the thickness of 
the layer adsorbed following serum treatment is plotted 
against duration of adsorption. The antigen stock solution 
from diseased spleens was used for the experiments sum- 
marized by curves 1, 2 and 8, and normal spleen extracts 
for the experiments summarized by curves 4, D and 6. 
Dashed curve 1 was obtained when the stock solution was 
diluted 1 to 4 in saline. Homologous serum was used for 
curves 1 and 4, normal serum for curves 2 and 5, and 
serum from & mouse injected with normal spleen 7 days 
before bleeding for curves 3 and 6. It is apparent that a 
slide coated with an extract of normal spleen (curves 4, 5 
and 6) is unable to differentiate homologous from normal 
serum in contrast to & slide coated with an extract of 
diseased spleen (curves l, 2 and 3). 

The thickness of the layer adsorbed following antiserum 
treatment is & qualitative measure of the level of anti- 
bodies in the serum. The thickness observed, for a given 
antigenic preparation, tends to a maximum as the con- 
centration in antibodies increases. A better way of 
estimating the antibodies titre of a serum by this method 
is to dilute the serum until the thickness of the adsorbed 
layer is equal to that observed for a normal serum at the 
same dilution. This has been done in Fig. 2, where the 
dilution of a given serum, at which a specific adsorption 
disappears, is plotted against the time elapsed between 
the mfection of the animal and the moment at which the 
serum is tested. 

In no cage could the serum be diluted more than 1 to 50. 
This is in sharp contrast to the resulta reported for eight 
arthropod-borne viruses! when sera could be diluted 1 to 
2 million before a specific adsorption disappeared. Never- 
theless, it is in ing to note that this new immuno- 
logical electro-adsorption method seems applicable to a 
variety of antigens. 

This work was supported by grant G7M-08815 from the 
U.8. Public Health Service. 

1 Mathot, O., Rothen, A., and Casals, J., Nature, 202, 1181 (1064). 
* Friend, O., J. Bap. Idod., 108, 807 (1057). 
* De Harren, H, and Friend, O , Virology, 28, 119 (1904) 


IMMUNOLOGICAL AND BIOCHEMICAL INVESTIGATIONS 


OF HUMAN SERUM HAPTOGLOBIN : 


COMPOSITION OF HAPTOGLOBIN- 


HAEMOGLOBIN INTERMEDIATE, HAEMOGLOBIN-BINDING SITES AND 
PRESENCE OF ADDITIONAL ALLELES FOR $-CHAIN 


By Pror. BONG-SOP SHIM, TONG-HO LEE and YOON-SE KANG 
Department of Blochemistry, Catholic Medical College, Myong-Dong, Seoul, Korea 


PI a is an a,-protem present in the serum 
of many species whioh has the specific capacity to 
bind with haemoglobin stoichiometrically in vivo and in 
viiro-3. In 1955, Smithies* reported the existence of 
genetically determined variations in haptoglobin using 
starch-gel electrophoresis. The three common hapto- 
globin phenotypes, Hp 1-1, Hp 2-1 and Hp 2-2, can be 


now sub-classified into six sub-phenotypes, Hp l1F-1P, 
Hp LF-LS, Hp 18-18, Hp 2-1F, Hp 2-18 and Hp 2-2, by 
urea-meroeptoethanol-formate buffer starch-gel eleovro- 
phoresis after reductive cleavage of the disulphide bopds 
of the partially purified haptoglobin s&mplee*". The 
allele designations are referred to the fast-migrating so- 
called a-chains. Additional haptoglobin phenotypes were 
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in a Brazilian population, and the distribution 
of the genetic haptoglobin sub-types in various populations 
have been reported*:!*. So far, five normal ha obin 
alleles have been found (Hp!5, Hpt, HpXF9, Hp! 
Hp*$5) (refs. 8 and 10). In addition to the usual genetio 
types, the presence of some electrophoretically abnormal 
types, for example, Johnson type", and immunologically 
atypical haptoglobins were also recognized, 

The molecular structure underlying the polymorphism 
of each genetic type of haptoglobins has been examined 
by several investigators using & variety of Le ei A 
and immuno techniques. Most recently, Shim 
and Bearn!^ had demonstrated that the &niigenio determ- 
inants of the haptoglobin molecule reside in both a- and 
B-chaine, using rabbit antiserum to purified type 1P—1S 
human serum haptoglobin, and pro a tentative 
adel for the desontinry’ waceotise 6 human type 1-1 
haptoglobin. 

The work recorded here was ormed to elucidate 
further the antigenic structure of type 2-2 haptoglobin, 
the oompoaition of the so-called haptoglobin-haemoglobin 
intermediates, the obin-binding sites of hapto- 
globin, and the possible polypeptide compositions of type 
2-2 haptoglobin molecules. 

The isolation of each genetio type of haptoglobin was 
performed socording to the method as previously de- 
scribed“, The purity of the prepared samples was oon- 


~ firmed by starch-gel electrophoresis and immunoelectro- 


phoresis against horse anti-human serum antiserum 
(Pasteur Institute, lot AH-228-4). Isolation of a'- and 
B-polypeptide chains of type 2-2 haptoglobin was per- 





Hp 1-3 a 
formate buffer (pH 31) 
chains of 


as previously described 
was carried out af 13 V/an for 6h in the cold 
From teola ted. reduced 1-3 
type haptoglobin, and 
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formed according to the method which was previously 
applied to type 1-1 haptoglobin using ‘Sepbadex G-75’ 
eolumn'*. However, in the case of type 2-2 haptoglobm 
more prolonged treatment with the reducing agent and 
incorporation of urea to 6 M into the eluting solution 
were necessary to obtain clear separation. The isolated 


The relative percentage of the «*-chain in type 2-2 
haptoglobm molecules was 88-4 cent, which indicates 
the presence of equal numbers of «*- and B-ohain in type 
2-2 haptoglobin as well as in type 1-1 haptoglobin mole- 
cule, if we assume that the molecular weight of a*-cham 
is about 18,000 (refs. 15 and 16) and that of B-chain is 
36,000 (ref. 14) (by indirect calculation). The difference 
of the molecular sire in multiple bands in staroh-gel 
electrophoresis of type 2-2 haptoglobin can'eeaily be shown 
by gel-filtration with ‘Sephadex G-200' column (Fig. 2). 
Then, if we assume that the multiple bands of type 2-2 
haptoglobin indicate the various degree of polymerization 
of both chains, each band might represent the following 
composition: (a$). (x*8)e (B) (a'B)s . . . in contrast 
to (a8), of type 1-1 haptoglobin. From these oonsidera- 
tions, the ition of the multiple bands of 2-1 type 
might be (a*B)s, («B( ee ds (Be (c B)(a*B) 
beoause artificial mixture of 


ees 2-2 does not 
represent normal 2—1 type. 
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G—£200' column (2 3 am x 55 em) with 0-1 M pH 7-5 
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night, 
stained. AM ae peer floater app middis and third bands only 
wore stained, which mdloates that first bend x free haptoglobin, 
the middle and the third bands are haptogiobin-haemogiobin intermed- 
and ha bin- haemoglobin complex, respecuvaly The 
not ; however, one oan easily the erenecs 
the relative amounts of the free, the and the complex 
in each fraction This indicates that the faster mobility of the inter- 


Hide than. tha compiler Le eet fH elooirophoreais at both pH 8-0 
and 6-0 is mainly due to lts molecular axe 


Bo far, no direct evidence has been presented on the 
composition of the so-called haptoglobin-hasmoglobin 
intermediates which appear when haptoglobin 1s under- 
saturated with haemoglobin, except a few hypotheses!":1§, 
From the determination of molecular weight of the hapto- 
globin—hsemoglobin intermediate Jayle and Moretti!’ 
belisved that the intermediate might consist of two mol- 
ecules of haptoglobin and one molecule of haemoglobin. 
However, this finding is inconsistent with the facta that 
the intermediate migrates faster than haptoglobin-haemo- 
globin complex in both pH 8-9 borate and pH 6-9 phosphate 
buffer starch-gel electrophoresis, because i pH 6-9 free 
haemoglobin migrates slower than 1-1 haptoglobin— 
haemoglobin complex as shown by Laurell'’. We added 
haemoglobin to the purified type 1-1 haptoglobin to 40 
per cent saturation of its haemoglobin bmdmg capacity 
and run gel filtration using ‘Sephadex G-200’ column with 
0-1 M, pH. 7-5 phosphate buffer. The separation of type 
1-1 haptoglobm—haenioglobin complex, 1-1 haptoglobin- 
haemoglobin intermediate and free 1—1 haptoglobin was 
not complete, but partial separation could be achieved 
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aa shown in Fig. 3, which demonstrates that the molecular 
size of the 1-1 intermediate is smaller than the 1-1 hapto- 
globm—haemoglobin complex, but larger than free 1-1 
haptoglobin. The enalyxis of the amount of haemoglobin 
in each fraction showed that the mtermediate-rich 
fraction contained lees amount of haemoglobm than the 
haptoglobin-haemoglobm complex-rich fraction. These 
date suggest that the 1-1 intermediate consists of one 
molecule of haptoglobin and half-molecule of haemoglobin. 
Similar intermediates could easly be recognized in 2-1 
and 2-2 type haptoglobins when the sample is under- 
saturated with haemoglobin. Recently, Nagel and 
Ranney” have shown that haptoglobin binds with haemo- 
globin F(a4y4), As(«434), I(o184) and Lepore (a4 Lepore,), 
but not with haemoglobin H (B4) and Barts. (y7). Therefore, 
the half-molecule of h&emoglobm in the intermediate 
should be symmetrical dimer (a5, ag, a$' or a“ 


Lepore). The experiment to obtain direct evidence of 


‘this hypothesis is now bemg carried out. 


To investigate the antigenic structure and haemoglobin 
bindmg sites of haptogoblm molecule, we immunized the 
rabbite with purifled type 2-2 haptoglobin and with the 
isolated «'- and B-cham of 2-2 type haptoglobin with 
complete Freund's adjuvant according to the method as 
proviously described. Among four rabbite which were 
immunized with type 2-2 haptoglobin, one rabbit anti- 
serum showed spur between normal genetic type 
as demonstrated by Korngold#*, which indicates that type 
2-2 and 2-1 haptoglobin have more antigenic determ- 
inante than type 1-1 haptoglobin. The anti-2-2 serum 
also showed spur between free haptoglobm and hapto- 

obm-haemoglobm complex of same genetic type as 

metrated by Beuing e£ al... The most interesting 
resulta were obtained with anti-B-obam antiserum which 
reacted only with free haptoglobm, but not with hapto- 
globm-h&emoglobin comp (Fig. 4). In contrast to 
anti-B-chain antiserum, the anti-a'-chain antiserum reacted, 
with both free haptoglobin and haptoglobin-hgemoglobin 
complex. These results indicate that haptoglobin binds 
with haemoglobin at B-chain, and that most antigenic 
determinante of f-chain are covered by haemoglobin. 
Each genetic type of haptoglobin showed identical reaction 
against anti-f-chain antiserum. Therefore, the fact that 
anti-2-2 serum absorbed with type 1-1 still reacted with 
both free and haemoglobin-bound 2-1 and 2-2 type, but 
not with free 1-1 type, which was also demonstrated by 
Korngold!!, suggests that the antigenic differences among 
normal genetic types of haptoglobin reside mainly in the 
a-ohains. 

Recently, Robson and others" descnbed some rare 
haptoglobin types, of which Hp 1-P, Hp 2-P and Hp 2-L 
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serum 

haptoglobin and toglobin-haemogtobin mter- 

(not shown in the Mustrataon) but not with baptogiobin-hammo- 

giobin complex, and showed reaction of identity among ea genetic type 
of free haptogiobuns 
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seemed to have lost partially their haemoglobm-binding 
capacity, which suggest the variation in haamoglobin- 
binding sites of the B-cham. We* also observed a ha 
lobin variant variant which complotaly lost its haemoglobin- 
capacity. These Sbacese tions suggest that there 
exist two obin-binding sites per (af), sub-unit 
of the haptoglo molecules each for half-molecule of 
haemoglobin, and when only one of them is bound with 
half-molecule of haemoglobin it appears as the hapto- 
globin-haemoglobin mtermediate. Indirect evidence of 
the existence of two haemoglobin-bindmg sites in the 
haptoglobin molecule has already been presented from this 
laboratory™. So, it is plausible to think that Hp 1-P, 
+P and 2-L (ref. 22) are variants in one of the two 
bin-binding sites of B-chain (strictly speaking, 
per B, sub-unit), and the latter type” might be a variant 
In both sites. Therefore, eleotrophoretioelly normal but 
immunologically atypical type haptoglobin’ might 
be a variant at the parts other than the haemoglobin- 
binding sites. However, this does not necessarily indicate 
that the hasmoglobin-binding sites are themselves in- 
volved in the antigenic determinants, because some 
abnormal type** showed normal immunological properties 
which suggest that haemoglobin just covers the area of 
the antigenic determinante of g-chain. 
The atypical haptoglobin described by Aly et al., and 
— also by Beumg e£ al, which was reported to have 
more antigenic determinants than zoni eee 
could be explained on this basis, 


seems that m pedis. o has no really additional 
antigenio determinants, or possibly, leea than 
paral EE E bal gue eae ee 
haemoglobin-binding site of the B-chain so that the 
normal antigenic determinants could still react with 
the antibodies, while those determinants in the normal 
eee eee yor ob In fact, hapto- 
glo Marburg was found to be more antigenically 
deficient than normal haptoglobin when reacted against 
our rabbit anti-l-l type haptoglobin antiserum™. This 
is the reason why the spur disappeared when haemoglobin- 
saturated haptoglobin Marburg was with un- 
saturated normal 2-1 type haptoglobin”. 
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Family examination of this atypical haptoglobin", 
1-P and 2—L types of Robson e£ ai.!*, clearly showed thab 
these types are genetically determined. These observa- 
tions that the molecular structure of haptoglobin 
is contro: by two independent genes, one for «-cham 
and the other for §-cham. Then, the alleles Hp? and 
HpL, which were designated by Robson and others, 
should be the variant alleles of B-ohain. Therefore, we 

designate the allele for normal f-chain as 

Ip, Ep aa Hp P as Hp’P and Hp! as Hp/L, respectively, to 

from those alleles for a-chains. It is very 
interesting to note that the biosynthesis of haptoglobin 
is controlled by a mechanism very aimilar to that of 
haemoglobin synthesis and that both a-chain and B-chain 
variante exist. 
! Ja; M. F., En. Bovmdir, G., Enpooss Ann. Biochem, Mod., 17, 157 

* Guinand, 8., J., Boussier, G., and Jayle, M F., Dwil. See, Chim. 
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THE HYPOTHALAMO-NEUROHYPOPHYSIAL SYSTEM AND 
THE MILK-EJECTION REFLEX 


TES practice of Dairy Science Abstracts of publishing 
review articles covering a wide range of topics seems 
~to have found favour, since it has become well established. 
The latest example!, under the same title as this article, is 
published in two parte in successive issues. It is likely to 
prove tough going for most regular readers since much of 
1t is concerned with various aspecta of an area which, 
following & fairly recent initiative by Unesco, may 
pro ly be designated as "brain research’. However, it is 
to interest many workers in the biological and 
medical sciences. 

It is no novel idee that the discharge of milk from the 
mammary gland during suckling or milking is an active 
process involving the unconscious participation of the 
mother. That the essence of this concept has been 
intuitively known from ancient times is attested by 
numerous works of art, some of which illustrate the 
classical myth which tells of the trick played by Zeus on 
Here, to immortalize Herakles, incidentally giving rise to 

- the and also, in some versions, the lilies of the 
fleld. The best known representations of this are Tin- 
toretto's canvas '"The Origin of the Milky Way” in the 


National Gallery (London), the lower portion of which, 
depicting the origin of the lilies, is believed to have been 
excised, and Rubens’s later version in the Prado (see 
ref. 2). The same ide& has been empirically exploited 
to aid in obtaining milk from domestic animals in 
ancient civilizations and primitive peoples in to-day’s 
developing countries, as been recorded in several 
recent aooounta?:?, the latest and most detailed of which is 
that of Amoroso and Jewell‘. 

` Se ee. 
gland involves & nervous reflex, in the absence of whi 
only sub-optimal amounts of milk are available, was 
first propounded more than half & cen ago, and ita 
most prominent exponente were Gaines in the United 
States and Hammond in Britain. However, it is only 
following the original suggestion of Ely and Petersen 
nearly twenty-five years ago that increasing knowledge 
had led to the general acceptance of the view that the 
reflex is really a neuro-endocrine reflex in which the final 
stage is the release into the blood from the posterior 
Pituitary of the hypothalamic hormone oxytocin. This 
octapeptide hormone, now available in synthetic form 
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because of the classical pioneer work of du Vigneaud, 
is the agent which causes the contraction of a specific 
target tissue ın the mammary gland, the myoepithelium, 
so that a large proportion of the milk otherwise held 
unavailable is squeezed down into the storage cisterns or 
sinuses from which the sucklmg or milker can readily 
remove it. There is now & considerable amount of evidence 
&bout various features of the role of the hypothalamo- 
neurohypophysial system in the neuroendocrine milk- 
ejection reflex, and it is this fleld which is reviewed by 
Dr. Robert Denamur, who has himself with his colleagues 
made notable contributions to the subject. His treatment 
is comprehensive rather than critical, even where, as in 
consideration of work on blood oxytocin-levels, critical 
discussion would have been particularly valuable. Despite 
the fact that in the ihtroduction he disclaims any attempt 
to oompile an exhaustive bibliography, there are no fewer 
than 885 references. 

The article bears signs of a translation from a foreign 
language, and the reader will sometimes be disconoerted 
to meet the names of distinguished American workers 
under an unfamiliar guise, as when van Dyke is shortened 
to Dyke. This no doubt arises from the over-zealous 
application of the house rules of an organization the 
primary purpose of which is, in current idiom, the retrieval 
of information. There 18 also, perhaps inevitably, a 
certain amount of repetition. Nevertheless, Dr. Denamur 
- provides a valuable synthesis of basic scientiflo knowledge 
of a subject which 18 fundamental to & matter of consider- 
able technological importance, namely, how to carry out 
the milking of domestic animals, especially cows, on & 
commercial scale with optimum efficiency. As might be 
expected, this subject has for long been of great interest 
to Russian animal physiologists and it is mterosting to 
note that their preoccupation has been mainly with 

tal nervous reflexes which they believe are elicited 
by the milking stimulus and, having a shorter latency, 
precede the neuro-endocrine milk-ejection reflex. The 
segmental reflex is believed to control the tone of smooth 
muscle elements in the walls of the cisterns and latger 
ducts of the.bovine udder and, by assisting the flow of milk 
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and its accommodation in the udder oisterns, to facilitate 
the action of the neuro-endoorine milk-ejection reflex. 
Recent reviews of Russian work in this field available ın 
ish translation are those of Baryshnikov* and Zaks". 
It should be added that an intriguing element of com- 
plexity has been added to the situation by the fact that a 
few years ago Dr. Denamur himself, as well as some of the 
Russian workers, obtained results which question the need 
for the intervention of the oentral nervous system in the 
proceas of milk withdrawal in small ruminants such as 
sheep and goats; for, in animals with completely de- 
afferentated udders, it was possible to obtain normal yields 
of milk by careful hand-milking. In accordance with this, 
Folley and Knaggs’, in experiments on hand-milked 
goate, found that more often than not oxytocin could not 
be detected in the pituitary effluent blood following the 
mulking stimulus even though the milk yields were normal. 
It ia to be hoped that Dr. Denamur’s review will come 
to the attention of interested research workers whose 
reading does not normally cover the field of agricultural 
research. It should be added that reprints of the two parte 
of the article are available under one cover from 
the Central Sales Branch, Commonwealth Agricultural 
Bureaux, Farnham Royal, Bucks, at the modest price of 
ten shillings for what is 1n effect a short monograph which 
will be a useful reference source for some time to come. 
Credit is due equally to the author for his methodical and 
logical treatment of what has now become a rather 
complicated body of information and to the staff of 
Dairy Sotence Abstracts for the successful completion of 
an exacting task of editorship. B. J. Founay 
1 Denamur, È , Dary Sa Abair., 87, 193, 268 (1065). 
M Apat gana Pa din a Sg" gie 
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NECROSIS OF THE PANCREAS, PAROTID AND LACHRYMAL GLANDS 
ASSOCIATED WITH ENCEPHALOMYOCARDITIS VIRUS INFECTION 


By Dr J. E. CRAIGHEAD 
Department of Pathology, Peter Bent Brigham Hospital and Harvard Medical School, Boston, Massachusetts 


ECENT studies in this laboratory have been con- 
cerned with the pathogenicity for animals of selected, 
antigenically similar strains of encephalomyocarditis 

(EMC) virus. During the course of this work, necrosis of 
the adipose tissue of the retroperitoneum and epididymal 
fat tage was noted in adult mice infected with many of the 
EMC virus strains under investigation. Since it seamed 
likely pi theeo changoe wore tho result of retroperitoneal 
&eopage of digestive enzymes released from the pancreas, 
this organ was examined histologically. 

, A lesion of the pancreas is found m EMC-infected mico 
the carcasses of which exhibit necrosis of retroperitoneal 
adipose tissue. It consiste of coagulation necrosis of acinar 
cells associated with interstitial oedema and & scant in- 
filtrate of inflammatory cells (Fig. 1). The lesion occurs 
independently of virus dosage in animals inoculated by 
the subcutaneous, intraperitoneal or intracerebral route. 
Usually the whole organ 18 affected, although amall clusters 
of acinar cells are occasionally spared. Necrosis of the islets 
of Langerhans has been noted, but in most animals the 
islets and lining cells of the ducta are well preserved. 

Histological changes in the pae are apparent well 
before the neurological signs c ristio of EMC infeo- 


` 


tion develop. The earliest alteration recognizable by hght 
microscopy is swelling of the acinar cells; later there is 
loss of basophilia and vacuolation of the cytoplasm. 
Some clumping of chromatin of the nucleus occurs; 
however, the nucleus often appears intact after the cyto- 
plasm has disintegrated. Ultrastructural changes in the 
pancreatic acinar cells are evident 48 h after the sub- 
cutaneous inoculation of 10* lethal doses (LD,,) of virus. 
The electron micrographs show prominent alterations in the 
architecture of the ergastoplasm, dilatation of the cisterna 
of the endoplasmic reticulum and dissociation of ribosomes 
from their membranes, swelling of mitochondria and 
vacuolation of the cytoplasmic matrix. So far, virus 
particles have not been identified within affected tissue. 
The acinar cells of the exorbital and endorbital lachrymal 
glands and the parotid elaborate polypeptide enzymes 
and thus are functionally similar to the exocrine cells of 
the pancreas. They also possess comparable morphological 
features. Coagulation necrosis of these organs is found in 
infected animals exhibiting pancreatic lesions. The histo- 
pathological changes in the three glands are similar and 
appear to develop concomitantly. However, as will be 
discussed here, necrosis of the lachrymal gland is observed 
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in mice infected with an EMO strain (1138-M) which causes 
no in the pancreas or tid. 

Titrations of the pancreas exorbital lachrymal glands 
of subcutaneously inoculated animals have been carried 
out to determine their virus content. These studies havo 
been complicated by early viraemia and the oocurrenoe of 
auto-interference at low tissue dilutions. Within 48h the 
two organs contain virus in amounts (10*-10* tissue 
culture .D,,) which usually exceed the quantities found in 
other parenchymal organs and blood. The parotid gland 
has not been tested because a clean dissection of this organ 
in the mouse is difficult. 

Table 1 summarizes data on the occurrence of necrosis 
of retroperitoneal adi tissue in adult mice receiving 
EMO virus having di b origins and passage histories. 
Each of the viruses was tested in groups of mice at decimal 
dilutions throughout ite infectivity range and the animals 
were killed when moribund. Typical alterations were 
found in adipose tissue of mice receiving most, but not all, 
of the virus strains tested. Alth: histological studies 
were not carried out routinely in this survey, the associa- 
tion of groas evidence of necrosis of retroperitoneal adipose 
tissue with the lesion of pancreas is well established. 

Studies with two sub-strains recovered from the same 
‘wild’ source! suggest that the ability of a virus to cause 
the glandular lesions is altered by the manner in which it is 
pure. A sub-strain (1138-2) transmitted 11 times asa 

omogenate of brain, intracerebrally, consistently pro- 
duces coagulation necrosis of the three glands, whereas a 
second sub-strain (1188-M) passaged 20 times as homo- 
i heart, intraperitoneally, occasionally causes 
lesions of the lachrymal gland but not of the pancreas and 
parotid. Tho first sub-strain is highly neurotropic in mice; 
the second causes severe myocarditis but few, if any, 
neurological signs. 
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Table 1. OOCUERENCE OF NECROSIS OF EETOPERTTONRAL ADIPOSE TINSUL 
IN MIOB INFECTED WOM BELBOTED STRAIN or EMO VIRUS 
L cell d adios 
Virus Mice 
, sam Times tene 
HMO-M* I0—e. 80 None v 
HMO-M IO—c. 80 5 [5] 
Mengo Manyt None N 
1188 IO—2 None v 
1188-3 Io—11 None o 
1188-M IP—10 Mone N 
* Decimal dilutions of virus suboutansously 
infectivisy range into Ee 14-week-old male mice. i 
t ot history known. IO, bram ; 
IP, hoart pemeged nirapaclionsal; O, consistent finding; V, 
finding; N, never o 


Several lines of evidence support the conclusion that 
the lesions are a consequence of EMO virus infection and 
not the effect of some extraneous substance or unrecog- 
nized infectious agent: (1) they are produced by virus 
strains which have been in several different 
laboratories using cell cultures or animals or both; (2) they 
are caused by isolates purified in oell cultures by the 
plaque technique; (8) they oocur with equal severity over 
& wide range of virus dosage; (4) they do not develop when 
a virus strain which consistently induces necrosis of the 
pancreas (1188-2) is used in a mouse neutralization test 
with antiserum prepared against a strain which docs not 
cause the lesion (Mengo); and (5) they are not found in 
control mice inoculated with tissues from animals and 
cell cultures. ; 

All observations so far indicate that the alterations in 
adipose tissue are due to release of pancreatic digestive 

into the retroperitoneal space. The pancreatic 
lesion and resulting exocrine insufficiency may account for 
the diarrhoea which I have noted repeatedly in EMC- 
infected mice during the terminal of illness. A 
non-purulent conjunctivitis also has been observed in some 
infected animals; histological examination of the eyes and 
their accessory structures has failed to reveal any cause 
other than necrosis of the endorbital and exorbital 


Lesions of the pancreas and parotid glands occur in 
adult mice infected with Group B Ooxsackie viruses!-*. 
Pancreatic lesions have been described in mice receiving 
certain strains of the virus of foot-and-mouth disease’. 
The histopathological alterations in the pancreatic acinar 
cells produced by members of these two groups of small 
RNA viruses (picorns viruses) are similar if not identical to 
those observed in EMC-infected mioo. f 

This work was supported by U.S. Public Health Service 
research grants H E—003770 and HD—00187. Ultrastructural 
studies were performed by A. Like. 


` Mamane, T. G. Craighead, J. H., Shelokov, A., and Mondragon, H., Scisnce 
181, 408 (1980). 


* Parpeuhe , å. BL, Kunz, L. J., and Richardson, B , J. Bap. Mod., 04, 45 
* Wilson, W. B., and Cheatham, W. J., Amer. J. Paih., £1,415 (1902). 

1 Robertson, J. B., Austral. J. Fop. Biol. and Med. Sci., 88, 393 (1064). 

* Platt, HL, Virology, 9, 1484 (1050). 

* Befbold, H. R., Amer. J. Vet. Res., £1, 870 (1060). 


CHANGES IN THE SULPHYDRYL AND DISULPHIDE GROUPS IN BEEF 
MUSCLE PROTEINS DURING HEATING 


By Prop. R. HAMM and Dr. K. HOFMANN 
Institut fur Chemie und Physik, Bundesanstalt fur Fieischforschung, Kulmbach, Germany, and Institut fur 
gswissenschaft, 


Ernahrun 

Ca of sulphydryl and disulphide in 
muscle proteins and the formation of Hj may be 
important for the taste and texture of canned meet 


Methods for the determination of sulphydryl and di- 
sulphide groups in beef muscle tissue (M. longissimus 


Justus Llebig-Universitat, Giessen, Germany 


dorsi, 5 days post mortem), in myofibrils and in actomyo- 
gin gels were deyeloped and the changes of these groups 
during heating were investigated. 

The total content of SH-groups present in muscle pro- 
teins can be determined by the reaction with AgNO,. 
Ground tissue, myofibrils or a&otomyosin, containing 


in 85 ml. 
7-4), and 1 ml. 10* M AgNO, 
(excess) are added. After stirring for 60 mm at room 

ture, 1:2 x 10-* moles of glutathione (excess) are 
added to the filtered solution. The exoess of glutathione 
is titrated by means of an o technique using 
103 M AgNO, By this method we found for muscle 
tissue from different animals 8-8 + 0-3 (S.D.), for myo- 
fibrils 9:6 + 1-2 and for actomyoam gel 8-8 moles SH/10* g 
protein. After denaturation by heating, urea or ethanol, 
the amount of SH-groups reacting with AgNO, is not 
significantly increased. Piste fice: all perenne present 
in the native muscle proteins are able to 
AgNO,. 

When the SH-reagent, N-ethyl-maleimide (NEM), is 
used, only a few of the SH-groupe reacting with AgNO, 
(total SH) can be detected. Ground tissue, myofibrils 
or actomyosin gel, containing Spero 100 mg 
pro tein, is suspended in a mixture of 5 ml. 0-1 M phosphate 

(pH 6-0) and 5 ml. 2 x 10° M NEM (excess). The 
ih ia shaken for 120 min at 25° C (thermostat) and 
then centrifuged (14,000g, 5 min) after deproteinization 
with TOA. The amount of NEM which has not reacted is 
determined by photometric measurement of the abeorp- 
tion at 300 nm. By means of this technique, we found in 
myofibrils only 3-5 + 0-1 moles SH/10* g protein. After 
denaturation (heating, uree, ethanol, TCA), the amount of 
SH-groups with NEM increases considerably. 
The presence of O; (air) has no influence on the amount 
of SH with AgNO, or NEM under the 
conditions used. The amount of disulphide present in 
tissue, rig or aotomyosin can be determined after 
reduction by NaBH, whioh has been introduced into the 
protein by Moore et al. 

0-5 ml. 0-6 M NaBH, (dissolved in 8 M.urea) is added to 
25 mg of the material. After 60 min reaction at room 
temperature, the exceas of NaBH, is by adjust- 
ing the pH of the mixture to 6-4-6-7 with 0:15 M HNO,. 
The SH-content of the reduced material is determined by 
reaction with AgNO, as mentioned here. The S8-content 
is given by the difference of the SH- present after 
and before reduction. In myofibrils, we found 6:1 + 0-3 
moles 88/2 per 10* g protein. The total amount of SH- 
groups in myofibrils after reduction ranged between 18:8 
and 14-8 moles/10* g protein. 

The cysteine and half-cyatine group content obtained 
chromatographically (ion exchange) after hydrolysis of 
myofibrils in HCl amounted to only 10 moles per 105g 
protein. Other authors have found similar values (8-9 
molee)*?. Apparently, a part of cysteine or cystine oen- 
not i recovered after hydrolysis, even after oxidation to 
eysteio acid. Probably for this reason, Bárány et al.? 
could not find 88- eros in myosins. In our opinion, 
only the titration of SH-groups in the intact protein after 
reduction with NaBH, will provide the true value of the 
cysteine and half-cystine group content. 

Heating of myofibrils up to 70° O (80 min) results in a 
strong increase of SH-groups reacting with NEM (Fig. 1). 
Apparently, heat denaturation causes an unfolding of the 
peptide chains and, therefore, a release of reactive SH- 
groups which before were hidden within the folded struc- 
ture of the native protein. 

The amount of 8SH- of myofibrils with 
AgNO, is nob affected by MEM in) oo te 10-0 
(Fig. 2). hse Tus Roman at Soup nthe 
native protein are able to react with under the 
experimental conditions used. fon ee eae ae 
conclude that the process of heat coagulation of beef 
taking place between 50° and 60° C (ref. 4) is not accom- 
panied by formation of new disulp. bonds between the 
protein molecules. But by heating myofibrils up to the 


react with 


tem: which are commonly used for canning meat 
(110°-120°), the amount of SH-groups reacting with 
AgNO, is considerably decreased (Fig. m. This effect is 


greater in the preeonoe of air than under nitrogen. The 


NATURE 


September 18, 1965 vo 207 


decrease of 8H-groups at high temperatures is apparently 
due to an oxidation process which cannot be completely 
eliminated by treatment under N, because it is not possible 
to remove all the air from the tissue or the myofibrils. 
In actomyosin gels, however, heating under N, does not 
result in any significant decrease of SH-groups; in this 
case the air oan be almost comp removed, 

If myofibrils heated at 120° C for 80 min are treated with 
eG aa aane Sa o ATE ee 
with AgNO, is found after reduction as in the reduced 
unheated myofibrils (Table 1). From this result it is 
clear that the decrease of SH-groups by heating under 
these conditions is caused for the most part by oxidation 
to 88-groups. The increase in the toughness of meat 
known to be caused by prolonged cooking may be due to 
such a formation of intermolecular disulphide linkages 
between the peptide chains of the actomyosin. 

Table 1. CHAKXaBS oF SH- AX» §88-GROUPS DURING HEATING OF MYOFIERILS 
AT 120° O Fox $0 xx 


eee nee Heated samples 

SH Heated aH 8--- 88 
Moles under Holes De- agin ie In de 

pe log perld'sg per 10’ g crease perl0’g crease crease 
protein protein. protein. % protein ~ ~ 


72 (+02) 6-1(40-2) Atr 43/208) 40 83/208) 30 7 


Na 54(402) 25 T8(r03) 20 6 

However, if the myofibrils are heated at 120° O for a 
longer time, for example, for 5 h, the amount of SH-groupse 
determined after uction by NaBH, is considerably 
leas than in the reduced unheated samples (Table 2). 
Therefore, some SH- and 88-groupe are destroyed under 
these conditions of heating. , 

ee ee 
destruction of SH-groups, the formation of H,S8 comes first 
into question. For the determination of H,8' released 
during heating, we modified the method of Marbach and 
Doty*. The sample (2 g) is heated under N, in a closed 
apparatus; the H,8 formed passes into a trap containing 







B(alr) 


i C 
; menu a A (nitrogen) 
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1. Hffect of beating (80 min) myofibrils on the amount of SH-groups 
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“an 


~~s A (nitrogen) 
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Table 2. CHAKGES or SH- amp B8-GROUPS DURING HRATIKG OF MYOFIBRILS 
AT 120° ONE 


No 8003 


8H 8 +88 
Heated Moses per — Deorease ve decrease 
under 10° g protein *6 Ld % 
Alr f 25208 61 iin i 1$ 
N, 46 (+08 33 6:8 (+05 u 13 
Mote: the aro retated to the values for the unheated 


values 
semples (compare with Table 1). 


NaOH and is determined by photometric measurement 
(670,740 nm) of the colour developed after reaction 
with p-amino-dimethyl-anilme and FeCl, in HCl. Mer- 
captans did not interfere with this reaction. As Fig. 8 
shows, the formation of H,8 from myofibrils starte at 
about 80° C and increases exponentially with rismg 
temperature. The formation of H,S increases with 
inareaesing time of heating. Heating of the total muscle 
tissue up to 120° O for 30 min caused the formation of 
18-4 and 19-3 ug H,8/g protein. This is almost the same 
as the amount of H,8 formed by heating the myofibrils 
(18-7 and 16-8 ug). Therefore, almost the total amount of 
H48 released by heating originates from the structural 
proteins and not from any water-soluble substances, such 
as cysteine, present in the tissue. After blocking the SH- 
groups of the native myofibrils by reaction with AgNO, 
and also by NEM, heating at 120? O no longer causes the 
formation of H,8. These results show that H48 originates 
from the easily reacting SH-groups of the structural 
proteins and not from S8-groups or methionine. Fraoxak 
and Pajdowski* and recently Mecoi ¢ al.” have suggested 
that the H48 devel scat tome Mida e Mec 
originate from the ee ee ; our 
sis poi preis demonstrate the first time that this is 
the case. All the resulte reported here could also be 
obtained with actomyosin. 
As our results show, heating up to 70° O causes an un- 
folding of the actomyosin molecules. At higher tempera- 
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me Hag proteth 
Sh 


0 70 90 


110 120 


Fig. 8. Effect of beatmg (30 min) on the formation of H,3 from myo- 


tures, an oxidation of SH- to 88-groups occurs. During 
longer heating at temperatures, H,8 is also formed 
and this origmates m the free or easily reacting BH- 


groups of actomyoein. 

This work was supported in^part by the Deutsche 
Forsechungsgemei We thank Dr. J. R. Bendall 
for his advioe. 
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AGREEMENT BETWEEN CARCINOMA EXPERIMENTS IN VIVO 
AND LOW-ENERGY X-RAY IRRADIATION OF THE METALLOPROTEIN 
CARBONIC ANHYDRASE 


By Da. N. W. H. ADDINK 
Philips Research Laboratories, N. V. Philips’ Gloellampenfabrieken, Eindhoven, The Netherlands 


PHENOMENON characteristic of caroinoms is the 
sub-normal xinc-level of whole blood of the patiente!. 
In earlier pepers this sub-normal level has been related 
either to & decreased oontent of carbonio anhydrase 
present in the erythrocytes or to this metallo-protein 
containing sub-normal zino’. Beoeuse of the fact that 
there have been found significant changes in the zino- 
level of blood and urine during and after radiotherapoutio 
treatment (see hereafter: experiments in vivo) it was of 
interest to examine the influence of X-rays on carbonic 
anhydrase. 

Destruction by X-rays of a metallo-protein in general 
can. be effected, for example, by irradiating into the K- 
absorption band of the metal. Two processes will then 
occur: that-of fluorescence and that of the Auger effect. 
In both cases important changes regarding the (outermost) 
valency occur, because the latter have to fill 
electron holes in the K-, L-shells, eto. This means that 
the metal atom can be freed from the organio protein 
molecule by irradiation of one of the absorption bands of 
the metal. The metal is then brought into solution in the 
*ionogenic form. 

When a solution of tho.xino protein in water is irradiated 
with a continuum of X-rays, the shortest wave-length 
being then that of the K-a n band of the 
metal (1-3 A), there will be scarcely any absorption of the 


irradiated energy by zinc. However, by increasing the 
supply voltage of the tungsten tube, that is, Did eei 
lengths just below the edge of the K-abeorption of 
rino, such wave-lengths are absorbed by the metal, and 
this is freed from the residual organic molecule in the way 
described here. The higher the operating voltage of the 
tube, the shorter the mmimum wave-length of the oon- 
tmuum, and the greater the chance of freeing xino. 

This affect is illustrated in Fig. 1, which shows how 
irradiation with the highest energy (case o) releases the 
rino m & short time. Using wavelengths just below the 
edge of the K-absorption band of rino (curve b), one can 
also bring sbout a relatively rapid dissociation. But & 
very slight and slow-gomg dissociation occurs if one 
chooses the tungsten-tube operatmg voltage 1-2 kV 
lower (curve a). 

It is worth noting that the dissociation processes are of 
a monomolecular nature. A reaction of the same kind 
oocurs when vitamin B,,, which contains cobalt, is irradi- 
ated. 

It should also be noted that only the firmly bound zinc 


ur Or ae One should realize 
that of the zinc which carbonic anhydrase contains, two- 
thirds is loosely bound, that is, separable by shaking with 
dithirone*, while the remaining one-third is firmly bound, 
that is, not separable by means of shaking with dithizone. 
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0 4 8 12 16 10 
Abesdissa . time of trradiation (h); X-ray tube: nr 10 mam: 
to 4,700 r./mtn; b, 10:5 KV, 25 e mun AE y epe 
m.amp, 200, 


It is the latter part which can be released by irradiation 
with X-raya. 

It is of interest to point out here that as a result of 
the irradiation the activity of the enzyme (that is, the 
release of carbon dioxide gas from an HOO; solution) 
diminishes aa the content of firmly bound zino decreases, 
as is shown in Table 1. 

From these experiments two conclusions oan be drawn: 
(1) X-ray irradiation initiates the effect of bringmg 
firmly bound zino into the soluble ionogenio form. (2) The 

activity of the pir ied carbonic anhydrase is correlated 
ie its content of y bound zino (compare also ref. 8). 

Wolf has ahown that within 24 h after radiotherapy 
of carcinoma patients the serum zino of blood increases 
from 1-1 p.p.m. to 1:5 p.p.m., whereas after 48 h the rino 
content falls back to ite original value. This result-can 
also be ascribed to releasing the firmly bound zino. 

In i ts carried out m tion with Dr. 
L. J.P. I have shown that during prolonged radio- 


NATURE 


September 18, 1965 VoL. 207 


Table 1 
of Activity (= v. Ht/ 
firmly bound n ) 
27D rangs- 
in 10 mL (ref. 4) 
Nos irradiated 115 xg 41-5 
After 1 h trradiadon (10-5 
kV, 25 mamp) 0 84 we B: 25 
After 4 h (the same) 0 $0 xg 2-5 
Botu! B 
After T precedes (50 kV, 
a 0 00 xg 02 


a white preperation obtained from Koch Light laboratories; 
o POE in NE Propart aen UM 1mg dissolved m 10 mL water. 


Daal di or er Meu Std E ot 
showed an activity of 20. 
thera io treatment (mammary cancer) the zino content 
of urine (X-ray fluorescence analysis; bromine as internal 
standard) oan increase from 0-5 p.p.m. to 1-5 p.pm., 
which means that again zinc has been brought into the 
ionogenic form. 

In cases where the zino content of whole blood ot 
carcinoma prime is extremely low, radio-therapeutio 
treatment does not increase the zmo content of the 
patients’ urine. This is in accordance with experiments 
carried out together with Dr. H. J. v. d. Berg (unpublished 
resulta), showing that carbonic anhydrase prepared from 
the blood of these patienta* does not contam any firmly 
bound zmo. 

It is known that one-third of the total rino amount in 
whole blood is in the firmly bound state’. In earlier work 
by Addink and Frank! it was stated that in severe 
cases of carcinomas the lowest value of whole blood zmo 
amounts to 4-4 p.p.m.: & decrease of one-third compared 
with the 6-5 p.p.m. found for healthy patiente. Once 
again this indicates that frmly bound rmo is &beent in 
such severe cases of carcinoma. 

As such patients remain living over a certain period 
of time, there must be some firmly bound sino present; 
but these small quantities are not detestable chemically. 
One should keep in mind that according to Roughton’ 
blood contains at least forty times the required quantity 
of carbonic anhydrase. 

1 Addink, X. W. H., and Frank, L. J. P., Concer, 18, 544 (1089). 
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^ A THEORY ON THE MECHANISM OF CARCINOGENESIS BY SMALL 
DEOXYRIBONUCLEIC ACID TUMOUR VIRUSES 


By Pror. LEO SACHS 
Section of Genetics, Weizmann Institute of Sclence, Rehovoth, israel 


HE small DNA tumour viruses polyoma, SV40, 
illoma and adenoviruses, contain an amount of 
DNA that can code for only a small number of proteins. 
Thus the DNA of polyoma, with a molecular weight of 
about 8 x 10* (ref. 1), has about 4,500 nucleotide m 
and these can code for about 1,500 amino-acids. Ñi 
part of this DNA codes for the viral coat protem, and 
there may be late functions associated with virus develop- 
ment which inhibit cellular DNA synthesis? prior to cell 
lysis, the amount of DNA which remains to initiate 
carcinogenesis could only be enough to code for a few 
funotions. The purpose of this article is to show that 
two virus coded functions can be sufficient for carcino- 
emis, that the postulated mechanism of carcinogenesis 
bande two functions is in agreement with all the 


present experimental findings, and to indicate the possible 
application of these findings to carcinogenesis by hydro- 
carbons. 

Experimental resulta on oell-virus interactions with 
these viruses can be divided into six main categories. 

(4) Early RNA and early protein are synthesized 
during virus development, before the synthesis of viral 
DNA?. 

(B) A nuclear tamour antigen is synthesized early 
during virus development. 

(C) All tumours synthesize a transplantation, presum- 
ably cell surface, tumour antigen. For both the nuclear 
and the transplantation tumour antigen, different tumours 
induced by the same virus have the same antigen, and 
different viruses induce the synthesis of different antigens". 


» 
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(D) Virus infection can lead to an induction of cellular 
DNA synthesis‘. 

(E) oell-virus interaction can result either in the 
development of virions and oell lysis, or it can directly 
and rapidly induce the transformation of normal cells to 
tumour cells’. 

(F) Tumour cells generally do not produce detectable 
virus’. 

( (4) has been established for adenovirus and polyoma, 
(B) for SV40 and adenovirus, nuclear localization most 
clearly with SV40, (O) for polyoma and SV40, (D) for 
polyoma, and (E) and (F) have been most extensively 
established for polyoma.) 

The p theory suggesta that the two virus coded 
functions which can explain all theee findings are the 
synthesis of RNA which serves as messenger for the early 
protein, and & function which repreeses further virus 
development after synthesis of this early RNA. 

Both the early protein and the nuclear tumour antigen 
seem to be synthesized at about the same time, and it is 
suggested in the present hypothesis that the nuclear 
tumour antigen is the early protein. AN virus-induced 
tumours poesees a lantation tumour antigen, and it 
is suggested that the nuclear antigen is responsible for 
the synthesis of the transplantation antigen. This sug- 
gestion prediote that the nuclear antigen has enzymatic 
activity. The synthesis of transplantation antigen can be 
taken as an indication that there has been & change of the 
cell surface in comparison to non-infected normal cells. 
It is assumed that this change in surface changes the 
cellular mechanism so as to transform normal 
cells into tumour oells. The maintenance of the virus- 
induced cell surface change in the transformed cells, as 
shown by the continued presence of the transplantation 
antigen in the tumour cells, would then permit the main- 
tenance of the changed regulatory mechanism. It would 
follow from the finding that nuclear tumour antigen can 
be synthesised after virus infection in the presence of 
inhibitors of DNA synthesis’; that the 
in oell surface regulation can occur without viral DNA 
replication. The synthesis of & tumour antigen in the 
nucleus is presumably due to the fact that virus synthesis 
takes place in the nucleus. 

The suggestion that viral DNA directly codes for the 
nuclear tumour antigen explains the differences in antigen 
induced by different viruses. If this assumption of direct 
coding proves to be correct, the maintenance of nuclear 
antigen in the tumour oells!* would be a convincing argu- 
ment in favour of the assumption" that there can be an 
integration of viral DNA im the tumour cells. The in- 
tegrated DNA would then be the nucleotide sequence that 
codes for the nuclear tumour antigen. It would thus be 
of considerable importance to isolate early RNA, and 
to characterize it regarding messenger activity for nuclear 
tumour antigen and for complementarity to virus DNA. 
It would also be of considerable value for further investi- 
gations to have mutanta of the same virus that induce 
the synthesis of different nuclear antigens. The possibility 
of finding such mutants is suggested by the observation 
of differences in lantation tumour antigen induced 
by different strains of polyoma", and the production of 
further mutants of this type, together with a marker such 
as temperature sensitivity, would be highly desirable. 
Tumotr antigens would therefore seam to be the most 
suitable virus-induced markers‘ for experimenta on the 
Possibility of marker rescue in virus-induced tumour cells. 

Another finding which has to be explained is the induo- 
tion of cellular DNA synthesis as & consequence of virus 
infection, which occurs before the repression of cellular 
DNA synthesis that precedes cell lysis. It can reasonabl. 
be assumed that the amount of viral DNA is not enough 
to code for all the enxymes required for virus synthesis, so 
that an induction of cellular enzymes would be required 
for viras development. The inhibition of polyoma virus 
synthesis after pre-treatment of cells with mitomycin! 
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Table 1. S»qUEXONE OF BVENTS THAT RESULT EITHER I5 THE DEVELOPMENT 
OF VIRIONS AXD CELL LYRIE, OR IK CAEODNOGENEXASIS. Two VIRUS OODHD 
FUNCTIONS ARA POSTULATED FOR CARQINOGENXAIS 


First function coded by virus DNA 
Nob a OC alone RUNE cell rs, ERI tor aaraa 
Synthesis of carly RNA 
ad er ee ree ee AERE 


Nuclear tumour antigen produces change in cell surface, that is, transplan- 
tation tumour antigen 


4 
Ohange in cell surface results in change in oe!] regulatory mechanism. 


+ 
Chango in results in Induction af oellular required for 
viral aviitests, This also induces cellular TINA synthoms. 


+ 

Further virus development and cell lysis 
Or 

Beeond function coded by virus DNA 


For 

À. This œn 
Repression of Virus developman after of edy EN. 
can also be explained in that the pre-treatment prevents 
the synthesis of oellular i for virus 
development. It is assumed that the change in cell 
regulatory mechanism induced by the change in cell 
surface resulta in the synthesis of cellular enzymes 
required for virus DNA synthesis. This change in regula- 
tion could then also result in the industion of cellular 
DNA synthesis. This predicta that there can be an 
induction of cellular DNA synthesis without the replica- 
tion of viral DNA. This suggested menhaniam for the 
induction of cellular enzymes could also explain the long 
latent period of these viruses. 

It has been ghown that the oell-virus interaction can 
result either in virus development and cell lysis, or in 
carcinogenesis. Onoe the RNA for the nuclear 
tumour antigen has been synthesized, the only other 
function required to explain this duality in oell-virus 
interaction is one that represses further virus development. 
This would then be the second virus coded ae for 
carcinogenesis (Table 1). Expression of this otion 
could result in the growth of tumour oells, whereas & 
lack of expression would result in further virus develop- 
ment and cell lysis. A low frequency of expreasion of the 
virus coded functions required for carcinogenesis and/or 
the initial tranamission of the transformed state to 
daughter cells, could account for the finding that, even 
after virus infection of single cell clones, only a minority 
of the oells undergo the transformation pf normal cells to 
tumour oella!*. 

During growth of the tumour celle after the initial 
transformation there may be & destruction of the viral 
genome, or if there is an integration of viral DNA and 
the nuclear antigen is continuously coded by viral DNA, 
according to the present hypothesis, the only part neces- 
sary to maintain the transformed state would be the 
nucleotide sequence that codes for the nuclear antigen. 
Hither of these alternatives would explain the finding that 
the tumour cells generally do not produce detectable virus. 

It is of interest to see how far the present theory of 
carcinogenesis by these viruses can be applied to carcino- 
genesis by hydrocarbons. It has been shown that 
carcinogenic hydrocarbons can also induce either cell 
lysis?’, or directly and rapidly induce the transformation 
of normal cells to tumour celis'*. Tumours induced by 
these compounds have new transplantation antigens, 
although in contrast to the situation with virus-induced 
tumours, a variety of tumour transplantation antigens 
have been found in tumours induced by any one car- 
cinogenP. The maximum number of possible cell surface 
changes as expressed by differences in tumour trans- 
plantation antigens is not known. There are, however, 
presumably a finite number of possible cell surface changes 
associated with the change in oell regulation resulting in 
carcinogenesis. There may thus oocamonally be the same 
change produced by a chemical carcinogen and a tumour 
virus, and such cross-reacting transplantation antigens 
have been reported'*. 
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With the carcinogenic hydrocarbons it can be postulated 
that they can directly interact with the cell surface to 
produce the changes recognised as tumour transplantation 
antigens, and this may account for the variety of antigens 
that have been found with the same carcinogen. It would 
be of considerable interest to know if tumour cells induced 
by carcinogenic hydrocarbons have a nuclear tumour 
antigen, as in the case of the virus-induced tumours, and 
whether a tumour antigen is produped during the process 
that leads to cell lysis. If the change in the cell surface 
induced by carcinogenic hydrocarbons can produce changes 
in regulatory mechanism of the game type as that produced 
by infection with the tumour viruses, the initial change 
may also be expressed by an induction of cellular 
synthesis. The finding of an induction of some cellular 
enzymes soon after treatment with carcinogenic hydro- 
carbons! would support the suggestion of a common type 
of change. 

The conclusions drawn here suggest that the further 
analysis of what have been proposed as the two virus 
coded functions required for carcinogenesis, and of the 
changes in synthesis in cells treated with carcinogenic 
hydrocarbons, could provide crucial evidence on the 
similarity in the mechanism of carcinogenesis by the small 
DNA tumour viruses and by carcinogenic hydrocarbons. 

This investigation was supported by research grant 
OA 05266 from the National Cancer Institute, U.8. Public 
Health Service. 
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MEASUREMENT OF THE EXCLUDED VOLUME OF PROTEIN MOLECULES 
BY DIFFERENTIAL SPECTROSCOPY IN THE NEAR INFRA-RED 


By WILLIAM C. McCABE and Paor. HARVEY F. FISHER 
* Veterans Administration Hospital, Kansas City, Missouri, and University of Kansas School of Medicine 


1 À TE have observed that & solution of protein in water 

measured differentially against water produces a 
negative near-infra-red difference spectrum. his pheno- 
menon is shown in Fig. 1. Curves A and A’ represent the 
phenomenon as observed. Ourves B and B' are the spectra 
of water, presented here for reference. The relationship 
between the water spectrum and the phenomenon can be 
seen by ing each peek of the spectra. The detailed 
peak-for- correspondence is apparent. Ourves A 
and A’ are negative water spectra to a very close approxim- 
ation. 

The apparent anomaly in the differance spectrum of 
bovine serum albumin (B8A) at 1-7p is in the region of 
the first overtone abeorption of the C—H stretching 
frequency in proteins as shown by Hecht and Wood!. 

A model system (Fig. 2) ia proposed to account for the 
phenomenon observed. e excluded volume, repres- 
ented in this scheme as a difference, will, in effect, cause 
a dilution of the solvent (water) in the sample cell. In 

ions of the where the extinction of the 

vent far exceeds that of the solute, the absorption 
will be greater in the reference oell than in the sample 
cell, and a negative difference will result. 
This excluded volume can be represented by the volume 
occupied by the solute in solution. 

If this phenomenon is a consequence of volume excluded 
to the solvent by the solute, then the following criteria 
should be met. (a) The total absorption of each peak in 


the water spectrum of the sample cell should be decreased 
and the resultant difference should represent 
a negative water spectrum. (b) All solutes, regardless 
of composition, should give a negative difference spectrum, 
since all of them occupy volume. (c) Where the volume 
of a solute is known, the amount of exclusion should be 
predictable. 

Satisfaction of criterion (a) was demonstrated in Fig. 1. 
Satisfaction of criterion (b) is shown in Fig. 3, where 
the difference spectra of a number of different solutes in 
aqueous solution versus water are represented. (The 
near-infra-red spectra of water and aqueous salt solutions 
have been studied previously by Aschkinass* and Collins’, 
among others.) In each case a negative difference 
is obtained. This fact itself is significant, since the 
differences between large polymers (ionic and non-ionic), 
a non-ionic small organic molecule, and an inorganio salt 
are quite extreme for any basis of comparison. 

Certain anomalies are observed in comparing the 
difference spectra of each of these solutions to a normal 
water spectrum. These anomalies are more pronounced 
for the more ionic and more freely solvated molecules. 
Most of the deviations from a true negative water spectrum 
for protein and sucrose solutions can be acoounted for by 
the positive absorption of the solute. This positive absorp- 
tion acta to decrease the magitude ofthe negative difference 
spectrum in these regions. Since polyvinylpyrrolidone 
and sodium chloride have no significant absarption, the 
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anomalies in their exclusion difference spectra must result 
from either a different kind or a different amount of 
interaction between the solute and the solvent. This 
interaction affects the absorption of the solvent in certain 
regions and thus produces a difference related 
more to the solute—-solvent interaction than to the volume 
of the solute. This is quite obvious in the case of the 
difference spectrum of a solution of sodium chloride. 

We may compare protein, sucrose, and sodium chloride 
in terms of their mode of solvation in aqueous solution. 
Both sucrose and sodium chloride have relatively small 
molecular volumes in comparison to protems but show 
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significantly different anomalies in their difference spectra. 
The fact that a non-ionic sucrose solution gives a differance 
spectrum closely related to that of & protein solution, 
while the difference spectrum for an ionic sodium chloride 
solution is quite anomalous, that solvation of 
protein molecules differs from that of ionic solutes such as 
sodium chloride. (We assume here that there is a relation- 
ship between the shape of the difference spectrum and the 
type of solute—solvent interaction.) 

To examine the relationship between the volume of a 
solute and the phenomenon observed (the satisfaction 
of criterion (c)), solutions of albumin and lysozyme were 
studied. The resulta are plotted in Fig. 4 as excluded 
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speciflc volume, Vg", versus protein concentration. 
(We are inferring that this method, though different from 
Schachman’s‘,’ measures a similar excluded volume.) 
Ve" was calculated from the following expreasion: 


pus (A) vam — (4^ 

SAP Caua Ae 
wherè A’, equals the absorption of the solution at 2, 
A‘, equals the absorption of water at ìà, and O equals the 
protein concentration in g/ml. The protem concentrations 
were determined spectrophotometrically; EE (BSA) = 
6-60 (ref. 5), HUB (lysozyme) = 26-4 (ref. 6). 

The values obtained for Ve" appear to be independent 
of concentration. The average values of Ve" for BSA and 
lysozyme are 0-74 ml./g and 0-68 mL/g respectively. These 
values are close to the values for the apparent specific 
volume reported in the literature: BSA = 0.734 ml./g 
(ref. 7), lysozyme = 0-703 ml./g (ref. 6). This is somewhat 
more direct evidence of the relationship of this pheno- 
menon to some volume parameter in t with 
criterion (c) and, in fact, suggests that this parameter is 
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closely associated with the partial specific volume of the 
protein molecule. 

Differential t of aqueous solutions in the 
near infra-red produce negative spectra which ‘are sensi- 
tive to both the volume and interaction parameters of the 
solute. While no definite correlation between the pheno- 
menon observed and these properties can be made at this 
time, such measurements suggest a useful means of study- 
ing these parameters. 

This work was supported in part by U.S. Publio Health 
Service research grant GM 11998 from the National 
Institutes of Health, and grant GB 1948 from the U.S. 
National Science Foundation. 
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INDUCED CHANGES IN ORIENTATION OF THE CROSS-BRIDGES OF 
GLYCERINATED INSECT FLIGHT MUSCLE 


. By Dr. M. K. REEDY and Dx. K. C. HOLMES 
Medical Research Council Laboratory of Molecular Blology, University Postgraduate Medical School, Hills Road, Cambridge 
: AND 
Da. R. T. TREGEAR 
Department of Zoology, University of Oxford 


YOGENIO fibrillar inseot flight muscle is known to 
perform considerable work by means of small- 
amplitude oscillations both in life! and when glycerinated*. 
The structure of the muscle is exceptionally well ordered*'*. 
Electron microscope studies indicate that the ends of the 
myosin filaments are connected to the Z line via short 
ing filaments’. The muscle, even when relaxed, 

has a much higher elastic modulus than relaxed frog or 
rabbit muscle’. Glyoerinated insect flight muscle can be 
relaxed by bathing it in a solution of adenosine-5-tri- 
phosphate (ATP), or thrown into a rigor-like state of 
increased rigidity and decreased rest length by removal of 
ATP’; the transition between these two mechanical 
states ia reversible. We have studied these two states, 
and the transition between them, by both X-ray diffrao- 
tion and electron microscopy. Our resulta show that the 
transition is &ooo ied by a re-orientetion of cross- 


X-ray diffraction o : 
presence of ATP. Dorsal longitudinal muscles of the 
giant tropical water bug Lethocerus maximus were used. 
They were immersed in situ in 50 per cent glycerol at 
pH 7 for several weeks at — 20? O before use. X-ray 
diffraction measurements were carried out on seta of 
fibres mounted in a small ‘P ' cell modifled from a 
design by -Dr. W. Brown, in which the X-ray beam passes 
through 0-3—0-5 mm thickness of muscle, immersed in the 
appropriate solution and stretched as required. The whole 
cell could be cooled; most i were performed 
at 8°-7° O. Copper Ka radiation was used. pal ae ey 
X-ray tube has been built in collaboration with Dr. W. 
Longley, consisting of a flne-foous rotating anode tube 
which produces an X-ray source of 1-5 mm x 0-15 mm 
loaded with 800 W at 40 kV. The X-ray camera was also 
novel’; it consists of a bent gold-plated glass mirror 
followed by a bent quartz crystal monochromator, the 
devices being set so as to produce a common point focus 
on the film. With this apparatus, 20 min exposures at 
a specimen-film distance of 12 cm showed the main 
diffraction features described below. Spacings indicated 


on X-ray pho phs were measured to £0°5 per cent 
on & Nikon owgraph. 
, In a simple ionio solution which did not contain ATP 


(50 mM. KCl, 5 mM MgCl, 4 mM EGTA, 10 mM iris at 
pH 7-15) the muscle is known to be in rigor!; we have 
examined this state at 5? O. In this solution X-ray 
diffraction showed a hig characteristic crystalline 
pattern (Figs. la and b). There were a set of equatorial 
reflexio arising from a lattice of side 
530—560 A (refs. 4 and 8), a strongly sampled first-layer 
line at 388 + 2 Å spacing, and further layer linea which 
can all be indexed as orders of 2 x 888A (Fig. 2a). 
Additional pictures obtained with the apparatus adjusted 
for high resolving power showed that the $88-À and 194-4 
layer lines had no intensity on the meridian. Moreover, all 
gina low-angle meridional reflexions were weak or absent. 
On stretching the muscle in rigor by up to 5 per cent over 
ite rest length, there was no significant change in the layer 
line spacing. : 

When the solution was changed to one containing 
5 mM. ATP plus the game ingrediente as before, the muscle 
relaxed, both at room temperature! and when oooled, the 
X-ray diffraction pattern changed dramatically (Fig. le). 
The 388 A layer line was greatly attenuated and strong 
meridional spota appeared at 146 and 73 A (orders of 
146-1 + 0:8 A; Fig. 2b). The spacings of these spots were 
likewise unaffected by applying 5 per cent stretch to the 
muscle. On removal of the ATP by rinsing in ATP-free 
solution the muscle reverted to the rigor pattern. This 
cycle could be repeated several times, and could be 
performed either at room temperature or when the cell 
was cooled. 

Electron mioroscopy : For electron micro- 
soopy, specimens were prepared by adding 1/10 volume of 
collidine-buffered® 25 per cent glutaraldehyde to the 
solution (at 0° O), bathing either relaxed or rigor muscle 
in the same ocell as that used for the X-ray di ion. 
Thus fixed specimens could be observed directly in the 
X-ray beam. The action of the glutaraldehyde in the cold 
did not affect the X-ray diffraction pattern; tho charac- 
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teristic patterns of relaxed or rigor muscle were still 
visible after fixation. The specimens were post-fixed in 
osmium tetroxide, dehydrated in acetone and embedded 
in ‘Araldite’ or ‘Epon’ (Luft’s “Mixture A’); some were 
stained with phoephotungstio acid in methanol before 
embedding. Phosphotungstic acid-stained, ‘Araldite’- 
embedded specimens were also observed in the X-ray 
beam—a method of checking the state of the fixed specimen 
which was suggested to us by the work of Elliott". They 
showed the characteristic relaxed or rigor diffraction 
patterns, at 2 per cent lower meridional spacing, and with 
much higher intensity in the high-angle meridional 
reflexions. The spacings, 143-2 and 380A, agree with 
those found by X-ray diffraction in embedded specimens 
prepared from fresh blowfly (Oalliphora) flight muscle". 
Longitudinal sections of embedded specimens were cut 
on a Porter-Blum microtome, using a diamond knife, and 
were stained for 5-20 min with either uranyl acetate’ or 
potassium permanganate”, followed by 1-5 min additional 
staining with lead citrate’. They were examined in 4 
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Pig. 2. a, Same as le. Exposure time 15h b, Same as Fig 1c. 
a ala 7 d TP solution replenished penodioally. Orders of 
146 A oan be seen together with actin 

Siemens Elmiskop; magnification was calibrated to 
+1 per cent, using a method derived from refs. 15 and 16. 
In insect flight muscle, each actin filament hes midway 
between two myosin fillamente*^* (Fig. 3). Sufficiently 
thin sections should therefore sample single layers of 
fllamenta, composed of thin filamente only in some regions 
and alternately thick and thin filaments in other regions. 
Our 200—400-À-thick sections contained regions of each 
type (Fig. 3). Crose-bridgee between actin and myosin 
filaments were clearly visible in single filament layers 
containing both filament types. The ends of the cross- 
bridges attached to actin were visible in smgle fllament 
layers containing actin filaments only. The crose-bridges 
were in good transverse register across each myofibril, 
which facilitated measurements of the axial periodicities 
associated with the bridges. Strong diagonal periodicities 
resulted from the combined transverse and axial regularity, 
especially in thick sections (600-1500 A), and also proved 
useful in measuring axial periods. The axial periods were 
obtained as average values over intervals of 10—60 succes- 
sive repeate, from sections cut with the fibre axis parallel 
to the knife edge. 

Specimens fired in rigor. In specimens fixed in ngor a 
380-A period was easily seen in myofibrils in thick sections; 
no other period was evident. Thin sections demonstrated 


~ a regular polarized arrangement of cross-bridges in single- 


flament layers containing alternately thick and thin 
filaments. The bridges were slanted at a mean angle of 
about 45° to the filament ams; there was appreciable 
variation about this mean position. The bridges joined the 
actin in symmetrical ae forming actin-centred chevrons 
which pointed away from the Z band and towards the M 
line (Figs. 4a and b and 6a). This resembles the polarized 
‘arrowhead’ pattern observed by H. E. Huxley in either 
F-actin or native I filaments which had been complexed 
with heavy meromyosin. The polarization is the same as 





transverse bands, is - 
only) of single filament layer. x 60,000 


that seen in heavy meromyoein-treated I filaments which 
remained attached to the Z band". 

In our sections, the chevrons repeated axially at 380 A 
(range 370-390 A), each repeat marked either by a single 
chevron or by a closely spaced pair of chevrons (Fig. 4a). 
The axial separation between the chevrons of a pair was 
120-190 A. In regions where the single filament layer in- 
cluded only actin fllamente such as those illustrated in 
Fig. 3, a 380-À repeat of projections along these filaments 
was also visible. Although the chevron appearance was 
leas clear, it was sufficiently well indicated to justify the 
interpretation that these projections represented cross- 
bridge terminations attached to actin, originating from 
myosin filaments which had been excluded from the 
section. Since the 380-A period associated with cross- 
bridges was present in sections containing only actin 
filaments, we supposed it to be the period of the actin 
attachments. Comparable information about the period 
of the myosin attachments has not been obtained. since 
single layers of myosin filaments also contain actin. 
Moreover, variation in the number, angle and apparent 
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length of bridges has obscured interpretation of the 
myoein period m rigor. 

Specimens fixed in relaxation. Sections of specimens 
fixed in relaxation demonstrated signifloant structural 
differences between this state and the rigor state. Thick 
sections showed two periods within the 4 bend. The 
longer period, again 880 A, could be identified with a 
regular dense beaded ce along the actin filament 
images in suitably oriented fibrils. A finer period, a 
regular but faint transverse banding, seemed to be & 
thirding of the long period on casual i ion; careful 
measurements of forty to sixty repeats indicated 148 A 
as the best value. 

Thin sections showed that the polarized configuration 
of cross-bridges was absent in relaxed muscle. Instead, the 
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croes-bridges were essentially -perpendioular to the 
filaments. A regular myosin period of about 140 A was 
marked by a varying sequence of fine serrations and bands 
which characterized the images of the myosin filaments. 
Many of these features clearly represented crose-bridgee 
parallel to the section plane and extending to meet 
adjacent acting in the same filament layer; the knobs and 
bands comprising the remaining features were interpreted 
ag cross-bridges directed out of the plane of the section 
(Figa. 5 and 8). i 

thin sections of relaxed muscle, the 380-A period 
was leas prominent than in comparable sections of rigor 
muscle. It was beet seen in single-fllament layers of actin 
only, where it was marked by recurrent thickenings or 
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projections along the filaments. In single-filament layers 
including both actin and myosin, it was evident only 
in large samples of a single layer, often only when viewing 
the micrograph obliquely across the filaments. This 
period evidently arose because a significant proportion of 
the croee-bri directed parallel to the seotion plane 
were looali within narrow transverse zones which 
recurred along an average 880 A axial repeat. This 
meshing between the 380 and 148 A periods could not be 
readily recognized or explored in d image details of 
individual actin or myoein filaments. 

Pattern of cross-bridges $n relaxation and rigor. In order 
to correlate these findings with the X-ray diffraction 
observations we suppoee that the low-angle diffraction 
pattern with 146 A period arises from the croas-bridges', 
whereupon it appears that the cross-bridges of glycerinated 
insect flight muscle have the following properties: 

(a) In relaxation they are attached to the myosin at 
regular 146 A intervals, thereby giving rise to the X-ray 
meridional reflexions. 

(b) In relaxation, most of the bridges are at right angles 
to the filament axis, as seen in the electron microscope and 
shown by the strength of the 146- and 78-A meridional 
reflexions of the X-ray diffraction pattern. 

(c) In ATP-free rigor, most of the bridges take up an 
angled orientation to the filamenta, as is demonstrated in 
the electron microscope and deduced from the weakness 
of meridional reflexions in the X-ray pattern; meridional 
intensity is po to the strength of electron density 
variation of the whole structure projected on to the flbre 
axis, and, if the slope of the croes-bridges is sufficient to 
eause them to overlap in this projection, the density 
variation will be greatly reduced or abolished. 

(d) In ATP-free rigor, the bridges attach to the actin in 
symmetrical pairs. These pairs repeat every 388 A along 
the filament axis, producing the off-meridional X-ray 
layer linea and the chevrons seen in the electron micro- 
graphs. This repeat distance is very close to the length of 
one half-turn of the actin helix in glyoerinated insect flight 
muscle, as deduced from the high-angle actin reflexions 
seen in these diffraction patterns (Fig. 2a, the detailed 
argument will be presented elsewhere!*), so that the 
attachment appears to be determined by the conformation 
of the actin itself. This is incommensurate with the 146 A 
period of myosin in relaxed musole. 
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The rigor state is not geometrically perfect, since some 
cross-bridges are able to link to the same actin at much less 
than 388-A spacing, causing the double chevrons, and the 
angle between bridge and filament is somewhat bares 
Nevertheless, the state seams, on the ave 
crystalline, for the effecte of a lattice (which kes eiue up ie 
X-ray diffraction intensity into a series of spots) are well 
marked on the zero, first and second layer lines. We have 
no evidence that the rigor attachment of the croas-bridges 
changes the length of the myosin filamenta themselves; 
the invariance of the 146 A meridional spot and 888 A 
layer line on stretch indicates that neither the myosin 
nor the actin filaments are readily extended. X-ray drffrac- 
tion photographs which ind weak 146 A mendionsl 
reflexions have been obtained from rigor speoimens after 
prolonged exposure. This ee Sen that a regular periodio 
structure, probebly with cross-bridge origins 
along the myosin filaments, is retained in rigor, although 
other interpretations of this result are possible. 

It is attractive to suppose that changes in the pomtion 
of croes-bridges similar to those shown ın Fig. 6 cause the 
active oscillation of the flight muscle. Although such a 
mechanism for insect flight muscle activity is hypothetical 
it gains plausibility from recent X-ray studies of vertebrate 
muscle which indicate that the cross-bridges move in frog 
sartorius muscle during isometric tetanus’. 
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ACRIFLAVIN-INDUCED LOSS OF KINETOPLAST DEOXYRIBONUCLEIC 
ACID IN Crithidia fasciculata (Culex piplens STRAIN) 


By Pror HELENE N. GUTTMAN and ROBERT N. EISENMAN 
Department of Blology, University College and the Graduate Schoo! of Arts and Sclence, Néw York University, Bronx 


HE kinetoplast is a DNA-oonteining, membrane- 

to protozoa belonging to 
Bodonid& contain a similar 
This organelle was first demonstrated by 
Rabinowitech and Kempner’, who found, to their surprise, 
that it was stained by dyes which until then had boen 
thought to stam only nuolei. Almost a generation later 
Janicki‘ found that kinetoplasts stain as.do mitochondria, 
and, more particularly, as shown in this article, are Feulgen 
positive’. In 1910, Werbitaki® and, later, numerous others 
noted that appeared to lose their kineto- 
plaste after treatment with certain acridine dyes such as 
acriflavin. This loss of ability of kinetoplaste to stain with 
nuclear dyes was thought to indicate loss of the organelle 
induced by acriflavin and hence the resultant organisms 
wore termed ‘akmetoplastic’ (AK). 

The advent of electron microscopy caused a reassess- 
ment of the definition of akinetoplasty when it was shown 
the kinetoplast envelope’; only the electron-dense highly 
polymerized DNA was no longer evident. In this article, 
we retain the term akmetoplasty but think of it as a 
corruption of altered or atypical kinetoplesty, that is, 
‘AK’, where AK corresponds to loss of DNA as monitored 
by loss of Giemsa or Feulgen stainability or loea of the fine 
fibrillar electron-dense material in the kinetoplast'. 

Our experiments were’ carried out exclusively with 

matidae, most of which belonged to the genus 

Crith&dia (seven Pa Although there are quantitative 
gore "differences, tho trends are the same. Comprehen- 
comparison. of ea and genera and of the kinetics of 

Sequisition inition of the Ao AEn state will be reserved for 
a later report. In this article, we restrict our discussion 
to the effects of short exposure to aoriflavin on the 
kinetoplasts of Crsiheded fascia (Culex piens strain) 
ATOO 12857. : 

The organisms were maintained in an undefined 
medium’, grown at 24°-26° O and transferred at intervals 


of two weeks. Cells to be used for inoculum were also grown 
in the undefined medium until they reached near-peak log 
growth (as assessed by following the growth curve densito- 
metri ) Then 1-0-ml. aliquota of cells plus medium 
were added to 4-0-ml. aliquots of the same medium which 
contained neutral acriflavin (0-40 ug/ml.). Samples of 
cells were collected immediately Ain inoculation (day 
zero) and at daily intervals thereafter for a week. The 
samples were smeared on slides, stained with Giemsa 
stain and the number of AK organisms counted: 300-600 
organianís were counted for each determination, which was 
then expressed as a percentage of AK. 

Fig. 1 illustrates the percentage of AK produced at dif- 
ferent acriflavin concentrations.  Loes of highly poly- 
merized DNA in kinetoplasts ocours rapidly: by 24 h 
there is already significant AK, for example, 20:3 + 1-9 
per oent at 8 pg/ml. to a peak of 59-5 + 2-1 per cent at 
24 ug/ml. acriflavin (see also Fig. 1 in ref. 10). It can be 
seen. that after peek AK production in the presence of 
24 pg/ml. acriflavin, exposure to yet higher amounts of 
acriflavin resulted in a smaller percentage of AK. This re- 
duction rather than maintenance of the total percentage of 
AK when concentrations of acriflavin were used which were 
greater than that which gives peak AK: production is not 
restricted to one organism: the effect is also shown‘ with 
O. fasciculata (Anopheles strain); OC. fasctoulata (Noller 
strain); O. onoopeli$; O. luctlias; and C. species from 

us. For all these organisms, peak AK 
production.at 24 h occurred in the presence of 24 pg/ml. 
acriflavin but absolute peroebvage d AK produced in each 
case varied with the organism used. 

Interpretation of our results depends on considering a 
direct action of acrifiavin with kinetoplast DNA in much 
the same way as has been described for various effecte of 
acriflavin on isolated, purified, microbial DNA. ‘In such‘ 
experiments, Lerman measured the effects on DNA X-ray 
diffraction patterns and viscosity, by the' addition of 
acriflavin!!, In order to explain his resulte, he suggested 
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% AT In Kinsto- Peak % AK 
Organum 
DRA Xi 24 bt 
o RES 421* 66r* 69421 
eoe S eT 12568 431* 0e51* 491239 
C. fasotoulaia - ` 
culate strain 45 45 601 - 2215 
OncO pelis, 4Tt eot 4lżŁ1 
* Results from ref. 18. The authors did not which of the two 
organisms were used. From our ts on the of AK we would 
expect differences in base ratios of the two 
cbe oh 10, Wig. 1. Other authors (for example, ref. 13) have 
somewhat different results. 
t Our results, which are given here, are compared with differences between 
naoloar and kinetonlast bese ratios in Fig. 2. 


that the planar acriflavin molecule is bound to DNA by 

ing intercalated into the spaces between the base 
pairs of the DNA helix so that the plane of the aoriflavin 
molecule lies perpendicular to the helix axis like the filling 
of & sandwich composed of up and lower nucleotide 
pairs with acriflavin in the middle. The results of Tubbs 
et al.1* some reasons for the differences in acriflavin 
sensitivity of different organiams and in our case for the 
preferential attack of acrifiavin on kinetoplast rather than 
nuclear DNA. (even though these investigators also worked 
exclusively with isolated, purified DNA). They showed 
that binding of aoriflavin to DNA was dependent on certain 
characteristics of DNA including: (a) the base composi- 
tion. They further that affinity to sites is in this 
order—AT : AT > AT: GC > GO: GC; (b) the order of the 
bases; (c) the macromolecular configuration of the DNA. 

Of particular pertinence to our results is the finding that 
acriflavin had greater affinity for high AT-oonteining 
DNA. In all cases where it has been charted, kinetoplast 
DNA (or—as it was termed in some investigations— 
satellite band DNA) 
percentage of AT than does nuclear DNA (Table 1). It is 
then reasonable to consider that kinetoplast DNA is 
preferentially attacked because of its comparatively higher 
content of AT. That such a relationship existe is shown by 
plotting the difference between nuglear and kinetoplast 
DNA (given in Table 1) against the peak percentage of 
AK (after 24 h exposure to acriflavin) for three crithidias 
(Fig. 2). 

The questions still remaining unanswered are: (a) What 
difference between kinetoplast (satellite) and nuclear 
DNA must exist before there is a preferential attack on 
the higher AT-oonteining species ? For the genus Orithidta, 
a difference of 10-15 would seem to provide a safe margin 
ee 10-20 per cant AK in 24 h. (b) How can we 
explain the reduction in percentage AK at very high 

eo 
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has been shown to have a higher ' 
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25 


Difference per cont AT nuclear and kinetoplast DNA 





our own experience in 


ting trypanc- 
workers and the close correlation with the results of our 
believe that Bohidkraut et al (ref. 13) 


acriflavin concentrations ! Two possibilities seem attrac- 
tive: (1) At low concentrations of acriflavin, most of tho 
dye enters the cell and eventually becomes intercalated 
AT:AT and perhaps AT:GC sites of the 
kinetoplast DNA. When the concentration of acriflavin is 
raised, the probability of dye attachment to the surface of 
DNA” is also raised. Since we are dealing with whole 
cells rather than isolated DNA, it is also possible that 
some of the dye never reaches its primary sites inside 
kinetoplast DNA but instead becomes coated on either the 
oell or kinetoplast membrane, blocking further of 
acriflavin. Blockage would become more profound as 
acriflavin concentration increases. (2) As concentration of 
acriflavin is increased, the preference towards attack of 
DNA containing a higher percentage AT is lost, since 
enough dye is available to saturate sites requiring binding 
by intercalation in both nuclear and kinetoplast DNA. 
When both nucleus and kinetoplast are thus attacked, the 
cell is moribund and soon lyses, frustrating attempts to 
count it. The fact that there is a reduction in both optical 
density (a measure of cytoplasmic mass) and total coll 
count of cultures containing high levels of acriflavin makes 
this possibility the more attractive at this time. 
This work was supported by grant AI—06530—01 from 
the U.8. National Institutes of Health. 

AESi eit by ater, 8 dri dio Aadne Prom New Yer TR 
re or RASEN 
* Rabinowitesh, L., and Kempner, W., Z. Hyg. Infolt.-Kr., 30, 251 (1800). 

4 Jaioki, O., Biol Tenir , 3L, $31 (1915). 
* Breslau, H , and Soremin, L., Arok. Protiatenb., 48, 609 (1924). 


* Werbitaki, F. W., £emir. Bacteriol Parantenb., 1, Orig., 58, 303 (1010). 
A review of other work is given In ref. 1. 

* Muhlpfordt, EL, £. Tropesmed. Parasitol., 14, 357 (19063); 14, 457 (1063). 

* Exsenman, R. N., and Gut&man, H. N., Proo. Second Intern. Conf. Protozool , 
1065 (in the press). 

Co Ho. and M ree a Gare 

16 Mandel, M., In Chenrtoal , t. by Florktn, AL, and Scheer, B. T. 
(Acatemlo Prom, New York, Ua the press). 

u Lerman, L 8, J. Moi , 8, 18 (1061) Lerman, L. 8., J. Cal Comp. 

Pkynol., 64, Bupp 1,1 

Dimman, jun, W. B , and Van Winkle, Q., J. Moi Bial., 9, 

M. 


n O L, Mandel, M., Levisohn, 8., Binitb-Bonneborn, J. E., 
Marmur, J., Vetere, 198, 705 (1062) Baand 


u DuBuy, H. G., Hattern, O F.T ,and Riley, F. L., Seunce, 147, 754 (1065). 
u Btone, A. L . and Bradley, D. F , J. Amer. Chem. Soc , 83, 3027 (1961). 


1282 


NATURE 


September 18, 1965 Vor. 207 


LETTERS TO THE EDITOR 


l ASTROPHYSICS 


Rotation of the Gal NGC 1316 associated 
with the Radio Source Fornax A 


Tam peculiar So galaxy NGO 1316 lies between the two 
intense regions of radio emission that constitute the 
double radio source Fornax A (refs. 1 and 2). The radio 
centroid lies within the optical boundary of the galary. 
The physical association of the and the radio 
source has been put beyond doubt by Arp’s discovery? 
of extremely faint optical radiation emanating from 
curved pathways connecting each radio emitti ion 
with the . In the immediate vicinity of NGO 1316 
these ways appear to form extensions to the major 
axis of the main elliptical body of the galaxy. This 
major axis makes an angle of about 45° with the line 
joinmg the radio maxima. Further out the pathways 
curve sharply and enter the radio emitting region. 

A striking feature of NGO 1816 is the presence of a 

hy lane of dark absorbing material which, as pro- 
jected on the plane of the sky, appears, at first sight, to 
lie along ita minor axis. Closer inspection shows that this 
dust lane delineates a spiral pattern. The relationship 
of these features is indicated schematically in Fig. 1. 
In this figure the points A and B represent the maxima 
of radio emission. They are enclosed by the 4°K 
brightness ture contours at 2,650 Mo/s determmed 
with the Parkes 210-ft. radiotelesoope by R. M. Price 
and F. F. Gerdner*. Between A and B the elliptical 
outer isophotes of the main body of NGO 18316 are 
indicated, and within this—in a very schematic way— 
the spiral pattern delineated by the patchy dust distribu- 
tion is shown. The dashed lines represent the run of the 
optical extensions found by Arp. 

The Fornax A~NGO 1316 system shows some superficial 
similarities to that of Centaurus 4 and the associated 
galaxy NGO 5128 (ref. 7). Here, too, faint optical exten- 
sions to the major axis connect the galaxy with the outer 
radio regions and a lane of dark material lies along the 
minor axis of the elliptical’. In this case it has been found 
that the rotation axis of the galaxy, when projected on 
the sky, lies along the major axis*!*. It has been sug- 
gested'!! that the origin of double radio sources of the 
kind considered here is connected with violent events of 
the kind known to occur in the nuclei of some galaxies. 
The faint optical extensions show that there is some physi- 
cal connexion between the radio-emitting regions and the 





associated galaxy. If this physically connecting pathway 
— whatever its nature may be—runs between the galactic 
nucleus and the radio-emitting regions, then, in the case 
of the Centaurus A system, it emerges from the nucleus of 
NGO 5128 along its rotational axis. A similar situation 
exists in the double radio source 3088 (ref. 12). Here 
again faint optical extensions coincide with the projected 
rotational axis. 

It is the purpose of this note to point out that the 
structure of the Fornax 4—NGO 1316 system is essentially 
different. - 

Spectra of NGO 1316 have been obtained with the nebu- 
lar spectrograph attached to the 74-in. reflector at Mount 
Stromlo Observatory. These spectra, on Kodak Ila-O 
emulsion, have a reciprocal dispersion of 86 A/mm. They 
were obtained with the galactic nucleus held fired on the 
alit in conditions of good seeing and the alit orientation 
was different for different exposures. The tilt of the H 
and K abeorption-lines of Oa II (with respect to lines in 
the spectrum of the comparison arc) has been measured on 
these spectra. The tilt is maximum when the alit is 
orientated north-east-south-west, that is, when the alt 
lies along the major axis of the galaxy. The tilt is zero 
when the slit lies along the minor axis. The projected 
rotational axis of NGO 1316 therefore lies along the 
minor axis, in contrast to the situation found in NGC 5128. 

From the broad absorption lines it is not possible to 
measure & detailed rotation curve, but from the value of 
6° which was obtained for the mean, tilt when the alit lay 


‘along the major axis we find a mean projected rotational 


velocity gradient of 80 km/aec/kpo for a region extending 
1-5 kpc on either side of the nucleus. In deriving these 
figures a distance of 15 Mpo to NGO 1316 was adopted. 
Relative to the galactio nucleus the north-east side of the 
galaxy is approaching and the south-west side is receding. 

These observations show that in the immediate vicinity 
of the galaxy the optical extensions lie in the symmetry 
plane normal to the rotational axis. It is consistent with 
observations to suppoee that the dark material also lies 
in this plane which, on this picture, is obeerved under 
appreciable inclination. The outermost parte of these 
‘dark spiral arms’ are much more clearly seen on the 
north than on the south side of the galaxy, and this sug- 
geste that the north-west side is nearest to us. It is 
probable therefore that the spiral pattern of the dark 
material is rotating with trailmg arms. 

If there is a pathway connecting the nucleus of NGO 
1316 with the radio-emitting regions it is tempting to 
believe that it lies in the galactic plane, that it is of trailing 
spiral form and that it is delineated within the main body 
of the galaxy by dark material and outside it by the optical 
extensions discovered by Arp. 

` LEONARD SEARLE 
Mount Stromlo Observatory, 

Australian National University, 
Canberra. 
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Maxima of the Eleven-year Cycle of Solar 
Phenomena 


IT is generally accepted that during the last four cycles 
of solar activity the intensity of the maxima has been 
steadily increasing. . 

The term ‘solar activity’ is generally intended to 
inolude all the solar phenomena which vary systematically 
with the solar cycle of about 11 years’. But, as it has 
been already pointed out", in some casos ib would be 
more correct to use the terms spota activity, faculae 
activity, plages activity, filaments activity, prominenoea 
activity and so on instead of the ambiguous term solar 


activity. 

In this rt we point out that it is not &ocur&te to 
refer to an increase of intensity in the maxima of solar 
activity in the last four cycles, but only of an increase 
in the maxima of the sunspot cycle. - 

In Figs. l and 2 we have plotted the yearly meens o 
indices of some phenomena of solar activity for the 
cycles 16-19. i 

For a better interpretation of the data shown in Figs. 1 
and 2, the mean value I according to the formula: 


I 
8 
where Iv-;, Im, Ing, aro the values of the index I, one 
year before the sunspot maximum, the year of the sun- 
spot maximum and the year after the sunspot maximum, 
respectively, has been computed for the cycles 16, 17, 
18, 19 separately for the indices considered. In Figs. 3 
and 4 the deviations of the I values from their mean are 
plotted. They are expressed as a percentage of the mean. 

A oareful examination of the figures shows that, 
although the intensity of the maxima of the t 
cyole has been inoreasing during the pest four , 
the intensity of the maxima of the other phenomena has 
been almost oonstant during this period. f 
it seems that the intensity of the maxima of the faculae 


To = (Iu-, + Ix lau) 
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cycle, Ha plages cyole, and Ha prominences oyole has 
we confine ourselves to the 
indices 1 vary much lees than indices 2 and 3. 

ing to these considerations, the resulta of some 
recent investigations concerning the existence of long- 
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term variations in the relationships between ionospheric 
and solar activity indices’ may perhaps be reconsidered. 
G. Gopon 
G. L. TAGLIAFERRI 
Aroetri Astrophysical Observatory, 
Firenze, Italia. 
1 Godalh, G., and Allen, O. W., Planet. Space Sol.,18, 349 (1964). 
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PHYSICS 


A Su Method for Increasing the 
Resolving Power of a Spectrograph 

EARLIBR I reported some experiments in which 
interference phenomena produced by different parts of 
the diffraction image of & telescope were examined!-*. 
It has been shown? that by observing the Airy disk 
in this way, by means of interference it is possible to 
resolve finer details in an image than can be recorded 
from the intensity distribution only. I believe that the 
game principle may prove of value for inoreesing the 
resolving power of & spectrograph. 

The prmoiple of such measurements is given m Fig. 1, 
showing & grating spectrograph with the entrance slit 
in 9, and an exit alit in S, after which the light is recorded 
by a phototube. In front of the alit S, a double image unit 
is placed composed of a Wollaston prism W of small 
deviation, a quartz retardation plate Q and two polarizers 
P, and P, in 45° position. If the two rays produced by 
the double image prism pass the alit S, simultaneously, 
interference phenomena can be observed, say, by means 
of a phototube PA. The Wollaston priam acts as a Babinet 
wedge as well, and when it is displaced sideways intensity 
variations are recorded by the phototube Ph. 
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Fig. 1 k 


Each wave-length in the spectrum will appear as two 
adjacent images, and because of the diffraction image 
of the spectrograph (and limited resolving power of the 
grating and finite sixe of the alita) these will be broad 
enough to make it possible in both cases for some 
adjacent wave-lengths to contribute to the hght passing 
the slit S,;. Let the intensity in the alit of one of these 
images be 4, and the intensity of the other image be ts, 
then their contribution to, say, a dark fringe phenomenon 
is given by: 

Imm = h + — 2 V8.5 (1) 
Other neighbouring wave-lengths will give aimilar contribu- 
tions and the observed intensity Igmin (à) will be obtained 
B8 : 


To 
Tenia) = f JO) Iis (A— M) dA (2) 


Here à, is the wave-length oo: ing to the position 
of the-slit S, and J(A) the true intensity distribution in 


‘the spectrum. 


Expression (2) is of the same type as the well-known 
integral equ&tion describing the effect of limited resolving 
power of & spectrograph‘. The known function Imis 
(A— X) has, however, & very different shape from that in 
the conventional theory of resolving power; it can 
in fact be given different properties by changing the 
separation between the double images. 

In order to exemplify this, a calculated function I gmin( A») 
is given in Fig. 2, where the functaon J(1) is given by ‘hwo 
adjacent narrow emission lines with & separation A, 
which in this case is 7/8 times the separation d between 
the double images and 7/16 the size of the diffraction 
image of the spectrograph assuming & aperture 
of the lenses. Fig. 2 gives Iemin(ào) a8 well 88 Ig max(A) 
ing narrow slits S, and S,. Without the double 
evioe, scanning the intensity (by forning the 


N oa 
^k 


image 
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i ) would give instead the dotted curve of Fig. 2. 
er, for a singlet the central maximum of the 
curve is replaced by a deep minimum. It is evident, 
therefore, that the method of using interference between 
different parta of the diffraction i increases the 
resolution. When making this calculation the intensity 
distribution within the diffraction image has been assumed 
to follow a (gin z/z)* curve, where z is the distance from 
the centre of the image. - 


is one minute of arc only. 

Instead of examining the function Igmin(As) it may be 
preferable to meesure the d of visibility* or only 
Tymax Qa) — Iomm(X). In the case when assuming 

i ion according to a (sin z/z)! function only, we find: 


Tymax(¥s) — Zemin(2e) = 
(8) 


In this formula the size of the diffraction image produced 
by the (rectangular) aperture of the spectrograph equals r. 
In Anacapri, we have recently ormed, some success- 
fal i where the slit S, and photo tube Ph of 
Fig. 1 have been replaced by a photographic fim. By 
ph ing the solar in this way, about 
in fourth order) inter- 


the other two spectra have been taken with different 
settings of the priam, so that the maxima of the spectrum 
above have been replaced by minims m the spectrum 
below. An inspection of the Fraunhofer lines in these two 
spectra ia of great interest. In faot, in the (broad) intensity 
maxima 8& single spectrum line appears as a doublet, 
whereas in the (broad) minima the samo line appears as & 
broad and remarkably dark singlet. Already from this 
first oxperiment it seams evident that the effecte predicted 
by me are present, and that the new method of studymg 
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interference may find interesting spectrographio &pphoa- 
tions. 

However, only extensive experiments wil prove if a 
real gain is obtamed with the suggested method. We havo 
to consider thet there will be a certain reduction of light, 
even if the resolving power is increased. The use of 
‘heliometer lenses’ or similar may prove better in this 


T thank Mr. U. Ericson and Mr. Y. Sundblad for valuable 
help with the preliminary work made in 1964" and Dr. 
A. Wyller and Mr. U. Kusoffaky for assistance with the 
final spectrographic teste. 
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The Temperature Scale 


Moer of the pointe raised by Prof. J. C. Georgian’on the 
subject of the tare soale! are discussed in pter 
23 of A Textbook of Heat by Allen and Maxwell (1948). 
The authors refer to a paper by Lewis and Adams? 
making the very point about the dimensions of tem- 
perature, specific heat and enthalpy made by Prof. 
Georgian and proposing a temperature scale that would 
make PV = n0, where n = Avogadro’s number. They 
also discuss a proposal by Planck which seems to have 
been essentially that now made by Prof. Georgian. 

There are, however, certain objections to these pro- 

. Unlike, for example, the Reynolds number, 
specific heat and enthalpy are dimensionless only so long 
as we bear in mind their relationship to water, for they 
rely for the invariance of their nominal numerical values 
on the retention of liquid water as the nominal datum. 


' A change of a temperature scale from Kelvin to Georgian 


would therefore result merely in a change of the value of 
J that bad to be used in equations relating temperature 
and heat, unless we were to re-calculate all our 
speciflo heat in terms of relationship of the material 
to & perfect gas rather than to water. Furthermore, the 
unit of energy is nominally based on the properties of 
water (via the definition of the unit of mass), and to pro- 
oeed to define temperature by invoking another substance 
altogether (perfect gas) is, I submit, unnecessary and 
undesirable. 
1 hia Nernst god Grainy Sie pest ccs e itd 
i simply from temperature equations 


the adoption of Prof. Georgian’s scale, as it would not 
require any properties to be re-calculated, and I think it 
would commend iteelf more readily to practical users. 


R. A. Laws 
39 Park Road, 
Watford, Hertfordshire. 


I wisk to thank Mr. Laws for refs. 2 and 3. 

I was aware-of ref. 2 and, in addition, Tolman‘ has an 
interesting discussion of the dimensions of temperature. 
Only Tolman wishes to give temperature the units of 
MI*/T", that is, allow the molecular mass number (mole- 
cular weight) to take on the dimension of masg. However, 
Porter’ in his book Method of Dimensions explains clearly 
that the dimension of temperature is indeed L*/T". 
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I cannot accept the objection by Mr. Laws to my tem- 
peratare scale, as in using the MKS system any relation- 
ship to water is now irrelevant, because the mass 
is defined as a platinum-iridium cylinder deposited at the 
International Bureau of Weighta and Measurements at 
Bévres, France. The unit of is not based on the 
properties of water but is define: as one Newton-meter 
equals one Joule. Hence, all forms of energy will have 
the g&me unit, be it heat, mechanical, electrical, chemical, 
or atomio energy. 

The purpose of my temperatute scale is to base the 
scale on the xxs system and, thereby, eliminate the oon- 
version factor R, in the same manner as the conversion 
factors J and g, have been eliminated in the xxs system. 

The proposal of Mr. Laws of adopting a temperature 
soale in order to preeerve the tebulated numbers of cy is 
unnecessary as these values oan be readily converted to 
the MES system from presently tabulated values in abeo- 
lute molal units. For example, the National Bureau of 
Standards has tabulated thermal properties of gases in its 
Otroular 564 (ref. 6) in dimensionless molal values. Using 
the wx8 temperature scale, it can easily be seen that the 
ideal gas relation between specific heat at constant 
pressure and volume becomes: 


1 


$5-s-i . Q) 


where the usual gas constant R is replaced by 1/M. The 
specific heat at constant preasure then becomes: 


slr NL 
TES : 
and at constant volume: 
2 Á 1\1 
M (8) 


The specific heats of gases oan be readily determined by 
dividing the molal values by the molecular masa number 


` M (molecular weight). I submit the following short table 


of specific hests at constant pressure for use with the 
xxs system of units and temperature scale. 


Speelfio heat cp at 1 atmosphere and 
241-11 x 10° J/kchole temperature (290° K) 


Gas 
Air 
1-717 
Miro. 01342 
Steam 
Oarbon dioxide 
Oarbon monoxide 


If other properties of fluids are required it is possible 
to re-caloulate the properties of fluids very rapidly with 
the digital computer by substituting the proper coefficients 
in the appropriate equations. 

I bave, smoe writing the original proposal?, had a 
series of thermometers manufactured using Joules per 
kilomole as a scale; and I am now using them in the 
laboratory and requiring studenta to become familiar 
with them. There was only a nominal surcharge for 
making these thermometers, and with wide adoption of 
the scale the price of the thermometers would be the same 
as present centigrade or Fahrenheit thermometers. 


Jouw C. GgoRGrAw 
Washington University, 
Saint Louis, Miasouri. 
! Nature, $01, 696 (1904). 
* Phys. Res., 3, 92 (1914). 
* New Soleatist, No. 869, 100; No. 277, 585; No. 288, 809 (1962). 
* Plus. Beo., 4, 244 (1014). 
* Porter, A. W., The Method ef Dimensions, 50, 62 (Methnen and Co., London, 


* Hilsenrath, J., «& aL, Tables of the Thermal of Gases, Rational 
Bureau of Standards Cire. 564 (United 8 Government Printing 
Office, Washington, D.O., 1085). 
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Gauge Co-ordinate Group of Physical Theory 

RaomrrLY, a characterization of the larger exceptional 
Lie groups has been obtained which throws consi erable 
light on what their role may be in hysical theory!. They 
are, namely, automorphiams of Cli algebras of the 
special form [sum = Qa x Qa; that is, tensor products 
of normed division algebras Q, of 25 -« 8 elements. If 
m = 3, the are F,, H.E, E, for n = 0, 1, 2, 8. 

The Dirac algebra ia T+.) restricted by reality oon- 
ditions so that ite group is D,, the rotation group.of six 


T* = (eos Lp), with 
causes the splitting: 

D, x D, + A, » (1) 
group and the gauge group of isotopio 


required the 


into the Lorentz 
spin. 


E, ~ B, + A, (2) 


B, is the group of the sphere S, which is unique in pos- 
sessing a triality principle. Elsewhere‘ I have given some 
reasons for believing that it is the group of a classical 
phase space. Tt is essential for this interpretation that it 
involves a cosmological model, that is, at least one of the 
invariants of the group has & cosmological significance. 
Without this feature a splitting such as (2) could not have 
much depth, since it is necessary for the consistency of a 
theory of measurement. The latter requires three kinds 
of macroscopic fleld: (i) metrical (gravitation); (ii) inter- 
action (e io); (ii) creation (O-fleld). It has 
been shown’ that the O-fleld is necessary for unambiguous 
interpretation of the ‘arrow of time’. 

The splitting (2) depends on algebraic specialisation of 
the field of definition of the group, and a crucial question 
is: What is this specialization ? This must provide a 
source of purely numerical invarianta, such as fine struc- 
ture, masa ratios, etc. 

This work is supported in part by the U.S. Air Force 
Oembridge Research Laboratories, Offloe of Aerospace 
Research, under contract A F19(628)}-4147, 


M. C. GOODALL 


! Freodenthal, H. 
1, Fasc. 2 (A 

"Gell-Mann, W., and No’eman, Y., The Eightfold Way (Benjamin, 1065). 

* Bég, M. A. B , and Pais, À., Phys. Row. Letters, 14, 267 (1905) 

“Goodall, M. O., Nature, 197, 994 (1903). i 

* Hoyle, F., and Marilar, J. V., Proc. Roy. Soc., A, $77, 1 (1068). 


» Iss Groups in the Foundations af Geometry, Ad». in Matk., 
cademie Press, 1964). » 


GEOLOGY 


Significance of Burrowing Structures in the 
Origin of Convoluted Laminae 

THe origin of convoluted laminae in sedimentary 
sequences has Jong been di 1-5, The two major 
hypotheses for the origin of convoluted laminae are: 
(1) deformation by current drag!:*, and (2) deformation by 
subsequent loading*. Exceptionally well-exposed strata 
of Miocene age, containing convoluted laminae and 
burrowing structures formed by ane pei E a 
oocur at Kaiti Beach, near Gisborne, North 


d, New, 


xa 


-J 


mn 
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Zealand. The relationship between the burrows and the 
convolutions presents a new line of evidence regarding the 
origin of convoluted laminge. 

The section of Kaiti oonsista of rhythmically bedded 
graded sandstone and mudstone, interpreted to have been 
deposited largely by turbidity currents. Convoluted 
laminae are t in most of the sandstone beds. 
Individual containing convolutions are of uniform 
thickness throughout their exposed length and the oon- 
volutiong have no apparent directional qualities nor 
current directional significance. 

Burrowing structures formed by marine worms and 
holothurians (1) are present in most of the mudstone bede.. 
Holothurian (?) burrows are sinuous, indrical struc- 
tures, up to one and one-half inches in diameter, and are 
approximately parallel to bedding planes. They are 
concentrated at the base of the mudstone and oocur at 
uniform depths, usually not more than 34 in., below the 
basal sand of the overlying rhythm. ; 

The uniformity of distribution in depth and area of the 
burrowing structures in almost every suggests 
that between the passage of each turbidity ourrent 4 
stable bottom population was developed. 

Burrowing structures cut across the convoluted laminae 
in a dozen or more beds and clearly post-date the convolu- 


tions (Fig. 1). 


Ber 


Ni 


Hig. 1. Trang imade. From piso tags ph showing com ratte Haminassa ca by helenae 
burrowing - . 


Burrows made by worms are generally straight and ehow 
no signs of deformation. In addition, none of the laminae 
ap to be folded against the massive burrows. 

age relations of burrows and convolutions, the lack 
of deformation of the worm burrows and the relatively 
shallow burrowing depth of the holothurians (?) all 
strongly suggest that current drag rather than subsequent 
loading formed the oonvolutions. Local erosion and 
truncation of anticlinal crests of oonvolutions within 
a single bed by the overlying turbidite also supporte this 
interpretation. 

This work was supported in part by & grant from the 
Research Committee of the New Zealand University 
Granta Committee. 


E. D. GHENT 
R. A. HHNDEBSON 
Department of Geology, 
Victoria University of Wellington, 
New Zealand. 
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Potassium—Argon Ages of some Aberdeenshire 
Granites and Gabbros 


POoTABBIUM-ARGON age determinations have been made 
on specimens of granites and gabbros representative of the 
s ' Caledonian plutonio intrusions of north-east 
Sootland. Unlike the ‘older’ igneous rocks these ‘younger’ 
intrusions post-date the earlier fold movements and acme 
of regional metamorphism in the Dalradian schists’. The 
exact relation of the gabbro intrusions to the established 
sequence of movements and metamorphisms in the Dal- 
radian rocks has received considerable attention'-*. It 
is evident that their emplacement post-dated the large 
recumbent (F,) fold structures of north-east Scotland 
(Banff Nappe), the second phase (F,) structures and the 
statio. (post-F,) climax of regional metamorphism; also 
the evidence strongly favours deformation of the gabbros 
by the Boyndie-Buchan group of folds (F,) and is sugges- 
tive of their intrusion as a single large sheet”. 

- The potassium—argon ages for three of the basio masses 
show 6 spread from 460 to 498 million years. If the 
gabbros were origi intruded as a single sheet, then 
the spread of ages can be regarded as due to varying 
degrees of overprinting caused by metamorphic effects 
associated with the post-gabbro fold movements (F,). 
Thus the minimum age of intrusion is that represented 
by the results of 486 and 498 million years 
obtained for the Haddo House mass and the 
true age could well be somewhat greater. 


This result is important with to the 
age of the earlier fold phases ing the 
Delradian rocks. Jo n and Harris’ 


found that the sup Arenig rocks of the 
Border Series are affected by the 
earliest folds found in the Dalradian schists ; 
thia, on the time-scale at present accepted”, 
would mean that the Dalradian recumbent 
nappe structures were formed more recently 
than 500 million years ago. On the other 
hand, the new radiometric evidence strongly 
suggesta that the first and second fold 
phases in the Scottish Dalradian rocks took 
place in pre-Arenig times, and emphasizes 
the doubt as to the precise age of the 
‘Arenig’ rooks of the Highland Border 
Series. Also geological evidence from Co. 
Mayp' and Tyrone!’ indicates that tho Irish Dalradian 
underwent pre-Arenig movement and metamorphism. 
Bisset! was able to divide the ‘younger’ granites in 
the area of Aberdeen into an earlier group, which he 
referred to as the Skene complex, and a later group 
including the red granites of Bennachie and Hill of Fare. 
The red granites are clearly members of the late or post- 
Silurian Newer Granite suite and the dated imen of 
Bennachie granite yielded an age of 404 million years. 
On geological grounds the earlier Skene complex was also 
stated by Bisset to be a member of the Newer Granite 
suite and like the red granites is therefore r than 
the gabbros. The Skene complex includes dioritic rocks 
and a variety of granitic types, all of which show complex 


. injection relations with the country rooks, while the later 


red granites are relatively homogeneous masses with 
clearly defmed sharp contacts. Felsite and lamprophyre 
dykes cut the Skene complex but not the red granites of 
Bennachie or Hill of Fare. The dated specimen from the 
Craigenlow quarry is & assigned by Bisset to the 
porphyritio granites of the complex. As a result of 
recent extensive quarrying, the rock can be seen to repre- 
sent an advanced stage migmatite which remains as ghosts 
of an earlier metamorphic foliation. Su on the 
latter, however, is a complex fluxion fohation—the rock 
having sheared and re-healed repeatedly during movement. 
These shearing movements have sometimes been suffici- 
ently strong to break up earlier lamprophyre intrusions, 
so that the latter occasionally occur as xenoliths in the 
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Table 1 
I 
| Potamnum " 2 
Looahty Book type Mineral oxide a 
^ (per oent) wt (g 
1. Maud mass, Aikey quarry C Biotate 8:70 1497 x 107! 
2 Maud mass, afkey quarry no (role Biotite 790 1370x107 
7:06 1-876 x 10-1 
3 Haddo House mass, Auchedly wei MM tag eas Biotite 743 1400x107 
granite quay 7:48 1:888 x 107? 
4 Huntly mas, Huntly Castle Nonte (contaminated) Biotite 8 87 1477x103 
5. Skene complex, Oraigenlow quarry Grey granite Bloüte 822 : 3r x m 
x 
6. Bennachie mass, Pitfchs quarry Red granite Blotite 601 1-029 x 107! 
6-91 1029 x 10-7! 














2.0 584 x 1071* yr. 28-4 72x 103* yr! Volume of argon-40 (radiogenic) 1n mm* N T P. 


rock they formerly intruded. The ages of 418 and 414 100 
million years obtained for the Craigenlow specimen are . 
consistent with those geological features which suggest 
that the Skene complex is an earlier and probably deeper 
seated member of the ‘younger’ or Newer Granites than the 975 
nearby red granite of Bennachio. It is here 
that the Skene complex may in some respectes be analogous 
to the Rogart granite in Sutherland which is also an s 
early, deep-seated, member of the Newer Granite suite Bos 
and has yielded ages of 424 and 416 million years. 

The contact relations of the red granites suggest that 
at the time of their intrusion the temperature of the 
country rocks was distinctly lower than that of the iui 
granites. Elsewhere, for example, at Lochnagar, the 
mode of intrusion suggests that the country rocks were 
locally brittle when the red granites of north-east Scotland " 
were intruded. The difference in ages of the Bennachie 
granite (404) and the Skene complex (416 million years) 









presumably therefore reflecta the cooling history of the 2 
country rocks into which the granites were intruded. 
P. E. Brown TP 
Department of Geology, 
University of Sheffield. 
J. A. MOLER 
R. L. Gzagry DE 
Department of Geddes and Geophysice, 
University of Cambridge. e 
W. E. FRASER 8050 
Department of Geology, " r 
: : STAINLESS $TEEL 
D irepl of Aberdeen. 
A. G., British Regional Geology: The Grampian 055 o Smooth 
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ENGINEERING 


Measurement of Contact Angles in the 
Presence of Mass Transfer 

Low distillation and absorption efficiencies in gas/liquid 
contacting equipment have been attributed to liquid film 
breakdown and underwetting. A study of a model simu- 
lating theee conditions has resulted in observations of 
contact angles when mass transfer is occurring. 

Resulta are presented here for the contact angles of 
water on stainless steel, copper, graphite and ‘Perspex’ 
surfaces in the presence of saturated ethanol/air vapour. 
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The solid surfaces were prepared in pairs of different 
and before each experiment were carefully 
and dried. 

The effect of the ethanol vapour m each case was to 
cause the seasile drop of water to spread over the surface 
and the contact angle to be reduoed until an equilibrium 
was reached. This is attributed to the absorption of 
ethanol by the water droplet causing a reduction in surface 
energy and to adsorption of ethanol on the solid surface. 

Wenzel! has shown that, for contact angles measured 
without mass transfer under isothermal canditions on 
differing: roughened surfaces, coe 0!—r cos 0, where 
0! is the contact angle on a roughened surface and Ô is 
the true contact angle on a perfectly smooth surface. 


1-00 


0-50 
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o 
à * 20 40 60 
Time (min) 
i 
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Table 1 

angle Time to Spreading ooetf. 

Roughness Inda] Bquilib. reach Intal Equilfb. 
m. equilib. dynes 

Copper 5`10x10* 8T 45° 45min —682em —148 
50—60 x10-* 7x 33° 8 , —406 —79 
Stainiess 5—10x10-* oo 35° 25 —456 — 87 
sioe 50—00 x 107* “= 0° 15 ,, —185 — 29 
‘Perspex’ 5—10x10-* 81° 45° 1* ,, — 60-6 —14:3 
50—60 x10-* 78° 15° 10 » —57-0 —1 65 
Graphite  5—10x10-* 10% 20* 40 —87 0 — 29 
50—00 x10° 143° 18° 15 ,, —129-0 — $4 


Fig. 5 indicates that for any particular time before 
equilibrium is reached, since the absorption rate by the 
liquid and the roughness ratio for each material are equal, 
the contact angle is most markedly influenced by the 
adsorption of ethanol on the solid surface. 

A. B. PosTEB 
P. G. THORNLEY 


Department of Chemical Engineering, 
Manchester College of Science and ‘Technology. 
1 Wenzel, R X , Indust. Eng. Chem., 88, 068 (1036) 


CHEMISTRY 


A New Approach to Desorption of Surface- 
active Substances at Liquid-phase Boundaries 


Ix order to investigate the kinotios of the formation of 
adsorption layers at liquid/gas and liquid/liquid boun- 
dariee we have made use of the methods of surface tension 
measurement, including the seasile bubble or drop tech- 
nique’. Furthermore, an attempt has been made to invee- 
tigate the possibility of desorption from the adsorption 
layer by replacement of the surfactant solution around 
the bubble (drop) by & pure solvent in statio conditions 
(without disruption of the bubble or drop and the adsorp- 
tion layer). 

The experiment was carried out in the following way. 
A special thermostatic optical cell with a device for 
maintaining liquid flow at & constant hydrostatic pressure 
is filled with a surfactant solution, in which the sessile 
bubble is formed. The change in surface tension is then 
recorded in the usual way (photography with subsequent 
measurement of the bubble image and calculation of sur- 
face tension from corresponding tables). Then, after a 
given time of surface-layer formation, sufficient pure 
solvent is slowly pumped through the oell (approximately 
31. per 20 min.) to remove completely the dissolved sub- 
stance. The time of such ‘washing out’ of the oell depends 
on the rate of solvent flow, solution concentration and 
cell construction. 

Surface tension is constantly recorded during thia 
process of ‘washing out’ and afterwards. Once this stage 
of the experiment is over, a new bubble is formed in the 
washing substrate and the surface tension of the substrate 
is in recorded. 

sing this method we were able to show the desorption 
of surface-active molecules from adsorption layers. 
Typical results for sodium oleate are given as an example: 
in addition to the surface tension curve i the 
process of desorption (the increase of surface tension from 
33-3 ergs/am* for 0-01 per cent solution at 20° C and pH 
11-0 to 72:5 erga/cm"), the surface tension value (72-5 ergs/ 
om?) after replacement of the solution by water (at the 
same pH value) and the surface tension of the washing 
substrate (72-5 ergs/om*) are very close to the value for 
pure water under similar conditions. 

On the other hand, we were able to ahow experimentally 
the irreversibility of adsorption of the macromolecular 
surface-active substances at the liquid/gas surface using, 
for example, polyvinyl aloohol. e adsorption layer 
formed (surface tension of 63-0 ergs/om* for 0-3 per cent 
solution) does not show any signs of desorption after the 
replacement of the solution by pure water for a long time 
(surface tension has not changed after 20 h), while the 
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surface tension of the washing substrate is greatly in- 
creased (72-5 ergs/am*) and corresponds to the value of 
pure water. It clearly shows that polyvinyl alcohol mole- 
cules, in any event for a long time, cannot leave the 
adsorption layer. 

It should be pointed out that the ion of rever- 
sibility or irreversibility of macramol adsorption has 
been considered theoretically?. 

Moreover, the suggested method makes it possible to 
consider the question of adsorption equilibrium at liquid 
interfaces as a true thermodynamic equilibrium since it 
enables one to obtain the desired concentration of solution 
under investigation from two approaches (from lower and 
higher concentrations). 

Besides desorption studies and the problems connected 
with it, the suggested method opens up great possibilities 
for research under static conditions of various types of 
interactions in adsorption layers and makes it possible to 
carry out successive measurements at the same undis- 
turbed surface (adsorption) layer. 

I thank Prof. P. A. Rehbmder for his advice in this 
work. 

R. A. KUHLMAN 
Department of Colloid Chemistry, 
Lomonosov State University, 
Moscow. 
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Gas s hromacographie Separation of 
Stereoisomeric Trichloroheptanes using 
Organo-clay Complexes 

Suom White! has shown that dimethyldioctadecyl 
ammonium bentonite is particularly suitable as a station- 
ary phase for the chromatographic separation of aromatic 
aod aliphatic compounds, several authors have shown the 
ability of this material to separate aromatic isomers, 
for example, xylenes, toluidines, cresols’, dichloroben- 
xenes’. The performance of organo-olays was improved by 
modification with conventional hquid stationary phases‘. 

Here we report the separation of aliphatic stereo- 
isomers of the 2,4,6-trichloroheptane which exists in three 
forms: ' 


ee eee syndiotactic form (1) 
h 4 à 

ru PA Eon heterotactio form (2) 
h à à 


(3) 





CH, m — i OH,  isotaotio form 
k kh d 


The presence of these isomers in 2,4,6-trichloroheptane 
haa been proved by gas chromatography on ‘Apiezon L'- 
coated capillary column (Fig. 1), the sequence of peaks 
being: (1) syndiotactic; (2) heterotactio; (8) ieotactio 
form as confirmed by spectroscopic analysis. 

In chromatographic columns filled with conventional 
stationary phases* we were not able to obtain any separa- 
tion of isomers even when & 10 m column with ‘Carbowax’ 
as the stationary phase was used, which showed very good 
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selectivity in separation when two isomeric 2,4-diohloro- 
pentanes’ were used. 

On the other hand, an excellent separation was achieved 
with a 2-m column filled with dimethyldioctadecyl ammon- 
ium bentonite modified with ‘Apiezon L’ (Fig. 2). With 
this column, in contradistinction to the capillary one, a 
reversed elution order was observed, the isotactic form 
appearing first, the syndiotactic form being most 
retained. The selectivity of organo-clay complexes for 
this kind of separation may be explained by specific 
absorption forces of an electronic nature between the 
sorbate and chlorine atoms of single stereoconfigurations 
of the solute. 

The chromatographic runs were performed on Fracto- 
meter 116E (Perkin-Elmer), the separating conditions 
being as follows: 50 m stainless steel capillary column of 
internal diameter 0:25 mm coated with ‘Apiezon L', 
column temperature 150° O, nitrogen carrier gas velocity 
1:0 ml./min, sample size 0-1 ul., split ratio 1: 200, flame 
ionization detector (Fig. 1). 

A typical chromatogram on Fig. 2 was obtained with a 
column 200 em long x 0-38 om bore filled with 15 ww per 
cent of equal parte by weight of ‘Bentone 84’ (FE. W. 
Berk and Co., Ltd.) and ‘Apiezon L’ on ‘Celite’ (40-60 
mesh) prepared according to Mortimer‘ at a column tem- 


Table 1 
Relative PI volume 
2,4,0- Trichloroheptane 
Momer 'Aplezon L' “Bentone 34' 
tactic 0 07 1-22 
eterotaotio 10 10 
Isotacte 1-05 0-80 


à 
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perature of 150° O, a hydrogen carrier gas velocity of 50 
ml./min, a sample size of 0-1 ul., and a hot-wire oondustiv- 
ity detector. E 

The relative retention volumes of isomers are given in 
Table 1. It should be noted that with increasing sample 
size the elution peaks become asymmetric and the 
separation factors decrease. In spite of these circum- 
stances it was possible to perform, under proper conditions 
and column site, preparative ion of 20-ul. samples 
of 2,4,0-trichloroheptene and isolation of pure stereo- 


isomers. 
i 3 J. PETRÁNAX 

M. KoLtssx* 
D. Lfu 

Institute of Macromolecular Chemistry, 
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7 Prague 6, 
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Relationship between Volume Change on Fusion 
and the Volume of Defect Formation in 


lonic Crystals 

Tue molar volume change on fusion of an ionic oom- 
pound, AVfagon, is relatively easy to determine. It may 
be found directly, by observing the change in length of a 
column of fused galt in a capillary when this is cooled 
through freezing temperature, or indi by meas- 
uring ‘the ing point of the salt as a function of 
preesure and applying the Clapeyron—Clausius equation. 
The literature now contains reliable values of AVruwon 
for the common in io saltst-. 

Te le well known that lonie wolida diay contain defects 
of the Schottky (vacant site) or Frenkel (interstitial ion) 
type, and that migration of these defects gives rise to 
diffusion and electrical conductance in the solids. Since 
_ the individual defects in an ionic crystal bear an excess 
charge relative to the undistorted lattice, the condition of 
electrical neutrality requires that a given crystal must 
contain at least two types of defect bearing opposite 
excess charge. For each cation vacancy in a stoichiometrio 
crystal containing ions of non-variable valency, there 
must be either an anion vacancy or an interstitial cation 
elsewhere in the crystal. In a particular compound, one 
or other of these possibilities usually predominates; for 
example, the alkali halides are known to contain cation 
and anion vacancies*, and the silver halides mainly cation 
vacancies and interstitial cations‘. In CaF,, the oomple- 
. mentary defects are anion vacancies and interstitial 
anions’. 

The molar volume of formation of defects, AVicem., is 
defined as the volume increase associated with the forma- 
tion of one mole of each of the complementary defects in 
an initially perfect orystal. AFfom. is relatively difficult 
to determine i tally; values are at t avail- 
able only for KOL, NaOl, AgBr and KNO, (refs. 6-8). It 
is found from the isothermal preesure cient of the 
electrical conductivity of the crystal; measurements must 
be carried out on the pure substance, and also on a 
sample into which additional defecte have been introduced 
by adding traces of divalent cations’. It has been found 
that, for crystals containmg vacant cation and anion 
sites in equal numbers, AVfom. is about 1-5 times the 
molar volume of the salt, whereas for silver bromide 
AV form. is only about 0-5 times the molar volume. The 
magnitude of AVtorm. relative to the molar volume of the 
solid, V,, therefore gives an indication of the types of 
defect predominant. (If there were no distortion of the 
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crystal lattice around each defect, AVtorm. would equal 
F, for crystals containing anion and cation vacancies, and 
would be zero for crystals containing cation vacancies and 
interstitial cations.) ! 

The purpose of this communication is to point out that 
there & to be a proportionality between AVtorm. 
and A Pras, for all crystals, irrespective of the types of 
defect present in the solid (Table 1). - j 


Table 1 7 
Balt Vr, fost AV toston AY form AV teska] â V torm. 
below m.p. 
xa 41-00 T2 67 011 
NaCl 202 75 43 018 
Ln 311 25 16 0-16 
Os 525 1°78 11 0:16 
(all volumes tn mL.role-!) 


The ratio AVfuuon/AVform. i$ formally equal to the 
degree of defect formation (that is, the fraction of lattice 
sites vacant, or fraction of interstitial sites occupied) 
which would have to occur in the solid in order to produce 
& volume change to AVfaion. It is seen that 
AVtuion/ AVtor. lies in the range 0-15 + 0-04 for the 
four salts for which date exist. The X-ray diffraction 
work carried out by Levy ei al.’ on fused alkali halides 
showed that the average oo-ordination number in salts 
having the rock-salt structure falla from six to about five 
on fuaion. If this change were brought about by intro- 
duction of defects into the crystalline solid, the degree of _ 
defect formation required would be about 0-17. This is 

i close to the figures in the last column of 
Table 1, and leads me to propose the following rules: 

(1) The fusion of an ionio crystal is equivalent to the 
introduction of disorder into the crystalline lattioe to the 
extent of 15 + 4 per cent. . 

(2) The defects introduced on fusion are of the same 
type as those already present in the crystal below ita 
melting point. 

Thus, fused silver halides may be thought of as oon- 
taining an approximately intact bromide lattice, with 85 
per cent of the silver ions oocupying normal sites and the 
Erie UE ibas deu meras ieu M rd rea 
alkali ides have approximately the rook-salt lattice 
each with 15 per cent of the cation and anion sites vacant. 
These pictures are ximate in so far as the vestiges of 
lattice structure remain in the melt are insufficient 
to impart the property of rigidity. 

The converse of the above rules may be written: 

(8) Those ionic compounds for which AVfosion/0-15 is 
leas than about one-half of the molar volume have cation 
‘vacancies and interstitial cations, or anion vacancies and 
interstitial anions, as predominant defecta in the solid. 
Those compounds for which AVfosion/0-15 is about 1-5 


‘times the molar volume contain predominantly cation 


vacancies and anion vacancies. 

This third rule may be the moet useful of the three, 
because it enables us to predict the type of defect present 
in a solid from a knowledge of ita volume change on fusion. 
This quantity is relatively easy to determine, whereas tho 
determination of AVrorm. (on which conclusions as to type 
of defect have usually been based) requires the difficult 
ond painstaking measurement of the pressure coefficient of 
the electrical conductivity. 
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Relationship between the 3,3’,5-Trilodo-L- 
thyronine Content of Thyrold as determined 
by a Thin-layer Chromatographic Method 
and the Biological Potency assayed by 
a Rat Anti-thilouracli Goitre Method 


Iw a recent paper!, we described a method which could 
be used for identifying thyroxine in a feeding-stuffs addi- 
tive; ita separatión from the other components present in 
the hydrolysed iodinated protein was effected on paper 
and on starch-bound cellulose powder thin-layer plates. 

If the procedures referred to therein are applied to 
hydrolysed thyroid, both paper and thin-layer chromato- 
grams are capable of effectively resolving & substance 
having an Rr value corresponding to thyroxine as a 
well-defined spot. The spot with Ry value corresponding 
to triiodothyronine is, however, poorly defined on paper 
chromatograms, but the thin-layer chromatogram shows 

-a distinct spot which can be assessed visually against 
triiodothyronine standards. 

Since it is known that truodothyronine (T,) makes a far 
greater contribution than thyroxine (T,) to the activity of 
thyroid when assayed by the rat anti-thiouracil goitre 
method, it was thought that the triiodothyronine content 
of hydrolysed thyroid, as determined by visual assess- 
ment of thin-layer chromatograms, should provide somo 
indication of the potency. When two samples of thyroid 
were examined by this means, the quantity of material 
in the triiodothyronine position present in one samplo 
was distinctively different from the quantity in the other. 
The first sample was reported to have one-third of the 
biological activity of the second when subjected to the 
rat anti-thiouracil goitre test and we estimated that the 
spots on the thin-layer chromatograms corresponded to 
0-025 and 0-06 per cent of tmiodothyronine respectively. 
A third sample, said to be ‘biologically unsatisfactory’ 
(the source and type of bio-assay are unlmown), showed 
only a very faint spot, equivalent to about 0-005 per cent of 
triiodothyronine. 

The conditions necessary to obtain spots well separated 
from other materials and in good alignment with tri- 
10dothyronine standards have been worked out in detail. 
The hydrolyms and extraction of active materials into 
n-butanol are based on the procedure described by Devlin 
and Stevenson’. Thin-layer plates prepared by the method 
previously described! should be used, and should run ata 





Fig 1. Thbrlayer togram showing 6 al. of each of two sam: of 

enzyme-hydrolysed thyroid, A and B, increamng quanta of 

tafodothyronme (T4). fers of a ‘blank’ hydrolysate have been 
Spo over each spot of truodothyronine 
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temperature greater than 20°C and preferably near to 
26° C in the ¢-amyl alcohol and ammonia solvent system 
described by Barker’, ial precautions being taken 
to ensure that the atmosphere is saturated with ammonia. 
The FFOA reagent of Gmelin and Virtanen‘ is tho pre- 
ferred spray reagent for spot location. The chromato- 
gram is undisturbed by the water-washing necessary 
to remove excess reagent after spraying. The procedure 
18 improved when a ‘blank’ enzyme hydrolysate is super- 
imposed on the triiodothyronine standards, so that the 
hydrolysed sample and standards run in the same en- 
vironment, as shown in Fig. 1. 

This work was undertaken as a result of our membership 
of Panel 7 of the Jomt Committee of the Pharmaceutical 
Society and the Society for Analytical i on 
Methods of Assay of Crude Drugs. The samples of thyroid 
were selected from those used for work by Panel 7 and 
bio-assays were supplied by Mr. K. L. Smith of Boots 
Pure Drug Oo., Ltd., Nottingham. Oollaborative teste 
on the method based on these principles is at present 
being carried out by members of Panel 7 to confirm that 
the apparent correlation with biological activity can be 
substantiated on a wider range of samples. 


R. L. CLEMENTS 
STELLA J. PATTERSON 
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BIOCHEMISTRY 


Effect of Magnesium Deficiency on Plasma 
Alkaline Phosphatase Activity 


Macnusium activates many enzymes tn viro, but very 
few disturbances in enzymatic activity have been demon- 
strated during magnemum deficiency $n vwol. The 
alkalne phosphatases from various mammalian tissues 
are among the enzymes known to be activated by 
magnesium in isolated systems. This communica- 
tion reporte investigations of the effect of magnesium 
deficiency on plasma alkaline phosphatase activity 
in the rat. 

Two groups of female Wistar albino rate of initial 
weight 100 g were fed with magnemum-deficient and 
control diets respectively for 15 days. All animals 
received an amount of food equal to that consumed 
by the deficient rata; this gave an initial food intake 
of 10 g reducing to 8 g/rat/day. Distilled water was 
provided ad hb. throughout the experiment. The 
magnesium-deficient and control dieta were prepared 
as described previously’; their um, contents 
were 0-2 mg/100 g (deficient) and 78 mg/100 g (con- 
trol). The rate were anaesthetized with ether and 
killed* by bleeding from the heart. Plasma was 
separated from heparinized blood within 0-5-1 h. 

The plasma from each magnesium-deficient rat 
was divided into two and the magnesium ooncen- 
tration in one portion was raised to normal by 
adding to it 0-83 per cent of ite volume of a mag- 
nesium chloride solution containing 165 mg/100 
ml. of magnemum. The alkahne phosphatase 
activity was measured in all samples of plasma, as 
described by King and Wootton’, after standing 
overnight at 4° ©. The measurements were 
repeated after storage for a further six days 
to allow ample time for the added magnesium 


à 
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to combine with the enzyme. Magnesium concentra- 
tions were determined by atomic absorption spectro- 
photometry*. 
The alkaline phosphatase activity in the plasma from 
ium-deficient’rata was only half that found in the 
control animals (P « 0-001) (Table 1). Addition of sufficient 
magnesium chloride to restore the magnesium concentra- 
tion to normal in the plasma from deficient rata raised the 
alkaline phosphatase activity significantly (P< 0-001 and 
P<0-01 after storage for 1 and 7 days respectively), but 
did not restore it to the level found in the oontrol animals 
(P<0-001). No consistent differance in alkaline phos- 
phatase activity was observed between the measurements 
made after storage for 1 and 7 days, indicating that 
reactivation by the added magnesium was complete after 
storage overnight. i 


Tablo 1. RELATION BETWEEN 
CONOBKTRATIOS 


ALKALINE PHOSPHATASE AOTIVITY 
IN THE PLASMA FROM CONTROL AKD MAGEERIUM- 


AFD 


MAGEBSIUM 
DETICIAWT RATS 
Alkaline 
Magnesxmm , ty 
Group concentration Armstrong units) 
(mg/100 mL) storage for 
1 day 7 days 
Control 17 403 430 
+004 + 89 + 44 
Mg-deficiont 0-43 20 5 19:5 
x t eo BT * 0 E 
oo , £004 + 26 +24 


The values indjoste mean +S... n=12 for control group; &—15 for 
the other groups. 


A reduction in enzymatic activity may be due to either 
a decrease in the amount of ensyme present or a fall in the 
rate of operation by a normal amount of enzyme. The 
increase in alkaline phosphatase activity observed after 
adding magnesium to plasma from magnesium-deficient 
rata indicates that the efficiency of the circulating enzyme 
is reduced by a lowered concentration of ium in the 
plasms. Ai thy eneymatio asic da the plasma at 
deficient rate was still lower after the addition of 
magnesium than in the plasma from control rats, it 
appears that the concentration of the alkalme phosphatase 
enrymes in the plasma may also be reduced by magnesium 
deficiency. 

F. W. Hmaton* 


Leeds. 
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High-sulphur Protelns as a Major Cause of 
Variation in Sulphur Content between a- 
Keratins 


A OOMMON feature of the wide variety of mammalian 
tissues classified as a-keratins is that they may be split 
into two separate protein fractions'* bearing & general 
resemblance to the ‘high-sulphur’ and ‘low-sulphur’ 
protein -fractions first i in wool**. However, 
in these a-keratins which include hair, fur, wool, horn, 
nail, hoof, quill and baleen, the percentage of sulphur 
present varies greatly and covers the approximate range 
2-6 per coent (Table 1). In general the horny keratins 
contain smaller amounts of sulphur than do the hairs 
and so the sulphur content of sheep horn, for example, is 
often lower than the sulphur content of wool from the same 
animal. It has been suggested’ that these differences in 
sulphur content can be used aa a means of distinguishi 
keratins from one another, but in the case of wool it is 
now well established that there is a characteristic range 
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of values of sulphur content (about 2-9—4'2 per cent) 
rather than a particular value for this keratin. A reviow 
of the relevant literature is given by Reis and Schinokel**». 
A sheep will produce wool with a high sulphur content 
during high levels of nutrition or during the abomasal 
infusion of sulphur-containing amino-acids; on the other 
band, wool with a much lower sulphur content will be 
produced when the animal is on & oopper-deflcient or 
low-nutritional diet!**. Moreover, these variations in 
the sulphur content of wool have been shown to o iginate 
primarily in the 'high-sulphur' proteins euch change 
both in amount and in sulphur content!/-1*, 

In recent work, Gillespie and Inglis* have shown that, 
when a-keratins are they differ greatly both 
in the amount and in the type of ‘high-sulphur’ proteins 
which they contain. These resulta, when combined with 
analytical date* on the ‘low-sulphur’ proteins (Table 1), 
strongly suggest that the main difference between 
a-keratin types lies in variations in the *high-sulphur' 
group of proteins. The values presented for the propor- 
tion of high-sulphur protein in each keratin are under- 
estimates because of the diffloulty of measuring the 
amount of this protein bound to the ‘low-sulphur’ fraction 
and removed from it during purification. It is not poesible 
to make a sulphur balance because of the uncertainty 
about the amount of ‘high-sulphur protein’ present and 
because of the uncertainty of the composition of the 
unextracted residue (10-15 per cent of each keratin). 





Table 1. SULPHUR ANALYSES OF PROTANE FROM 
VARIOUS ao KERATING 
Low-sulphur 
Keratin pro gore) 
8 ulphur 
X contributed m £ eon 
Type * 8 to keratin - i to keratin 
g/100 g tn 8/100 g 
Raccoon hair 56 23 10 45 71 32 
Monkey b2 23 11 39 7'1 28 
Gutnea-plg hair 48. 21 12 34 Ti 2:4 
Rabbit 42 25 14 2 Ti 21 
Bovine bair . 40 17 10 19 59 17 
Wool Der edd $8 19 11 $1 &8 18 
Wool (control) $1 £i 14 21 5-0 11 
Whale baleen 30 23 18 12 58 0-70 
Poroupine quill 25 17 12 17 59 10 
Sheep horn 22 14 r2 12 52 0-62 
Rhinoceros horn 19 14 12 7 43 0-80 
: Bulphor iion by a flask a 
i amino-add compono, ung Spineo amino-acid analyser. 

In this com: the relation was used: - "Iphur 
protein = 100— protein +10); ft assumed 

each keratin 10 per cent of membranes, scales and nnokear 
remnanía. 


Nevertheless it is clear that ‘low-sulphur’ proteins, 
although not identical in sulphur content, contribute a 
fairly constant amount of sulphur to each keratin, whereas 
there is at least a ten-fold variation in the amount of 
sulphur contributed by the ‘high-sulphur’ protein. It is 
therefore proposed as a general fs pothbets t variations 
in sulphur content between a-keratins are primarily due 
to the combined effects of variations in quantity and 
sulphur content of constituent ‘high-sulphur’ proteins. 
This would appear to be applicable to both inter- and 
intra-species differences. 

The implications of this are important, for if all a- 
keratins have a common mode of synthesis in which there 
is a primary synthesis of ‘low-sulphur’ proteins (as 
«-filaments), and at a later in development the 
‘high-sulphur’ proteins are produced in a secondary 
synthesis and are inserted between the filaments as an 
amorphous matrix’, then there must be a common 
rogulatory mechanism which decides both the amount 
and type of 'high-eulphur' protein which is produced by a 
follicle. Although tbe nature of this mechanism is un- 
known, certain factors which influence it are known. 
Species is important, for it is probable that the hair of 
some animals (for example, the raccoon) is consistently 
higher in 'high-sulphur' protein than that of others (for 
example, the sheep). The end-use of the keratin is 
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_possibly i uidet and the horny keratins may owe their 
particular physical properties to their richness in fllamenta 
and comparative paucity in matrix proteins’. Diet is 
Involved, at least in so far as the supply of S-amino-acids 
ia concerned, although judging from experiments with 
sheep its effects are restricted to within certain limita!*, 
A study of this control mechanism may provide a valuable 
insight into the processes by which keratins are formed. 
J. M. GLIP 
A. B. INGLIB 
Division of Protein Chemistry, 
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Parkville, N.2, Melbourne. - 
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Interaction of 4-Dimethylaminoazobenzene 
and Dietary Fat in the | lation of Hepatic 
Microsomal Ascorbic d Synthesis 

AN increase in urinary ascorbic acid excretion in rats 
has been demonstrated to oocur after an injection of 
4-dimethylaminoazobenzene (DAB) and also after the 
injection of several methylated derivatives of this oeroino- 
gen!. ` Other types of compounds, such as chloretone, 
aminopyrine, meprobamate and phenylbutazone, also 
increase the urinary excretion of ascorbic acid in rata™?, 
It has been that these compounds stimulate 
the biosynthesis of glucuronic acid as an adaptive response 
for detoxication processes, and that some of the glucuronic 
acid is then utilized for the synthesis of ascorbic acid. 

Some hepatic microsomal enzymes which metabolize 
foreign substances have bean noted to increase in 
activity after the administration of several carcinogunio 
bydrooerbons'. In addition, alterations in the i 
properties of hepatio microsomes have been 
after the administration of carcmogenic azo dyes*. The 
induction of hepatomas by azo dyes to be in- 
A T iode iride of fat in the diet. Corn 
oil &caentuateg formation of DAB-induced hepatomas, 
whereas a fat-free diet, or h ted coconut oil, 
appears to inhibit tumorigenesis‘. The effecta of dietary 
fatty acids may be mediated via their incorporation into 
Phospholipids. Since phospholipids probably form the 
structural matrix for A and enxyme systems in the 
microsomes’, changes in the fatty acids of these phospho- 
Hpids might affect the activity of the enzymes, or influence 
the affects of caromogenic compounds on the enzymes. 

To investigate the combined influence of dietary fat 
and DAB on hepatic microsomal ascorbic acid synthesis, 
six of three-month-old Sprague-Dawley rats 
(8 rate/group) were fed synthetic dietas consisting of 
sucrose, casein, cellulose, choline, a salt mixture and a 
vitamin mixture (containing 2 mg/kg riboflavin but 
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adequate in all other vitamins), with additions as follows: 
Group I, no additions (fat free); Group II, fat-free + 
- 0-08 per cent 4-dimeth: i benzene (DAB); Group 
ILI, 20'per cent hydrogenated coconut oil (HCNO); Grou 
IV, 20 per cent HONO + 0-06 per cent DAB; Group Y, 
20 per cent safflower oil (SFO); Group VI, 20 cent 
SFO + 0-06 per cent DAB. After 4 months on diets 
the rate were killed by i i injection of sodium 
pentobarbital (‘Nembutal’). Livers were excised and 
homogenized, and the microsomes isolated by ultra- 
centrifugation by the method of Hogeboom’. Microsomal 
L-agoorbio acid synthesis from p-glucuronolactone was in- 
vestigated in vitro using the method of Chatterjee et al.1*. 
The test system contained 0:25 ml. of the miarogomal - 
suspension (equivalent to 250 mg of wet liver tissue), and 
an additional 2-25 ml. of the followmg composition and 
concentration: 0-02 M sodium p te buffer (pH 7-4), 
0-01 M p-giucuronolactone, and 0:05 M KON. The mixture 
was incubated at 97? C for 2h in air. Ascorbio acid was 
determined by adding 0-5 ml. 30 per cent metaphosphoric 
acid to the incubation mixture and titrating against a 
standard 2,6-dichloroindophenol solution. The microsomal 
protein content was determined by the method of Gornall 
e al.". The probability (P) that apparent differences in 
Ahe data were due to chance was calculated by the t test. 
MICROGRAMS OT 


Table i. L-ASOORBIO ACID FORXED/MILLIQRAM OF 
MICROSOMAL PROTEIN 


Diot 
Baste (fat-free) 
Banc + HONO 
Basie + SFO 

The degree of synthems of ascorbic acid by hepatic 
microsome iong from rats on the various diets with 
and without DAB is indicated in Table 1. 

Previous investigations have demonstrated that dietary 
components can affect enzymatic activity. In particular, 
essential fatty acid deficiency in the rat has been shown 
to result in alterations in several hepatio enzymes”), 
Buooinio, glutamic and butyrio dehydrogenases were found 
to be reduced in activity, and cytochrome oxidase and 
choline oxidase were increased, but there was no change 
in succinic oxidase activity. In the present work, the 
amount or type of dietary fat alone appeared to have no 
effect on the microsomal enzyme system for the synthesis 
of abcorbic acid, indicating that the maintenance of these 
enzymes is probably independent of exogenous eemential 
fatty acids. 

Some investigations have shown that, in general, in 
hepatomas there is a deficiency of drug-metabolizing 
enzymes, such as the azo dye reductase and N -demethylase 
systems". The O3H mouse hepatoma, however, retaina_ 
the microsomal enzyme that converte r-gulonolaotone to 
L-ascorbic &cid!*. Similarly, in the present investigation, ^ 
representing a pre-neoplastio stage in DAB carcinogenesis 
(none of rets bad developed overt tumours), the 
enzyme system converting D-glucuronolactone + 1-gulono- 
lactone—-r-asoorbio acid was shown to be intact in 
microsomes of rate fed DAB with safflower oil. Further- 
more, ascorbio acid synthesis was increased above normal 
im the liver microsomes of rata fed DAB with a fat-free 
diet, and also increased, although to a lesser extent, in 
those fed DAB with h ted coconut oil. In a 
previous investigation by Morin?", it was shown that DAB 
administration resulted in an inareased percentage of 
oleic acid and decreased stearic acid m the choline con- 
taining phospholipids (partioularty the lecithins) in the 
hepatio microsomes of rate on a fat-free diet. Similar 
alterations, although leas marked, were produced by 
feeding DAB with hydrogenated coconut oil, but not with 
safflower oil. Evidenoe from several investigations suggests 
that the mechaniam of action of most drugs in increasing 
enzymatic activity is to increase the amounts of the 
enzyme via an increased microsomal protein synthesis’. 
Since the increases in ascorbic-acid-synthesizing activity 


A 
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produced by DAB in each dietary group parallel the 
microsomal phospholipid changes, it may be postulated 
that a specific substitution of oleic for stearic acid in the 
lecithins of the microsomal membrane alters the arrange- 
ment of the RNA it supporte such as to produce increases 
in the synthesis of specific proteins. 

This investigation was supported by a grant from the 
California Institute for Cancer Research of th the U.O.L.A. 
School of Medicine, and also supported in part by the 
U.8.P.H.8. general research support grant award to 
the University of California at Los Angeles. 

8. C. Ray 
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Acetylcholine in the Electric Organ of Torpedo 


Feldberg and Feeeard! have shown that the electric 
organ of Torpedo marmorata is activated by acetylcholine 
(ACh) and that it contains a substance like ACh, as determ- 
ined by bioassay, equivalent to between 40 and 100 ug 
ACh/g tissue. It has been suggested reoently*:* that not 
all material extracted from nervous tissue and bio- 
assayed as ACh is in fact ACh. Since, so far as we are 
aware, the ACh-like activity extracted from Torpedo is 
the hi reported for any vertebrate tissue, confirma- 
tion of the nature of the active substance and a stu a 
ita metabolism in the electric organ are of interest. 

necessary preliminary we have reinvestigated the Aat 
of ACh by three different extraction procedures. 


In our first ta the tissue was extracted with 
acid-ethanol according to Crossland‘. In lent ex- 
periments this method was compared with usual 


trichloroacetic acid (10 per cent, w[v) procedure and with a 
perchloric acid extraction developed in this 
laboratory’. Samples of tiasue (1 g or lees) were minced 
with scissors in two volumes of 0-2 N perchloric acid and 
then rapidly and thoroughly homogenized in "Teflon'-glasa 
hand-operated h i . The ions were centri- 
dine the supernatants stored at 4° C and the precipitates 
re-homogenized three times with two volumes of water and 
recentrifuged. The supernatants were combined and 
brought up to pH 4 with 0:2 N sodium hydroxide. The 
extracta, in a final dilution of 1 in 100, were assayed 
against acetylcholine chloride on tho frog rectus abdominis 
muscle, guinoa-pig ileum and the dorsal musele of the 
leech; the activity was the same on all three test objects. 
Alkali-boiled controls were used in all assays The average 
values from two series of experimenta in which perchloric 
acid and acid-ethanol were used, and where perchloric acid 
and trichloroacetic acid were compared, are shown in Table 
1. These resulta were from extractions performed at 0°— 
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10° C. The yields were lower when the tissue was initially 
frozen with liquid nitrogen, an observation in agreement 
with Hobbiger and Werner*. The very low activities ob- 
tained with acid-ethanol can be attributed to the failure 
of the extractant to inactivate the tissue cholinesterase 
completely. If the minoed ae was left in contact with 
eserine (10-4 M) or diisopropylphoephorofluoridate (10-* M) 
at 0° C for 30 min or longer before extraction with acid- 
ethanol the ACh-levels were ble with thoee ob- 
tained using perchloric acid. The range of activities 
obtained with perchloric acid was between 65 and 130 ug 
ACh/g tissue, suggesting that the values reported by 
Feldberg and Feesard! may be on average too low rather 
than too high. Since one of the objects of the investigation 
was to characterize chemically the active substance which 
by bioassay appears to be ACh, perchloric acid extraction 
seams to be the method of choice. Trichloroacetic acid has 
the disadvantage that the procedure is more time con- 
suming. Moreover, it does not precipitate phospholipids 
so effectively! and may interfere with the chromatography 
of ACh*. Results of the chemical investigation will be 
published separately. 

Table 1. COMPARISON OF METEODé OF EXTRACTION OF AGNTYLOHAOLINE 

FROX THE HLBOTRIO ORGAN OF Torpedo 
ACh content (g/g tissue) 
perohlorio acid — acid-e&hanol — trichloroaoetio acid 
Beres 1 80 25 — 
Serves 2 70 — 68 

We have some evidence that endogenous synthesis of 
ACh may oocur both in the excised whole organ and in 
minced tissue. Samples of tissue allowed to remain at 
room temperature for periods of up to 2 h contained more 
ACh activity than those extracted immediately the fish 
was killed. The increase was equivalent to 60 ug 
ACh/g tissue in a sample left for 1 h at room temperature. 
No increase in ACh activity was found in samples stored 
at 0° C. In vitro estimation of choline acetyltransferase 
activity in cysteine-sucrose tissue hom showed 
that the enzyme was le of & rate of ACh synthesis 
of 5-8 mg ACh/g tissue, 

These iments y confirm the original obser- 
vations of Feldberg and Feesard!. In addition a new and 
convenient method of extraction has heen developed 
which forms a basis for further study of the metabolism 
of ACh in the electric organ of Torpedo. 

D. Morris 
G. BULL 
CATHARINE O. HEBB 
Agricultural Research Council, 
Institute of Animal Physiology, 
Babraham, Cambridge. 
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Red Pigments of Dactynotus rudbeckiae and 
D. ambrosiae [Homoptera, Aphididae] 


Tzu extensive investigations of Lord Todd and his 
colleagues’ have shown that several related perylene- 
quinone pigments, the erythroaphins (Fig. 1), can be ob- 
tained from many aphid species; the two most completely 
investigated representatives, the erythroaphins fb and al, 
are stereoisomers of the formula C,,H,,0,. These pigments, 
however, are not present in the live insect, but are formed 
through post-mortem enzymatio transformations of yellow 
precursors, the protoaphins, which do not contam the 
perylene nucleus'*. In the course of research on naturally 
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occurring perylenequinones', we have investigated the pig- 
ments of two bright red species of-the aphid genus Dacty- 
notus, since it seemed possible that their colour might be 
due to preformed perylenequinones. Earlier, Todd e al.* 
had observed the occurrence of very small amounts of 
aphin pigments in D. jaceas; D. osrsii, however, was found 
to contain instead & red pigment which has not been de- 
scribed in detail but which, from ite uncharacteristic 
absorption spectrum, is not a perylenequinone. 

We have now found that the striking red colour of D. 
rudbechias (Fitch) and D. ambrosias (Thomas) is likewise 
due to pigments which do not contain the chromophore of 
the erythroaphins. We have isolated the main pigment of 
D. rudbeckiae in pure, crystalline form; two very minor 
constituents of the pigment mixture were likewise obtained 
crystalline, although not yet quite pure. We propose the 
name rhododactynaphins A, B, and O for these substances 
{gee ‘Addendum’). They do not seem to be identical with 
the pigments of D. owsit; nor are they anthocyanins, as 
has been claimed‘ on the basis of & very cursory examina- 
tion of D. rudbeckias (syn. Tritogenaphis rudbeckiae) . 

For the isolation of the rhododactynaphins, D. rud- 
beckias was collected locally from Rudbeckia laciniata; the 
aphids were killed by brief exposure to dry-ice tamperature, 


removed from the stalks of the plant, and triturated with ` 


acetone. The red, benzene-soluble portion of the deep- 
brown acetons extracts was chromatographed on a column 
of silica-gel H deactivated with 5 per cent water. Washing 
with benzene removed the B-carotene preeent*, 
with a large amount of fat (or wax). Rhododactynaphin 4 
was next eluted with 2 per cent methanol in chloroform; 
yield, ~0-2-0-4 oent of the fresh weight of the aphids. 
It was followed closely by pigment B, while pigment O was 
eluted by methanol/chloroform 1:8. Rearystallization of 
rhododactynaphin A from benzene removed small 
amounts of a colourless contaminant with strong blue 
ultra-violet fluorescence, yielding the pure pigment. Com- 
parison, by thin-layer chromatography, of the benzene- 
soluble part of acetone extracts of D. rudbeckiae and D. 
ambrosiae showed that the latter species likewise contains 
B-carotene and the three rhododactynaphins. 

Since neither species of aphid is common, only very 


limited amounts of these pigments have been available 


thus far. They have enabled us to make the following. 


observations, which may serve to characterize the com- 
pounds: rhododactynaphin A forms glistening deep- 
ed platélete GF soarlet . On heating, it gradually 
decomposes above about 240°. It is homogeneous on thin- 
layer So ee (silica-gel H, 2 per cent methanol in 
chloroform). od: hin A is insoluble in water 
and hexane, more o1 leas soluble in the common organio 
solvents, especially readily in acetone. The solutions are 
bluish-red. It is not extracted into concentrated aqueous 
hydrochloric acid from ite solution in benzene, thus differ- 
ing from the pigment of D. owsti, which is extracted? from 
ite hexane solutions. Concentrated sulphuric acid gives a 
crimson solution; the pigment dissolves with stable, yellow- 
ish-green colour in acetic anhydride containing one drop 
of concentrated sulphuric acid. The alcoholic solution of 
rhododactynaphin A turns greenish-brown with ferric 
chloride, purple with magnesium acetate. Aqueous or 
alcoholic alkali produces an emerald-green oolour which 
eran cd to yellow within 1-2 seconds; afterwards, & 
purplish-red colour develops. These colour changes are 
reminiscent of those given by the mould pigment pur- 
purogenone’. Aqueous ammonia or sodium car te pro- 
duces similar effecta. The red colour of solutions in eous 
alkali or carbonate fades on further standing; b in 
ammonia is stable, and acidification and extraction with 
benzene yield & crystalline purple pigment with a charac- 
teristio four-banded absorption spectrum. The red solution 
of rhododactynaphin A in sodium carbonate is reversibly 
changed to yellow by sodium hydrosulphite; the resulting 
product is not fluorescent. Reductive acetylation of 
rhododactynaphin A gave a colourless, crystalline product. 
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The visible spectrum of rhododactynaphin A shows one 
band, without fine-structure; Amex 500 my. IR (KBr 
disk): v(OO) 1,688, 1,010 cm-!; other bands: 8,400, 2,910, 
2,840, 1,440, 1,400, 1,280 cnr-1, eto. 

, carried out by Mr. D. W. Thomas in 
Prof. Biemann’s laboratory at the Massachusetts Institute 


-of Technology, indicated a molecular weight of 274, and 


lose of CH,, C,H,, OH,00, and CO. High-resolution mass- 
etry, due to Dr. R. J. Highet (National Heart 
i ), showed that 274 corresponds to C,,sH,,0,. 
However, osmometric determination gave a value of 548. 
making it appear very probable that rhododactynaphin A 
is a Cy, com a finding which suggests that it may be 
related to pigments of the aphin series. This hypo- 
thesis is further supported by the presence, in the NMR 
spectrum of the pigment, of a quartet centred at 3a 1-65 
p-p.m. [8(TM8) —0] which is quite similar, in shape and 
location, to quartets occurring in the spectra of eryth- 
roaphin &* and of such related compounds? as iso- 
eleutherin and the naphthoquinones formed on reductive 
cleavage of the protoaphins fb and sl. This quartet is pro- 
duced by the two methyl groups of the dihydropyran ring 
present in these compounds. The NMR spectrum, and the 
mass-spectrometrio cleavage into a C,,H,,0, fragment rep- 
resenting (not necessarily precisely) one half of the mole- 
cule, could be interpreted on the assumption that rhodo- 
dactynaphin A is a quinone containing at least one com- 
ponent with a carbon skeleton related to those present in 
the protoaphins. The dih ring of this com- 
ponent may resemble that of isoeleutherin (Fig. 1) (CH, 
at position 12) rather than that of the protoaphins (CHOH 
at 12), since the NMR spectrum of rhododastynaphin A 
contains a of weak bands at 3052-3 p.p.m. which is 
similar to the multiplet caused by the methylene protons 
in the spectrum of isoeleutherin¥. 

Those properties (spectra, eto.) of rhododactynaphins B 
and O which could be examined with the available trace 
amounts are very similar to those of A. 

Evaporation of the benzene extracte from column 
chromatography gave a crystalline fat; the free fatty acids 
obtained’ from it, and their methyl esters, were likewise 
crystallized. Gas-chromatographic investigation of the 
latter, essentially as described by Barlow’, showed that 
the preponderant fatty acid of this species is myristic acid, 
in agreement with the findings’* on other aphids. In 
addition, small &mounte of laurio and palmitic acids and 
of unsaturated Cie Cio and Ce acids were present. 

It is hoped to continue the investigation of the rhodo- 
dactynaphins when additional material becomes available. 
` We thank Dr. Harvey Scudder for suggesting this in- 
vestigation, Dr. Louise M. Russell for the taxonomio iden- 
tifloation of the aphids, and Dr. Norman E. Sharpless for 
the gas-chromatographio study of the fatty acids. Partof 
the work was carried out in the Chemistry Department of 
Gettysburg College, Pennsylvania. 
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Addendum. After completion of this manuscript, we 
learned from Lord Todd that Dr. D. W. Cameron and 
associates in his laboratory have for some time been en- 
gaged in a detailed study of the pigments from such hid 
species as D. owsit and D.jaceas. Our preliminary 
T igments of the two American species appear to 

with the more advanced ones on D. jaceas made 
at Cambridge. Lord Todd has also informed us that the 
generic name ‘dactynaphin’ will be proposed for the pig- 
ments of Dactynotus spp., and has suggested the name 
ccu hay weal hin’ for the pigmenta isolated by us. This 
Tean adop in the foregoing account. 
Urnaiag Wass 
HgNBY W. ALTLAND 
National Institute of Arthritis and 
Metabolic Diseases, 
National Institutes of Health, 
Bethesda, Maryland. 
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Actomyosin and Myon $ of Vascular Smooth 


VARIOUB procedures have been used for i 
contractile protein from vascular smooth musole!3. In the 
extracts from the cow carotid artery 


sonis aubar (Fu: In this report it will be shown that 
the extract from oow carotid artery consists of actomyosin 
and an actin-combining component, probably myosin, 
firmly associated with one another. It is believed that this 
firm association is a manifestation of unusual solubility 
properties of vascular smooth muscle myosin. 

Extracts containing contractile protein from cow carotid 
artery were prepared as follows: 50 g artery were stripped 
of adventitia and minced, and three volumes of Weber— 
Edsall solution and 0-5 ml. 5x 10* M ATP at pH 7-0 were 
added. The mixture was ized in a Waring blender 
in the cold for 80 seo, shaken for 16 h at 4° C, and centri- 
fuged. The supernatant was collected and diluted 14-fold 
with ice-cold water. After standing for several hours at 
4° C, a precipitate formed which was collected and redis- 
solved in 0.0 M KCl, and then reprecipitated by dilution 
as before. This precipitation was repeated for 6 cycles. 
The final yield was erally 15-20 mg of contractile 
protein which sh ATP-ase activity, ATP-induced 
Syneremis, and a viscosity in 0-6 M KCl which was rever- 
sibly lowered by the addition of ATP. ATP-ase assays 
and syneremis testa were carried out using the protein in a 
solution con 0-05 M KCI, 0:02 M imidazole buffer 
pH 7-2, 0-005 M of either CaCl, or MgCl,» and 0-0025 M 
ATP (Disodium, Pabst). The method of Fiske and 
Subba Row was used for measuring Inorganic phosphate‘. 
Protein was measured using the Lowry method*. Vis- 
cosity determinations were made at 25° O using an 
Ostwald viscometer oonteining the contractile protein 
dissolved in 8-0 ml. of a solution of 0-6 M KCl, 0-1 M tris, 
pH 7-2. The final concentration of ATP, when added, was 
1:067 x 1023 M. The rabbit skeletal muscle proteins, 
myoein A, F-actin, and actomyosin, were prepared aocor- 
ding to the procedures outlmed by M 

According to Saent-Gydrgyi’, the addition of one part 
actin to a solution containing 4-5 parts of myosin gives 
a viscosity drop, when ATP 1s added, which corresponds 
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to a change in the logarithm of the relative visooaity of 


showed that 1 mg uterus actomyoein/ml. giv 
the logarithm of the relative viscosity of 0-10-0-11. In 
our experiments, in order to estimate the amount of 
actomyosin in the extracta, we have assumed that a drop 
of 0-1 of the logarithm of the relative viscosity corresponds 
to 1 mg actomyosi The average actomyosin content 
in 12 extraota was found to be 27 per cent, the range being 
19-4-37-5 per cent. In addition, it was found that a 
significant amount of the protein in the extract reacted 
with skeletal muscle F-actin to give an increase in vis- 
cosity which could then be lowered by the addition of 
ATP (Tables 1 and 2). The addition of actm caused the 
A log tre per mg protein per ml. to rise from 0-04 to 0-14 
(Table 1). This value of 0-14 shows good t with 
values obtained using &ctomyoein from skeletal and 
uterine muscles’:*. 

The data in Tables 1 and 2 indicate the of & 
myoein-like oom: t. From theee date it has been 
estimated that composition of protein in the artery 
extract is roughly 1/4 actomyosin and 3/4 myosin or an 
actin-combining component. When the artery extract 
was dissolved in 0-6 M KCl and precipitated at 0:28 M 
KCl, pH 6-7, the resulting precipitate still reacted with 
added F-actin. When the artery extract was brought to 
ee eee ee 7:0, the 

PUDE. paap recipitate stil reacted with F-actin. Both 
ods are accepted procedures for separating 
eee ee ee 

Thus, because the actin-combining com t is not 
readily separated from the actomyosin, it is possible that 
the solubility characteristics of myosin from cow artery 
smooth muscle differ from those of skeletal muscle myosin. 
Indeed, Hamoir and Laszt® observed that skeletal muscle 
myosin and the 47-60 per cent ammonium sulphate frac- 
tion of cow carotid , which they believed to be 
myosin-like, had different ‘properties such as extract- 
ability at low ionic salting out amino-acid 
composition, net charge at neutral pH, and thermo- 
stability. Also, it is pertinent to note that smooth muscle 


Table 1. Hrvscr or F-aomm ON Tra ATP-IEDUCED Lowmmne OF VE- 
a ra aaa nie rei 


OoarrY OF 

s gg eee 
A Jog sca Sri iol A log grat TUUS ang total 
Before After Before After Before After Before After 
actin actin actin actin actin actin actin actin 
0 8108 0:7950 0-05 0-14 02708 0 8600 0-04 0:14 


Bei total riu per reir pere rg kr was 1/4 that ortho 
contractile protein, was 5-8 and 6-1 mg/ml. for Hxperunentis 1 and 2, re- 


=the lowering of the logarithm of the reisiave viscosity mduoed 
of Coen ae » 


Table 2. Errscr OF F-AOTIR OX THE VIBOOSITI NUMBER AND ATP- 
OAROTID 


XENEITIYITY OF CONTRACTILE FROM BOvYIEE ARTERY 
¥," ATP-senutivityt 
Date Preperation Before After Before — After Protein cone, 
ectin actin actin actn 
6/8 Artery protein 0-15 0-28 2 108 73 
ojt T r 0-16 0-11 35 93 8-8 
8/9 » » 0-25 0-39 33 117 43 
6/17 » a 022 0 35 51 171 84 
6/19 » ” 0-20 0-22 49 100 9:4 
6/20 » ” 0-23 0-80 46 111 76 
7/9 » » 0319 - 049 575 1921 58 
7/101 , n 0-27 0-44 TI 5 143 - 
^ rabbit skeletal 
muscle 0 46 - 134 - 40 
- MI from 
bit skeletal 
muscle 0:16 0-56 0 150 53 
The of the artery contractile protein is described in the text. 
F-actin added was 1/4 that of the artery protem. 
*Zq—2-3 logare/protein conc. (mg/ml). 
logra ~ logarithm of the relative i 
1 ATP-sensitivity in per cent = — ATP y 100 
t In addition to pa repredpitated and 
contractile Oe M XC E 2 M X. tri 
and for 30 $0 min at 10,000 r.p.m. 
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myosin as prepared by other workers is nov extracted 
directly from the muscle but rather is made by ATP dis- 
sociation of previoualy prepared. actomyosin’!°, 

Consideration was given to the possibility that the high 
levels of F-actin used were giving the same anomalous 
viscosity effects on artery actomyoem which have been 
observed for skeletal muscle actomyosin'. This, however, 
does not appear to be the case. The artery protein did not 
show the anomalous viscosity behaviour even when a 
large excess of akeletal muscle F-actin was added. 

A different preparation of artery actomyosin, prepared 
according to the procedure of Laszt and Hamoir!, did not 
have the actin-oombining moiety associated with it. The 
data (Table 3) show that even large amounts of F-actan 
failed to induce an elevated or ATP sensitivity when 
added to actomyosin pre by the method of Lasst 


and Hamoir!. 
Table 8. Hersor OF F-acror OX THE RELATIVE VISCOSITY OP ARTERY 
AOCTOMY oan * 
Preparaton 1 Preperation 2 
F-actn/AM £m, ATP senaltivity (%) Zn ATP sonalttvity (96) 
No actin 0 25 36 018 27 
1/20 0-83 35 0:11 32 
1/10 0-20 45 0-18 40 
1/5 0-87 39 0 28 72 


* The two preparations of artery actomyosin were made according to the 
Inethod of Lasst and Hamotr'. 

Viscometry conditons were as described m the text. The F-actin was 
rror rabbit skeletal sine. The T aounjactomyosni Wasan a Weight Daata 
(mg protem). The concentrations of actomyosin in the viscometer were 15 

ml. And 1 Bini for preparatom 1 and @reanentively, 


The resulta of this study indicate that & firm association 
exists between cow carotid artery actomyosm and a 
myoein-like component. Since the association existe even 
after treatment to remove myosin it is suggested that 
artery myosin ie different in solubility properties from 
akeletal muscle myoain. 

This work was supported in part by research grante 
from the National Heart Institute (H.E-07353 and HE- 
06315), U.8. Public Health Service, and by the Heart 
Association of South-western Ohio. 

Morton L. MaLLIN 
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Further Purification of Chick Interferon 


Catox allantoic fluid interferon has been purified to 
various extents by several groups of workers. Among 
those who prepared interferon of high specific activity, 
Lampeon e£ al. achieved a purification factor of 1880 
after treatment with perchloric acid, concentration with 
rino acetate and two fractionations on 'CM-oellulose'. 
Buch material still contained an inactive protein compon- 
ent that was only ramoved by electrophoresis on "Pevikon'. 
The final material had been purified 4,500 times. Fantes 
et al. purified interferon several thousand times by 
adsorption on 'Doucil', elution with KSON, precipitation 
of impurities in the presence of KSON at pH 3-5, pre- 
cipitation of interferon with methanol at pH 7-5 and 
chromatography on DEAE cellulose at pH 7-5. Mergan? 
purified crude interferon with perchlorio acid and rino 
acetate by the method of Lampson e£ al.l, achieving a 
15-fold purification. Such material, after one chromato- 
graphio fractionation on ‘OM-Sephadex’, using a pH 
gradient instead of Lampeon's stepwise process for eluting 
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the active ingredient, was claimed to be purer than 
Lampson’s material, though no evidence of electrophoretic 
homogeneity was presented. 

We have alightly modified our original method?. In- 
stead of neutralizing the acid KSCN supernatant flud 
before precipitating with methanol, we lowered the pH 
further to 2-0 and added methanol (5 vol.) at this stage, 
precipitating some more inactive protein. The pH of the 
methanolic supernatant fluid was then adjusted to an 
apparent value of 7-5, causing precipitation of the active 
material. Chromatography on DEAE-cellulose waa 
carried out as described before’. The interferon, when 
chromatographed on DEAE cellulose, became re-diluted 
and was reconcentrated on ‘OM-sephadex’*. Adsorption 
was performed at pH 5-5 ın 0:1 M phosphate buffer, with 
subsequent washing with 0-1 M. phosphate buffer at pH 6 
until the eluates contained no more than about 2 ug/ml. 
protein, as determined by the method of Lowry e£ al.. 


. Elution was carried out with a 0-1 M phosphate buffer 


gradient of rnging pH. 

Three such preparations were subjected to disc electro- 
phoresis in acrylamide gel columns by Dr. J. Willams 
(personal communication) at the Laboratory of Molecular 
Biology in Cambridge. Two of the samples; after staining 
with amido schwarz, exhibited only one protem band. 
Dissection and assay of two control columns showed that 
the biological activity resided in those bands. The third 
sample contained some minor protein contaminants, 
estimated to amount to leas than 5 per cent of the total. 

The purity of the most potent DEAE-eluate fractions 
was sometimes of the same order as that of the post 
‘OM -Sephadex’ fractions, but the ‘OM-Sephadex’ process 
enabled the less pure off-peak DEAE cellulose fractions 
to be purified to the same extent, thus increasing the over- 
all yield of highly purified material. 

The post-DEAE material—a mixture of highly and 
moderately purified fractions—applied to ‘OM-Sephadex’ 
hed usually been purified about 500-fold. When, on the 
other hand, pre-DEAE material (purified about 80 times 
on average) was fractionated on ‘OM-Sephadex’ in a 
similar way, it was not found possible to free the active 
material from an inert protein with an elution peak at a 
pH only just above that of interferon. 

The best fractione were purified well over 10,000 times 
and contained about one million interferon unite per mg 
protein. As the specific activities of crude interferons 
and also assay methods vary from one laboratory to 
another, these figures do not neceesarily mean that mter- 
faron prepared by the procese described here was of a 
higher degree of purity than that obtained by other 
workers. 

The igo-eleotrio point of partly purifled interferon was 
determined electrophoretically in & sucrose gradient by 
Dr. A. Polson (personal communication) at the University 
of Cape Town and found to be about pH 6:8-6-9. 

Purified interferon was, as mentioned in our previous 
publication’, highly species specific. This has since also 
been reported by Merigan® and Baron et al. Contrary 
to the claims of a patent for ‘non-specific interferon’*, we 
were unable to overcome the species specificity of crude 
or purified chick interferon by treatment with carboxy- 
peptidase. 

I thank Mr. O. F. O’Neill for his asmstance and Mr. 
P. J. Mason for carrying out the interferon assays. 


K. H. FANTES 
Virus Unit, Glaxo Laboratories, Ltd., 
Sefton Park, 
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Stimulation by Aldosterone of Active Sodium 
Transport by the Isolated Colon of the Toad, 
Bufo marinus 


DxzePrrm the large volume and sodium concentration of 
digestive secretions, the losses of sodium incurred with 
faeces are negligible in normal circumstances!'*. Return to 
the organism of sodium present in the intestinal lumen 
depends in all likelihood on active transport process(es) ; 
in the case of the toad colon, this had been established by 
Ussing and Andersen’, who showed that sodium moves 
from the mucosal to the serosal surface m the absence of 


electrochemical potential gradient; furthermore, this move- . Em 


ment was quantitatively by the current required 
to annihilate the electrical potential difference whioh can 
be recorded across the membrane. 

It has been previously that sidigatacone is & 
physiological hormone for the toad, Bufo marinus, and that 
its concentration in plasma increased when the animals 
were transferred from a habitat rich in sodium to distilled 
water’. This transfer resulted in augmented active 
sodium transport by their ventral akm and urinary 
bladder. Injection of aldosterone into the toads or incu- 
bation in the presence of the hormone also brought about 
a stimulation of sodium transport activity by bladder*'* 
and skin’. 

The influence of aldosterone on active sodium transport 
by the toad colon was examined because, in mammals, the 
adrenal cortical secretion, especially aldosterone, has been 
shown to exert an influence on faecal sodium!:*-1*, 

After pithing the toad, the colon was opened longitu- 
dinally and gently cleaned. Suitable unstripped fragments 
were mounted as diap between conical ‘Lucite’ 
chambers (inner diameter of 16 or 20 mm according to the 
sixe of the tissue Pieces), 


tion of which was (in mM/1.), Na, 117-5; K, 2:0; Ca, 1-0; 
HCO, 2:5; Ol, 119-0; osmolality, 0-225. The membranes 
were incubated according to the method devised by 
Ussing and Zerahn!!; they were maintained short-circuited 
with interruptions at 10- to 15-min intervals for trans- 
membrane potential . One hour of incubation 
was allowed before the resulta were considered meaningful. 

In the first series of experiments, colons were used of 
toads kept for a few days in shallow water or in 50 per 
cent diluted Ringer’s solution. An additional group of 
toads maintained in water received subcutaneously 10 ug 
d-aldosterone dissolved in 0-25 ml. Ringer’s, the evening 
preceding the incubation. As shown in Table 1, the short- 
circuit current, averaged for the second hour of incubation, 
was one and a half times as high for the colon of toads 
kept in water as for that of toads kept in Ringer's. This 
Increased activity was ascribed to the elevated aldo- 
steronsemis in toads of the former group‘ since treatment 
of the animals with aldosterone ted in & further 
increase in godrum transport (Table 1). The tranamem- 
brane potential rose more markedly than the short-circuit 
current, for an unknown reason. 

As a next step, in ten instances, the colon of toads 
mainteined in Ringer was divided in two, both pieces 
being incubated simultaneously as described. After 1 h, 
enough d-aldosterone was introduced on the serosal side of 
one piece of each pair to achieve & final concentration of 
10> M, and incubation was allowed to proceed further for 
3h. During the 80-min period which followed addition of 
the steroid hormone, the mean short-circuit current was 
(in wamp/2 am?) 41-8 + 4:2 (S.E.); it started to increase, 
after about 00 min, reaching 46:0 + 5-3 over the last 
30-min period. The ing values for the matched, 


r. untreated fragments decreased instead, from 40-0 + 5-1 


at the beginning to 30-9 + 2-8 at the end of the 8-h 
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Table 1. HIFECTS oF HABITAT AKD OF ALDOSTERONE ON ACTIVE SODIUM 
TRANSPORT BY TOAD COLON (XRAW + S.E.M.) 


Short-ctroait current Potential difference 
(xarmp/em") 


(mV) 
Toads maintained 
in saline (20)* 21-55 £14 58r05 
Toads maintained 
In water (20)* 2 8+19 1072104 
Toads injected 
with aldosterone (15)* 42-1430 28 6111 
* No. of antmals per group. 
Table.  EEXFEROUMIONS ON SHORT-CIROUIT AXD BODIUXM 
MOYEXENT oF DILUTION OF BODIUX PRESENT OX THE MUCOSAL HIDE OF 
ToaD COLON 
Sodium ourrent, cr pel) 
concentration dilution of compu! computed 
on short- from 
muoosal sido mucosal side* etromt isotopiko (2) 
Xo. (n mM/L) m % of current flux x1 
valus) (1) (2) (%) 
10 71 55 0-906 0-784 B7 
5 73 70 0-307 0 529 138 
9 95 63 2611 1-374 901 
12 90 74 2 045 2:332 T9 
11 104 76 1-511 1 583 105 
3 16-0 82 1-066 1:204 114 
1 10:3 74 0 708 0-704 108 
19 247 86 2-220 2 202 99 
8 27-0 1 1677 2224 188 
4 402 0-659 1-228 186 
* 


and 517 
pamp after repiaosment of ie eet solution with unmodified unger. 


The influence of aldosterone was analysed as was done 
for studies with the toad bladder", that is, the change of 
membrane activity occurring in the absence of treatment 
during the period of time oonsidered (—9:1 pamp as a 
mean, in the present case) was subtracted from the change 
noted when the matched membrane was exposed to aldo- 
sterone (+ 3-2 pamp as a mean, in the present case). 
Stimulation of short-circuit current exerted by aldosterone 
on the toad colon thus averaged 18-8 pamp + 5:3 (S.E. 
mean difference) (P « 0-05). 

These resulta on the responsiveness of the colon of the 
toad to aldosterone, endogenous and exogenous, 4n vivo 
and tn vitro. are similar in quality and amplitude to pre- 
vious resulta obtained with toad skin and bladder. The 
significance of the resemblance is enhanced, it seams to us, 
by the fact that also in the case of the toad colon the 
sodium transport capacity is relatively independent of 
sodium concentration in the outside bathing solution. This 
was investigated as follows: after 2 h of incubation of 
the colon in unmodified Ringer’s, the solution on the 
mucosal side was diluted to a variable extent with a 
solution in which Mg** replaced Nat, sufficient sucrose 
being added to bring osmolality back to 0:225. The con- 
centration of sodium in this modified solution was cheaked 
by flame photometry. Furthermore, 2 uo. “Na were 
introduced on the same side; sampling for measurement 
of radioactivity flux was performed during the ensuing 
second and third $0-mm periods. The short-circuit current 
during exposure to this modified Ringer’s was expreased 
relative to the baseline value. 

The results of 10 such incubations are presented in 
Table 2. The short-circuit current decreased only slightly 
unless mucosal sodium concentration was markedly 
reduced. Current remained a valid reflexion of net 
sodium transport despite the asymmetry of the system 
since a parallelism between mucosa-to-serosa sodium flux 
and short-circuit current was found in these experimental 
conditions; the isotopic flux exceeded the flux computed 
from current by 13-5 per cept + 9-8 (S.E.) (P > 0-2). 

The reaction of the toad colon exposed on its mucosal 
side to dilute sodium solutions is thus reminiscent of what 
is observed with the frog skin"? and toad bladder’: for 
both preperations, a limited, saturable permeability for 
sodium of the outer cell membrane(s) seems to represent 
an important regulating factor of their sodium transport 
activity. In the case of the toad bladder, there are argu- 
ments pointing at aldosterone stimulating active sodium 
transport by increasing the permeability at the outer ocell 
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membrane(s) rather than by direct action on the sodium 
15 


It is therefore possible that only those membranes 
which allow sodium in on account of & process complying 
with saturation kinetics are capable of reaponse to aldo- 
sterone which would somehow weaken this diffusion 
barrier. 

Part of this work was carried out with the financial 
support of the Fonds de la Recherche Scientifique Médicale, 
Belgium (grant 555). Animals were plied by Mr. 
D. R. Fischer, Warner Laboratorios, Rio de Janeiro, 
Brazil, assisted in the shipment by the Ministry of Foreign 
Affairs of Belgium. Aldosterone was & gift of OIBA, 


B ! G. Corzá* 
J. CRABBÁ 
Section of Endocrinology, 
Laboratory of Experimental Surgery, 
University Clinics St. Pierre, 2 
Louvain, Belgium. 


* Recipient of a fellowshtp from the 0.0.D. (Belgtum). 


> Wilson, T. EL, Intestinal Absorption (Baunders, London, 106%). 
BY, in Mineral Metabetirm, odii. by Comar, O. L., and Bronner, 
‘A, 240 (Academic Press, New York, 1060). 

dos da and Andersen, B., Proc. Third Intern. Cong. Biochem., 
Brussel, 434 (1955). 

* Crabbé, J., Jmdoorinology, 08, 673 (1961). 

Pen eg a TAs Eat ae RON AOR f Aldseterond: UNES Dice 

* Crabbé, J., J. Olin. Insest., 40, 2108 (1061). 

1 Crabbé, J., Jndoorinology, 76, 809 (1064). 

ise Maas G. W., and Bartter, F.O., J. Clin. Invent , 3, 
1299 (1965) 


"Hol, P. R., Fink, D. L, Zinta, H. A, and Oros, J., Olin. Jae, 18 31 


» Levitan, R., and Ingeifinger, F. J., J. Cha. Imeest., 44, 801 (1965). 
?! Usung, H. H., and Zerahn, K., Acta Physiol. Soend., 88, 110 (1961). 
n Crabbé, J., Acta Endocrinol , 47, 419 (1904) 


" Caio, 3G, Herrera, F. O, Mankgan, W. J., and Curran, P. F. J. Gen. 
" Fraser, H. B., Dempeey, E. H., and Leaf, A. J. Gee, Phawiot, 45, 639 
u Crabbé, J., and De Weer, P., J. Physiol. (In the press). 


Adenosine Triphosphate and Muscular 
Contraction and Relaxation 


THERN are three observations which suggest that dimin- 
ution of the adenosine triphosphate (ATP) content of 
muscle leads to contraction: (a) the ATP and creatine 
phosphate (CP) content of isolated striated muscle is about 
5 times that of smooth musclet, and the latter always 
shows a state of contraction or tonus; (b) diminu- 
tion of the ATP content of smooth muscle leads to oon- 
traction, and inorease to relaxation’; (c) adrenaline, which 
causes relaxation of smooth muscle, increases the ATP 
content of muscle by about 70 per cent in the first 15 seo*. 

It may be argued that the contraction of muscle when 
ita ATP content dimimishes is not physiological, but is 
some sort of rigor; the action of adrenaline, however, and 
the presence of tone, suggests that increase in the ATP 
content of the muscle leads to a‘physiological relaxation, 
and decrease in the ATP content to a physiological oon- 
traction. It is therefore tempting to assume that the 
normal contraction of muscle is due to sudden diminution 


‘of its ATP content. 


It may be assumed that the primary event in muscular 
contraction is the breakdown of ATP. The protein-ATP 
complex in relaxed muscle breaks down into protein- 

F saniplak and phosphate, resulting in the contraction 
of muscle and release of energy. The energy which is re- 
leased by the breakdown of ATP may be considered as a 
waste in the first instance for the purpose of contraction. 
It may be assumed that this energy is stored in some way 
and is utilized later to regenerate the lost ATP and 
OP; the gnerey may De Mure eee Ke ey 
level of some organic or inorganic ion such as 
Sodium and ium are not important for contraction, 
as shown by the fact that when frog stomach muscle is 
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frequently washed with half isotónic (0:112 M) solution of 
sucrose, it loses all ita sodium in I h (ref. 4), and retains 
only 50 per cent of ita potassium (30-35 mM/kg of wet 
muscle)’, but continues to contract spontaneously for 
about 24 h. Frog heart, when perfused with half-isotonio 
solution of sucrose, loses all sodium in 1 h and retains only 
22 per cent of ite potassium (16 mM/kg)*, but continues 
to contract spontaneously for 2-7 h*. The foregoing 
hypothesis reconciles the findings that the heat production 
in muscle precedes contraction’ with the view that 
relaxation of muscle is &otive*:*, 

It has bean proposed that adrenaline causes relaxation 
of smooth muscle by producing lactic acid!*. As adrenaline 
Causes increase in oxygen consumption), the lactic acid 
production is probably & manifestation of increased metab- 
olism and not the cause of relaxation. It is very likely that 
adrenaline causes relaxation by increasing the ATP content 
of smooth muscle. 
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Inhibition of Aortic Calcification by means of 
Pyrophosphate and Polyphosphates 

Soma years ago we showed that inorganic pyrophosphate 
and other longer-chain condensed phosphates could 
inhibit calcium phosphate ipitation in vitro at con- 
centrations as low as 10-* M (ref. 1). Later we found that 
pyrophosphate is a normal pea of both urine! 
and plasmat, and we suggested that it might therefore bo 
important in vico in preventing collagen and other 
nucleating substances from oalcifying* ; calcification 
would then proceed only after the inhibitor had been 
destroyed by pyrophosphatase, an enzyme t in 
high concentrations at mineralizing sites’. Indirect 
support for the inhibitory role of pyrophosphate m vivo 
has emerged from studies on urolithiasis. Patients with 
renal stones excrete less pyrophosphate than normal* 
and the excretion of pyrophosphate can be raised by 
feeding orthophosphate*:*, a procedure claimed to prevent 
stone formation)’. 

We have tried to gain more direct evidence that con- 
densed phosphates can inhibit calcification tn vwo. As 
our teet system we have used the calcification of the aorta 
in rate treated with large doses of vitamin D. Rata were 
B daily doses of 75,000 unita/kg vitamin D, orally 

5 days, an amount known to induce heterotopic 
calcification». When the animals were killed 13 days 
after the treatment, the sorta was nearly 
always heavily calcified. 

When we gave subcutaneous injections of pyrophos. 
phate or Graham salt (a long-chain polyphosphate, 
n= 20) to groupe of similarly treated animals from the 
day before the first dose of vitamin D, until they were 
killed, the calcification was, with the exception of the 
160-g group receiving 1 mg phosphorus/kg of Graham 
salt, oither reduced or completely revented. Equivalent 
doses of orthophosphate were ineffective. The resulta of 
the calcium analysis expressed in mM caloium/g dry wt. 


of aorta are shown in Fig. 1. Histological analysis of the - 


calcification using silver nitrate correlated well with the 
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calcium analysis. ^ Aortes from animals successfully 
treated with polyphosphates also showed no abnormalities 
m morphological appearance after periodic acid-Schiff 
and alcian blue staining. 

Interesting differences seem to exist in the responses 
of the animals at different ages. Pyrophosphate was more 
effective than Graham salt in the young animals, but the 
reverse wae true in the older animals in whom the 
to pyrophosphate was only slight. It would be interesting 
to know whether this apparent resistance of the older 
animals to the physiological inhibitor pyrophosphate is 
of any relevance m the development of pathological 
calcifications in the aged. 

The experiments show that condensed phosphates 
can prevent calcification in the aorta, and are therefore 
effective tn vivo as well as in vitro. This property might 
perhaps have a place in the future in the prevention of 
heterotopic calcification. 

This work was supported by grant 2618 of the 
Schweizerischer Nationalfonds rur Fórderung der wissen- 
schaftlichen Forschung; U.S. Publio Health Service 
grant AM 07200—02 of the National Institute of Arthritis 


. and Metabolic Diseases; and the Sandoz Stiftung rur 


Fórderung der medizinisch-biologischen Wissenschaften. 
We thank Mr. R. G. G. Russell for his advice. 
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PHARMACOLOGY 


Blood Levels of Drug at the Equilibrium 
State after Multiple Dosing 


Tamnu is ample evidenoe!-** that when & fixed dose of 
drug is administered in a fixed multiple-doee regimen, the 
blood levels of drug eventually reach a steady state in 
whioh the blood level time curve during any dosage inter- 
val is the same as it ia in the ing and in the following 
dosage interval. One may define the equilibrium state as 
that in which input of drug to the ‘body’ is equal to output 
of drug from the ‘body’ in a given dosage interval. The 
same state will be reached when the initial 
dose is than the maintenance dose*.*. 

Tees eee iio ean EEST NETTE 
applied to analysis of compartment models. The analogue 
computer studies led to an equation which can be used to 
predict the average asymptotic blood levels during & 
multiple-dose regimen from basic parameters estimated 
from single-dose studies. The equation also has been 
derived mathematically. 

The equation is: 

O-PFD|VE« (1) 


where O is the average asymptotic blood (serum of plasma) 
concentration, D is the dose (weight) given at the begin - 
ning of each dose interval, + is the length of the dosage 
interval, K is the first-order rate constant for overall loss 
of drug from the blood, F is the fraction of each dose 
which is absorbed, and V is the apparent volume of 


distribution of the drug. 
O is defined as follows: 
1 
== 2 
LEE Oa (Ùd (2) 
whare t, — =r and O,, (t) is the blood level at time £ 
during the rium state. 


Equation (1) will hold under the following conditions: 
(a) transfer from the blood is first order; (b) F, D, V, K 
and + are oonstanta for each dose of the multiple-doso 
regimen in a given subject or patient; and (c) input to the 
blood and transfer from the blood to any number of pos- 
sible compartments and back to the blood may be de- 
scribed by & system of simultaneous linear differential 
equations. . 

Under these conditions, it can be shown that, following 


a single dose of drug: 


FD-Y -a O(t) de (3) 
This equation is implicit in the work of Teorell™ and 
a and implied by many authors,” for example, 


Combining eaat ioo. (1), (2) and (3) gives: 
E 0,() di = i Olt) dt (4) 


Hence, under the conditions stated here, the area under 
the blood-level curve during a dosage interval at the 
steady state will be equal to the area under the single-dose 
blood-level curve. 

The Č level expected on a given multiple-dose regimen 
of dose, D, * hours may be predicted from single- 
dose blood-level data by obtainia DIV and K from the 
single-dose data, then using equation (1). K may be eti- 
mated from the terminal linear segment of & semilog&- 
rithmic plot of blood (serum of plasma) concentrations 
versus time. Under the i stated by Wagner 
and Nelson, FD/V may be estimated by the "e 


PD. 15 

T 7A [oro ) +x)" Olt) (5) 
where T; and O(7';) represent the time and an blood 
levels for the n points used to estimate K and the integral 
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Table 1. PHMNOMERA WHICH WILL IKYALIDATR BQUATION (1) 


1. Plasma level of drug exceeds K inareases and V decreases at high 
banding oapacity levels 
2 ton increases at higher AT EAD Adie aan and. y 
levels Increases at high blood 
3. An ryme system metabolizing of from the ‘body’ 
the drug becomes saturated at may change from apparent first 
high blood levels order to apparent zero order. 
4. The drug's metabolism is stimu- K mereases and V. remains constant. 
lated by the drug !tmelf or by 
5. The s metabohsm is inhibuted K decreases and V remains constant. 
by another agent 
6. equilfbrimm is not main- 
tained between drug in blood and 
drug in other fluids of distribution 
7. The fractaon of the dose absorbed F will decrease as D ts increased. 


is the cumulative area under the blood-level time-curve 
from time zero to time T. 

There are several known phenomena which invalidate 
the use of equation (1). These are listed in Table 1. 

Equation (1) predicta that 0 will be directly proportional 
to the dose on a multiple-doee regimen where the doses are 
given at regular intervals of +h. If the observed Ó levels 
are not directly proportional to the dose administered, than 
one or more of P, K, and V are suspect as not being con- 
stent. One, two or all three of these may change with 
increasing dose and/or blood level. Then additional studies 
are indicated to determine which factor or factors cause 
the lack of proportionality. 

If equation (1) is applicable, the slope of the Ó, D linear 
plot will be F/VK«. If the drug is given intravenously, 
then F=] and the slope will be 1/VKt from which the 
metabolic clearance rate, VK, may be obtamed. The 
ratio of the slope obtamed by the non-intravenous route 
to the alope obtained by the intravenous route will yield 
the fraction, F, of the dose absorbed following the non- 
intravenous route. With drugs that are excreted in the 
bile and which also yield measurable blood levels, & 
material balance obtained by measuring ‘unchanged’ drug 
in the blood, urine and faeces does not provide data to 
assess the extent of drug absorption. This is obvious 
since drug measured in the faeces may have been totally 
or partly absorbed and excreted in the bile, to appear in 
the faeces if not reabsorbed. Hrnoe, one cannot distinguish 
drug in the faeces whi been absorbed from drug 
which has passed directly through the gastrointestinal 
tract. The method outlined above circumvents these 
pitfalls but, of course, it depends on the validity of 
equation (1). 

Equation (1) is also useful, if shown to be valid for a 
particular drug, to predict change in Ó with change in 
dosage regimen. One can insert various pairs of D and + 
values, and, with F/VK calculated from the slope of the 
O, D plot origmally investigated, calculate the icted 
O level for each pair of D and + with equation (1). Such 


estimations may constitute a great saving in time and 


money compared with a trial and error empirical method. 

The average asymptotic blood level for a given dose is 
independent of the rate of absorption in those cases where 
equation (1) applies. The analogue computer studies indi- 
cated that the more rapid the rate of absorption, the 
greater the variation of the blood levels about O during a 
dosage interval. Equation (1) also indicates that C is 
inversely proportional to K or directly proportional to the 
biological half-life of the drug, tp in a particular individual. 
Since there is considerable variation in biological half-life 
from subject to subject with a given drug", one can expect 
a similar variation in Ó levels. These considerations may 
be of importance in comparing blood-level resulta following 
‘sustained release’ or prolonged action preparations of a 
drug with those followmg conventional dosage forms. No 
clear-cut distinction may exist in a multiple-doeo study 
even when one has been observed in a single-dose study. 

Binoe t; —0-693/K, one can re-write equation (1) as 
follows: 
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VO = LFD (6) 
T 

where VO is the average amount of drug in the ‘body’ 
during & doeage interval at the steady state. When 
equation (1) is shown to apply for a given drug, some 
in ing rules are evident from equation (0). If «—t. 
then VÓ is 1-44 times F'D or that amount of drug which 
reaches the circulation after & single dose. Corresponding 
values of VO/F D for selected t/t, ratios are: 


Ratio of agymptotio amount 
Dose Interval r In body to amount absorbed 
in multiples of ti from each dose 
(riti) (VO/FD) 
1 1-44 
2 072 
4 0-36 


The extent of accumulation in the ‘body’ of a drug having 
a long half-life and administered frequently can be readily 
gauged by use of equation (6). If a drug with & half-life 
of 72 h is given twice a day, then VO ~8-64 FD provided 
the above conditions hold. Onoe the biological half-life of 
& drug in & panel of human subjects is known, then 
lucas (0) may be utilized So provide initial estimates 

drug accumulation with different projected dosage 


regimens. 
J. QG. WAGNHR 
J. I. NORTHAM 
C. D. Atway 
= O. 8. CARPENTHR 
The Upjohn Compeny, 7 
Kalamazoo, Michigan. 
18 J. D., G.M, J. Q., J. Amar. Mod. ,110 
omar Hon)! Rourke and Allen, J. Amer, Med. Aseco., 11 
1 Boxer, G. B., J V.O., B., and Du R., J. Pherm. 
A E E ym Tompeett, Bots, Esp 


iori B. B., and Wijnans, KM., data Physiol. Pharmacol, Nesri., 1, 237 
* Van Gemert, A. G. M., and Duyff, J. W., Adta Phynol. Pharmacol. Nesri., 1, 


256 (1960). 
* Dost, F. H, Der Kinehh der Konseniraionsaublaufo in der 
Kreueisui ussigkei ( Thieme, Leipzig, 1063). 
' Burm, J. J., Rose, B. Chenkm, T., Goldman, A., Schubert, A., and 


B. B. J. Pink Hay. Therap , 100, 346 (1083). 


' Butler, T. O., Mahaffee, O., and Waddell, W. J., J. Pharm. . Therap. 
111, 425 (1954). 1a 


* Bwintosky, J. V., Bondi, A, , and Robinson, M. J., J. Amer. Pharm. 
Amoo So. Ed., &1, 753 (Tol). 


* Kruger-Thlemer, H., J. Amer. Pharm Assoc. So. Ed., 49, 31 (1960). 

^ Kruger-Thiemer, B, Xe. Wochen , 38, 514 (1060). 

n Bunger, P., Dillar, W., Fuhr, J., and Kruger-Thxyerner, B.. Arzseis., Forsch , 
11, 247 (1961). 


n Kruger-Thiemer, W., and Bunger, P., Areneum. Forsch., 11, 867 (1901). 
u Kruger-Thwemer, H, Theorie de W -Baktervostetischer Chemothe: a- 
duet, DD. 417-400 Quiet Morea, Gotangen, Headelberg, 
H Kruger-Thiemer, E., Kha. Wochen., 40, 153 (1903). 
ae -Thiemer, B. Verwandis Chemo, 
und unter’ Band, 
-Tei, Springer-Verlag, Berlin, Göttingen, Heidelberg, 1062). 
1* Behlender, B., and Kruger-Thiemer, BL, Armeim. Forssk., 12, 002 (1002). 


4 Butheriand, J. Antumrobis] Therapy of Uke Newborn I: presented 
Mab the d TRADI Oong. p ent eee des Berg osi im 


a a nes d. J. Pharm, Soa, A 


Wagner, J. G., and Alway, O. D., Natwre, S01, 1101 (1964). 

* Cummings, A. J., and Martin, B. K., Hookem. Pharm., 18, 767 (1964). 

X Teorell, T., Arak. Intern. Pharmacodyn. Therap., 57, 205 (1937). 

= Docungues, R., and Pomerens, B., Proo. S00, Bep. uol. and Med., 00; 178 
( ) 

= haok, O., and mahai, O., Aniinoko Med. and Cha. Therapy, b, 906 


"E Talt J. Fo Tait Brina, A. Ho Litio, B., and Laimas, KE., J- Oha. I% 
testigahon, 40, (1901). 


u Wagner, J. G., and Nelson, B., J. Pharm. Soi, 68, 610 (1068). 


1e Absorption end Distribution of Druge, edit. by Binns, T. B. (HB. and 8. 
Ltvmgstone, Lid. Edinburgh and London, 1964). 


Altered Cardiac Retention of Exogenous 
Noradrenaline produced by Stress in Young 
Rabbits 


Ax impreasive body of evidence indicates that oardio- 
vascular reactivity either to sympathetic nerve stimulation 
or to injected catecholamines is considerably decreased in 


x 
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adrenalectomized animals!. The administration of adreno- 
cortical hormones to such animals either i es or 
restores to normal the ability of the cardio system 
to respond either to sympathetic nerve activity or to the 
injection of adrenaline or noradrenaline’. These oon- 
—siderations suggest that one result of stress-induced. 
adrenocortical secretion in normal animals might be an 
enhanced de uL of the cardiovascular system to the 
catecholamines. In support of this idea, it has been 
reported! that hydrocortisone increased the response of 
rabbit aorta to noradrenalme tn vitro. Such potentiation 
could be caused by a decreased tissue-binding (that is, 
functional inactivation) of administered noradrenaline 
produced by the steroid. This ion was investi- 
gated by examining the influence of administered hydro- 
cortisone on the sub-cellular distribution of tritiated 
noradrenaline in the rabbit heart. 

Rabbita received four i itoneal injections, each of 
10 mg of hydrocortisone jum suocinate/kg body-wt. 
(in a volume of 0-1 ml/kg) at hourly intervals. Fifteen 
intravenous injection of 2 ug of di-noradrenaline-7-*H. per 
kg (specific activity 4:72 o./mmole). The hearts were 
removed 30 min later, homogenized in six volumes of 0-3 M 
sucrose and the homogenate was centrifuged at 185,000g 


. for 30 min. The noradrenaline-*H. oontemta of the reult- 


ing supernatant fluid and the crude particulate fractions 
were estimated, after extraction of each with 0-4 M per- 
chlorio scid, using methods described previously*. 
Preliminary experiments revealed a significant decrease 
in both the supernatant and particulate noradrenaline-*H 
of heart homogenates after hydrocortisone treatment. An 
identical effect was seen in another group of animals that 
received intra Injections of salme (0-1 ml./kg), 
instead of the hydrocortisone. Furthermore, it was noted 
in these early experiments that this effect was only seen 
when young (approximately 500 g 
, Fubsequent indice (those foemina the basis 
for this communication) were conducted using only young 
(age 3—4 weeks) rabbits, the weight-range of which was 
470—700 g. Four such animals were used in each of the nine 
experiments forming series 1 (Fig. 1). A random selection 
ee ee 
these experiments (Fig. 1), the particulate noradren- 
alme-*H was significantly (P «0-01) reduced by each of 
the treatments used; the d 
was significantly lowered the previous injection of 
either hydrocortisone (P 0-01) or saline (P « 0-05), but 
1 not by that of AOTH (included in this series to mimic the 
effect of a possible stress-induced, endogenous secretion of 
this hormone). It was apparent that neither hydro- 
cortisone nor AOTH &dministration had a effect 
than successive intraperitoneal injeotions of saline. 


Norepinephrine (e.p.m x 10°) 
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similar to those of series 1, carried out with 
Bae abita (age 11-13 weeks; weight 1-1- 17 kg), 
revealed no alteration of the sub-oellular distribution of 
cardiac norepinephrine after any of the treatments. 
The fact that, in young animals, the intraperitoneal 
injection of either salme or the stress and handling asso- 
ciated with its administration caused tbe altered distri- 
bution of noradrenaline-*H suggested that the mechanism 
might involve stimulation of either the -adrenal 
axis or the activation of the sympatho-adrenal system. In 
either event, the effect should be reduced. or abolished by 
anaesthesia. ents were carried out (series 2, 
Fig. 1), therefore, using rabbits anaesthetized with dial- 
urethane (0-5 mL/kg). Unfortunately, it was impoasible 
to maintam young rabbits under anaesthesia for the total 
experimental period (4 h 45 min) used in series 1. Acoord- 
intraperitoneal injections of either saline (0:1 
xs in or hydrocortisone sodium succinate (10 mg/kg) 
were given four times at intervals of 80 min. The remain- 
ing experimental was identical with that des- 
oribed for series 1. It can be seen (series 2, Fig. 1) that in 
ansesthetized &nimals h appeared to reduce 
the amount of particulate-bound noradrenalme-‘H, when 
compared with that of saline-treated rabbits, although the 
decrease was not statistically significant. The supernatant 
noradrenaline-"H was uninfluenced by hydrocortisone. 
Anaesthesia per se had no observable effect on amine 
retention (using the mean figure for the control, conscious 
animals of series 8). The latter control figures were used 
to judge the influence of ansesthesia, since the experiments 
comprising series 2 and 8 were carried out simultaneously. 
Large volumes (50 ml. and above) of saline, injected 
intraperitoneally, are known to cause adrenocortical 
activation‘. It seemed unlikely that only 0-4 ml/kg 
injected in the work recorded here could be responsible, 
per se, for the observed effect on the retention of nor- 
&drenaline-YH. This possibility was examined in experi- 
ments (series 3, Fig. 1), Ben ee ee es 
animals each received 4 mock injections ( 
passage of a hypodermio needle through the a 
ny oii al pain anc Ha te e 
noradrenalme-*H as already described. Such mock 
intraperitoneal injections significantly (P< 0-01) reduced 
the noradrenalme-*H of both supernatant and particulate 
fractions of heart homogenates. The fact that mook 
injections are just as effective in this as intra- 
peritoneal injections of saline (series 3, Fig. 1) establishes 
unequivocally that the mechanism responsible for the 
effect is initiated by the streas and handling attendant 
on intraperitoneal injection in young rabbits. 


Table 1. PERORNTAGR DECKRASR IN THE MEAN NOREPDUNPEAINE-'H OF 
BUFERXATANT AND PARTIOULATR FRACTIONS OF SUCROSE HOXOGENATES OF 
HART FOLLOWING VARIOUS TXXNMATMENTS OF YOUNG BABBITS 





Table 1 indicates that, with the exception of the experi- 
ments where 4 mook injections were given, all treatments 
Teduced- the mean particulate no: ine-*H. content 
more than that of the supernatant fractions. 

These studies serve to draw attention to the importance 
Giasbieenasia detects saand of A rotonilon af noradsenalins 
by the heart of the young rabbit; they do not, however, 
ee Do bur d 

e for the effect. The fact that intraperi- 

y admimistered ACTH was no more effective than 
saline (series 1, Fig. 1) suggests that if pituitery-adreno- 
cortical activation mediated the depressed noradren- 
aline-"-H retention, then such activation may be 
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maximal with the streee alone (that is, saline or mock 
injections). A second factor which may be involved in 
producing the observed effect is a stress-induced sympatho- 
adrenal actavation. If the blood levels of catecholamine 
during the stress reached sufficiently high levels and were 
maintained until the injeotion of noradrenalme-7H, it is 
conceivable that competition for uptake sites took place, 
since both adrenaline and noradrenaline are bound by the 
same sites in heart’. 

I thank Dr. 8. Stubbe, of the pba Co., Kalamazoo, 
Michigan, for supplies of both drocortisone sodium 
succinate and A’ id Man P. Caeicohan acd Mul 
J. Bach for their asistance. This work was supported by 
U.S. Public Health Service grant H—7249, from the 
National Heart Institute. 
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Serum Protein Changes associated with 
Oesophagostomum columblanum Infections in 
Sheep 


Tue separation of serum proteins by paper electro- 
br dag has been used widely in human medioine and 
or o Ac purposes by veterinarians!. Parasitologiste 
also finding increasing use for electrophoretic tech- 

Rites in the analysis of helminth infections’. In the 
following study the distribution of serum proteins of non- 
infected sheep maintained worm-free from birth, and 
worm-free sheep experimentally infected with 2,000 
Ocesophagostomum larvae, was analysed electrophoretically. 

Blood samples were obtained from all-the control and 
infected animals at intervals of between four and seven 
days by jugular puncture. The serum from these samples 
was stored at — 20° C until used. Total protein estimations 
were made using the Biuret method and a Beckman ‘DU’ 
spectrophotometer*. Electrophoretic separation of the 
individual proteins was obtamed using Oxoid cellulose 
acetate strips and a barbiturate buffer, pH 8-6, 0-07 M at 
0-5 m.amp/om width of strip for 1-5 h runs‘. The dried 
strips were stained using bromo phenol blue in 5 per cent 
acetic acid; the stained strips were washed in four suc- 
ooeasive of 5 per cent acetic acid, dried and cleared 
in white oil (Shell) and scanned using an ‘EEL’ scanner. 
The proportion of the individual protems was ascertained 
from the scanner drawings. The form of these patterns is 
shown in Fig. 1. 

Campbell! obtained four serum fractions from normal 
Sheep using paper electrophoresis, namely, albumin, a, 
B, and y globulins. By the use of cellulose acetate the 
B fraction was split into Bl and B2 components; each of 
the other separated protems and the Bl and 82 together 
agree closely with the proportion allotted by Campbell? 
(Table 1). 

In the control animals the serum patterns can be noted 
to change provided the observations are spread over a long 
enough period. There 18, however, little change in the al- 
bumin and « globulin content as expreased in g per cent, 
more notably the 81, 82 and y globulms increase gradually, 
particularly the B2 and y globulins (Table 1 shows the 
average values seven weeks apart). 

After infection with O. columbianum the total protein 
value generally begins a slow decline. This alow decline is 
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due to a complex of changes, occurring all at once, in- 
volving a loss of serum albumin, a and 81 globulins, and 
sa Increase in the 82 and y globulin content of the serum. 
The actual loss of serum albumin is generally quite maaarve, 
involving as it does a loes of up to 1 g per cent. This loss 
is related to the dehydration caused by the infection > 
through water loss in the faeces, which may increase by as 
much as 30 per cent over the normal value. Loss of water 
is important since albumin is re-cycled through the lumen 
of the gut’; the inability of the infected sheep to re- 
&beorb water results in the loee of & great deal of the 
re-cycling albumin. 
Tixpermnental infection 


Begmning End 


Control non-infected 
worm-free 


aliaa" 


i 
: 


=p p 


ALBUMIN GLOBUUNS 


“e Bisle 


l 





Fig. 1 


Immunological activity by the host is indicated because 
there is a large increase in the globulin fractions, particu- 
larly 82 and y globulins, both of which are known to con- 
tain antibody*. Proportionately there is a greater per- 
centage increase in the 62 globulin fraction than the y 
globulin. This was more evident after primary than after 
secondary infection. This may indicate an inordinate in- 
volvement of 82 substances in the resistance of the host to 


y globulin fraction increased by 1 g per cent within one 
eel The B globulins were not aífeoted in this way 
although there was a large but gradual increase. Comple- 


An anamnestic re- ~ 
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Culture in London 
Study in Melbourne 


An efficient method of transporting living cells and specimen ampoules. This holder is saturated with liquid 
other specimens has become one of the biologists nitrogen which gradually evaporates and is exhausted 

“most urgent needs. Now Union Carbide has developed to atmosphere through pressure relief vents. The porous 
a revolutionary new range of biological transporters specimen holder eliminates the danger of spillage, and 
embodying a unique principle of cryogenic storage Super Insulation reduces the evaporation rate to 0.33 
which enables the temperature of the specimens to be litres per day in the case of the BT-2 and 0.36 litres 
kept below -130°C for up to five days: long enough er day in the case of the larger capacity BT-3. Porous 
for a train journey across Europe or a freight flight from holdare can be supplied to fit any shape of specimen 
London to Aüsrdlis The new transporters consist of an container. Since the BT-2 holds 1.6 litres of nitrogen and 
aluminium outer shell with a plastics lining containing the BT-3 2 litres, both transporters have a guaranteed 
8 porous speciman holder drilled to accommodate tha static holding time of 5 days. 





BIOLOGICAL TRANSPORTERS ANOTHER PRACTICAL PRODUCT OF Bea 


UNION CARBIDE LIMITED, CRYOGENIC EQUIPMENT SALES, EHGINEERING PRODUCTS DIVISION 
8 GRAFTON STREET - LONDON W1- MAYFAIR 8100 

p GEEMICALS * CRTUSENICS - DYREL FIBRE * ELECTRONIC COMPONENTS * FEREO-ALLCYS - FLAME PLATING  PRESTONE CAR POLISA * SILIOOWES + SEPERALLOTS * UCON LUBRICANTS 
t 


The terme Dynel, Prestone, Ucon and Unon Carbide are registered trade marks of Union Carbide Corporation WCW DER 
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No other stereoscopic microscope 


Incorporates 
so much for 
so little 


Compare these features: For only £167.10.0 you can 


magnification range from 4x to 100x and a free working 
distance up to 100 mm. In addition, standard specrfication 


prehensive range of accessones includes: Mechanical and 
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PES 8 3x 10x 16x 26x 
28mm |17.5mm | 11mm 7mm 





E & M's Newest Pressure Transducer 
The Linear-Core"" Model P-1000 


PHYSIOGRAPH 


the complete physiological 
recording system 














rl pir 10 eed | fname and en 
= 
Recorders 05% of selected ramage. E & M C» 
Engiend St, Heeston, Texas 77021 = 


Choice of one to six recording chan pedance Dee plethysmogra- 
nels, 12 fixed-s or continuously phy,rheography; m || — smooth, 
variable speed drive, rectilinear skeletal, E aut ett pressure; 
or curvilinear Ink writing. rational blood pom ressure—direct and Dens 
simplicity of all E & M on equip- blood flow; circulation times; 

ment permits immediate use by per- tenslon; pulse — rate, contour, velo 


sonne! Famteairad In electronics. electrocardíography; heart rates; heart . 
sounds; electroencephalography; rheo- 
Transducers encephalography; glandular secretions; 


E & M provides Transducers for galvanic skin response; temperature; 
resplration — rate, depth; alr flow; im- electromyography; and others. 


E & M INSTRUMENT CO,, INC. 
Box 14013 * 6030 England Street * Houston, Texas 77021 
Instrumentation for Research and Education 
Send for 32 page, fully-iliustrated catalog, #105. 


Sole distributor for the United Kingdom: Blorex Laboratories Led. (Scientific Instruments Divislon), 47/51 Exmouth Market, London, E.C.T. 





purchase a precision-made stereoscopic instrument with a 


includes Incident and transmitted illumination « A fully com- 


shifting stages « Insect holders « Vertical Illumination prisms 
Table of megnification, Field of view and working distance" 


Write for specification sheet and particulars to: 
Instrument Division, D. R. GREY LTD., The Carrow Schools, Carrow Hill, NORWICH, NOR 61B. Phone: Norwich 29661/2 
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Table 1. BERUM PROTE FRACTIONS FROM Correct, WORM-FKER, NON-IKFROTKD SHEEP AND WORM-FREE SHEEP XIPRXIMENTALLY INFECTED WITH 2,000 
Ossoghagostomum cohumbianwm. Larval 
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Serum proteins 
Globalins 
Tomi. 
Y protein 
T dico r teror T = 
(g %) (a %) - (g 96) 
0-31 106 6-06 
20-002 +0 017 +0 04 
10-325 72 1-03 
0-37 128 6 57 
+ 0-002 x 0-013 0-026 
35 0-49 2-14 7-08 
+0022 +0-065 l 
31-48 378 
0-71 255 6-72 
+0-012 +0-040 +0 al 
0-56 2-06 7-03 
20-004 +0-086 +0 O41 
20 18-16 3-09 1-06 
0-81 199 7-49 
+041 +0 076 +0 061 








ment-fixation titres of these sera show that the peak of 
Y globulin content of the serum occurred at the same time 
as the highest camplemoent-fixation titre on both first and 
second infection. 

^ Preliminary analysis of the mucus from immune ani- 
mals indicated that there are large amounts of B1 and 82 
globulin in these intestinal exudates and that the mi- 
gration of the B2 fraction may be inhibited by the addition 
of specific somatio anti from the disintegrated. 
third-stage larvae of x 

C. DoBsoN 
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. abe BA, and AL, Beperimental 1 , second ed. 
, Finopirii Catan, Ly RUN Techniques, 11, Fone 
e d T^, and Budasnsh, B., Py, ecl, Ya uso) ^ e 
Effect of Treatment with 2-M ol on 
Tanned Red Cell Agglutinating bodies in 


Allergic Encephalomyelitis 


re Ir has been shown that guinea-pigs and other animals 
injected with brain and Freund’s complete adjuvant pro- 
duce antibodies, both of complement- and agglu- 
tinating type!*. These antibodies react with homogen- 
ates or extracts of brain and also with purifled encepha- 
litogenic agents of the basic protein type; in this study 
only the anti-basic protem response has been evaluated. 

Harwin and Paterson? found that in rate with i 

enoephalamyelitis, oomplement-fixing activity of 
serum was associated with 185S globulins and was destroyed 
by treatment with 2-mercaptoethanol. Serum with high 
complement-fixing activity when passively administered 
showed suppressive effects against the disease. 


Tablel. AGGLUTINATINQ ANTIBODY IN BERA OF GUINEA-PIGS WETH ALLAR- 
Tras TREATM EAT 


Tv 


«I0 XZEONPHALOXYELPTIA BEFORE AMD AFTER Or SERA 
Were 3-MNROAPTONTHAXOL (BAL) 
Titres (tubes of dilution) 
x: in Beak erige et 
Initial After treatment Initial After 
BAL with BAL 
2428 8 8 18 13 
3429 8 8 14 14 
2430 8 8 15 18 
2428 T 8 14 12 
230 NT HT 6 B 
2065 0 0 8 8 
3431 4 T 8 7 
2237 1 2 6 8 
21254 1 1 6 8 
2434 4 6 8 8 
NT: not tested. 





It was thought of interest to investigate the presence of 
antibodies to a purifled enoephalitogenio basic protein 
(EF) of human brain‘ and also to a similar, but inactive, 
product derived from human sciatic nerve (SNBP) before 
and after treatment with 2-mercaptoethanol since this 
treatment is reported to inactivate 199-type antibodies*:*. 
Sera were mixed with an equal volume of 0-2 M 2-mercap- 
toethanol left at 18° C for 24 h and the reagent removed by 
dialysis normal saline for & minimum of 8 days 
at 4°O. Results of the antibody titrations before and after 
treatment are shown in Table 1. Antibody titre was not 
markedly reduced in any ; on the contrary, 

titres were obtained in & number of cases. 

These resulta suggest that direct agglutinating antibody 
is of the 7S type. Because of the increase in titre shown in 
some cases it may be that treatment with 2-mercapto- 
ethanol can liberate direct agglutinating fragments from 
non-agglutmating 185 antibodies present. Treatment with 
2-mercaptoethanol did not influence the course of allergio 

encephalomyelitis in the ‘guinea-pig’. Protection experi- 

ments carried out by pre-immunizing guinea-pigs with 
enoephalitogen either in saline or in incomplete Freund’s 
adjuvant gave high titre antibody of both types in each 
case but high protection only by immunization using the 
antigen in incomplete adjuvant. This suggests that} either 
the 7S or 199 antibody to the active agent is directly 
associated with protective activity or that the protecting 
antibody may be directed against an inactive contaminant 
associated with the encephalitogen, enabling this to be 
cleared from the system before it can produce disease 

E. A. CARPARY 

E. Janer BALL 
M.R.C. Demyelinating Diseases Research Unit, 
University of Newcastle upon Tyne. 
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Stimulation of Mast Cell Production in 
Lymph Nodes of the Rat by Pyrrolizidine 
Alkaloids 

Mast cells are known to increase in some tissues under 
certain conditions often associated with an immunological 
component. Well-known examples are in the skin in the 
vicinity of induced epitheliomas in mice! and associated 
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with proliferative changes in the thymus of NZB mice’. 
'In lymph nodes, where under normal conditions mast 
cella occur in small numbers only, Miller* observed an 
increase in mast oell numbers after injection of Salmonella 
antigens, and Takeoka e£ al.‘ noted a mgniflcant increase 
in mast cells in the lungs and mediastinal lymph nodes in 
rats being fed seeds of Orotalaria spectabilis or the pyrro- 
lizidine alkaloid, monocrotaline, isolated from this plant. 

Because we have been mvestigating for some time the 
wide range of biological actavities displayed by this group 
of alkaloids', we have examined the effects on mast cells in 
the lymph nodes of rate given repeated small intraperi- 
toneal doses of the three alkaloids hehotrine, lasiocarpme, 
and supinine which occur in Heliotropum europaeum*. 
Solutions of the hydrochlorides of these bases were used 
for all injections. The acute 72-h LD,, doses are 296, 77 
and 405 mg/kg respectively*. In the current experiment 
groups of rata of a hooded strain’ were given 0-1 LD, of 
heliotrine or lasiocarpme or 0-2 LD, supinine by intra- 
peritoneal injection three times per week for 14 weeks. 
At necropsy, para-aortic lymph nodes and thymus were 
taken into Zenker fixative. Histological examination of 

sections stained with toluidine-blue and Unna- 
appenheim stein shows that there is a high mast cell 
count in the lymph nodes in 9 of 10 rata in the lasio- 
carpine group. Two only of 9 rata given heliotrme and 
none of 5 rate given supinine had a higher-than-normal 
mast-oell count in these lymph nodes. A comparison of the 
proportions of ‘high’ counts shown in Table 1 for the 
three alkaloids was made by computing chi-squared for 
the table and testing its signi ce. The value was 
significant at the 1 per cent probability level and it is 
olear that the frequency is highest for lasiocarpine. Mast 
cella were not found in the thymus with any of the alka- 
loids. 

From a comparison of sections stained with haema- 
toxylin-eogin, Unna-Psppenhesm stain or toluidine-blue, 
it is clear that the mast cells appearing within the lymph 
nodes of animals given lasiocarpme are significantly 
different in from those seen in connective tissue 
at the periphery of the nodes or in subperitoneal tissue. 

In general the mast cells in the lymph node substance 
are larger, cuboidal rather than elongate in ahape and stain 
leas heavily with toluidine-blue. The mast cells are mostly 
in the usual areas where they are found after antigen 
stimulation® end, although they are close to medullary 
cords containing many plasma cells, they are in the inter- 
vening lymph spaces among the large number of reticulo- 
endothelial cells which often contain blood pigment. 
There is an impression that mast oells are especially 


Fig. 1. Hotenstve mast cell proliferation tn an sorto lymph node of a rat 
treated with 0 1 LDw of hehotrine (Stained with toluidine-biue. xo. 84) 
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Table 1. Maser OILL OOUKTS IN AOKTIO LYMPH NODES OF RATS GIYEN 
BEPEATED SMALL DOSBES OF PYKROLIKIDINE ALKALOIDS 


No. of Mast cell counta * 

Alkaloid rats Proportion high 
Lasiocarpine 10 ' 0, 90, 100, 112, 125, 150, 165, 9/10 
Hellottne 9 acme 140, 16 

, 0, 0, 0, O, 0, 8, 140, 160 2 
Bupintne 5 0, 0, 0, 4, 12 0/8 


* Hach number ts the mean of comnts of two high- fields of the sama | 
section from one rat. nan Or rips Ape Bigh power e 


abundant where the lymph channels are blocked by 
reticulo-endothelial cella. At these pointe there are plasma 
cells and lymphocytes in the channels and the possibility 
of origin of mast cells from lymphocytes via pyronmophil 
cells cannot be excluded. It is equally possible, however, 
that they may be derived from local retaculo-endotheliel 
cells or have reached their characteristic situation from 
somewhere else in the body. In all the lymph nodes 
examined, all primary and secondary follicles are devoid 
of mast cells. 

We thank Sir Macfarlane Burnet, who suggested this 
investigation. 


, E. Drawer * 
Walter and Eliza Hall Institute 
for Medical. Research, 
Royal Melbourne Hospital, 
Australia. 
A. T. DIOK -w 
C.8.I.R.O. 
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Parkville, N.2, Victoria, Australia. 
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IMMUNOLOGY i 


Antibody Production in Mice with Isologous 
` Tumours 


Taws communication presents the resulta from experi- 
ments on the production of humoral antibodies by mice 


extensively investigated in recent and it has been 
shown that this ability is significantly depressed in patienta 
with malignant disease’. Fewer observations have been 
made on the'antibody production by experimental animals 
with tumours. Bogden and Áptekman! have demonstrated 
a reduction in the naturally occurring heteroagglutinins in 
mice with tumours, and Parfentjev ei al.* have shown that 
the proteus agglutination titre is reduced in chickens with 
the Rous sarcomas. In an attempt to find an experimental 
model similar to the human situation, the production of 
humoral antibodies by two strains of mice growing 
transplantable isologous tumours has been investigated. 
Groups of A strain mice with a transplantable mammary 
tumour (4 MT'3) and 057 strain mice with a transplantable 
epithelioma (#p6) were used. Tumours were transplanted 
by the subcutaneous injection on the back of a standard 
dose of tumour suspension. After 9 days the mice were 
immunized with 0-2 ml. Salmonella typht 'H' antigen 
intrapemtoneeally and were bled 9 days later. Equal 
volumes of sera from two or three mice were pooled and the 
titre of antibody present in the pooled sera determined by 
the Vidal agglutingtion technique. Tumours 
approxmately 10 x 10 mm when antigen wes given and 
22 x 22mm at the time of bleeding. Groups of normal 
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Table 1. Awrmopy TITRE IN TUMOUR MICN AND OOXTEROLS (1) 
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Mice No. Titre Mice No. Thre 
A Tumour 69 6-3 C57 Tumour 20 50 
A onia 63 64 087 Control 20 59 
Table $. ANTIBODY TITRE IN TUMOUR Mio AKD OONTROLS (H) 
pe Mics Xo. Titre Mice No. Titre 
A Tumour 15 70 057 Tumour 15 TA 
A Oontrol 15 T4 057 Control 11 7-25 
Table 3. AWTIBODY XESPONSER IN BOG-TRILATED MICE 
Mice Xo. Titre 
Tumour 12 57 
Control 12 6-0 


mice immunized and bled at similar times served as 
controls. Titres of antibody are expressed in this report 
as log, reciprocals of the end-point dilution. 

Results in A and 057 mice with tumours and control 
mice are given in Table 1. 

These resulta show no significant difference in antibody 
production between the control group and tumour mice. 

Two groups of A strain mice were immunized with 
0-2 ml. H antigen intraperitoneally and 6 weeks later 
tumour suspensions were transplanted to one group. A 
second injection of 0-2 ml. antigen was given to both 
groups intraperitoneally 9 days later. After 9 days the 

mice were bled and antibody titre determined. A similar 
experiment was carried out with 057 mice and the resulta 
are shown in Table 2. 

It can be seen from these results that the tumour- 
bearing mice responded as well as the control mice. 

A study was made to observe the effect of vaccination 
with BCG on anti production by groups of control 
and tumour mice. has been shown to increase both 
antibody production and phagocytic activity in normal 
micet, Two groups of mice were pre-treated with three 
daily injections of 1 vial BCG vaccine and 2 weeks later 
one group was injected with tumour suspension. Nine 
days later the mice received 0-2 ml. antigen intraperi- 
toneally and were bled 8 days later, and antibody titres 
determined. The results are shown in Table 8. 

Again there is no difference in antibody titre between 
the two groups. 

The rimental system used is based on the procedure 
used by * for investigating the effect of various 
immunodepreesant agents on antibody production. A 
See een tud do periments lend 
of the T vaccine in which the ‘H’ antigenic potency of 
different samples is variable. immunization was 

" examined as it is believed to be more easily depressed than 
secondary immunisation, dela hypersensitivity reao- 
tions or homograft rejection. certain human tumours 
there is evidence for the presence of cancer-specific 
antigens’. An attempt has been made to demonstrate 
possible cancer-specific antigens in the tumour AMT. 
Antisera were prepared in rabbita by immunization on 
two occasions with a saline extract of AMT3 tumour with 
Freund’s complete adjuvant. The antisera were tested by 
the Ouchterlony double-diffusion technique for reactions 
with a saline extract of tumour tissue and a saline extract 
of normal breast obtained from a lactating isologous 
mouse. After staining, no extra line was to I 
the tumour dE ndi Ee 

There is therefore no evidence of a soluble cancer-specific 
antigen in this tumour to give rise to antigenic competition, 
and this may explain the normal immunological activity 
of the tumour mioe. Part of the depression of antibody 
formation seen in human cancer is believed to be due to 
the action of a specific depressing agent rather than 
secondary to the effecta of cachexia and starvation, and a 
tolerance agent has been isolated from certain tumours’. 

e Although splenomegaly oocurs in these mice with 
tumours’, Bis as A has shown changes in the serum 
y-globulins with isologous tumours of mice; the groups of 
mioe studied with a well-developed tumour ahowod: no 
evidence of an inability to respond to a foreign antigen, 
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and this may be due to a lack of antigenic competition 
with a canoer antigen in the tumour. 

This work was carried out during the tenure of a grant 
from the British Empire Cancer Campaign for Research. 
I thank Prof. J. G. Murray for his advice and Messrs. 
Burroughs Wellcome for a supply of Salmonella typhy 'H' 
antigen. W. Davi MACKAY 
King’s College Hospital Medical Schoo] 

(University of London), 
Denmark Hill, London, 8.E.5. 
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Haemagglutinating, Precipitating and 
Lymphocyte-stimulating Factors of 
Phytohaemagglutinin 


ExrRAOTS from certain seeds of the Leguminosae are 
known to posseas interesting biological properties. An 
extract of Phaseola vulgaris, phyto utinin (PHA), 
agglutinates red and white blood cells1:* tumour cells’, 
and indisernmi stimulates blood lymphocytes cultured 
sn vitro to undergo blastic transformation and increesed 
mitogenic activity’. Since lymphocytes of a sensitized 
donor are known to be stimulated in the same manner 
when exposed to a previously encountered antigen*'*, the 
possibility of PHA being a universal antigen has been 
considered’. Recently it has bean noted by ourselves and 
others®:* that PHA likewise forms a precipitate indisori- 
minately with serum. Our demonstration of this ability of 
PHA to form a precipitin line with human serum and 
numerous animal sera appeared to sup the concept 
of ita being & ubiquitous antigen. If this were a valid 
concept, however, treatment of PHA to remove its pre- 
oipiteting activity would entail loes of antigenicity and 
might be expected to impair the lymphooyte-stimulating 
factor as well. 

The purpoee of this report is to desaribe the affect of heat 
and absorption with red blood oella on the precipitatmg 
and lymphocyte stimulating activity of PHA and to 
present evidence that PHA functions sa & precipitating 
agent rather than an antigen when reacted with protein 
by diffusion in solid media. 

Commercially available PHA (Burroughs Welloome ‘K 
4597’ and ‘K 4912’) was used throughout the experiment. 
PHA was abeorbed three times with 0-5 ml. of washed, 
packed human red blood cells for 30 min. Heat inactivation 
of PHA was by heating at 85° C for 5 min as described by 
Tunnis*. Washed, packed normal rabbit red blood cells 
were used in the haemagglutination teste. The method for 

ination was essentially that described by 

Boyden" except that the tanned cells were not sensitized. 
The micro-Ouchterlony technique of Crowle! was used for 
the precipitm test. Lymphocyte cultures were prepared 
with media containing ‘TO 199’, foetal calf serum, peni- 
cillin and streptomycin. Cultures were maintained at 87° 
for 72 h in a tightly closed screw-top bottle and the percen- 
tage of blast forms was obtained by counting 1,000 

hoid cells. 

fifty-nine human sera tested, and normal bovine, 
rabbit and rat sera, formed precipitates when reacted with 
PHA by double diffusion technique. Absorption of PHA 
with human red cells or heating at 85° O for 5 min deg- 
troyed this precipitating property and decreased the 
haemaggiutinating activity. However, treatment of PHA 
by either technique did not affect the degree of blood 
lymphocyte transformation into blast forms (Table 1). 
Thus there appears to be no association between the 
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Table 1. RESULTS oF HAT AXD HAMMABSORPTION OF * 
AND LYXPHOOYTEMTIMULATING ACTIVITY oF PHA 
Untreated PHA Absorbed PHA PHA 
PPTNS HA IS HA I8 PPTNB HA L8 
++ 4608 81 0 1,206 U% ---- anii n 
++ 7,706 0 0 216 58 0 216 a 
t 11290 81 0 216 B8 0 36 78 
+ 1996 76 0 216 83 0 36 74 
+ 216 «680 0 35 0 26 88 
The symbol HA refers to the of the iie and 
PHA refers to L8 refers to 
$n vire and is expceased as cells per 1,000 cells 1n the culture. 


peones d activity and the lymphocyte-stimulatmg 

Concomitantly a large number of precipitin teste in 
which PHA is reacted with various sera and serum frac- 
tions indicates that the serum protein reacting with PHA is 
definitely not an antibody. Positive precipit bands were 
formed when PHA was reacted with Cohn human serum 
freotions II, III, IV, VI, human albumin, serum from a 
child with clasaic obulinaemis and pure 
bovine serum albumin (BSA). The pure BBA was obteined 
by starch-block electrophoresis of commercial bovine 
serum albumin and formed a single line when reacted with 
rabbit a&nti-serum to commercial BSA on immunoelectro- 
oe puecrda s ese a oe cece 


and IV were found to contain ae garinas putans. 
or gamma, globulins when reacted goat anti pam 
serum on immunoelectrophoresis. Demonstration that 


PHA forms precipitins with pure bovine serum albumin 
and fractions of human serum containing no immune 
globulins eliminates the possibility that PHA acte as an 
antigen in the precipitin reaction. 

From these results it appears that the action of PHA in 
precipitating normal serum protein is not that of an 
antigen and thus does not support the concept that PHA 
stimulates lymphocyte transformation by virtue of being 
a universal an The and - 
teting activity nob appear to be associated with 
lymphocyte-stimulating factor in that loss of precipitating 
ability and marked decrease in 
associated with a change in the ability of PHA to stimulate 
blood lymphocytes, cultured $6 vitro. 

Nanoy H. HOLLAND 
Pamir HoLLAND 
Department of Pedistrice, 
University of Kentucky School of Medicine, 
Lexington, Kentuoky. 
1 Rigas, D. A., and Osgood, H. BL, J. Ihol. Chem., £18, 007 (1085). 
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An immunogenic Fraction extracted from 
Brucella abortus Cell Walls by Phenol 


AN insoluble fraction capable of absorbing the utim- 
ating and mouse-protecting antibodies from suis 
antisera was isolated in this laboratory from sonically 
disin ted Br. suis!. This fraction was assumed to be 
part of the bacterial oell wall. Further i tar? 
showed that cell walls and cell wall fragments from Br. 
abortus and. Br. suis protected mice against challenge with 
Br. aborius (strain _ 2808’) more effectively than mteot 
cells. The immunizing activity of Brucelia cell walls was 
canfimed in several other laboratoriost t 
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were grown on trypticase soya agar’ for 4 days, 
hen physiological saline and killed by ethanol 75 
The killed bacteria were washed twice with 
water and digested for 8h with pope (3 manet at Bi Oy 
pH 2-0). The insoluble residue was washed with distilled 
water and resuspended in water. The pH of the suspension> 
was brought to 8-5 fo which the ion: Was 
treated with trypsin (10 mg/mL) at 52° O for 1 h. Cell 
walla were isolated by oentrifuging the suspension at 
12,000g for 30 mm. Oell walls prepared by this method 
showed, residues of nuclear material in the electron micro- 
scope. The residues could be ramoved by treatment with 
DNase. The nuclear material was also identifled by the 
ro colour obtained with the diphenylamine reagent for 
T 

To 120 ml. of cell wall suspension (60 mg/ml.), 550 ml. 
of DU per Sani pbetiol saaana Neo added in CONI TOT. 
tions, over & period of 1 h, with continuous shaking. The 
suspension was allowed to stand at room ture for 
48 h, then centrifuged at 27,000g for 80 min. A heavy 
sediment resulted. The clear supernate was di 
against tap water for 8 days and against distilled water 
for 2 days. A-white fluffy itate was obtained, which 
remained in suspension. addition, & brown-ooloured 
precipitate settled at the bottom of the dialysis bag. The 
guspenaion the white material was separated- 
and centrifuged at 27,000g for 10 min. The sediment 
obtained was washed once with distilled water (fraction- W, 
white fraction). The yield was approximately 2 per cent 
of the total weight of intact bacteria. 

The white fraction waa agglutinated by anti-Brucella 
serum and could absorb completely the lutmating 
antibodies from Br. suis antiserum. On injection into 
rabbite, it produced antibodies which ted whole 
becteria. The immunizing activity of the white fraction 
was compared in mice with that of cell walls and of whole 
ethanol-killed bacteria, against against challenge with Br. abortus 
(strain, 2308") aa follows: of 10 mice were im- 


munized intra with 40-0, 4-0, 0-4 and 0-04 pg 
of the immunizing antigen, intact or ultra- 
sonically. At 28 days after immunization the immunized 
mioe with contro] untreated groupe were chal- 


lenged with 30,000 virulent Br. abortus (strain ‘2808’) cells 
administered intraperitoneally. Spleens were counted 
individually at 28 days after challenge by plating on 
icase soya agar’. The geometric mean counts (GMC) 
and the geometric protection index (GPI) were calculated. 
GPI was defined as the ratio: 
Geometric mean bacterial count m the spleens of control mice” 
~ Geometric mean count in the spleens of immunized mioo 
Table | shows that the oell walls were the most effective 
immunizing agent (GPI: 6,304), but fraction-W also gave 
a high degree of protection (GPI: 2,400). Itis noteworthy 
that even an amount as small as 0-4 ug was still capable of 
giving a signifloant degree of protection (GPI : 75). The 
data obtained so far do not allow precise comparisons of 
Table 1. TXNUNTEIEG AOFIYIFY OF FRACTIOR-W COMPARED WITH THAT OF 


ONL WALLS AND OF ETHANGOI-KILLAD 
pus 

E axo a GPI Guo T. I 

1-9 x10! 


séaroiMfel Dao 








^49 roxio om Terie Ce 
04 4:3x10* 13 8-9 x 10* u 
Oel wals containing agg) OIU Tl Q8x10 68 
-— — x 
nuoear remnants 40 6:8 x 10 808 51x10. 1,798 
0-4 11x10* 400 1-6 x 10° 59 
0 04 2-2x10° 245 — — 
Fraction W 400 — — $8x10! 2,406 
4-0 *1x10! 1740 21x10" 432 
0-4 l1x10* 48 12x 10° Tb 
0-04 1-2 x 10¢ 4 = — 
Oontrol untreated mics &5 x 104 9-3 x 104 
—, Not done. 
GPI, mean bacterial count in the of control mises 
mean bacterial count in the of immunized mice 


preparaiions used with or without prior disintegration in 
MEA ea disintogrator 18-20 koja 1-76 amp. s 
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immunizing potency, but it is obvious that the activity 
of the white fraction was of the same order of magnitude 
as that of the other ions. Further investigations 
are being carried out in this laboratory to determine the 
biological pro i (toxicity, allergenicity) of this 
fraction. It is that an immunizing preparation of this 
perd with most of the soluble protein material removed, 
might be useful as a prophylactic antigen in man. 
This work was supported by grant FG-IS-180 from 
the U.S. Department of Agriculture. 
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D. BurLrTZMANU 
Department of Bacteriology 
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TED A-3. Methodi vorab 8; 00 (Acidonia res Mew Tork, 


Lysoryme and Immune Bacteriolysis 


* Ir has long been accepted that the lysis of Gram- 
negative bacteria by freeh serum is due to the antibody- 
complement system. Over the past ten years three 
separate groups of workers have suggested, for different 
reasons, that lysozyme also plays a part in immune lysis 
of bacteria. 

Amano ei al.! found that lysis of Vibrio comma by serum 
is accelerated by leucocyte extracts in which the active 
factor proved to be lysoxyme. They showed further* that 
removal of lysozyme from fresh serum by absorption 
with bentonite reduces lysis but not killing of Hecheriohia 
col B. Restoration of the initial level of serum lysozyme 
Eixoess egg-white lysozyme increases also the rate and 
extent of 

Knowing that both properdin and lysozyme are ab- 
sorbed by rymosan*, Muschel, Carey and Baron‘ examined 
their authentio properdin and found that it contained 
lysozyme. Moreover, inactive properdin deficient serum 
(RP) could be made baoteriolytio by egg-white 

Wardlaw*, while investigating complement bacteriolytio 
activity, noticed that absorbing specific antibody with 
, large amounts of bacteria also removed 1 

There ia yet another way in which tho role of lysozyme 
in the complement system may be approached. As anti- 
human lysozyme serum was available’, it was thought 
worthwhile to compare the action of serum from which 
lysozyme had been removed by bentonite with serum 
in which lysoxyme activity had been inhibited by specific 


tibody. 
S aa were performed on log cultures 
of B. colt ‘Lilly’, a rough strain used by Wardlaw, and 


EH. ook ‘WF 2’, a smooth strain isolated in the routine 
diagnostic laboratory. ‘WF? has now become rough, 
but identical results are given by other smooth strains. 
Lysis was measured by the decrease in optical density 
of a heavy inoculum (8 x 10* bacteria/ml.) using a Spekker 
abeorptiometer. Killing was by repeated viable 
counts using small inocula (5,000 bacteria/ml.). 

The complement source was human serum diluted as 
necessary with irts buffer pH 8-4 to give a final ionio 
strength of 0-06 (Wardlaw*). Anti-human 1 was 
P as desoribed by Giynn and Parkman’. The 
rabbit lysozyme normally present in such sera was 
removed by bentonite and the complement inactivated 

e. by heat. 
3 Test systems for lysis or killing were set up with the 
folowing: (1) Normal human serum (NHS). (2) Heated 
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human serum (RO). (8) Normal human serum with the 
lysozyme removed by bentonite (KLa,,). (4) Normal 
human serum with the lysozyme inhibited by antibody 
(RL). (5) Heated human serum plus anii-lysoryme 
(ROL). (6) 'RL,,' plus egg-white lysozyme (EWL). 
(Anti-human lysoryme does not inhibit egg-white lyso- 
zyme so that this preparation had lysozyme activity.) 
‘Lilly’ and ‘WF?’ give very similar resulta. Fig. 1 
shows lysis of ‘Lilly’. Fig. 2 shows killing of 'W.F2'. 
Normal human serum produces rapid and extensive 
lysis and killing. Removal of complement by heating 
allows rapid growth. Sera with removed by 
bentonite (RLge:) or inhibited by antibody (RLi») 
uœ similar resulte. There is initial growth, then 
yed and incomplete lysis. Later experiments not 
shown here suggest that EL, is leas effective in inhibiting 
killing than is RL- Addition of egg-white lysoryme 
(EWL) to lysozyme deficient serum restores normal 
killing and lysis. 


06 


RO' 
ROLss 
0-5 
0-4 
do 8 
ELab 
EBLBent 
0:3 
01 
NHB 


10 20 30 40 50 60 
Mtn 
Fig. Lysis of N. esM (‘Lilly’) by serum + lysozyme 
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- 
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Fig. 2. Killing of F. cok (‘F FY) by serum + lysozyme 
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In some experiments viable counts and opacity were 
measured in the same system, but the high inoculum 
needed to get a measurable opacity involves very great 
dilution factors ın order to carry out viable counts. How- 
ever, the lysis and killing curves with Rag, were approx- 
imately parallel with the kiling in advance of lyms. 
RL, agam inhibits killing to a lesser extent than does 

Bert: 

These resulta, like those of previous workers, show that 
lysozyme is involved in serum lysis of Æ. eol. They 
differ from previous work in demonstrating & role for 
serum lysoryme in sorum killing, and also ın demonstrating 
that delayed lysis and killing ooour in the absence of 
lysoryme or lysozyme activity. A possible explanation 
would be that lysozyme ıs released from the bacteria 
themselves, but none could be demonstrated. The 
present-day theory is that complement attached by means 
of antibody and antigen damages the lipoprotein and 
hpopolysaccharide ‘layers’ in the bacterial cell wall 
enabling lysozyme to attack the susceptible rigid muco- 
peptide layer underneath. All this must occur rapidly 
as with fresh whole serum lysis, and killing may be exten- 
sive in & few minutes. If lysozyme is removed or inacti- 
vated, presumably complement damages the outer wall 
as before. Possibly this seta ın train some other lytic or 
lethal proceas, slower in action than lysozyme and which 
shows up in our curves as delayed lysis or death when the 
rapid lysozyme component is removed. 


A. A. GLYNN 
CELLA M. Mirwna 
The Wright-Fle Institute, 
Bt. Mary's dn d val School, London, W.2. 


1 Amano, T., Inai, B. , Kashibe, 8., Fuhkawa, K., and Nlahtmura, 8., 
Med. J doro Ek Nernt ny a SUR 


1 Inoue, K. E Taugawe, Y. ., Takubo, kL, Batan!, kL, and Amano, T., 1, Biken’s 
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* Myrvik, Q. N., X T. Aosd. Soi. 68, $01 (1088), 
! Muschel, T.H, Oarey, W F., and Baron, L. 8 , J. Immunol, 88, 38 (1959). 
^ Wardlaw, A, J Bap. Mod., 115, 1281 (1962). 
“Glynn, A A , and Parkman, R., Immunology, 7, 724 (1064). 


RADIOBIOLOGY 


An Apparatus for Studying the Retention of 
Inhaled Radioactive Vapours by Human Subjects 


Tue retention of radioactive substances by man is a 
subject of major importance ın the field of &tomio energy 
both from the point of view of deriving permissible 
exposure-levels and also for assesang potential hazards 
under accident conditions. Of the limited experimental 
investigations carried out on man, however, the greater 
proportion have involved oral or intravenous adminis- 
tration of the radioactive substance, notwithstanding 
that inhalation is the commonest accidental route of 
entry of most radioactive substances into the human body. 

In the present investigation an apparatus has been 
designed for the accurate determination of percentage 
retention of radioactive vapours when inhaled by human 
subjects. The first compound chosen for investigation 
was methyl iodide, which is of interest because 16 could 
constitute the major hazard in the release of fission 
products ın a reactor acoident}*. The nuclide chosen for 
labelling was iodine-182 which is a y-emitter suitable for 
measurement by scintillation counters outside the body; 
iodine-182 was used in preference to iodine-131 because 
the radioactive dose delivered to the thyroid by the 
former is about two orders of magnitude smaller than 
that delivered by the same amount of the latter. 

The apparatus” consiste essentially of six parts, as 
shown in Fig. 1; of these, the humidifier, mixing vessel 
and chimney are each self-explanatory and will not be 
described further. 

The evaporator (b) is a small glass U-tube which is 
connected to the main body of the apparatus by means 
of a glass-glase coupling block. It can thus be easily 
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(a) Humidifier; (b) evaporator; 


(f) ehmmney 


(nizing vemel, (A analys: (s seu ares or eae 
kading to cupboard, (f) air supply 


disconnected and it can also be connected in a sunilar 
manner to the ent of a gas chromatograph. The latter 
is used to isolate the requisite amount (~ 1 po.) of methyl 
10dide-132, which is prepared by a conventional exchange 
reaction between methyl iodide and sodium iodide-132. 
It was initially intended to volatilize the methyl iodide 
over a period of about 15 min, but preliminary experiments 
showed that in order to prevent departures from normal 
breathing, a shorter period was desirable and the iodide 
was finally volatilized over 5 min only. To achieve a 
uniform and reproducible slow rate of release of methyl 
iodide-182 from the U-tube, when using very small 
amounts of carrier, necessitated surrounding the U-tube 
with a low-temperature bath. Even then, however, 1t was 
found that carrier levels of about 5 mg were required, and 
although these gave rise to concentrations of methyl 
iodide of about only 5 p.p.m., they still corresponded to 
a carrier uptake of twenty to thirty times the normal 
dietary uptake of iodine, and would have significantly 
affected the uptake and metaboliam of the methy] iodide. 
Because of this, the replaoement of carrier methyl 
iodide by non-iodinated compounds of similar vapour 
pressure was investigated. Although on theoretical 
grounds, a diluent of this sort should have no effect on 
the rate of volatilization of the methyl iodide if & simple 
vaporization phenomenon was occurring, it was found 
in practice that the presence of the diluent greatly 
reduced the rate of loæ of activity from the U-tube 
(this does not, however, render the method impracticable). 
This mdicated that other phenomena such as desorption 
are probably predominating, but the practical implication 
is that the inactive methyl iodide can be largely replaced 
by a non-iodinated compound. In this way, iodine 
metabolism can be investigated under normal conditions ; 
& second subsidiary benefit is that the somewhat tomo 
methyl iodide can be replaced by a relatively non-toxic 
compound such as methylene dichloride. Further 
experiments showed that if 4 pl. of this were added to 
the U-tube prior to charging with methyl iodide-132, 
the activity was volatilzed at a uniform and reproducible 
rate over & period of 5 min when the U-tube was sur- 
rounded by an ice/salt bath. This was verifled by moni- 
toring the U-tube with & sodium iodide arystel detector, 
the output from which was displayed on & recorder chart. 
The concentration of the methyl iodide-132 in the main 
air stream is determmed by drawing known volumes 
through small glass towers filled with charcoal, which have 
previously been calibrated with & solution of ™*I-labelled 
ammonium iodide of known activity. 
The inhalation—exhalation assembly (e) consists basic- + 


ally of a large Y-piece of thick-walled glass containing a + 


one-way valve in each of the arms. One of the arma is 
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connected to a ground-glass socket on the chimney and 
the other to another glass tower (of low resistance to 
breathing) containing charcoal. The subject then inhales 
from the chimney only and exhales to the tower only; 
to prevent condensation, a heating element is clamped 
below the exhalation arm and tower. The far side of 

>the tower is connected to a 100 ft.* balloon, from which 
the volume of air exhaled, and therefore that inhaled, 
can be determined. 

Prelimi experiments showed that there was no 
measurable decomposition of the methyl iodide, or 
adsorption on to icles, before inhalation occurred. 
During an inhalation experiment, the subject inhales 
from the apparatus during the 5 min in which the methyl 
iodide-182 is being volatilized and exhales during that 
time and a further 5 min through the tower and into the 
previously evacuated balloon. The amount of methyl 
10dide-182 which has been inhaled can then be calculated 
from a knowledge of its concentration in the main air 
stream and the volume of air inhaled, while the amount 
exhaled ıs determined by measuring the activity in the 
exhalation tower. The tage retention is thus easily 
determined from the di of these two quantities. 

Because of the influence of inactive methyl iodide on 
the uptake of methyl iodide-182, the amounts of the 
former used as carrier in the U-tube are only of the 

7 order of 100 ug, that is, the amount inhaled is about 
30—40 ug, which is considerably smaller than the normal 
daily dietary intake of iodides. Preliminary results on 
four volunteer subjects indicate values for the retention 
varying between 55 and 80 per cent. The metabolism of 
the retained methyl iodide 18 also being investigated and 
will be reported in detail in later papers. 

I thank D. F. Atkins, Dr. A. E. J. Eggleton and A. 
Morgan for advice and Mrs. G. M. Arkell and G. Mitchell 
for support during the commissioning of the apparatus. 

D. J. Moraan 
Health Physics and Medical Division, 
Atomic Energy Research Establishment, Harwell. 
1 Hggleton, A. H. J., and Atkins, D. EL F., Reskookim. Aata, 8, 151 (1064). 
ry B-D. snd A. H J., Third United Nations Oonference on 


Uses of Aiomme Hmergy, 186 (Gonova, 1064). 
* Morgan, D. J., A.B.R.B. Report 48%1 (1965). 


Tracking Cobalt Project 

THs communication describes a new and accurate 
method of treating malignant disease by radiation. The 
radiotherapeutio world is convinced that accuracy in dose 
delivery in adequate amounts to minimum volumes has 
largely been responsible for improved results in limited 
disease. Just as surgery has its complications and rare 
fatal accidente, so also does a proportion of radiation 
injuries have to be accepted at curative doee-levels. A 
high standard of accuracy in treatment does much to 
reduce injuries by lmiting the volume of tissue exposed. 
This new method has been the logical sequence of develop- 


ment over the past twenty-five years, passing through . 


four phases. 

(1) Beam directioning, by &oocurate ‘sighting’, enabled 
smaller radiation fields to be used without missmg the 
primary tumour. This was first adopted for radium beam 
therapy, and soon after applied to X-rays? 

(2) Further developments of methods led to the prac- 
tioe of uniform isodose zones enclosing the tumour, that 
is, the use of a pre-determined shape’. 

(3) Moving-beam therapy apparatus enabled consecu- 
tive or continuous settings of radiation flelds to be given 
with a high degree of accuracy to small zones‘. This 
method produced mainly spheres or oylinders of pre- 
determined shape into which the tumour could be fitted. 
To extend its versatility, it was from this method that 

baro moving-beam therapy with tracking was conceived’. 

(4) The cobalt tracking project will enable the spread 
of malignant disease from the primary growth along the 
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lymph node cham to be irradiated with accuracy*. A 
prototype at conventional voltage’, which has 
now been working for some years, has proved very encour- 
aging in its use: the principal problems were solved, but 
owing to the distortion of the isodose pattern by bone, 
ite future was limited. A public appeal has enabled a 
high quality apparatus to be made by T.E.M. Instrumenta, 
Ltd., of Crawley. The uniform dose zone of moving-beam 
therapy irradiates the sinuous track of the lymph node 
spread which is fed through it by moving the patient on a 
treatment couch which is guided along the track—ats 
up-and-down and side-to-side movements being governed 
by electric motors, much as in the prototype design. In 
this instance, however, the movements are controlled by 
a black-on-white pattern giving the profile views of the 
track. Speed is shown by another series of black-and- 
white cut-oute which are followed by a series of photo- 
electric cella, that is, we have automation in radiotherapy. 

The shape of the dose pattern 1s changed from a circle 
to an oval in cross-section at any point by slowing the 
speed of the arc movement. This allows more irradiation 
to that part. This is followed by acceleration of the speed 
which allows lees irradiation; consequently an oval is 
produced. 

Preliminary computer calculations and measurements 
arranged by Dr. W. A. Jennings have shown that a field 
of approximately 8 om x 8 cm with reasonable definition 
can readily be obtained, hence the basis of attaining the 
principle of restricting the radiation to the diseased area 
while sparing the normal tissues around appears to be 
well within sight. 

We are awaiting the construction of a room to house 
this apparatus so that the project may be commenced in 
earnest. 

The spread of malignancy in lymph nodes, 
that is, the ‘track’, will be part of an exhibit at the Inter- 
national Radiological Congrees in Rome in September 
1965. This spread is based on information from surgeons 
of great operative experience and agreed by six senior 
United Kingdom radiotherepists. Such spread is in 
contrast to the post-mortem findings, when the disease 
is spread far and wide. 

Work done at the Royal Northern Hospital has sug- 
gested that this lymph node track may be related to bony 
structures with a reasonable degree of accuracy and that 
repeat treatments may show a variation of only 0-5 cm. 
It is particularly fortunate that the fatty tissue which is 
largely responsible for the considerable variations of 
shape beyond the bones is, in the main, concentrated in 
the abdominal cavity and the superficial sites. Those 
have no gross effect on the relation of blood and lymph 
veasels to the bones lying deeply in the body, hence the 
tracking method mey prove to be valid and accurate. 

ANTHONY GREEN 
Director of Radiotherapy, 
Royal Northern Hospital, London, N.7. 
1 Brit. J. Rediel., 10, 95 (1937). 
1 Dobbie, J. L , Bru. J. Radiol., 18, 121 (1989). 


) 
* MeNell Love, R. J., Brit. Mes. J., ii, 1260 (1962). 
1 Proo. Roy. Boc. Med., WR, 344 (1969). 


BIOLOGY 


A Ph rome Mediated Effect of EE on 
the Hydroxylation Pattern of Flavonoids in 
Pisum sativum var. ‘Alaska’ 

THs presence of a kaempferol trigluoomide (KG) and a 
quercetin triglucoside (QG), and of their p-coumaric acid 
esters (KGC and QGO respectively), in white-light-grown 
‘Alaska’ peas has been reported!. Evidence has also 
been put forward that etiolated peas contain only the 
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kaempferol derivatives (KG and KGC), and that low 
irradianoes of red light cause an increased synthesis of 
KQO in the terminal bud*:i—this effect reversible 
by subsequent irradiation with far-red light*. A role 
fe ths ph system in the light-mediated syn- 
thesis of flavonoids has been for several other 
plantat. In a continuation of work of Furuya and 
Thomas’, we have obtained evidence that the variations 
in flavonoid phamente with red light are due to increases 
in the rate o synthesis of the quercetin derivative (QGO) 
while the KGO concentration, in fact, remains relatively 
constant. This effect on QGO synthesis is reversible by 
far red light and is consequently thought to be a phyto- 
chrome effect. 

Initial investigations showed that good separation of 
the four flavonoids using the previously reported 
chromatographic method? was difficult to achieve and a 
method of separation based on chromatography on a 
silice gel oolumn using butanol-borio acid has been 
developed. The amounts of KGO and QGC in the various 
fractions were determined by spectrophotometric assay 
of the coumaric acid liberated by alkaline hydrolysis. 

Recovery experiments have shown that 90—98 per cent 
of added flavonoid is recovered by this method. Attempts 
to estimate the KG and QG present by an analogous 
technique using acid hydrolysis and estimation of the 
flavonoid aglycone have not so far been successful. This 
method of separating the kaempferol derivatives from the 
quercetin derivatives has the advantage of alowmg the 
whole extract to be used, in contrast with two-dimen- 
sional paper chromatography where only & small fraction 
of the extract can be used. However, it has not been 
found possible, as yet, to separate KG from KGO, and 
QG from QGO, by this method. - 

Plants were grown in oo darkness and subjected 
to low irradianoes of red t (1 to 1,000 kergs om™ at 
660 mu) or far-red light (845 kergs om~ at 740 my), 
6 days after r erui e a pa 
under dim green light and the KGO and QGO content 
determined. 

Table 1, EKTNNTMIOR or THE Byvacts of RED LIGET IRRADIATION (837 


FERAM OE OF TERNI ere KOO CONTENT-iND QGO QUT OF 
RE R OF 6-DAY-OLD, DARK GROWN 


after Ej Pm 96 aM % 

Hradiation wi RE In- fresh In- 
h) wi. — crease wi crease 

0 085 0 + 010 0 

4 nh 1 1-02 20 0-17 70 

8 T8. 66 1-00 18 0-20 100 

12 91 107 0-94 11 025 150 

16 102 1332 rss 56 020 , 100 

20 114 159 0-91 7 0-99 290 

54 153 248 0-89 b 0-46 360 


THs Fama Wuert, EGO 
BUDS OF &-DAY-OLD PIAS GATHEAHD 


Table 2. Brrect OF VARYING ENERGIBS OF RAD LIGHT IRRADIATION OX 
OoxTWWT AND OowTuEKT OF TERMINAL 


H AFTER IRRADIATION 
Qao 


Fresh yin x 
Irradiation ag % % 
energy mg/bud Increase 
(ergs om") pur eat DFt wi. over DFt wt. over DFt 

Dark initial * 6-19 48 088 100 0-18 106 
Dark final t 12-77 100 0-88 100 0-17 100 
3 16:87 182 0-81 92 0-36 212 

10 1584 1*4 0 58 66 0-40 235 
30 1020 150 0-79 90 0-46 £70 
100 18-50 145 0-06 108 0-45 204 
300 20-10 157 0-87 99 048 282 
1860 146 0 95 108 O54 817 


Freah my aM Qao X 
Treatment fresh 
mabaa over DF wt. over DF 
Dark intila] 535 67 01i 85 
Derk final 7-95 100 0-18 100 
Red (98 amr) 14 65 184 0-36 276 
Far red (845 kergs 985 118 0-17 131 
Eye eed red (energies as 9:19 116 0-19 146 
Far ed (energies as 18-12 165 os 254 
above) 


NATURE 


September 18, 1965 vor. 207 


Using the foregoing technique, the presence of KGC in 
totally etiolated terminal buds was confirmed (0-5— 
0-8 uM/g fresh weight). On irradiation with 327 kergs 
am~ of red light, the content of QGO increased markedly 
during 24 h, while KGO content was not changed during 
this period (Table 1). When inoressing dosages of red 
prt eee Ge IE eec tci we eee 
energy with no obvious saturation-level (Table 2). KQO 
content, on the other hand, was nob increased by irra- 
dianoes of up to 1,000 kerg om-*. These data, which 
are representative of several experiments, indicate that 
low-energy red light causes a marked increase in the 
synthesis of the derivative, with no effect on 
the kaempferol derivative. Evidence that this was indeed 
a phytochrome effect was obtained. by ing out a red- 
far red reversibility test (Table 8). It is thought likely 
that incomplete separation of KGO and QGC using paper 
chromatography is responsible for the conflict between. 
these findings and those reported earlier*:*. 

Ib would thus appear that in ‘Alaska’ peas, the presence 
of phytochrome in the far-red absorbing form (Pre) is 
eesential for preciable synthesis of the quercetin 
derivative, but is not required for the synthesis of the 
kaempferol derivative. Tho of this finding 

haps heightened by the fact that the two substances, 
aMhoust quito. coniplem dier only in. the Prea Uf 

absence of a single hydroxyl group (kaempferol is 3,4’, 5,7- -w 
; quercetin is 3,3’,4’ ',5,7-pentahy- 


Prr functions, in one of its presumably more remote 
roles, in some way to determine the hydroxylation 
pattern of flavonoids. Our findings are in general agree- 
ment with the tentative conclusions recently reported by 
Stafford’ of an involvement of phytochrome in 8’- 
hydroxylation of Sorghum flavonoids. 

This work was supported by a grant from the U.B. 
National Science Foundation (A. W. G.) a Theresa 
Secasel research fellowship (H. 8.), and a Fulbright senior 
research fellowship (W. B.). w. 


O.8.I.R.O. Division of Plant Industry, 
Oanberra. 


Harry Sure 


Department of Botany, 
Queen Mary College, 
London, E.1. 


Department of Biology, 
Yale University, 
New Haven, Oonnecticut. » 

! Furuya, M., Galston, A. W., and Stowe, B. B., Nature, 198, 456 (1001). 
n T ™ Smith, D. XL, and Castle, J. R.. Plant Physiol , 88, 762 
* Furuya, M., and Thomas, E. G., Plami Phystol., 89, 654 (1904). 
* Piringer, A. A., and Heinze, P. H., Pliant Pkyeiol., 89, 467 (1954). 
' Mohr, EL, Planta, 49, 589 (1967). 
* Downs, B. J., and Siegelman, H. W., Pfent Phyeiel., $8, 25 (1963). 
* Stafford, H., Pleat Physiol., £0, 130 (1965). 


A. W. GarsTON 


Seed-borne Primary Infection in Downy Mildew, 
Sclerospora maydis (Racib.) Butler 


Downy mildew, Sclerospora maydis (Racib.) Butler, is a 
very destructive disease of corn in Indonesia and can wipe 
out whole fields. In 1964, the disease caused an average 
90 per cent infection in Tyiandjur, West Java, causing a 
total crop failure m that area. 

Ratgers!, while studying the mode of primary infection, 
reported that in one of his teste he got 4 diseased seedlings 
from 5 kernels obtained from diseased plants. In a second 
test with 50 seeds, only healthy planta were obtained. In 
another lot of kernels, even after hot water seed treatment 
at 60° C he got diseased seedlings. However, his investi- 
ution were nok Da an extensive goale end is sould nod 
reach any definite conclusion on the mode of primary 
phase of the transmission of the disease. 
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Palm? reported that &re not produoed under 
Java conditions and that only mode of transmission 
of the disease was through conidia. 

Weston? found out that in 5S. ‘ppt is the myce- 
lam in badly affected ears could be traced in the cob along 
the funiculus of attachment in to the undeveloped parts of 

.»the abortive kernels and sometimes even in to the seed coat 
and the endosperm, but not in to the embryo itself. 


Gattani‘ reported the presence of h of S. philip- 
pinensts in the ing points of y infected plants 
but did not report on production af diseased seedlings 


from kernels obteined from such planta. 

The preeent inveetigations were undertaken to determ- 
ine the nature of primary infection of the disease. For 
thia , cobs of ‘Metro’ variety of corn were obtained 
from a seriously infected field in Purwokerto, Central Java. 
The kernels fram these cobs were planted in the screen 
house at r, West Java, and after 5 days of planting, 
diseased i appeared. The percentage of infection 
after 5 days of planting was 10, but rose to 36-5 on the 
ninth day of planting. All the diseased plants produced 
conidia im the screen test. 

Further testa were made in a well-lit room with 
closed doors at 26°-20° O and 55 per cent relative 
humidity. Kernels of Metro’ variety from planta which 
had been naturally infected in the seedling stage in the 

v imental fleld at Bogor were planted in sterile soil. 
Infected seedlings showing chlorosis after 5 
days. Such chlorotic planta did not produce any conidia 
while m the room but produced normal conidia in the 
morning, having been transferred to the outdoor screen 
house over-night. The percentage of infected seedlings 
obtained in this test, repeated 3 times, was 20. 

In another experiment, plants which showed infection 
after 5 days were cut at the base to remove all the infected 
leaves. The new leaves which were later produced again 
showed the typical disease symptoms, indicating that 
such plants had systemic infection. 

Four- to 9-day-old diseased plants were removed from 
the pots with intact roots. plants were dissected for 
their growing points. When stained with cotton blue, 

hyphae could be detected in such growing points. 

It would therefore seam that the primary infection of 
S. maydis is caused by fungal mycelium lodged in the 
em of the kernels of severely infected plants. 

I Dr. M. L. Gattani, Ir. Soenardi and Mr. Ida 
Njoman Oka for their advice. 

HAWEZAH PURAKUSUMAH 
Research Institute for Pesta and Diseases of Crop Planta, 
E Bogor, Indonesia. 
1 Rutgers, à. A. L, Meded. Inst. Plantennvetion, 28, 1 (1010). 
1 Palm, Bj, Meded. Inst. Plantensrekion, 82,5 (1918). 
* Weston, W. IL, J. Agric. Hes., 19, 97 (1920). 
* Gattani, M. L., Owrr. Sci., 19, 00 (1980). 


Influence of Carbon Dioxide on the Uptake of 
Water by Asparagus 
Exxorsmp shoots of (Asparagus officinalts L.) 
with cut ends i in tap water undergo a marked 
gain in fresh weight during storage in atmospheres oon- 
taining.more than normal amounts of carbon dioxide’. 
Shoots, 16 am in length, were stored in chambers at 1-7? C 
in darknees for one week. Modifled atmospheres were ob- 
tained and mainteined within 1:5 per cent of the desired 
levels by intermittent flushing with gases from pressure 
cylinders. When elimination of carbon dioxide was 
desired the carbon’ dioxide of respiration was absorbed in 
dry slaked lime. 
The weight gain which was attributed to water uptake 
coincided with an increase in length. Typical results are 
x Shown in Table 1. Lévels of oxygen lower than that of air 
z had little effect. A level of carbon dioxide as low as 8 per 
cent showed same effect and the optimum level for these 
responses was in the 12-15 per cent range. Uptake of 
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Table 1. GAD IX Femen Wirar AND ELONGATION OY EXOINED ASPARAGUS 
SHOOTS IN RESPONSE TO CARBON-DIOXIDE-NERIGHED ATMOSPHERES 


Atmospheric i 

con Hn " TN 
0, 00, (%) o ) 
Àir (control) - 8-1 
x 0 8-8 6-6 
15 0 9-1 68 
15 15 254 17-0 
15 30 188 121 


water was not diminished by decapitation of the shoots; 
no attempt was made to determine changes in length of 
these shoots. 

The increases in length, and in uptake of water, were 
accompanied by increases in pH. of the expressed juice as 
previously reported by Fife and Frampton’, by softening 
of the tissue as measured by the ‘tenderameter’*, and by 
apparent decreases in soluble solids. However, the per- 
centages of soluble solide corrected for dilution, assuming 
the weight gain was due entirely to water uptake, were 
higher in asparagus exposed to higher levels of carbon 
dioxide. The information, aa well as indications of a higher 
diffusion deficit within the treated with 
carbon dioxide, as measured by a gradient of external 
oamotio solutions, suggests water uptake based on 
osmosis. 

Carbon dioxide here seems to fulfil the role of a growth 
factor. Mer and Causton* have indicated that carbon 
dioxide has the ability to promote cell division in the dark. 
It would that carbon dioxide may not only promote 
oell division but also cell enlargement through water uptake 
mediated by plasticity of the tissue and changes in osmotic 
properties. However, it must be realized that the uptake 
of water by excised plant parts may not be strictly analo- 


gous to water uptake by plants intact roots. 
E. C. LOUGHEAD 
E. W. FRANKLIN 
t of Horticulture, 


University of Guelph, Ontario. 

1 Lougheed, H. C., Ph.D. thesis, Miohtyan State Untversity (1004). 
* Fife, J. M., and Frampton, V. L., J. Biol. Chem., 109, 643 (1935). 
* Jenkins, R. R., and Lee, F. A., Food Research, b, 161 (1040). 

1 Mer, O. L., and Causton, D. E, Nature, 199, 360 (1903). 


Water Economy of the Dorcas Gazelle 

ALTHOUGH the physiology of the camel, kangaroo-rat, 
jerboe and various domestic animals of desert regions -has 
been examined in some detail, nothing is known of the 
heat and water relations of that most typical desert 
mammal, the gazelle. It has occasionally been suggested 
that gazelles may be able to live indefinitely on dry food 
without water, like desert rodents, but no experiments 
have bean made to determine if this is true or whether, 
like camels, they need to drink. For this reason an 
investigation of the water economy of the Dorcas gazelle, 
Gazella doroas dorcas (L.) is now being pursued here. 

imi results indicate clearly that gazelles must 
drink, even in winter, for they lose weight steadily on dry 
food when deprived of water. After five days desiccation 
a maximum of 1-5 1. fresh water can be ingested at one 
time: and smaller quantities of saline water are taken. 
With increasing dehydration, body temperature tands to 
lose homoecostasis and there is some degree of hyper- 
thermig, the urine becomes concentrated, faecal pellets 
amaller and drier and food intake is reduced. 

In the Sudan, gazelles appear to inhabit desert and 
semi-arid regions where some water, fresh or saline, or 
dew and succulent food are available, even if considerable 
distances have to be travelled in order to obtain them. 

J. L. CLOUDSLAY -THOMPSON 
LAURIOS GHOBRIAL 
Department of Zoology, 
University of Khartoum. 

ST Tees J: Ta, And baai, M. I., Le fa Den (Ionann: 

? Sohmidt-Mieisen, K., Desert Animals (Oxford: Univ. Press, 1964). 
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ENTOMOLOGY 


Laying Worker Honey Bee: 
Similarities to, the Queen 


Ir is known that in the honey bee community the queen 
has an influence on the behaviour and the physiology of 
worker bees!. It has been shown that the presence of a 
queen in group of worker bees inhibits the development 
of the ovaries in the workers*. The workers, showing a 
special behaviour (retinue behaviour) towards their queen, 
recognize her by special substances. This recognition 
leads to a ‘queenright behaviour’, which in turn influences 
the development of the ovaries. When we take the queen 
away from such a group, ovarial development in the 
workers starts, and may result in the so-called laying 
workers. It seamed to be an interesting point that only a 
few bees out of a group reached this final stage and it was 
supposed‘ that perhaps these bees in turn would have an 
infiuence on the other bees. 

It has been reported that, in a queenless colony, worker 
bees can evoke a retinue behaviour in other workers 
similar to that evoked by the queen**. 

These considerations induced us to study the laying 
workers more closely. In 6 experimental cages, each con- 
taining 50 newly emerged worker bees, a laying worker 
taken from a queenlees observation hive was introduced. 
This laying worker could be recognized by a paint mark. 
The bees were provided with water and a feeder con- 
taining a sugar-candy and pollen mixture. At regular 
intervals, during the renewal of the food and the drinking 
water, the behaviour of the workers towards the marked 
bee was studied. In all cases the laying worker evoked a 
distinct retinue behaviour in the workers. 

When after 14 days the bees were killed and examined 
for ovarial development, the cages with a laying worker 
showed an inhibition of ovarial development in com- 
parison with controls (Table 1). 


Table 1 
Laying worker Controls 
added to the cage 
Cago No. Ovarial development Cage No. Ovarml development 

(96) (3) 

1 120 1 25-1 
2 10:9 2 27-0 
3 17.0 3 £76 
4 19 9 4 28 0 
b 20 0 5 80-3 
6 25-2* 6 30-8 
mean 186 mean 281 


* Laying worker died after 4 days. 


In a second experiment we compared the inhibitory 
action of an extract of bees with highly developed ovaries 
with-an extract of bees with undeveloped ones. For this 
purpose the ovaries of bees of a queenless group were 
examined. After division into an undeveloped, a poorly 
and medium developed, and a highly developed group, the 
first and the last group of bees were extracted in acetone by 
Soxhlet extraction for 6 hours. Fifty bees were used for 
each of the extraota. 

Extracted dead young worker bees were imp: ted 
with these extracts. A bee impregnated with the ‘highly 
developed’ extract was placed in each of 6 cages con- 
taining 50 young bees and a bee impregnated with the 
‘undeveloped’ extract in each of 6 control cages. Every 2 
days we removed the impregnated object and replaced it 
with a new one. 

At the moment of removal of the impregnated bees 
observations were made about retinue behaviour. In all 
cases the ‘highly developed’ extract evoked retinue be- 
haviour, whereas this was never observed in the control 


cages. 

After 14 days the bees were killed and the ovarial 
development was determined. Table 2 shows that the 
‘highly developed’ extract inhibited ovarial development. 
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Table 2 


lughly developed ovaries ovari 
No. Ovaria development Cago No. Ovartal development 
(%) (%) 
1 171 1 37:8 
2 140 2 34:2 oa 
3 140 3 247 
4 120 4 88-9 
5 150 5 280 PM 
6 96 6 34:2 
mean 136 mean 8380 


Apart from the production of eggs a laying worker ob- 
viously resembles the queen in releasing retinue behaviour 
and in inhibiting ovarial development in young bees under 
experimental conditions. Just as in the queen, this in- 
fluence of the laying worker is based on the production of 
substances that are perceived by the other bees. 
H. H. W. Vær 
F. J. VugHHIJEN 
A. J. QOTTHANBOS 

Laboratory of Comparative Physiology, 

University of Utrecht, The Netherlands. 

1 Butler, C. G., dna. Res. Bniomol., 1, 281 (1056). 

* Pam, J., Ann. Biol., 1, 71 (1062) 

* Verheijen-Yoogd, C., Z. Very’ Phynol, £1, 527 (1069). 

1 Butler, O. G., Proc. Roy Eni. Soo Lond., 31, 12 (1056). 

* Sakagam, 8 F , Behaviour, 18, 280 (1058). 

* Wium, V. G., Giseninge, 90, 346 (1062). 
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Metabolic Effects of the Corpus Allatum " 

Hormone in the Desert Locust, Schistocerca ` 
gregaria 


Somm thirty years ago, Wigglesworth! first demonstrated 
that yolk deposition in insect oocytes is controlled by the 
corpus allatum hormone. Since then, the hormonal 
control of vitellogeneais has been complicated by some 
experiments, which that the corpus allatum 
hormone also has metabolic effects. Allatectomy leads to 
the accumulation of lipid and the hypertrophy of the fat 
body in & number of insecta**. From such evidence, 
Pfeiffer’ advanced the hypotheais that the corpus allatum 
controls vitellogeneais by releasing a ‘metabolic hormone’ 
that in some way regulates the mobilization of precursor 
materials from the fat body. This hypothesis has always 
suffered from the serious objection that ovariectomy does 
not lead to the expected accumulation of yolk precursor 
materials in the fat body’. 

A second hypothesis has been put forward by Doane’, 
based on her observations of the hypertrophied fat body | 
of female-sterile mutantes of Drosophila melanogaster. In^ 
such mutante, the corpus allatum is normal in function, - 
since wild-type ovaries implanted into mutant female 
flies develop eggs normally; the lethahty in the mutant 
forms resides autonomously in the ovaries themselves. 
Doane therefore suggested: (a) that an ‘ovarian hormone’ 
is released by active ovaries in a normal fly, the function 
of the hormone being to regulate the utilization of stored 
lipids in the fat body; (b) that the action of the ovarian 
hormone on the fat body is independent of any analogous 
action of the metabolic hormone of Pfeiffer, although ita 
release may be indirectly controlled by the gonadotrophio 
activity of the corpus allatum. 

A fresh approach to this problem was attempted when 
prelimi obeervations indicated that allatectomized 
male desert locusts were inactive. 

An electron microscope study of the fat body of allateo- 
tomized male desert locusts has shown that large depoeite 
of glycogen and lpid accumulate in the fat body. The 
accumulation of lipid was confirmed by chloroform- 
extraction of whole locusts. m nidis of active 
corpora allata into previously tomuired locusts 
alleviated this condition. n 

Spontaneous locomotor activity of adult male locusts e ~ 
was determined by the mothod of Brown and Unwin*. 

It was found that after allatectomy there was persistent 


»- 
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inactivity of operated locusta, however long they survived. 
Implantation of active corpora allata led to the resump- 
tion of the normal, high level of locomotor activity. 
Extirpation of the testis and accessory reproductive 
glands, on the other hand, had no effect either on spon- 
taneous locomotor activity or on glycogen and lipid 
utilization. 

The hypothesis is therefore advanced that the corpus 
allatum hormone regulates the intensity of locomotor 
activity by a direct effect on the central nervous system. 
Since fat and glycogen form the chief energy reserves of 
locusts’, it is suggested that the accumulation of these 
substances after allatectomy is due to the persistent 
inactivity of the operated insects. 

I thank Sir Vincent Wigglesworth for facilities and 
advice and the Uganda Government for & research grant. 

THomas R. ODHIAMBO * 

Zoological Laboratory, 


Gens sidrom: Department of Zoology, Untversity Oolege, Mairobi, 
enya. 

1 Wigglesworth, V. B , Quart. J. Mioro. Soi., 79, 01 (1936). 

* Pfeiffer, T, W., J. Kap. Zool , 99, 183 (1045). 

* Vogt, ML, Z. £ellforeck., 84, 160 (1949). 

“Thomsen, E., J. Hep. Ihol., 89, 137 (1952) 

* Bodenstein, D., J. Bep. Sool., 194, 105 (1058). 

* Orr, O. W. ML, J. Insect. Physiol.,1@, 58, 103 (1064). 

' Doane, W. W., J. Exp. Tool., 148, 275 (1961). 

* Brown, R. H. J., and Unwin, D. M., J. Insect. Phynol., 7, £03 (1961). 
* Wels-Fogh, T , Phil. Trans. Roy. Soc., B, £37, 1 (1953). 


MICROBIOLOGY 


Salmonella in Bird Faeces 


Tua contamination of our rivers and beaches with 
bacteria related to Salmonella, caused by the disposal of 
domestic sewage, is well known. Domestic sewage, 
collected in the main drainage of the city of Hamburg, 
haa been continually tested for Salmonella during the past 
twenty years. Salmonella ocours at a density equivalent to 
5,000 organisms in 1,000 ml. of sewage. 

After flowing into the Elbe, these organisms are dis- 

, but survive, so that some 60-100 organiams can 
found in 1,000 ml. of river water. 

Bteiniger! concluded, from his examination of faecal 


' material from birds, that possibly these animals are the 


à 


origin of the wide spread of Salmonella in surface water. 
In other words, ıt may not be sewage disposal that 
contaminates the rivera and beaches; there may exist & 
sort of Salmonella saprophytism in the gut of seabirds, 
forming an important factor in the spread of Salmonella 
in our environment. 

We collected more than 1,000 samples of faecal material 
from gulls in the area of the biggest sewage di works 
of Hamburg, on bridges and pontoons in the port of 
Hamburg, and in the streets of the city. 78 per cent of 
the samples collected at the sewage disposal works were 
positive for Salmonella as were 66 per cent of the samples 
collected m the port and 28 per cent of the samples 
collected in the city. The most frequently isolated species, 
as in water samples of the Hamburg sewers, was S. 
poratyphi B. The faeces of gulls collected in those regions 
which were free from the influence of sewage never 
contained Salmonelas. As, on the other hand, the fasces 
of birds collected near the sewage works were 
positive, one must conclude that the presence of Salmonella 
organisms in these birds is related to a source of infection, 
and does not present sui generis the normal bacterial flora 
in the gut of birds. Furthermore, this conclusion is con- 
firmed by the range of species isolated, which exactly 
corresponds to the species isolated from the water of Ham- 
burg rivers. The most frequently 150lated species was S. 
paratypha B, followed in order of frequency by S. iyphi- 
murium, S. manchester, S. montevideo, S. infanis, S. 
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sonfienberg, S. anatum, S. stanley, S. newport, S. braenderup, 


. panama. 

In examining the faecal material of other birds, the 
most striking fact was the great proportion of pigeons 
(30 per cent) and ducks (16 per cent) which contained 
Salmonella, while the faecal matters of thrushes (0-15 per 
cent) and sparrows (0-2 per cent) only occasionally 
showed & positive result. Birds kept indoors, such as 
canaries or parrots, were always negative for Salmonella. 
It is thus clear that a lack of source of infection results in 
a lack of Salmonella in the faeces. Faeces of pigeons from 
Tanganyika and Venice were Salmonella positive in 80 
and 29 per cent of cases respectively. While the faeces of 
gulls collected in Hamburg showed & preponderance of the 
species S. paratypht B, samples of pigeons and ducks 
frequently contained S. typhimurium: samples of pigoon- 
dirt collected in Hamburg 80 per cent, samples of 
dirt 80 per cent, samples of foreign pigeon-dirt 90 per cent. 
The other species isolated were, m order of frequency: 
S. manchester, S. poratyphs B, S. anatum, S. newport, 
S. panama, S. makumsra. This last mentioned genus was 
& new species with the antigen-formula 4, 12: enx: 1, 7, 
first isolated from the faeces of an African pigeon (Rohdo 
and Muller’). 

The occurrence of S. + B in considerable 
amounts in the faeces of healthy city-birds leads to the 
conclusion that this organism, which is important for the 
epidemiology of man, has a wide distribution. On the 
other hand, S. typhi could not be isolated in any of 8,000 
faecal samples from different native birds. 

Consequently there must be an epidemiological 
difference between these two species, although the clinical 
Picture of the infectious disease of man, expreased as a 
septicaemia, is the same. 

Guerrup MÜLLER 
Untersuchungsanstalt für Studtehygiene, 


Hansestadt Hamburg. 
"reiner Rias, Sisth Intern. Microbiol, Reme, 4, XII, 193 (1963); 
om Waser, Qd., X XI, 172 (1064). s à 


^ Roble, E., and Muller, G., £sohr. Hyg., 148, 223 (1002). 


Transfer of RNA Extracts from Immune 
Donor Spleen Cells to Shigella-tolerant 
Recipient Mice 


Iwj3morioW of relatively large quantities of non-living 
antigens into either neonatal or adult animals often 
results in the establishment of immunological tolerance 
characterized by specific suppreasion of antibody forma- 
tion on subsequent challenge immunixation!. Immune 
tolerance to bacteria has been demonstrated most often in 
mice injected with polysaccharide antigen derived from 
pneumooooci?:*. Somewhat similar states of immunological 
tolerance to antigens derived from other micro-organisms 
have also been investigated. For example, tolerance to 
Shigella paradysenteriae an has been observed in mice 
after a single administration of a relatively large conoen- 
tration of soluble Shigella antigen within 12-24 h after 
birth‘. The resulting tolerance persisted for at least 8— 
12 weeks, depending on the dose and route of antigen 
administered at birth. Tolerance to Shigella has been 
terminated in unresponsive mice by transfer of spleen cell 
suspensions from normal or Shigela immune donors’. 
Administration of hyperimmune anti-Shigella serum to 
tolerant mice, however, has not restored agglutinin 
forming ability‘. 

There have been several recent reports conceming 
aoquisition of antibody formation by non-immune normal 
animals or cell suspensions followmg treatment with 
RNA extracted from immune donors'-!. Since it is nob 
known whether tolerance to an antigen may be due to 
selective removal of poasible ‘clones’ of calls potentially 
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capable of forming antibody", or due to direct suppression 
of antibody synthesis by ‘excess’ antigen in direct contact 
with lymphoid cells, it was thought of interest to determine 
whether or not RNA-rich extracts from immune donor 
lymphoid cells could restore immune responsiveness in 
specifically tolerant animals. This report is concerned 
with agglutinin formation to Shigella antigen in Shigella- 
tolerant mice treated with RNA extracts fram Shigella- 
immune or normal donor mice. 

Young adult NIH albino mice 8-10 weeks of age were 
used as donors for this study. They were injected 7—10 
days before being killed with 20-50 ug Shégella-soluble 
ee (BRA) obtcined by trypein digestion of an aloohol- 

killed suspension of Shigella organisms as described pre- 
viously*-*. Groups of 10 or more immunired donor mice, 
as well as non-immune contro] donor mice, were bled fram 
the retro-orbital plexus to obtein blood for determination 
of serum agglutinins to Shigella. The mice were then killed 
and spleens removed and immediately frozen with dry ice. 
The frozen spleens were h with a *Teflon'- 
tipped tissue homogenixer at 0° C, and RNA was extracted 
by the cold phenol method!*:*, The extracted RNA was 
standardized by the orcinol reaction and by ultra-violet 
absorption so that 1:0 ml. contamed 800—400 ug RNA. 
There was no serologically detectable antigen or antibody 
in the extracts. 

The RNA.rich extracts from SAgella-immune donors 
were administered intraperi in 1-0-ml. tities 
to groups of 6-8-week-old recipient NIH mice ch had 
not been treated previously or had been injected at birth 
with sufficient to induce immune tolerance to the 
antigen. Similar of recipients were injected with 
l:0-ml. quantities of RNA extracts p from the 
normal non-immune control donor mice. A third group of 
normal or Shigella-tolerant control recipiente was injected 
with saline instead of RNA preparations. All recipients, 
in all were then challenged with an intraperitoneal 
injection of 0-5 ml. of 88A containing 20 ug N to test their 
ability to form anti-SAigella agglutinins. Blood samples 
were obtained from the retro-orbital plexus from each 
recipient at close periodic intervals for two to three weeks 
teated for anti Shigela 


titres of normal and Shigela- 
(ole mper mice recaivng RNA and a challenge 
tolerant replent mio antigen are indicated in Table 1. 


Most non-tolerant ‘control mioe, receiving saline or RNA 
from non-immune donors before challenge immunization 
with 88A, responded with mean peak utinin titres of 
1:300 or greater. Nearly all mice which had received a 
tolerance-inducing injection of SSA at birth and saline 
only before Shs had anti- 
Shigella titres of 1:40 or lees, indicative of continued 
immunological tolerance. Transfer of RNA from non- 
immune onors similarly had no effect on tolerance. 
Shigelia-tolerant recipient mice injected with RNA ob- 
tained from the immune donor mice also had markedly 


caer 
e deed oe NA Hen denies quem 
Table 1. AxTI-S«relle AGGLUTININ TITRE OF NORMAL AND Skigela- 

TOLERANT RECIPIENT Mice AFTER TRANEFNR OF RNA FROM NORMAL OR 
DINIS IMMUNE DOXOR MICH AND CHALLENGED WITH Shigella ANTIGEN* 


Recipients 

RNA donors - Mean Man 

No. ttre Ko. vo 
o. ttes o. ree 
None (saline) 18/21 1:871 5/23 1:38 
‘orrnal 17/19 1: 3807 7 1:27 
n Ep 1:400 bid 1:31 
* AN recipients injected with Shipeiie-soluhie antigen (20 mg N) at 6-8 


af 

GRE RTE mios mie infected at birit nent tle DTE 

Number of mice with titre oe more, 
Immunized 7-10 days ‘ore kilhng of Shigella 
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Table 2. ANT: AGGLUTININ TITRES OF MICE RECEIVING Y 
NORMAL OR IMKUNER DONORS AND HITHER UXOHALLENGED OE —— 
WITH Shigella AWTIGER* 
ENA donors t Immunization 
oen None Skigela antigent 
Normal Normal <1:10 1:343 
tolerantt <1:10 1:33 > 
Shigeiia-tmmune$ Normal 1:63 1:3876 
Shigeila- os 
tolerant} 1:20 1:34 


aoa ntm- 
| Iulenal redii sta reuera 


Shigella antigens. 
th Shigella 7-10 days before killing. 

immediately before challenge immunisation. Adminis- 
tration of RNA extracts from immune donors to normal 
mice not receiving Shigella immunization also resulted in 
some level of agglutinin formation (Table 2), suggesting 
transfer of either Shigella antigens or a poasible agglutinin- 
forming mechanism to recipient mice. 

-Thee results indicate that RNA-rich extracts from 
Shigella-immune donor mice are not capable of restoring 
specific agglutinin forming capacity to Shégella-tolerant 
recipient mice under the conditions of the im 
This is in contrast to previous results in which ib was 
found that RNA-rich subcellular fractions from Shigella- 
immune donors were capable of inducing a measurable 
degree of immunity in either normal or X-irradiated non- 
immune recipient animals'*.1*, The resulte presented here 
are also in contrast with the findings by Feldman e£ al." 
that nucleio acid preparations from normal rabbit spleens 
are capable of specifically restoring the immune response 
to human serum albumin in rabbits rendered tolerant to 
that antigen following treatment with 6-merca 

The inactivation of RNA by serum or tissue ases 
ient animals in this study may be an important 

factor in the failure of restoration of immune competence 
in tolerant animals. However, similar levels of RNase 
should also be present in normal animals injected with 

RNA. ‘Transfer of less purified RNA preparations, 
especially ribonucleoprotein extracta or subcellular frao- 
tions, might be more effective agents for biological 
restoration of immunity since they are less likely to be 
Inactivated by RNase4. They are also more likely to 
contain persisting antigenic determinants and thus actively 
stimulate agglutinin formation. However, if tolerance is 
due to persistence of ‘excess’ antigen, presumably at an 
intrecellular site, it is unlikely that administration of 
nucleic acid extracts containing additional antigen would 
restore agglutinin formation in & tolerant ient. 

This in ion was supported in part grants 

from the U.8. National Science Foundation (GB 1188, 

G—19581). 
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FORTHCOMING EVENTS 


Wednesday, September 22 


BoorwrY oF OHWwIOAL IWDUETRY, FOOD GROUP (at the Sahool of Pharmacy, 
University of London, Brunswick Square, W.0.1), at 0.30 a.m.— 
Bympostum on “Food Soenco Research in the United Kingdom”. 


Boorert or HR YTACROEERTAT MRGIFXERS (in the Mechanical Bngineecing 
een Toad. d Rada The Cun Of ani Beton and 
Laboratory Miperience". 

Thursday, September 23 


a eres BO now: Gn tho Largo ales s Untver- 
College, Gower Street, London, W. from am. p.m.— 
Syripeaiun Gu Modan ewe La Brew Picea” 


No 5003 


APPOINTMENTS VACANT 


“APPLICATIONS are invited for the following appointments on or before 
the dates mentioned : 


guar ender der Reet of Agriculture, W: D 
DEPUTY (amarch) {ith conidernble experience of biological 
experiance of mio 1 iss E irc, MM. and 


administration) a AK 
the London Headquarters, 8.W.1.—The Natural Envtron- 
meni Research Oounoll er rr House, Holborn, 
i with 





In selenoe with 


graduate experience in the study of 
gasca), to hold a responsible ton In engaged In 
study of ) m [greed Becretary, 


z , Belfast (Beptember $4 a 


LABORATORDSS to carry out scoplanktoh fud tee 
a 
Registrar, qo Nieto College of North Wales Bangor, Morth Wales 


LEOTUKER/ASEINTAXT LECTURER (able to lecture on Worth 
GBOGRAPEY— Lhe Seorctary, Untveralty of Hretme, N 
House, Queen's Drive, Hreter, Devonshire 25). 
FYRLLOW In science or engineering) IN THE 
DEPARTNENT OY MDUOATION to be primarily with the devising 
af & course In learning form for the National Certificates 


). Martborough House, Pall Mall, comin BAR 
(Australia and London, October 1 ; 


IN PHYMIOS at ihe Untversity of 
-Unlverg for Education 


Overseas, 33 Bedford Place, WO.) (omobar 5 
HETOMULOGINTS (with at penta Bo. ta selene or 
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EXADER IN BIOCHENWIETRY at Guy's Hospital Medica] Sobool—The 
Academio Registrar, University of London, Senate House, London, W.0.1 


(October 8). 
Sey bam ti a Biologia? olens; pute 
field IN THE NENATOLOGY DEPARTEENT, 
mjurious to and their 
Hxperimental Station, 


House, Pall 


Department of Bloohemisiry Untversity of Toronto 
Oanada (October 30). ^ : 


LECTURER 
maton Soe eee Bante gia Pe aa aes 
Victoria als Uam ot The 
House, Pall Mall, London, 8 a Glew Merian M toe Oe en 
LECTURER honours or Tua arnon 
House, Pall Mall, 
Commonwealth Untversities (Branch Office), 
House, Pall Mall, London, 8.W.l (Austral end Londo, 
November 4). 
UNIYERSITI LECTURER Or 
PHARMACOLOGY: 


—Dr. R. K. Crook, 

Univers 

ogietrar, Univerdity of Biratheiydo, Gorge Sot, C 
UATE with an interest In 


of junior staff, in a series concerned with 
T pe Assistant Bursar M 
IK BOTANY; a IM OHNXIPTRY; and a LBEOTURNR 


33 Bedford W.0.1 

Overseas, pales Place, London, tothe à 
Northern Polytechnic, 7 NT. 

or LBOTURER IN PHYSIS af the M 
of Ma Ihe Becretary, eee Gounall for uation 

LECTURER or LECTURER IX TER DEP. 

University of the West , Inter-University Ooanell for 
Higher Hiucaton Overseas, 33 Bedford Place, W.O.1. 

COrofemabiy with an interest In $ or statisties) On 
MATHEWATIOSK — Olerk Body, 
Holloway, London, 


m.7. 

LBCTURER (with a number of P In the 
PER ( en nel or sion ew een dur e 
feld or tain) prm I G. Ball, fof Dept 

of Bolence and Technology, London, 8.W.7. 
es Aali Hage IN AATEMCATIOR, en AND 
, Bt. John B Xon, RO s . 
Teahnology, treet, London, 


DEPAKTuUENT 
work Into solid state the direction of 
Prof. X. W. H. Stevens—The Registrar, Ui ty, Nottingham. 

; UATE EOBEEAROH ASEINTANT (with a good m ohemistry oc 
IK 


of organic compounds—The Hegisirar The Untversity, 


RGEAROH 
or motallurgist, with at least an honours degree or its 
METALLURGY DEPAETKENT, to work on stress corrosion in 
wire (the project will advanced as wol as 
al )—Dr.J. D Metall The Untver- 
E Essi upon Tyne, Ni upon » 

OR SOINN'TIFIO graduate chemist, 
preferably with several yoars' experience) IN THN os LABORA- 
TORY for concerned with an regearoh project mup- 
Booretary. nd rios oen aon, Chocey wood, 

tary, British es Research 


TEOHMIOLAM ( TIER agen thay nay hse MUT wore) IN TER DEPART: 
wes oF Paris to assist research on 
RP e Hogar Untrenalty” College of 


Korin Wales, Bangor, works Wales 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 

Great Britain and Ireland 

rg pe w+204. (Oxford: art Mare wat Ge tee ae 

Ino., 1065.) 30s.; (uu 

Association. Annual sd 


^ Maxwell Belentifio 
Metals 
: The British Non-Yerrous Metals 


aliah Non Peru 

Pe 58 
ee Vol E CEN 1905). Pp. 1-74. 

Pubitzhed quartecty. rates: 280s. dollara) annum 

for Libraries, government See adii, (P 105e. 

C15 dollas) per anmi for Who write dies io the paar 

and erity the journal is for their personal use. ( : 

Press, , 1065 ) 58 
N Ireland : a tome UE t 
Research 1965. (A 

des and 
Pp. 55. 


1905. Pp. xxiv + 413. Po 


Beso. 85. 
B353—B307. 95 Mt prre oma t $) o 
Other Countries 
of the American EXT med . Vol. 63: Three Decades 
. of Both Art. By Prof Bhs Wi Philosophie’ Bo Mets T 
PM Pp. xil+77. (Phiadetphta: American Y 
United Par Naval DO Eoo. by M de D No. 108: e 
and G. Larson. 218. Otreular 107: Bunhght, Moonligh! 
sod G: Tare, FP. MB es Loue B. Weston. Pp. 19 ash- 
, D.O.: United States Maval O , 1955.) j 
nited Bta of Agricul Leaflet No. 42%: The Spo 
Alfalfa A to Oontroal It. Pp. 8. (W: , D.O.. Government 
Printing oe, 1065.) 10 cents. [98 
X Boaences—National Heseareh Counet Suboom- 
mittes on . NAS-NB8 5008 (Rev.)- Radiochemistry of 
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UNIVERSITY EXPANSION IN BRITAIN 


Ge a ae 
the session 1964—85*, dealing with granta to univer- 
sities and colleges, is a document of outstanding public 
importance. Although the publication of the report 
within & few days af the announcement of the Govern- 
maent’s decision to curtail capital expenditure has focused 
attention, as in the debate on education in the House of 
Commons on August 8, on the last two paragraphs of the 
report, ita significance is much deeper and more per- 
manent. It presents a penetrating and thorough exam- 
ination of the whole working of the University Grants 
Committee system in the context of the present structure 
of Government in Britain. The voluminous evidence 
throws light on the nature of the particular problems 
which arise in the development of new universities and 
the change in status of the colleges of advanced tech- 
nology. Taken with the memoranda from the University 
Granta Committee itself, the Committee of Vioo-Chan- 
oellors and Principals, the Treasury, the Department of 
Scientific and Industrial Research, and the Secretary of 
State for Education and Science, for example, it is likely 
to constitute for years to come a standard reference on 
the functioning of the whole system. 

Probably the key-passage in the report is the para- 
graph in the introduction which notes that since the 
grants in ite fifth report for the Seasion 1951—52, 
the grant-in-aid to universities has risen from £28-5 
million to £182-9 million for 1964-65; for 1965-66, 
when it will include the colleges of advanced |tech- 
nology, it is expected to reach £198 million. This increase 
was a main factor which led the Estimates Committee 
to undertake a fresh examination. However, in view 
of the debate on August 3 and of what was said in 
the House of Lords on August 4, it may be as well to 
dispose first of the question of the proposed restriction of 
the buildmg programme. On August 4, the Minister 
of State for Education and Science, Lord Bowden, 
told the House of Lords that university building projects 
for which contractes had not yet been signed would be 
postponed for six months except in development districte 
and areas of high employment. Tho Secretary of Btete 
for Education and Science, he said, would consider 
urgently, in consultation with the University Granta 
Committee, how best to minimize the effeote of this 
* decision on the growth in student numbers. Since then, 
in replying to questions, Lord Bowden has stated that 
the restriction was being applied to universities rather 
than to schools, and that it would fall in some measure 
on technical colleges. In the House of Commons.on August 
8 the Minister of State, Department of Education and 
Science, confirmed that the minor works programme for 
schools would go forward this year as planned and that 
the school building programmes to the middle of 1967-68 
would stand as previously announced. In replying on the 
debate, Mr. R. E. Prentice made it clear that capital 
improvements in the education service as a whole, except 
for schools, would be postponed for six months. 

Mr. Prentice admitted that this was & serious matter 
for the universities and, while declinmg to estimate the 


total cost to the education service of these measures, 
appeared to aooept Dr. J. Bray’s suggestion that the 
number of studente admitted might be decreased by 
10,000. He waa, however, clearly hoping that the univer- 
sities might find means of offsetting this, for example, by 
planning the more intensive use of accommodation and 
equipment. Concerning the technical colleges, for which 
the building programme had risen from £17 million in 
1964-65 to £26 million in 1965—66, he thought the effect 
would be alight, and although he admitted that the post- 
ponement would be a disappointment to the colleges of 
education he told the House that entrants to the training 
colleges in September 1965 were expected to reach 28,000 
compared with 24,000 in 1964, giving a student popula- 
tion of 70,000; the target of 122,000 places by 1978 
remamed. 

Bir Edward Boyle was doubtful whether, in fact, this 
flgure was now likely to be achieved, but he thought Dr. 
Bray was unduly peeeimistio as to the fall in the number 
of university studente and he did not think that it would 
be any answer to increase the number of students studying 
at home. Mr. Prentice assured him that the basic assump- 
tions of educational policy, which visualized expenditure 
on education as rising annually in real terms ab a little 
lees than 6 per cent per annum, had not been changed in 
any way. Sir Edward also referred to the negotiations in 
1964 between the Government and the universities 
through the University Grants Committee: these even- 
tually led the Committee to agree that the universitios 
should attempt to achieve the short-term expansion 
target of the Robbins Report for an additional capital 
expenditure of about £40 million instead of the £60 
million originally regarded as & minimum. 

This debate took place in the light not only of the 
Government’s announcement about postponement of 
capital expenditure but also of the Estimate Committeo's 
reference to evidence of widespread disquiet about the 
relation between the present estimates of grants to 
universities and the student numbers expected as a result 
of the Robbins Report. The universities were unanimous 
in their evidence that the scope of capital granta was 
insufficient to provide properly for the rise in numbers 
after 1967. While the University Grants Committee 
agreed that the present scale of grants would enable the 
targeta set for 1967 to be attained, it confirmed the view 
of the universities that the provisional allocation for the 
following years would not support or sustain those 
numbers. The Department of Education and Science 
expressed the opinion that in the past the numbers of 
students had in practice been almost exactly those for 
which the capital programme was supposed to provide. 
In May the chairman of the University Grants Committee 
had already expressed the opinion that, without addition 
to these provisional figures, studente would be very 
cramped and crowded. 

Accordingly, the Estimates Committee records in the 
fifth report ita fear that a conflict between desired numbers 
and desirable standards may be inevitable and that 
preasures within the universities may undermine the plan 
of the University Grants Committee to use the period 
1967-72 to repair obsolescence in buildings and equipment. 
Ite enquiry did not extend to the possibility of a more 
intensive use of university buildings and facilities by such. 
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measures as changes m the university terms, nor was ib 
for the Committee to recommend a reduction in student 
numbers. The report is emphatic, however, that if the 
target set by the Robbins Report is to be achieved without 
prejudice to accepted standards of university education, 
a further large increase ın capital grants is unavoidable. 

Neither the target of numbers nor accepted standards 
are necessarily sacrosanct. For all the Robbins Report, 
it should be remembered that that target is still regarded 
by some responsible opinion as too high, at least so far aa 
universities are concerned. Nor are questions of standards 
to be considered without reference to that of the whole 
purpose of university, as distinct from other forms of 
higher education. But while the Estimates Committee at 
this point rightly reminds us that we have not yet willed 
the means for the end we have aooepted, the pertinence 
of the Report in this connexion lies in its further remmder 
that by failing to do so—still more by the six-month post- 
ponement now proposed—we are in danger of gross waste 
of publio resources. 

Appended to the report is a memorandum from the 
University of Kent, which makes this point very effectively 
by citing speorflo instances of loss of efficiency through 
inability to commit capital except at short range. This 
effect of uncertainty on efficiency was confirmed in 
evidence from Sir Robert Matthew, a past president of 
the Royal Institute of British Architects. Such inefficiency 
and even waste is accentuated by the postponement of 
building projects now proposed by the Government, and 
independent of any effect on the eventual achievement of 
the target set for university expansion, the one oertain 
result is considerable waste of publio money. If achieved 
at all, the target will require even greater financial ex- 
penditure and possibly also more skilled manpower. 

lt is entirely relevant to the Government's action to 
point out that the whole purpose of this enquiry by the 
Estimates Committee into the greatly increased expendi- 
ture on the universities, which over the past decade has 
risen more than six-fold, was to satisfy Parliament that 
these large sums were wisely expended and that the 
Nation was obtaining a reasonable return on its invest- 
ment. A start-and-stop policy makes nonsense of such 
recommendations as the Estimates Committee was able 
to make or of the steps which the University Granta 
Committee or the universities have already taken. 
Furthermore, it accentuates & major and inherent defect 
of the quinquennial system—that of the transition from 
one quinquennium to the next, which imposes a stress 
which can amount almost to a standstill. The Estimates 
Committee considered, in fact, that for the last two years 
of & quinquennium the consequent uncertainties already 
had & serious and depressing effect within universities, 
particularly with teams of research workers. This, of 
course, is in accordance with the observations and advice 
of the Plowden Committee on the Control of Publio 
Expenditure, which unreservedly condemned a start-and- 
stop policy go far as research was concerned. 

In the soientiflo field, a start-and-stop policy also 
accentuates a difficulty which is already acute in regard 
to equipment. The rate of obsolescence is rising rapidly 
and such equipment is also liable to a 5 per cent per 
annum rise in costa solely on the factor of creasing coom- 
plexity. Moreover, the existing praotioe is criticized both 
by the Treasury and the universities. On a rising building 
programme it is difficult to estimate how much equipment 
will be required for a particular building or a particular 
year, and the rule governing capital grants favours thoee 
obtaining grants in contrast to those who have to re-equip 
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out of recurrent grant. The Estimates Committee recog- 
nizes that this 1s a serious problem and it recommends 
that the Univermty Grants Committee should undertake 
a survey, on the Imes of the obsolescent buildings schedule, 
of at least all major scientific departments to determine 
the degree of obsolescence in equipment. Moreover, it 
suggests that the Treasury Workmg Party which is oon- 
sidering budgetary control should examine, as a matter 
of urgency, the idea of an annual recurrent capital grant 
for bringing up to standard some of the worst equipment 
in the older buildings. When a reasonable standard has 
been achieved, the possibility ahould be considered of a 
process of amortization, writmg off and depreciation of 
equipment over a period of time. 

Otherwise this report of the Estimates Committee does 
not bear greatly on the diffloulties into which the Govern- 
ment’s latest decision has put the universities. It attempted 
to discover ways of getting value for money and also ways 
in which the structure of Government could be altered to 
provide greater efficiency and greater incentives towards 
economy in the universities. By and large, the universities 
and the University Grants Committee come out well from 
this examination, as does the Treasury, but that can 
scarcely be said for the Department of Education and 
Science. The evidence, however, indicates a response to 
ite efforts to enlist the universities both in inoreased oo- 
operation with the University Granta Committee and in 
individual and collective efforta to demonstrate publicly 
that they are making the best use of publio money and 
the facilities they enjoy. 

It might be noted here that the Estimates Committee 
fully supporte the recommendation of the Robbins Com- 
mittee that the level of fees should be raised from the 
present 10 per cent of the average cost of their education 
to 20 per oent. Treasury evidence indicated that a 
Government which was prepared to halt building projecta 
for mx months was not ready to take a step which the 
universities themselves would seem to welcome and which 
would also help to bring home to students that payment 
of fees does not meet coste. In the Estimates Committec’s 
view, raising fees to & fairer level would have the advan- 
tages of involving local authorities to a greater extent in 
university education and also recouping a higher pro- 
portion of the cost of education from overseas students. 
The present rules should be modified to prevent the 
increased contribution causing parental hardship. 

Evidence was taken from the Department of Scientafic 
and Industrial Research on the provision of granta to 
universities for research and equipment for research, 
which in 1964-65 amounted to £8 millon. On this the 
Estimates Committee makes two comments only. Such 
equipment is now consigned completely to the university 
concerned because the Department does not want the 
responsibility of dealing with obsolete equipment. The 
Estimates Committee makes the sensible comment that 
while this may be generally sound, on occasion the oon- 
clusions of & particular piece of research or the break-up 
of a special research team may leave a university with 
serviceable equipment for which there is no definite use. 
Secondly, while the Department of Scientiflc and Indus- 
trial Research thought it important that as soon as 
possible research projects should be fully assimilated by 
the university into ita control, such transfer occurs at the 
end of the quinquennium. The Estimates Committee 
thinks that this practice might be a deterrent and suggests 
that universities should be encouraged to take over 
projects at any time during the quinquennium, even with 
the use of private funds. 
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For the remainder, the report is concerned with the 
University Grants Committee and ite functioning rather 
than with the actual expenditure of the grant-in-aid of 
universities. The earlier controversy over the principle 
of academic freedom in this matter is not reopened. It 
is accepted that the system of allocation and control of 
the various grants to universities is intended: (1) to give 
the universities, as institutions responsible for their own 
academic planning, management and development, an 
assurance of the amount of Government support they 
would obtam: (2) to keep university development 
responsive to national needs, while maintaining the 
principle of academic freedom; (8) to ensure incentives 
and safeguards for economical use of Government money. 
The first of these is, of course, violated absolutely by the 
Government’s decision, but it is with the third that the 
report, apart from its scrutiny of the University Granta 
Committee, is essentially concerned. 

There are now four parties to the present system: the 
Treasury, the Department of Education and Science, the 
University Grants Committee and the universities them- 
selves. While the Estimates Committee is sometimes 
critical of the Department of Eduoation and Science, and 
the universities, in general, are afraid that their claims 
may not be put with the same energy, vis-à-vis the rest of 
the education, as when the University Granta Committee 
approached the direct, this was vigorously 
denied by the Department, which, like the Treasury, puta 
the main responsibility for financial control on tho 
University Granta Committee. It continues to be the view 
that a proper regard to the academic independence of the 
universities should be the counterpart of a responsible 
attitude in the universities towards Government money. 
The Estimates Committee agrees with the Robbins Com- 
mittee in maintaining the principle of a Committee inde- 
pendent of politios and not subject to ministerial directions 
—yeb maintaining close contact with the organization of 
Government—which advises on the magnitude of the 
amounts needed and which distributes the funds available. 

The report shows that it is open to question whether 
the University Grants Committee, as at present consti- 
tuted, can adequately fulfll these functions. It pointe to 
the heavy responsibilities of the Chairman and his growing 
number of largely routine duties. The routine work of 
members of the Committee is also so onerous that it could 
prevent them from giving to the universities as a whole, 
and to the newer universities in particular, the sort of 
guidance they need to frame their buildmg programmes 
in line with national needs and fmancial possibilities. The 
Estimates Committee received considerable evidence that 
the University Grants Committee is understaffed: while 
paying tribute to the devotion and publio spirit of past 
and present members of the Committee, it considers that 
growing responsibilities of the Committee call for much 
more full-time responsibility than at present. It recom- 
mends, therefore, that the Secretary of State for Education 
and Science should review the composition and responsi- 
bility of the University Granta Committee to discover 
whether it is advisable to increase the number of members 
and to require more of them to undertake full-time duties. 

There are other specific recommendations. The Deputy 
Chairmanship should be made a full-time appointment, 
and it is recommended that the time-table of visitations 
should be rearranged so that they are spread over the 
whole quinquennium in order to facilitate two visits to 
each university. The Committee’s Finance Division 
should be strengthened by full-time services of the 
statistician, with, if necessary, further statistical help for 
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the other Divisions, and a full-time cost accountant 
attached to the Committee as a whole. It is also recom- 
mended that an immediate review should be made of the 
Arohitect's Division ao that a better career structure can be 
set up, and, to secure an immediate increase, that full 
attention should be paid to the secondment of additional 
staff from other Government departments. In reviewing 
the Architect’s Division, the authorization of additional 
posta (one to be filled by a consulting engineer) should be 
considered. 

By strengthening in this way the technical expertise 
available to the Committee, particularly in accountancy 
techniques, the Estimates Committee that the 
University Grants Committee will be able to develop cost 
control more effectively and also to give more constructive 
and effective guidance to the universities in planning 
university buildings. As to informing universities of 
national needs, the Estimates Committee considers that 
this is primarily a responsibility of the Department of 
Education and Science. It recommends that the Depart- 
mont should enlarge the functions of ita officers responsible 
for collecting and processing information on national 
needs for graduates in industry and elsewhere. Jointly 
with the University Granta Committee and the Treasury, 
the Department should undertake urgently a review of 
the quinquennial system in the light of the requirements 
suggested by the Treasury, and any changes seen to be 
necessary should be put into effect in the early part of 
the next quinquennium. 

Two of the Treasury suggestions are worth noting. 
The system should provide ample time for the University 
Grants Committee to assess the requirements and effioi- 
ency of new universities and, moreover, it should provide 
the universities with a reasonable assurance that the 
neooseary funds will be available so that they can proceed 
in accordance with approved tergete. It should also 
provide the Government with as good a forecast as 
possiBle of the Government recurrent finance which would 
be needed over a period—realistically not more than five 
years—and it should be capable of review and being 
brought up to date at intervals. The system should not 
involve too detailed & control of expenditure by the 
universities, and also provide Parliament with an assur- 
ance that the sums provided are adequate to finance 
universities in accordance with Government policy and 
yet provide proper incentives to efficiency in university 
administration. 

Five other recommendations are addressed to the 
University Grants Committee itself. The procedure for 
bringing up and dealing with claims by universities for 
a supplement to the recurrent grant is subject to exercises 
of judgment to an extent which the Estimates Committee 
regards as unfair to the universities. Accordingly, it 
recommends that the University Grants Committee should 
inform the Committee of Vice-Chancellora that if the 
claims of universities are co-ordinated and submitted by 
them, at any time, such claims will be transmitted as soon 
as possible for the Government’s decision. On the control 
of building programmes it recommends that the University 
Granta Committee should invariably receive confirmation 
of the Government allocation of building starts not lees 
than four years in advance and, as soon as possible after 
this has been done, the Committee should make its 
allocation to individual universities. It also recommends 
that the University Granta Committee should inaugurate 
an exercise to work out standard requirements for univer- 
sity buildings and that the more general requirements 
should be given effect as soon as possible. 
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This suggestion originated with the Royal Institute of 
British Architects, whose evidence was that the University 
Granta Committee was relating costa not to standards 
but the money available and the bulk of building. The 
Estimates Committee appreciates the difficulty of oal- 
culating maintenance costa and recognizes thats the 
Department of Education and Science could help by 
making available all ite information on maintenance costs. 
None the lee, the Committee recommends that the 
University Granta Committee should also examine the 
proposal that contractors tendering for university build- 
ings should be asked to tender for their maintenance as 
well, although the proposal at first sight appears to cut 
across demarcation lines between capital and recurrent 
expenditure. 

Finally, the Estimates Committee hopes that if 
increased staff oan be attracted to the Architects’ 
Branch of the University Granta Committee they will 
undertake research into university building work on a 
larger scale. Only a few universities have yet made use 
of industrial buildmg techniques, and the evidence sub- 
mitted to the Committee suggested that the lack of 
research at national level to discover what systems are 
suited to different universities was the main factor. 
Other points to which the Committee directa attention 
are the tendency for savings to be in time and future 
maintenance rather than immediate costs and the im- 
practicability of using any system to full advantage 
without & capital programme of several years. The fifth 
recommendation to the University Grants Committee is 
thus that the Committee should invite the National 
Building Agency and experienced contractors to pool all 
available information on industrial building techniques, 
and to combine with them to discover which systems are 
suitable for the different regions, categories and conditions 
of individual universities. 

While, as already noted, the Estimates Committee's 
sorutiny did not extend to the scale of university expan- 
sion or to the purpose of a university education, it never- 
theless gave the whole system a thorough examination, 
from whioh the University Granta Committee and the 
system as a whole emerge with much more credit than 
some critics have been disposed to allow. Its recom- 
mendations, if adopted, should strengthen the Committee 
and the system, where weaknesses have for some time 
been widely recognized, but there seems little reason to 
anticipate drastic modification of the Committee or 
the quinquennial system as a result of the further en- 
quiries recommended. That is subject to the observance 
of the fundamental conditions on which the whole system 
resta. It is here that the Government’s own action causes 
the gravest anxiety and the most serious doubts. Univer- 
sity finance and university expansion are far too complex 
and technical for political prejudices to operate if waste 
of national resources is to be avoided and if the nation is 
to receive a due return from the large expenditure now 
involved. The soale of expansion and its rate must 
obviously be determined by political considerations, but 
those considerations must be limited to the extent of 
national resources available and to national needs in the 
light of other conflicting claims. They cannot be determ- 
ined by considerations of party advantage. 

Onoe the scale and rate of expansion are agreed the 
resources committed should be beyond interference. A 
policy of start-and-stop or even of go-slow destroys the 
whole basis of efficiency. It should be clear that the latest 
Government decision not only ignores the responsible 
advice of the Plowden Committee, but also the supporting 
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evidence adduced in the Estimates Committee’s enquiry. 
It makes nonsense of at least three of the recammenda- 
tions advanced for strengthening the present system and 
removing certain weaknesses which have been detri- 
mental to full efficiency and led to certain waste of 
resources. Reasons advanced in the House of Commons 
debate on August 3 by Mr. R. E. Prentice are quite 
untenable in the light of this report, and to make excep- 
tions in development areas makes nonsense of university 
policy. If the Government and the nation wish to expand 
the universities at & certain scale and rate they must will 
the means, even if it involves curtailing available resources 
elsewhere. If they are not prepared to will the means, 
the universities themselves must decide on the scale and 
rate of expansion which they can achieve without under- 
mining either the standards of their work or the purpose 
of their education. 


THE CARNEGIE UNITED KINGDOM 
TRUST 


Welfare In Trust 

A History of The Carnegie United Kingdom Trust 1918— 

1968. By W. Robertson. Pp. 282. (Dunfermline: The 

Carnegie United Kingdom Trust, 1964.) n.p. 

i book was commissioned by the Carnegie United 
Kingdom Trust to commemorate its jubilee. It ia not 

for sale but can be borrowed from any public library. 

It is & faithful record of the way in which the Trust, 
founded by Andrew Carnegie in 1918, has been interpreted 
and administered by the original Trustees and their suo- 
cessors. Though the author has succeeded on the whole in 
presenting his subject against the background of changing 
social conditions, which was easential if the Trust is to be 
seen in perspective, his story is not always easy to follow. 
This is because it has not bean consistently handled either 
chronologically or by subject. The variety of subject- 
matter and the of the story may have made this 
unavoidable; but it is a drawback for the reader. 

The Trust, with an original capital of ten million dollars, 
was lees rich than some of the great American Trusts and 
indeed than some of those more recently formed in Great 
Britain, but it was the first of ite kind in the United 
Kingdom and it has been able both to exert considerable 
influence on social policy and to make possible and 
encourage & very large number of individual schemes of 
varying size and importance. 

Ita activities have from the first been largely determined 
by two factars—the terms of the trust and the methods 
of allocation. 

terms of the Deed, ‘‘the improvement of the well- 
being of the masses of the people of Great Britain and 
Ireland”, were sufficiently wide to allow the trustees to 
support & number of different kinds of project at any one 
time and also to change their overall policy to meet 
changing social needs and conditions. 

The method of grant allocation adopted at the outeet, 
and unchanged in easence since, has been to leave the 
initiation not only in decision making but even in planning 
almost exclusively in the hands of individual trustees 
rather than in those of a professional secretariat. The 
Trustees over the years have been well served by their 
secretaries Bo far aa the collection of data and detailed 
management are concerned, but they do not appear, by 
and large, to have looked to them for a dynamic lead. 
Policy has not been thought out from first principles but 
has tended to grow step by step in a somewhat haphazard 
way dependent on the particular interesta and strength of 
character of individual trustees and their friends. Projects 
that have been put up to the Trust have been examined, 
and their acceptance determined, in relation to the kind 
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of things that the Trusteos to be supporting ab 
the time, provided in a general way that they did not 
conflict too obviously with certain criteria that have 
remained constant: first that money should not be 
vided for what was a statutory obligation (and even here 
exoeptions were made when a trust contribution was held, 
often rightly, to provide & necessary spur to statutory 
action), and secondly that money should only be given to 
projecta which included some element of pioneering and 
experiment—and here too exceptions were made. 

Thus much has depended on the interests and per- 
sonalities of individual trusteca, and these have un- 
doubtedly been a remarkable and devoted band of men 
and women with a wide knowledge of educational and 
social problems. The projects which they have brought 
forward for consideration and which have won support 
have been varied in nature, in size and in ii , and 
any estimate of their relative value is to be largely 
subjective, since it is a matter of opmion whether it is 
better to spend money on, for example, lihraries or youth 
hostels, child welfare or the handicapped. It is, however, 
possible to make some judgments ing the success 
of the different projecta, and this the author has attempted 
to do. While paying tribute to the large number of move- 
mentes where the support of the Trust played an important 
pce ea as libraries, rural development, help for the 

icapped, he has not hesitated to mention less- 
successful ventures such as the Bureau of Current Affairs 
and the Land Settlament Scheme. 

Success may be judged in relation both to the eatis- 
factory outcome of the particular project and to the effect 
that project has on the development of social policy. A 
community centre or a youth hostel may be a success in 
itself for the opportunities it offers ite members; but it will 
be & greater success if it shows the way for other centres 
and hostels which will serve a wider public. This the Trust 
has always recognized; but at the same time it has never 
lost sight of the value of ing even quite amall 
groups in their efforts on behalf of the community. Its 
support of pioneering work and of voluntary effort has 
been among ite main contributions to social progress. 

Whether or not the projects supported by Trust have 
been successful in the double sense mentioned above has 
depended to a great extent on ita co-operation with volun- 


nership of great value to both sid 
which they red. Village halls, of which more than 

thodesid havo Bean aeistol by tho "Trust, ere the 
le sign of work in the countryside which oovers a 
wide variety of interests and has enriched the livea of 
countless country men and women. The Trust provided 
the money and the National Council the expertise—not 


only of how village life could best be enriched, 
but also ed information connected with applications 
for grant. 


Welfare in Trust is a worthy title for this record of fifty 
years’ service to the community. Five million pounds have 
been distributed to good causes during this period and the 
Trustees have faithfully carried out the wishes of the 
founder. They have contributed to ‘‘the well-being of the 
masses"! by supporting libraries, village halls, adult educe- 
tion, research, musio and the arts, playing fields and youth 
work and by welfare schemes for family and community. 
They have made it possible for national organizations 
concerned with these things greatly to expand their work 
and have at the same time encouraged small groups and 
even individuals to pioneer and to experiment. Andrew 
Carnegie could well be proud of the extent and value of 
the work made possible by his foundation. 

Many Monum 
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SPACE RESEARCH 


Space Research V 
Proceedings of the Fifth International Space Science 
Symposium, Florence, May 12-16, 1964. Edited by D. G. 
King-Hele, P. Muller and G. Righini. Pp. xix--1248. 
(Amsterdam: North-Holland Publishing Company, 1965.) 
300s. 
for Space Research is an event of primary importance 
for all participanta in space research. Space Research V 
is concerned with the proceedings of the fifth such inter- 
national . lt contains dealing with the 
physical aide of the subject only. Papers dealing with life 
sciences in relation to space research are to be published 
in another volume. Even with this limitation on ite con- 
tenta it is & tremendous tome. It is made up of 1,248 
pases and contains 154 papers grouped under twelve 
eedings. It weighs nearly 61b. and costs £15. It is virtually 
impossible to give anything approaching an adequate 
summary of its contents as the contributions range over 
many fields. Many of them are not directly related, other 
than the fact that they refer to resulta obtained 
by the use of satellites, rockets or balloons. The twelve 
sections give some idea of the range of matter. They are: 
(1) "Interaction of Energetic Particles with the Atmo- 
sphere"; (2) ‘‘Ionospheric Processes and Anomalies”; 
(3) “Precipitation and Effecta of High Energy Particles” ; 
(4) “Radiation Belts”; (5) “Solar Radiation and Inter- 
mien Medium"; (6) “Ionosphere”; (7) “Atmospheric 


tructure and ion"; (8) “Galactic X-ray Astro- 
nomy''; (9) “Tracking of Satellite”; (10) ‘ ios of 
Satellites"; (11) "IQSY Programmes and Results”; (12) 


“Upper Atmosphere Studies with Rockets and Satellites”. 

Most of the papers are in English, a few in French. 
The majority have been abstracted in Russian. We are 
informed in the editorial preface that there were more 
than 450 participants oe thirty-three countries. 
Of the contents it is difficult to say more than that they 
form an invaluable compilation of resulta both experi- 
mental and theoretical and give an excellent cross-section 
of work in progress at the time of the symposium. Most 
of the topics included are now well-established fields of 
activity, but & recent and very weloome newoomer to the 
soene is that labelled “Galactic X-ray Astronomy’’—a 
tentalixingly short section of lese than five made up 
of three papers in the form of abstracta. is & subject 
likely to develop much in the years ahead and indeed has 
already made appreciable progress since the symposium 
was held. 

One is filled with admiration for the way the editors 
have faced up very successfully to an obviously difficult 
task. The dividing line between some of the sections is 
rather shadowy and there is in such cases some 
overlap of content, but on the whole are fairly 
clearly defined and. self-contained. While contribu- 
tions vary in importance, none is unimportant, and all 
groups of workers in the fleld of space research will surely 
find it necessary to possess, or have acceas to, a copy of 
the Procesdings. The very high price, however, is likely 
to deter many individual workers from buying it for 
themselves, and this raises the sole serious criticism of 
the book—one wonders whether it was necessary to repro- 
duce the Proceedings on the soele in which they have 
been. uoed, or alternatively whether it was necessary 
for all sections concerned with the physical sciences to 
be collected together in one volume. hare must be many 
apao eS WOE icit eim Davo On ap? 

elves copies of the sections concerned with their field of 
interest but who nevertheless cannot afford to pay the 
Ment high price demanded for the complete set of sections, 
and it occurs to me that if it could have been split up 
into two or three volumes each containing three or four 
cognate sections it would have met the needs of individuals 
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better. As it is, ıt seems that only research institutions 
and universities can afford to purchase ıt. While many 
of the papers are full-acale papers of twenty pages or 
more, others are much shorter, and some are very short 
and take the form of abstracts. In so much as it is typical 
of papers presented at conferences generally that they 
are published afterwards in modrfled form in other 
journals, one wonders whether as an alternative a good 
proportion of the papers reproduced in this set of Pro- 
ceedsngs could not also have been reduced in size or even 
published as abstracts, so reducing both size and cost of 
the volume. All this sounds lke carping criticism of a 
very important and excellent book, but 1t would seem 
that one consequence of this wholesale publication has 
been that very nearly a year elapsed between the holding 
‘of the ium and the publication, of ita Proceedings. 
In fact, publication occurred only a short while before 
the sixth symposium was held in May 1965 so that shortly 
after publication a number of the papers were already 
superseded by papers presented at the sixth symposium. 
The production of the book is up to the usual high 
standard of the North-Holland Publishing Company, and 
misprints, so far as I have been able to observe, are few 
in number and trivial in nature. E. A. STWWARDSON 


THE CONTEXT OF LIFE 


Handbook of Physlology 

A. Critical, Comprehensive Presentation of Physiological 
Knowledge and Conoepta. Edited by D. B. Dill, E. F. 
Adolph and O. G. Wilber. Seotion 4: Adaptation to the 
Environment. Pp. ix+1056. (Washington, D.C.: 
American Physiological Society; London:  Bailliére, 
Tindall and Cox, Ltd., 1964.) 2885. 


EVERAL volumes of the Handbook of Physiology are 
now on the library shelves, if not permanently and 
irritatingly out on loan. Those earlier doubts as to whether 
it is still possible to produce a literature both so oon- 
temporary and so permanent as to deserve the rank of 
‘handbook’ have largely faded into the background. Since 
few besides a reviewer will have the time or the occasion 
to study a volume of the Handbook in ite entirety, and 
private posseasion will be exceptional, these volumes 
must be enjoyed in amall doses and referred to time and 
again by many individuals. It is quite likely, then, that 
their physical lives will expire before the subject-matter 
has lost ita relevance, and appeal. Surely few 
librarians would complain of that fate for these expensive, 
but not unreasonably expensive, volumes. 

This volume on adaptation to the environment 18 
essentially an American production. Although valuable 
contributions are made by authors from ten other coun- 
tries with representatives from every continent, 46 of the 
64 contributions emanate from laboratories in North 
America. The broad biological approach to the subject, 
and the depth of the appreciation of the biological sig- 
nificance of adaptation owe much to those excitmg 
schools of physiological zoology which are particularly 
active and successful in the United States. 

After three excellent opening chapters on perspectives 
concerning the history, theory and general properties of 
adaptation, which serve to determine the dimensions of 
the subject, subsequent contributors settle in to the 
immense task of filling in the details Bo far as they are 
known. Following a chapter on the cellular level of 
adaptation, the adaptive capacities of the nervous, 
muscular, special sensory, cutaneous, skeletal, cardio- 
vascular, respiratory, digestive, excretory, oamoregulatory 
and thermoregulatory systems are considered in turn. 
There are chapters which consider the geophysical 
environment iteelf, and laboratory facilities for the pro- 
vision of controlled ental in the environ- 
ment. The effects of cold, dry heat and humid heat on 
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arthropods, reptiles, birds, mammals and man are then 
discussed together with chapters on the hibernators and 
aestivators. The next group of papers considers the 
adaptations of anmala in aquatic environments, and is 
followed by four chapters on animals in toxio environ- 
mente which include the effects of msecticides on insects 
and why some individuals survive to breed resistant 
strains. The effects of polluted air, industrial chemicals 
and narcotic analgesics on man and other animals are 
also discussed. The effects of and responses to altitudes 
range from those of man permanently resident high on 
the Andes to those of man temporarily remdent in a space 
capsule. Finally, there is a group of papers dealing with 
the adaptation of man to a miscellany of circumstances, 
both natural and not so natural, in which he may find 
himself, or in which he is wont to place himself. These 
include his responses to calorific deficiency, repeated 
injury, solar and ionizing radiations, motion and noise. 

Life and the environment in which it thrives must be 
considered together once the physiologist concerns himself 
with the functions of whole and integrated organiams, or 
seeks to make comparisons between individuals or species. 
Gelineo (p. 259) says “In whatever region of the Earth 
they have settled, animals have adjusted their lives to 
the environment", and Thomas (p. 210) pointe out that 
“all truly physiological reactions of an organism to 
changes in ite environment are basically adaptive in 
character”. The realization that an organism is, in 
a sense, the product of ite own environmental history 
has grown clearer over more than 2,000 years since 
Hippocrates recognized the role of adaptive factors in 
relation to health and disease. The properties common 
to most organisms such as the use of high-energy 
phosphate bonds for energy transfer, genetic coding by 
nucleotides, specificity of proteins as catalysts, and the 
selective permeability of cell surfaces, must have become 
established at the very dawn of life before the creation 
of a stable reproducing oell. All subsequent evolution in 
organizational complexity and in diversity of both form 
and function must exist because of the survival of chance 
mutations which afforded some advantage to the organism 
in relation to ita environment. Adaptation to the environ- 
ment, then, is no peripheral aspect of physiology of interest 
only to those who are concerned with the reactions of 
man and other animals when exposed to both natural and 
unnatural variations in ambient conditions. On the con- 

, adaptation to the environment is the very raison 
d'&re of the integrative complexities of all o 

This volume is concerned with two distinct levels at 
which adaptation can be considered. One relates to the 
genetically fixed characteristics which permit one species 
to occupy & particular ecological niche, or which increase 
the chances of survival of an individual in the face of 
existing hazards, or of a change in the environment which 
is otherwise disastrous to the species. These characteristics 
are at all levels of biological organization from the sub- 
cellular to that of gross morphology. The other is that 
complex of limited physiological and behavioural adjust- 
menta which all organiams can make in the face of limited 
changes in the environmental conditions, and referred to 
as ‘acclimatizations’. Here, again, many tissues and 
systems may be involved, and the extent to which 
individuals can aocolimatize may aleo be genetically 
determined. 

Adaptation to the environment as the determining 
factor in evolution has depended essentially on mutations 
which affect the chances of survival of the individual up 
to the time of ita own reproductive activity, aince survival 
beyond this phase in life is of little or no evolutionary 
consequence. However, modern man now demands 100 
per cent survival into adult life and seeks to give every 
individual the chance to procreate irrespective of genetic 
make-up. When man becomes the dominating interest 
in this volume, genetics differences between individuals 
become of lees importance than the general ability of 
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most individuals to adjust themselves to en- 
vironmental circumstances. By learning to control both 
the environment in which he lives, and the influence of 
the environment on himself, man has created an un- 
paralleled change in the course of Nature. 


“This was the law of the Yukon, 
that only the strong shall thrive, 
That surely the weak shall 
and only the ft survive". 
While this shift in the principles and practice of adapta- 
tion to the environment abundantly clear as one 
peruses this volume, there is, wisely perhaps, no direct 
comment on it, still leas any speculation on ita possible 


consequences. 

The Handbook of Physiology is described as a “‘aritical, 
comprehensive presentation of physiological knowledge 
and oonoepte". It is unlikely that any other volume of 
the Handbook will to do just this for so vast and 
relatively unexplored a fleld, but this aspiration is largely 
achieved. One oan only express admiration for a remark- 
able compilation. The contributors, in are quick 
to point out the i of their knowledge, and the 
young research worker who has not yet been persuaded 
to direct his whole attention to a more confined aspect 
of biological function will find the inspiration here for 
studies which could fill many lifetimes. 

Each contributor has been given ample space to state 
his thesis, and the volume avoids that brittle economy 
of words which sometimes mars the pleasure of reading 
scientific literature. There are repetitions, here and there, 
of matters already discussed by earlier contributors, but 
no one should cavil at this since sections are referred to 
in isolation from each other. Each chapter should be, 
and is, self-contained. 

Whatever the policy may be for other volumes in this 
series, this particular volume should be within the reach 
of every teacher &nd research worker in the fleld of 
biology. J. Buram 


HUMAN GENETICS AND 
CYTOLOGY 


Les Chromosomes Humalns 

(Caryotype Normal et Variations Pathologiques.) Par 
Prof. Raymond Turpin et Prof. Jéróme Lejeune. Pp. 
vii +535. (Paris: Gauthier-Villars, 1905.) 54 francs. 
Human Genetics 

Cold Spring Harbor Symposia on Quantitative Biology, 
Vol. XXIX. Pp. xiv+492. (Cold Spring Harbor, L.I., 
New York: The Laboratory, 1965.) 15.00 dollars. 


JOINT review of these two recent volumes can be 

justified by oonsidering them as complementary. 
Both publications are mainly summaries of the work of 
many research workers during the past five years, but the 
book by Turpin and Lejeune, having only one additional 
contributor and a single subject-matter, the chromosomes, 
is more homogeneous and rounded im presentation than 
the symposium volume which contains 44 separate con- 
^ tributions by different authors. 

Les Chromosomes Humains sterte with a history of our 
knowledge of the human chromosomes, touches on the 
techniques for their investigation and then describes the 
normal human karyotypes. Three chapters deal with the 
numerical anomalies of autosomes and one chapter with 
the anomalies of their structure, followed by & chapter on 
chromosomal studies m leukaemias and cancer. Three 
further chapters are devoted to the numerical and struc- 
tural aberrations of the sex chromosomes, and one is 
concerned with hermaphroditism and peeudo-hermaphro- 
ditiam. Chromosome differences between twins and the 
mechanisms and effects of abnormal sex chromosomes are 
also separately treated. Finally same biochemical peou- 
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liarities which are associated with chromosomal abnor- 
malities are discussed by H. Jerome. The approach to 
moet problems presented in this book is both cytological 
and clinical. The origins of moeaiciam and the various 
hypothetical mechanisms which may result in abnormal 
karyotypes are discussed at some length, and it is probably 
from these perte of the book that some controversy may 
arise. There are numerous graphs, illustrations and 
tables. The bibliography covers publications well into 
1964 and is invaluable as a source of information. The 
rapidity of discovery and development in this fleld is, 
however, such that already, a few months after the pub- 
lication of the book, new important information is avail- 
able which could not be included. 

Human Genetics deals with three active fields of research, 
namely population studies, the genetics of somatic cells 
and cells in culture, and human proteins. In it, chromo- 
some anomalies play only & mmor pert in the second 
section, which deals with cell culture. There the main 
emphasis is on the sex-linked genes, and the state of the 
X chromosome is discussed in conjunction with the Lyon 
hypothesis. Otherwise, this part is mostly concerned with 
cell selection, cell antigens and the localization of bio- 
chemical mutants. Interesting structural effects of 
irradiating chromosomes in cultures and of radiomimetio 
substances are reported, but the analysis of gene muta- 
tions by such means is still in ita infancy. Other techniques 
may prove more successful in this field. The impression 
gained from reading this section of the symposium is one 
of rapid growth in separate specialized groups without, as 
yet, much regard to the possibilities of integration or 
generalization. On the other hand, the last sectian of the 
monograph, which deals with the genetics of human pro- 
tems, covers the considerably mare homogeneous and 


rymes as well as imm . 
understanding of the several participants is also obvious 
from the quality of their discussions. 

The first part of the book contains studies of many 
different kinds of human population; this subject seema 
to be in a state of flux so that a few contributions appear 
a little repetitive and perhaps tired, while others hint at 
novel approaches. General problems such as the effects of 
i of lethal equivalents, poly- 
morphism, and the effects of pleiotropiam are once more 
discussed. Perhaps more rewarding are specific genetical 
studies on populations in Brazil, India, the American 
Indians as well as the ‘Amish’. Most promising is the 
study of the nature and consequences of ethnic mixtures 
among the immigrant communities of Israel; the infor- 
mation summarized in this paper will provide an important 
and unique base line for future research. A lively contri- 
bution by Gajdusek describes some very unexpected 
consequences of the highly lethal Kuru disease in New 
Guinea which has led to a considerable numerical increase 
in the affected Fore population. His vivid account of 
other vagaries of ‘selection’ and the general unpredict- 
ability of events which control the genetical fate of small 
primitive people provides & most impressive and healthy 
contrast to the traditional unquestioning assumptions of 
gene equilibria, or at best the slow action of persistent 
selective forces in all circumstances. These have operated 
in the large populations of modern man, and some of 
their effects are described by the other contributors. 

In the framework of & short review it is unfortunately 
impossible to do justice to all the contributions in the 
symposium, nor is it possible to offer detailed criticism. 
While most papers individually come up to the high 
standards of the Cold Spring Harbor Symposia, it appears 
to me that as a synthesis this particular volume does not 
reach the excellence of its best predecessors. This is 
borne out by the last concluding , where Bentley 
Glass more or leas despairs of summarizing the hetero- 
geneous subject-matter. È. KArwus 
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Egypt to the End of the Old Kingdom 
By Cyril Aldred. (The Library of Early Civilizations.) 
Pp. 148 (illustrations). (Landon: Thames and Hudson, 
1965.) 805. 
By he s Mal and Iran 
Mallowan. (The Library of Early Civiliza- 
Pp. 142 (illustrations). (London: Thames and 
Hoan, 1965.) 30s. 
OTH these &uthors are front rank authorities on their 
subjecta, and both are able to write clearly and 
simply. In neither case is it the intention to offer a book 
for the specialist; what is intended is to provide a short, 
clear, up-to-date account of the story of both these 
regions, Bo vital to the development of human civilization. 
Both volumes are profusely illustrated, not a few examples 
being in colour. 


The Egypt volume starts with a detailed chronology . 


and & map. Chapter one deals with the beginnings of 
human settlement, and rightly mentions finds of early 
pelaeolithio date. An actual date of 200,000 years ago can 
only be guess-work ; they may well be older ! The change- 
over from hunting to farming ia next dealt with. This was 
one of the great stages in human development. For the 
first time community. life was poasible and village life 
evolved. There follows a brief account of the early pre- 
dynastio period, mention being made of such early cultures 
as those from the Fayum, Merimde and Badari. Illustra- 
tions of the typical tools and pottery are given. In the 
same way the later predynastio period is dealt with in the 
next chapter, and following this there is an account of the 
transition to the Dynastic Age. The Dynasties I-VI next 
pass under review, and there is a concluding on 
the sculpture of the Old Kingdom. For anyone to 
know the easentials of early Bv wars mi eidem and 
what has been unearthed, this book can be strongly 
recommended. 

Much of what has been said about Oyril Aldred’s book 
on Egypt can be said about M. E. L. Mallowan's Early 

Mesopotamia and Iran. Onoe again the volume is pro- 
fusely illustrated, not infrequently in colour. There are 
chronological charts and & map. The first chapter deals 
with the urban development in Uruk and Iran somewhere 
round about 8500 B.o. Many examples of the painted 
pottery from this early period are indeed lovely. v 
on to an &ooount of the temples in the plains and their 
associated finds and sculptures. At this time we can note 
the invention of writing, which has had so profound an 
influence on civilization. There is an interesting account 
of the daily life at Uruk. Next we pass to the early 
Sumerians and their culture, followed by the early dynastic 
period when we note a considerable improvement in archi- 
teoture and ornaments of all kinds. For example, the well- 
known Royal Standard of Ur, which illustrates the 
activities of the King and his court both in peace and in 
war, is an object of great beauty. Some of the sculptures, 
too, show an amazing control over the medium when the 
early date is remembered. Once again this is a volume to 
be read by anyone wishing to know something of the 
fundamentals of the early civilizations in Mesopotamia, 
an area which has played such an important part in the 
growth of civilization as we know it to-day. 

M. O. BURKITT 


Tensors In Mechanics and Elastici 
By Prof. Leon Brilloum. Translated from the French by 
Robert O. Brennan, B.J. 1 ing Physics: an Jnter- 
national Series of Monographs, Vol. 2.) Pp. xviii + 478. 
led York : Academic Preas, Inc. ; London : Academic 
, Ino. (London), Ltd. 1964.) 89s. 6d. 
ENSORS in Mochanios and is & translation 
from the French of the 1988 edition of Prof. L. 
Brillouin’s well-known text-book. It is, of course, a 
classical book in this fleld and nowadays forms an excellent 
introductory text. Although, to-day, there are many 
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text-books (in English) which describe the use of tensors 
in physics in great detail, there is still room for the broad 
introdustory treatment. The clarity of Prof. Brillouin's 
writing has been carried through the translation. On 
the whole the text is given in good clear English, although 
there are places where it is tly stylized. 
Unfortunately it is inevitable that this book is dated 
both in the subject material and in the reference list, 
neither of which has been brought up to date during the 
translation. However, because of the basio work covered, 
this is not too great a disadvantage. The material covered 
runs from a description of vector geometry, affine geometry 
and Riemann space to wave mechanics and elastio waves 
in solids. The idea of a tensor is introduced before 
poeta to a discussion of the role of tensors in physice. 
reader is led through the mathematical analysis step 
by step. This of the book occupies the first seven 
chapters. A discussion of problems in mechanics and 
elasticity then fills the remaining five chapters. This 
discussion demonstrates how tensors form a natural basis 
for, and so simplify, the treatment’ of these subjects. 
Altogether it is a useful addition to the English booklist. 
The production is good and the print is clear and easy 
io dead. unfürbanatel. thu scorta (o fave kept the prioe 
P. A. EanmtusrArr 


Radioactive Isotopes In Instrumentation and Control 
By N. N. Shumilovekii and L. V. Mel’ttser. Translated by 
R. F. Kelleher. Translation edited by P. J. Blaetus and 
G. A. Young. (International Series of Monographs on 
Nuolear Energy. Division 4: Isotopes and Radiation, Vol. 
3. Pp. xiv+198. (London and New York: Pergamon 
Preas, 1964.) 70s. net. 
recently the application of radioactive isotopes 

to cantrol engineering was mainly confined to a few 
a ee and the 
measurement of thickness or level. + there is an 
increasing interest in more aile pred pater which 
permit the measurement of ftaid flow, preasure, humidity, 
and chemical composition. iptions of single tech- 
niquee, or brief reviews of applications, are 
scattered in the literature, diia the subjeot difficult to 
include in formal studies. The present monograph, by 
authors who have an international reputation in the fleld, 
not only rectifies this but will also probably do much to 
stimulate the imagination of instrument designers and 
manufacturers. 
The introduction, which occupies a quarter of the book, 
is unsatisfactory since it assumes no previous knowledge 
and yet a deg Neale cover nuclear physics and 
statistics up to the point of practical application. How- 
ever, for a reader previous knowledge of conventional 
nuclear instrumentation the introduction may prove use- 
ful for ita formulas, arranged in convenient form for 
numerical interpretation. 

Other chapters are concerned with measurements of 
thickness and density by absorption and backscattering 
methods, the measurement of level and flow of liquids, and 
the measurement of flow and pressure of gases. There is 
also & chapter on composition control by a variety of 
interesting techniques, inoluding ionization methods, 
absorption and scattering, radiation spectrometry, and 
neutron activation. Two chapters are devoted to system 
analysis. One of them gives a most useful analysis ensab- 
ling the radioactivity of the source to be minimized for a 
particular dynamic response. The other gives an analysis 
of electromagnetic relay operation. 

The misprints are few, and most of them are obvious. 
However, a few could be misleading to a reader without 
previous nuclear knowledge (for example, ‘‘neutron’’ for 
"neutrino" on p. 8). The uncustomary ls in the 
equations were found stimulating rather annoying, 


and the book can be recommended for the inspiration it wO 


will give to instrument designers in industry. 
B. M. WrnBATLHY 
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A BIOLOGICAL RETROSPECT * 


By Sin PETER MEDAWAR, F.R.S. 
Director, National Institute for Medical Research 


HE title of my presidential address, will have 

discerned, is “A. Biological Retrospect”, and on the 
whole it has not been well received. "Why a biological 
retrospect 1’, I have been asked; would it not be more in 

ing with the spirit of the oocasion if I were to speak 
of future of bio rather than of ite past ? It would 
indeed be, if only it were le, but unfortunately it is 
not. What we want to w about the science of the 
fature is the content and character of new scientific 
theories and ideas. Unfortunately, it is impossible to 
predict new ideas—the ideas people are going to have in 
ten years’ or in ten minutes’ time—and we are caught in 
a logical paradox the moment we try to do so. For to 
predict an idea is to have an idea, and if we have an idea 
it oan no longer be the subject of a prediction. Try oom- 
pleting the sentence 'I predict that at the next meeting 
of the Britiah Association someone will propound the 
following new theory of the relationships of elementary 
particles, namely ...’. If I complete the sentence, the 
theory will not be new next year; if I fail, then I am not 
making a prediction. 

Most people feel more confident in denying that certain 
things will come to pass than in declaring that they can 
or will do so. Many a golden opportunity to remain silent 


hag been by anti-prophets who do not realize 
that the grounds for declaring something i ible or 
inconceivable may be undermined by new which 
cannot be foreseen. Here is an instructive from 


the philosophio writings of a great British P 
J. 8. Haldane (father of J. B. 8.). It comes from The 
Philosophy of a Biologi of 1931, and ita subject is the 
nature of memory in & very general sense that includes 
‘genetic memory’, for example, the faculty or endowment 
which ensures that a frog's egg develops into a frog and, 
indeed, into a particular kind of frog. 

Haldane is very critical of the theories of memory pro- 
para eee ee ee 

assume that memory in general is dependent on proto- 
plasmio ‘engrams’, and that germ-oells are furnished with 
a system of engrams, functioning as guide-poete to all 
the normal stages of development".  ('Engrams', 
I should explain, are more or lees permanent yaicel 
memory traces or memory imprints that aot as ive 
agencies in development.) “This theory", Haldane coe 
on to say, "has quite evidently all the defects of other 
attempts at mechanistic explanations of development. 
How such an amaxingly complicated system of signposts 
could function by any physico-chemical process or repro- 
duce itself indefinitely often is inconoeivable*." 

What Haldane found himself unable even to conceive 
is to-day a commonplace. Only twelve years after the 
publication of the passage I quote, Avery and his ool- 
leagues had determined the olaas of chemical compound 
to which genetic engrams belong, In the meantime our 
entire conception of ‘the gene’ has undergone a revolution. 
Genes are not, as at one time or another people have 
thought them, samples or models; they are not enzymes 
or hormones or prosthetic groups or catalysts or, in the 
ordinary sense, agente of any kind. Genes are 
I think Kalmus? was tho first to use this form of words, 
but the idea that a chromosome is a molecular code 
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soript E & specification of development is 
Schródinger's* 


My purpose in this address is to identify some of the 
great conceptual advances that have taken place during 
the pest twenty-five or thirty years on four different 
planes of biological analysis. As I have pointed out else- 
where’, working biologists tend nowadays to classify 
themselves leas by ‘subjects’ than by the analytical levels 
at which they work—s horizontal classification where the 
older was vertical. So we have molecular biologista, whose 
ambition is to interpret biological performances explicitly 
in terms of molecular structure; we have oellular bio- 
logiste, biologists who work at the level of whole organiams 
(the domain of classical physiology), and biologista who 
study communities or societies of organisms. We can 
discern each of these four strata within each ‘subject’ of 
the traditional, that is, the vertical, classification. There 
are molecular and cellular geneticists, geneticists in 
Mendel’s sense, and population geneticists. Bo also in 
endocrinology or immunology: each is now studied at 
the molecular and cellular level as well as at the level of 
whole organisms. They abut into the population level, 
too: we study the effects of crowding and fighting on the 
adrenals and so indirectly on rep: tive performanoe, 
and we study the epidemiological consequences of natural 
or artificial immuniration and the evolutionary oonge- 
quences of epidemics. I have noticed that a biologist’s 
interests and understanding, and also, in & curious way, 
his loyalties, tend to spread horizontally, along strata, 
rather than up and down. Our instinct is to try to master 
what belongs to our chosen plane of analysis and to leave 
to others the research that belongs above that level or 
below. An ecologist in the modern style, & man working 
to understand the agencies that govern the structure of 
natural populations in space and time, needs much more 
than a knowledge of natural history and a map. He must 
have a good understanding of popu on goara and 
population dynamics generally, and inly of animal 
behaviour; more than that, he must grasp climatic 
physiology and have a feeling for whatever may concern 
him among the other conventional disciplines in biology 
(I have already mentioned immunology and endocrin- 
ology). There is no compelling reason why he should be 
able to talk with relaxed fluency about messenger-RNA, 
and it is not easential that he should ever have heard of 
it—though an unreasonable feeling that he ‘ought’ to 
know something about it is more likely to be found in & 
good ecologist than in an indifferent one. 

I shall now take one example from each of these four 
planes of biological analysis and try to show how our 
ideas have changed since the last Cambridge meeting of 
the British Association in 1988—a iod that EOE 
roughly with my own profesional LS 


Population Genetics and Evolution Theory 


Biologists of my generation were still brought up in 
what I call the ‘dynastic’ concept of evolution. The 
course of evolution was unfolded to us in the form of 
pedigrees or family trees, and we used the old language 
of universals in speaking of the evolution of the dogfish, 
the horse, ths elephant and, needless to say, of Man. 

The dynastic conception coloured our thoughts long 
after the revival of Darwiniam had made it altogether 
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inappropriate. By the ‘revival of Darwinism’ I mean the 
refo: tion of Darwinism in the language of Mendelian 
B OEE eh every TOE ew, of Fisber, 

. B. 8. Haldane, Wright, Norton and, in & rather qualified 
sense, of Lotka and Volterra. The subject of evolutionary 
change, we now learned, was a population, not a lineage 
or pedigree: evolution was a systematic secular change 
in the genetical structure of & population, and natural 
selection was overwhelmingly its most important agent. 
But to those brought up in the dynastic style of thinking 
about evolution it seemed only natural to suppose that 
the outcome of an evolutionary episode was the devising 
of a new genotype—of that new genetical formula which 
conferred the greatest degree of adaptedness in the pre- 
vailing circumstances. This improved genetio formula, a 
new solution of the problem of remaining alive in a 
hostile environment, would be shared by the great 
majority of the members of the population, and would 
be stable except in so far as it might be modified by 
farther evolution. The members of the population were 
predominantly uniform and homozygous in genetio make- 
up, and, to whatever degree they were go, would neces- 
sarily breed true. Genetic diversity was maintained by 
an undercurrent of mutation, but most mutants upset the 
hard-won formula for adaptedneas and natural selection 
forced them into recessive expression, where they could 
do little harm. When evolution was not in progress natural 
selection made on the whole for uniformity. Polymorph- 
ism, the occurrence of a stable pattern of genetic in- 
equality, was recognized as an interesting but somewhat 
unusual phenomenon, each example of which required a 
special explanation, that is, an explanation peculiar to 
iteelf 


These ideas have now been superseded, mainly through 
highly diverse. Chemical polymorphiam (allotypy*) is 
found wherever it is looked for intently enough by 
methods competent to reveal it. The molecular variante 
known in human blood alone provide combinations that 
far outnumber the human race—variants of haemoglobin, 
non-haemoglobin proteins, and red-cell enzymes; of 
red-oell antigens and white-cell antigens; and of hapto- 
globins, transferrins and globulins. To-day it is 
no longer possible to think of the evolutionary process as 
the formulation of a new genotype or the inauguration of 
a new type of organism enjoying the possession of that 
‘ formula. The ‘product’ of evolution is itself a population 
—a population with a certain newly devised and well 
adapted pattern of genetic snequality. This pattern of 
genetic differentiation is determined and actively main- 
tained by selective forces: it is the population as a whole 
that breeds true, not ita individual members. We oan no 
longer draw a distinction between an active process of 
evolution and a more or less stationary end-product: 
evolution is constantly in progress, and the genetical 
structure of & population is actively, that is dynamically, 
sustained. 

These newer idees have important practical conse- 
quences. The older outlook was embodied in that older, 
almost immemorial ambition of the livestock breeder, to 
produce by artificial selection a true breeding stook with 
uniform, and uniformly desirable characteristios; and 
this was also the ambition—sometimes kindly, but always 
mistaken—of old-fashioned ‘posttive’ eugenics. It now 
seems doubtful if, with free-living and naturally out- 
breeding organisms, such a goal can ever be achieved. 
Modern stockbreeders tend to adopt & very nicely cal- 
culated regimen of cross-breeding which, abandoning the 
goal of a single self-pe ting stock, achieves a uniform 
marketable product of hybrid composition. The genetical 
theory underlying this scheme of breeding embodies, and 
was indeed partly responsible for, the newer ideas of popu- 
lation structure I have just outlined. 

I cannot predict what new ideas will illuminate the 
theory of evolution in future, but it is not difficult to 
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guess the contexte of thought in which they are likely to 
pour. „The main weakness of modern evolutionary 

eory is ite lack of a fully worked out theory of variation, 
that is, of candédature for evolution, of the forms in 
which genetio variants are proffered for selection. Wo 
have therefore no convincing account of evolutionary 
progress—of the otherwise inexplicable tendency of 
organisms to adopt ever more complicated solutions 
of the problems of remaining alive. This is & ‘molecular’ 
problem, in the newer biological usage of that word, 
because ita working out depends on & deeper under- 
standing of how the physicochemical properties and 
behaviour of chromosomes and nucleoproteina generally 
qualify them to enrich the candidature for evolution; 
and this reflection is my cue to turn to conceptual advances 
in biology at the molecular level. 


Physical Basis of Life 


In the early 1930’s no one knew what to make of the 
nucleic acids. Bawden and Pirie had not yet shown that 
nucleic acid was an integral part of the structure of 
tobaooo mosaio virus, and we were still a decade from the 
astonishing disoovery by Avery and his colleagues, in the 
Rockefeller Institute, that the agent responsible for 
ema gee transformations was a deoxyribonucleic 
aoi 


Since there was nothing very much to say about nucleic 
acids you may well wonder what everybody did talk 
about. One topic of conversation was the ization 
of enzymes. Sumner had crystallized urease in 1926 and 
Northrop pepsin in 1930; soon Stanley would crystallize 
tobacco mosaic virus, at that time still thought to be a 
pure protein. But the most exciting and, as it seamed to 
us, portentous discoveries were those of W. T. Astbury, 
whose X-ray diffraction pictures of silk flbroin and hair 
and feather keratins had revealed an essentially crystalline 
orderliness in ordinary biological structures For some 
purposes, however, X-ray analysis was too powerful. The 
occasion called for resolving powers between those of the 
optical microscope and the X sy tube, and thig need was 
fulfilled by elestron microscopy. I saw my first electron- 
photomicrograph in Nature in 1933; ite resolving power 
was then one micron. 

Electron microscopy has shown that ocells contain 
sheets, tubes, bags and, indeed, micro-organs—real 
anatomical structures in the sense that they have firm 
and definite shapes and look as if only their size prevented 
our picking them up and handling them. Moreover, there 
is no dividing line between structures in the molecular 
and in the anatomical sense: macromolecules have struo- 
tures in a sense intelligible to the anatomist and small 
anatomical structures are molecular in a sense intelligible 
to the chemist. (Intelligible now, I should add: as Pirie’ 
has told us, the idea that molecules have literally, that is, 
spatially, & structure was resisted by orthodox chemists, 
and the oredentials of molecules with weights above 
5,000 were long in doubt.) In short, the orderliness of 
cells is & structural or crystalline orderliness—a ‘solid’ 
orderliness, indeed, for ‘the so-called amorphous solids 
are either not really amorphous or not really solid'*. 

This newer conception representa a genuine upheaval 
of biological thought, and it marks the disappearance of 
what may be called the colloidal conception of vital 
organization, iteelf a sophisticated variant of the older 
doctrine of ‘protoplasm’. The idea of protoplasm as a 
fragile colloidal slime, & sort of biological ether permeating 
otherwise inanimate structures, was already obsolete in 
the ’thirties ; even then no ons could profess to be studyi 
‘protoplasm’ without being thought facetious or slightly 
mad. But we still clung to the colloidal conception in its 
more sophisticated versions, which allowed for hetero- 
geneity and for the existence of liquid crystalline states, 
and it was still possible to applaud Hopkins’s famous 
aphorism from the British Association meeting of 1918, 
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that the hfe of the cell is “the expreesion of a particular 
dynamic equilibrium in & polypbasio system". For in- 
adequate though the colloidal conception was seen to be, 
there was nothing to take ite place. Peters’s idea of the 
existence of a ‘cytoskeleton’ to account for the orderly 
unfolding of cellular metabolism in time and place now 
seems wonderfully prescient, but there was precious little 
direct evidence for the existence of anything of the kind, 
and much that seemed incompatible with it. 

The substitution of the structural for the colloidal oon- 
ception of ‘the physical basis of life’ was one of the great 
revolutions of modern biology; but it was a quiet revolu- 
tion, for no one opposed it, and for that reason, I sup ; 
no one thought to read a funeral oration over protop 
iteelf. 


Cellular Differentlatlon In Embryonic 
Develo pment 


Embryology is ia some ways a model science. It has 
always been distinguished by the exactitude, even puno- 
tilio, of its anatomical descriptions. An experiment by 
one of the grand masters of embryology could be made 
the text of a discourse on scientific method. But some- 
thing is wrong; or has been wrong. There is no theory of 
development, in the sense in which Mendelism is a theory 
that accounts for the resulta of breeding experiments. 
There has therefore been little sense of progression or 
timeliness about embryological research. Of many papers 
delivered at embryological meetings, however good they 
may be in themselvee—in themselves they are sometimes 
marvels of analysis, and complete and satisfying within 
their own limits—one too often feels that they might have 
been delivered five years beforehand without making 
anyone much the wiser, or deferred for five years without 
making anyone conscious of great loss. 

It was not always so. In the 1930's experimental 
embryology had much the same appeal as molecular 
biology has to-day: studente felt it to be the most rapidly 
advancing front of biological research. This was partly 
due to the work of Vogt, who had shown that the mobıl- 
ization and deployment of cellular envelopes, tubes and 
sheets was the fundamental stratagem of early vertebrate 
development (thus relaying the foundations of oompara- 
tive vertebrate embryology); but it was mainly due to 
the ‘organizer theory’ of Hans Spemann, the theory that 
differentiation in development is the outoome of an 
orderly sequence of specific inductive stimuli. The under- 
lying assumption of the theory (though not then so 
expreesed) was that we should look to the chemical 
properties of the inductive agent to find out why the 
amino-acid sequence of one enzyme or organ-specific 
protein should differ from the amino-acid sequence of 
another. The reactive capabilities of the responding tissue 
were emphasized repeatedly, but only at a theoretical 
level, for ‘competence’ did not lend itself to experimental 
analysis, and the centre of gravity of actual research lay 
in the chemical definition of inductive agents. 

Wise after the event, we can now see that embryology 
simply did not have, and could not have created, the 
background of genetical reasoning which would have made 
it possible to formulate a theory of development. It is 
not now generally believed that a stimulus external to 
the system on which it acta oan specify the primary 
structure of a protein, that is, convey instructions that 
amino-acids shall be assembled in a given order. The 
‘instructive’ stimulus has gone the way of the philo- 
sopher’s stone, an agent dimly akin to it in certain ways. 
Embryonic development at the level of molegular differ- 
entiation must therefore be an unfolding of pre-exsting 
capabilities, an acting-out of genetically en instruc- 
taong; the inductive stimulus is the agent that selects or 
activates one set of instructions rather than another. It 
is just possible to see how something of the kind happens 
in the induction of adaptive enzymes in bacteria—a 
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phenomenon of which the older description, the ‘training’ 
of bacteria, reminds us that it too, at one time, was 
thought to be ‘structive’ in nature. All this applies only 
to biological order at the level of the amino-acid sequences 
of proteins or the nucleotide sequences of nucleic acids. 
Nothing is yet known about the genetic specification of 
order at levels above the molecular level. 

The function performed by the hierarchy of mductive 
stimuli as it oocurs in vertebrate development is to 
determine the ificities of time and place: it is an 
inductive stimulus which determines that a lens shall 
form just here and just now—not elsewhere, and at no 
other time. As I see it, it is the inductive process that 
allows vertebrate eggs and embryos before gastrulation to 
indulge in the prodigious range of adaptive radiation to 
be seen in germs as disparate as a dogfish's egg and a 
human being's—e case I have argued elsewhere and need 
not go over here again’. 


Biology of the Organism: Animal Behaviour 


If experimental embryology was the subject that 
seemed moet exoitmg to studente of the 'thirtiee, that 
mosb nearly on the threahold of & grand revelation, the 
study of animal behaviour a the sense in which we now 
tend to use the word ‘ethology’), seamed just as clearly 
the most frustrating and ing. Twenty years 
later it was the other way about: embryology had lost 
much of ita fascination and many of the ablest studente 
were recruited into research on behaviour instead. What 
had happened in the meantime ? 

In the early 1980’s we had one new behavioural concept 
to ponder on: the idea that an animal might in some way 
apprehend a sensory pattern or a behavioural situation as 
a whole and not by a piecing together of its sensory or 
motor parts. That was the lesson of Gestalt theory. We 
had also learnt finally, and I hope for ever, the methodo- 
logical leason or behaviourism: that statements about 
what an animal feels or is conscious of, and what its 
motives are, belong to an altogether different class from 
statements about what it does and how it aots. I say 
the ‘methodological’ lesson of bebaviourism, because that 
word also stands for a oertain psychological theory, 
namely, that the phenomenology of behaviour is the whole 
of behaviour—a theory of which I shall only say that, in 
my opinion, it is not nearly as silly as it sounds. Even 
the methodology of behaviourism seemed cruelly austere 
to & generation not yet weaned from the doctrine of 
privileged insight through introspection. But what com- 
parable revolution of thought ushered in the study of 
animal behaviour in the style of Lorenz and Tinbergen 
and led to the foundation of flourishing schools of be- 
haviour in Oxford, bere 1n Cambridge, and throughout the 
world ? 

I believe the following extremely simple answer to be the 
right one. In the ’thirties it did not seem to us that there 
was any way of studying behaviour ‘scientifically’ except 
through some kind of experimental intervention—except 
by oonfronting the subject of our observations with a 
‘situation’ or with a nicely contrived stimulus and then 
recording what the animal did. The situation would then 
be varied in some way that seemed appropnate, whereupon 
the animal’s behaviour would also vary. Even poking an 
animal would surely be better than just looking at it: 
that would lead to anecdotalism: that was what bird- 
watohers did. 

Yet it was also what the pioneers of ethology did. 
They studied natural behaviour instead of contrived 
behaviour, and were thus able for the first time to discern 
natural behaviour structures or episodee—a style of 
analysis helped very greatly by the comparative approach, 
for the occurrence of the same or similar behavioural 
sequences in members of related species reinforced the 
idea that there was a oertain natural connectedness 
between its various terms, as if they represented the 





1330 


playing out of a certain instinctual programme. Then, 
and only then, was it possible to start to obtain significant 
information from the study of contrived behaviour—from 
the application or withholding 
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they say of a certain subject that it is a ‘disc 
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With the oo-operation of the New York Medical 
Examiners Office, this laboratory has obtained over the 
past four years for "Sr analyses more than 400 specimens 
of human vertebrae from victims of socidents. In addi- 
tion, about 60 specimens of long bone shafts from osteo- 
gorie satooma wire ohimned birongh dio Crore 
of Dr. H. Q. Woodard of the Sloan Kettering i 
were analysed for "Sr (ref. 8). The resulte of the analyses 
of these bone specimens provide data to evaluate the 
accuracy of previously estimated bone turn-over rates. 

Equation 1 was used to calculate **Br concentrations in 
vertebrae (V) and femur shafte (F) assuming the turn- 
over rates for these bones were 8 and 1-5 per cent per 
annum respectively. In addition, calculations of the **8r 
concentrations in the akeleton e for New York City 
residents using. a turn-over rate of 8:5 per cent annum 
were made for the period 1954-64. The of these 
calculations together with observed values are shown 
in Table 1. 


Table 1. ORSNEVED OF BTRONTIUM-00 PER 
GRAM OF CALCIUM IK VERTERRAR, SHAFTS, AKD SKELETONS OF NEW 
Yorx Orry AD 
Vertebrae Femur shafts Skeletons 
Year — Diei () on S) 

(x) (2) Calo, Obs. Cale, Obs. Cal.* Obs. 
1964 2 0-02 0 0-01 0-01 002 
1965 4 0-08 0-02 0-04 0-04 0-04 
1956 5 0-17 0-04 0-08 007 006 
1967 6 0-25 0-06 0-12 O12 0-10 
1968 9 O30 033 008 0-07 017 018 O15 
1950 12 0-56 0-13 0-25 0-28 0-19 
1960 10 0-82 0-16 0-36 0-125 
1961 10 1319 0-63 D-19 0-49 O42 0-453 
1062 18 145 1-00 0-28 0-59 049 0-50 
1963 30 173 1-55 030 031 0-73 066 O78 
1904 30 215 101 O41 0-36 0-93 0-9 1201 
* Caloulated using equation 2. 

t Onloulated from V observed divided by 2. 


The agreement between calculated and observed results 
indioetes that equation 1 can be used to predict changes in 
Sr concentrations in bone and that the turn-over rates of 
vertebrae, femur shafts, and whole skeletons previously 
estimated are quite reasonable. 

However, equation 1 implies that there is a single 
exponential law of excretion of strontium from bone. 
Since the skeleton comprises bones of different turn-over 
ratea the assumption of & single turn-over rate for it must 
be only approximately valid. 

From the work of Bryant and Loutit it would appear 
that the skeletal components with fastest and slowest 
turn-over rates are vertebrae and femur shafts respec- 
tively. It seemed reasonable, therefore, to attempt to 
describe the excretion of strontium from the skeleton as a 
combination of excretion from a vertebrae-like eom- 
ponent and a femur-shaft-like component. 

If W is the total amount of mineral in the skeleton, X is 
the amount of mineral in the vertebrae-like component, 
and Y the amount in the femur-shaft-like component, then: 


W=X+Y 
The amounts of mineral excreted each year from eech 
eo are f times the amount initially present. 
0-085 W=0-080 X 4-0-015 Y 
Solving these equations simultaneoualy, we find: 
X/W=0-3 Y/W=<0-7 


The skeleton oan, therefore, be thought of as consisting of 
three-tenths vertebrae-like bone and seven-benths femur- 
shaft-like bone. If this is the case, then: 


8-03 Y407 F (2) 


where S is the **Br/Ca ratio of the skeleton and V and F 
are the *Sr/Os ratios of vertebrae and femur shafts, 
p. Tespestivel PY "d Calculations of S using equation 2 are listed 
in R 
By comparing observed and calculated results in Table 1 
ibis evident that equation 1 has adequately described the 
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variation of vertebrae, femur shaft and skeletal “fr con- 
centrations with time in the past and, therefore, probably 
provides a basis for predicting future **Br concentration m 
these bones. The akeletal concentrations erence 
using equation 1 or 2 are similar. But, as can be seen, 
Miren laniy dose mob periist The ratios of *'Sr con- 
centrations in vertebrae to total skeleton have been about 
two and those of femur shafta to total skeletons have been 
about one-half. These ratios have remained remarkably 
constant, As Linieoki has indicated, oo PEART 
change very slowly with time and, ore, 
Seg one, Gealotal "ke conosuirations oon be made by 
determining the **Br/Ca ratio of vertebrae and dividing by 
two (V/S) or by measuring the "*Sr/Ca ratio of femur 
shafta and dividing by F/S, that ia, one-half. i 

The average **8r/Ca ratio of the diet in New York City 
(Z) has been related to the cumulative deposit of '"Br in 
the soil (D) and to the fall-out rate experienced during the 
year (R) in the following way: 

250-1 D+0:2 R 
where Z is in po./g Ca, D is in mo.[mile* and R is in 
mo./mile*/yr. 

From estimates of fall-out rates for the next 
nine years provided by Volohok*, values of Z were calou- 
lated and used with equations 1 and 2 to predict verbebrae, 
femur shaft, and total skeletal “Sr concentrations. These 
results are shown in Table 2. The estimated average dose 
to the akeletons of New York City residents by the end of 
1964 from ''Sr was 8-6 millirads. By 1974 the avorage 
accumulated dose will be about 60 millirads. Doses 
received by vertebrae will be about twice this amount 
while those to femur shafts will be about half as great. 
These estimates are probably high since no account has been 
taken of the lesser availability of **Sr in the soil to plante 
with time, which would cause the diet (and. bone-levels) to 


Table 2. PREDICTED PIOOOURIES OF STRONTIUM-00 FER GRAM OF CALCIUM 
IN VERTESRAR, FXXUR ÉHAFTZ, AXD SKELETONS OF New YORK OCitY 
ADULTS 

Year Diet Vertebrae Femur shafts 
(x) a* (Y) (P) (8t (5 
1905 25 2-48 0 50 109 149 
1968 3 2-70 0-58 122 121 
1967 22 2-88 0-64 1:31 1:37 
1968 21 302 0-70 1:40 1-4 
1960 21 3-14 0-765 1:47 1:53 
1970 21 0-80 1:58 1-87 
1971 20 331 0-85 168 1:75 
1972 20 337 0-00 1-64 1:81 
1973 19 3-42 0-94 1-68 1:89 
* Assuming no farther testa of nuclear weapons. 
t D s T 
The dose rate to bone from natural radis- 


tion has been estimated to be about 130 mreds/yr!*; 

in the period 1954-64 the dose to bone from bæk- 

ground would be 1,300 mrads and from 1954-74 the 

dose would be 2,600 mrads. It is evident, therefore, that 

the radiation dose to bone from “Sr has been negligible 
with that from natural background. 

**8r from nuclear weapons teste has provided & traver 
material which can be used to examine mineral metabol- 
imm for individuals of all ages. In the adult it appears 
that the turn-over rate of the vertebrac-like component of 
the skeleton is 8 per cent per annum while that for the 
femur-shaft-like is 1:5 per cent per annum. 
The total skeleton can be thought of as consisting of 30 per 
cent vertebrae-like bone and 70 per cent femur-shaft-like 
bone. In the adult these turn-over rates as well as the 
bone diet *Sr/Ca observed ratios do not appear to change. 
In children, however, it is known that this is not the case. 
For example, in the very young (<two years old) the 
diet bone observed ratio K is greater than 0-25 end may 
approach 1-0 during the first month of life and the tarn: 
over rate may also approach 1-0 during early infancy”. 
Investigations, now in in this laboratory, of the 
changes in **Br-levels K Dons with changes in dietary 
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FROM THE 1962 SOUTH SANDWICH 


3LANDS ERUPTION, ON SOUTHERN AUSTRALIAN SHORES 
By F. L. SUTHERLAND 


Queen Victoria Museum, Launceston, Tasmania 


randings from external eruptions are fairly 
Along Australian shores. One of the first 
‘that of Clarke! in 1842, who remarked: 
ation of the range of this drift pumioe along 
f Australia ond Tasmania would not be an 
employment”. Generally, however, there 
ave been little work done in this connexion. 
considerable quantities of pumice were washed 
ithern coasts of Australia. The arrival of the 
he Tasmanian coast was recorded by me!. 
xited the pumice was a remnant of the largo 
from a submarine eruption near the South 
lands in March 1962 (ref. 3). Strandings of 
lar to that of the South Sandwich Islands 
time-intervals consistent with the drift of 
itwards in the West Wind Drift have been 
m Bouvet Island‘, Heard Island’, and Mac- 
d (K. G. Simpson, personal communication). 
geological and oceanographical aspects of 
andwich Islands eruption are being examined 
Adie, University of Birmingham. This article 
» resulte of further examination of the pumice 
mg southern Australian shores during 1964-65, 
1 ita dispersal. The specimens referred to are 
collections af the Queen Victoria Museum. 


\ 
The Pumice 


ice, as found washed up, is commonly rounded 
1 and encrusted with marine growth, mainly 
acles (Lepas) and algae. The pieces vary in 
ə rarely greater than 1 ft. across. Most of the 
are uniform "whitiah-grey in colour, but some 
ticularly from Western Australis, show colour 
om whitish to dark grey. A number of speci- 
vin small xenpliths of olivine basalt, the largest 
ving 7om x 6 cm x 4 om in sire. 


A general petrological tion of the pumioe 
al cn hee ea been given?. Macro- 
soopically the pumice from Australian strandings 
is closely smmilar in appearance to a sample from the 
original South Sandwich Islands raft peri to samples 
stranded on Heard and Maoquarie Islands in 1963. 

In thin sections the pumice consista of vesicular glass 
containing crystals of plagioclase, hypersthene, colino- 
pyroxene; lesser amounts of quartz, magnetite, horn- 
blende; a little biotite, and rare small crystals of apatite 
and sphene. The plagioclase is andesinelabradorite in 
composition and the crystals are mainly euhedral. A 
few enclose a oore pi and riddled with generally 
elongate imolusions of glass (?). The hypersthene is 
pleochraie with X yellowish brown, Y pale yellow, Z 
pale green, and has a 2Va of about 50°-60°. The olino- 
pyroxene shows a ZAO extinction angle of 40°, a 2 Vy of 
about 60°, and is weakly pleochroic from pale brown to 
pale green. It is ferroan diopside or sugite. The pro- 
portions of the two pyroxenes vary and they ocour 
both as separate orystels and in association, mainly in 
parallelintergrowth. The hornblende and biotite appear 
to have farmed from late magmatic alteration of the 
pyroxenes. The quartz occurs mainly as sporadic clusters 
of deeply embayed phenocrysts, up to 1-5 mm across. 

The pumice shows petrological similarities with the 
description of the South Sandwich Islands material* in 
the size and relative abundances of the plagioclase and 
pyroxene phenocrysta and in the twinning, zoning, and 
composition of the plagioclase. It differs in the presence 
of ferroan diopside, corroded quartz, hornblende and 
biotite. However, I was able to observe both the first 
two features in thin sections of pumice samples from 
the South Sandwich Islands raft and from Heard Island. 
A comparison of the mineralogy of pumice samples 
from Australian locahties, from the &o uth Sandwich 
Islands, and from Heard Island is given in Table 1. 


JOMPARISON OF THE MINERALOGY OF THE ORYBTALS OONTADNAD IN PUMION SAMPLES FROM AUBTRALIA, HEARD ISLAND, AND THE BOUTH 
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The glam in Australian samples has largely altered to 
palagonite and anisotropic breakdown producta, thus 
making accurate determinations of ita refractive index 
difficult. Chemically, the pumice shows the same low 
darin content and low potash/soda ratio of the South 
dwich Islands material (Table 2). 


Source of the Pumice 


The close match, both petrologically and chemically, 
of the pumice with that of the South Sandwich Islands 
eruption indicates it is a remnant of the original raft 
ejected in 1962. Data, given later, on the dispersal of 
the pumice in Austrahon waters indicate a south- 
westerly derivation, also supporting this correlation. A 
submarine eruption to the south-west of Australia, dis- 
tinot from the 1962 South Sandwich Islands eruption, but 
which ejected a similar type of pumice, is further possı- 
bility. I am unaware of any reporte of such an eruption, 
and this is considered to be unlikely. Another possible 
source which must be considered, however, is the eruption 
of Mt. Agung, Bali, on March 17, 1963. In her eye-witness 
account of the eruption, Matthews* describes the ejection 
of ash, sand and volcanic bombe, but not pumice specific- 
ally. Although not & scientific document, her writings 
make it clear that she was well acquainted with the 
nature of pumice. M. M. Purbo Hadrwidjojo, Geological 
Survey of Indonesia, has also informed me that no pumice 
was found following the eruption of Mt. Agung. There 
remains the remote possibility that pumice was ejected 
durmg the explosive eruption with sufficient violenoe to 
carry it out to sea without any falling on land. Chemical 
analyses of lapilli and ash deposita from Mt. Agung 
(supplied by M. M. Purbo Hadiwidjojo) are similar to 
analyses of the Australian pumice (Table 2) in having low 
potash contente and low potesh/soda ratios, but in all 
cases the soda contents are somewhat lower. An i 
showing the hi soda content determined for the 
eruptive products of the Mt. Agung eruption is shown in 
Table 2. It would seem, then, that it is unlikely this 
eruption was the source of the pumice. This is further 
substantiated by the recovery of small balls of pumice 
apparently identical with that of the Australian strand- 
ings, from the stomachs of fledgehng mutton birds on 
March 29, 1963, in Base Strait*. It is highly improbable 
that pumice erupted from Bali on March 17, 1968, could 
have drifted far enough in 12 days to be picked up by 
mutton birds nesting almost 4,000 miles to the south- 
west. 


Dispersal of the Pumice 


The following account of the dispersal of the pumice 
in southern Australian waters is based on numerous 
reporta of strandings received by me during 1964 and 
early 1965. In nearly every case a specimen of pumice 
was forwarded enabling ite identity to be checked. All 
the samples of pumice, with one exception from the coast 
of New South Wales, are of similar nature and were 
presumably derived from the one source, considered to 
be the South Sandwich Islands raft. It must be pointed 
out that the reported date of flnding of stranded pumice 
1s not ni the date of arrival. 

From all available rts the first pumice strandings 
appear to have on the west ooasb of Tasmania 
in late December 1968 or at the beginning of January 
1964. Pumice was found on the south-west coast of King 


Table & SODA AWD POTASH OONTENTS OF PUMICE SAMPLES FROM ÀAUFTRALIA 
AXD THE 1062 BouTH SANDWICH IELAKDS HRUPTION, AND OF LAPILLI FROM 
HE 1008 Mr. ÀguUNG HRUPTION, BALI 


South Port Davey, Maatsuyker Mutton Iapil, 
Locality Bandwich W. Tas birda, Rendang, 
Islands * manat B. Tasmania t Bass Straltt Pall, 
Reo 4-05 388 883 8-69 233 
67 0-03 0-59 0-63 1:56 


To. A a tia 
t M. M. Purbo Hadiwidjojo, Burv. Indonesia. 
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Island in mid-January, showing it had reached vester: 
Base Strait by this time. It waa first reported from th: 
south coast of Tasmania in February, from the eas ooas 
in May, and from the north coast in late Augus. Nt 
pumice strandings were observed by me during a misit tı 
Flinders Island, eastern Bass Strait, in mid-April Th 
earliest record of the pumice on the mainland of Avstralit 
is late April at Port Campbell, Victoria. These report 
suggest pumice arrived from west, rather than east 
of Tasmania. 

The current flows in Tasmania differ in summer anc 
winter (Fig. 1). This has been demonstrated by a recen 
drift bottle programme’ and is supported by a acrutanj 
of the earlier drift bottle data of Russell“. The winte 
flow is eastwards and southwards, and reverses mn the 
summer, setting westerly and northerly. The arr-val o 
the pumice on the west coast of Tasmania by January ir 
terms of the summer flow suggests the pumice was curriec 
up from the south-west. This is compatible wih thr 
pumice being part of the South Sandwich Islanda raft 
Weather conditions experienced at this time also woulc 
greatly assist the currente in driving the pumice ashor 
on Tasmania. The local meteorological report fo- Jan 
uary)§ states: ‘Rarely has a mid-summer blasted Tarmanis 
with the westerlies like the period December 25, 196%- 
January 26, 1964. The scale and duration of low prassurt 
systems affecting the State was extreme—only oocasion 

_ally in some winters does this occur”. Reported sigating 
of pumice washing ashore during the later half of January 
and early February a southward drift down th 
weet coast of Tasmania. It is posible that the abrorma 





Se 
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Fig. 1. Drift of surface water and Victorian water: in 


in Tasmanian 
summer and winter (after ref. 7) 
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; January caused a brief anomalous reversal number of pieces of pumice covered with recent marine 
r flow to winter flow ea coourred in the growth, weshed up on the beaches during a visit to the west 
39-60 (ref. 7). coast of Tasmania in August. These observations indicate 
il current flows and prevailing weather & further infix of pumice into southern Australian waters 
explain the absence of any pumice strand- associated with the winter current flows. It is considered 
nia until the beginning of 1964, although that the pumice was brought in on the strong north- 
of the South Sandwich Islands raft would easterly indraft of the West Wind Drift which impinges on 
the south, probably in April or May 1963. the south-western carner of Australia: the main body 
l migration of the pumice would beinhibited of the South Sandwich Islands raft having by this time 
surrent flow then operating. Furthermore, dispersed sufficiently far northwards to be tapped. This 
systems exercised a dominant influence on current breaks against the Australian continent, forming 
a weather during the autumn from late branches thst sweep the weet and south coasts, and these 
lJuly, greatly reducing the severity of the would carry the pumice northwards and eastwards reapec- 
1-18. Most af August was also quieter than tively. The extent of the northward drift is not well 
marked absence of strong west winds’. known, but eastwards the pumice was pessing through 
eat to compare the arrival af the pumice on Beas Strait and also washing up on the weet coast of 
. a like stranding on New Zealand. Here, aa Tasmania by July. The influx of pumice on theee currente 
che first strandings appear to have occurred was probably checked somewhat with the establiahment 
3 after the passage of the frant of the South of the summer flows, as the beaches near Fremantle, 
nds raft to the south. The pumice waa Western Australia, were bare of pumice in November 
on Stewart Island off the south coast in (Q. Smith, pon cammunication). 
38. Large quantities of puntice came ashore During January 1965 pumice gravel was observed 
> Mason Bay, which faces due west, and a washing up on the southern coast of Western Australia at 
1 washing up at the end of March 1064 Denmark. Dy March, strand lines on the beaches between 
Watters, personal communication). Dr. Denmark and Cape Leeuwin were well marked with fine 
formed me that Stewart Island experienced granular pumice with only an occasional larger ieoe, and 
gale-force south-weaterly winds over the there were quite large banks of this material west of 
sing of 1903. The front of the South Sand-- D’Entrecasteau Point (G. Kendrick, personal communica- 
raft reached Macquarie Island by June tion). Small pumice pieces were also being stranded 
8 n, personal communication) and on the east coast of Tasmania in early March 1965 above 
across the longitude of Btewarb Cape Bougainvile where there was no pumice washing 
- 1968, so that during the winter and spring ashore in lute January 1965 (M. Olsen, personal oom- 
i be positioned leas than 500 miles to the munication). These strandings are interpreted as resulting 
‘+14 hag described the marked effect of pre- from the passage of the dispersed ‘tail’ of the South 
on the drift of floating objeota in the Southern Sandwich Islands raft. In the eastward drift of the raft 
a fact that the pumice was not blown ashore across the Southern Ocean the larger pieces of pumice 
and until November suggests a mitigating would be more subject to assisting wind pressures and the 
The arrival of the pumice on Stewart finer material would tend to lag behind at the tail end. 
ell have resulted from a reversal in October Calculations based on the date of the arrival of pumice 
of current flow, south-west of New Zealand, on Macquarie Island indicate the front of the raft covered 
een shown to ocour about this time in Tas- the 8,000-mile journey at an average speed of approxim- 
ra. There are comparatively few data ately 18 miles/day. Such a speed has been recorded for 
his point, but it is perhape significant that a drift bottle that covered 1,250 miles in the Southern 
rd survey of the coastal currents of New Ocean™, but the maximum average speed recorded by 
nmer and autumn releases off the south- bottles that have covered 8,000 miles is about 12 miles/ 
-ere recovered but no winter and spring  day''. This suggests that the larger pumice pieces were 
3 later date of the pumice strandings on more responsive to wind assistance than drift bottles. 
apared to Stewart Island can be accounted With the foregoing speed it would seem that the front 
are northerty latitude of 


andings on the mainland 
vere reported from many 
ng the southern coast 
Tig. 2). Presumably some 
; algo drifted up on to the 
3 the data of Russell** 
ver of cases of northward 
the southerly sweep of the 
ralian Current. Strand- 
m reported from the west 
north as Wedge Island 
Noticeable amounts of 
reported washed up on 
2 beaches of Western 
er the onset of the wes- 
weather about the middle 
e most northerly strand- 
und in August, but had 
ived a bit earlier. Con- 
»unts of pumice were also 
ihing up on the Southern 
oast near Robe in June; 





nmid-July. I also noted & 
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of the raft, provided there had not been complete dis- 
persion or sinking due to water logging, circumnavigated 
the Southern Ocean by the time the ‘tail’ of the raft 
passed Tasmanis in early 1065. This gives an idea of the 
extent of the longitudinal dispersion of the raft under 
the influence of the West Wind Drift from the time of ite 
first sighting in March 1962, when it covered a degree 
and a quarter of longitude’. The average drift speed of 
the fine pumice gravel which appears to form the ‘tail’ 
of the raft, based on its arrival on Australian shores, 
is about 6-7 miles/day. This agrees quite well with the 
speed of 8 miles/day quoted by Deacon’ for the drift of 
objects in the West Wind Drift lying more or lees awash 
and presumably not greatly assisted by wind pressures. 


Ornithological Implications 

The recovery of pumiceous balla, mentioned earlier, 
from mutton bird (Pufinus tenadirostris) fledgelings in Bass 
Strait in late March 1963 (ref. 2) is of ornithological 
interest. The balls were found in the stomachs of fledgelings 
on Big Dog Island in the Furneaux Group on March 29. 
On examination the pumice balls appear to be petrologic- 
ally identical with the pumice stranded on southern 
Australian coasts in 1964, and chemically show the same 
potash and soda oontent (Table 2). The Australian 
strandings are correlated with the South Sandwich Island 
raft, and knowledge of the position of the raft at the time 
of recovery of the pumiceous balls from the fledgelings 
should give information on the feeding range of the parent 
birds. 

The front of the South Sandwich Islands raft apparently 
reached Macquarie Island in June 1968. Barber, Dadswell 
and Ingle* record that: “A message bottle dropped about 
1,250 miles to the east of ie Island was recovered 
from that Island 10 weeks later”. This gives a surface 
drift speed of at least 18 miles/day, which is also the 
average drift speed previously determined for the front 
of the South Sandwich Islands raft. Calculations based 
on these data suggest that at the time of the recovery of 
the pumioeous balls from the i in Bass Strait, 
the front of the raft was, at least, about 1,200 miles west 
of Macquarie Island. The raft was presumably not 
farther north than latitude 47° B., as shown by the absence 
of strandings on Tasmania and Stewart Island until 
several months after the front of the raft crossed these 
longitudes. 

On thia basis the parent mutton birds must have flown 
about 1,000 miles to the south-west of their breeding 
ground to have picked up the pumice. Even if allowances 
are made for a possible over-estimation of the drift speed 
of the pumice raft in the milder than normal westerly 
spring weather of 1968, a conservative estimate suggests 
a soubh-westerly flight of st least 500 miles. Pumiceous 
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balls were again recovered from mutton bird fledzelings 
on Bass Strait Islands in the following breeding seeson in 
1964 (M. Olsen, personal communication), but Ly this 
time pumice had drifted into Tasmanian waters. Other 
cases of sea-birds, notably the skua, picking up foating 

urmioe were observed at Macquarie in 1963 "K. G. 

im personal communication) and at Heard Island 
(P. J. Stephenson, personal communication) in 1833. 

I thank the numerous persons who sent in repor-s and 
specimens of the drift pumice and generally assiced in 
making this compilation possible. In i Iacknow- 
ledge the assistance of Dr. W. A. Watters, New Zealand 
Geological Survey, for a sample of the original South 
Sandwich Islands pumice and information of the New 
Zealand strandings; of Dr. N. H. Fisher, Bureau of Mineral 
Resources, Australia, for and information on 
pue A Nd ndi of Mr. M. M. Purbo 

jojo, Geological Survey of Indonesia, for intorma- 
tion on the eruption of Mt. Agung, Bali; of Mr. K. G. 
Simpeon, C.8.LR.0., Australia, for informatior and 
EFES EAE ee ae E of Mr. M. Olsen 
‘or ooedhographical information; of Mr. W. 8t. C. Monson, 
Tasmanian t of Mines, in regard to ohomical 
analyses; of Messrs. D. Merilees and G. Kendrick, Western 
Australian Museum, for samples and information of 
Western Australian strandings; of Mr. R. Both, Tasmanian 
Museum, for thin sectioning of ioe samples; and of 
Mr. W. F. Ellis, director, Queen Victoria Museum, for his 
advice. 
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NEWS and VIEWS 


Electronic and Electrical Engineering In the University 
of Birmingham 


E. D. R. SumAREMAN, senior lecturer in the b 
of Electronic and Electrioal Engineering in the University 
of Birmingham, has been appointed to an additional chair 
in that De b. The new chair is being established 
from October 1, 1965, as a result of the continued growth 
of the t of Electronic and Electrical Engineer- 
ing. There will thus be four profeasors in this 
ment; the others are Prof. D. G. Tucker (head of 
pee J.T. Allangon and Prof. H. A. Prime. 

The Department will soon be moving to a new building 
and already has nearly 120 graduate workers and staff in 
addition to the undergraduate students. 


Prof. E. D. R. Shearman 


Mn. Sumarman graduated with first-class honocrs in 
electrical engineering from the Imperial College of Science 
and Technology in 1945. He was awarded four Premiums 
from the Institution of Electrical Engineers for outecand- 
ing merit in his publications. From 1948 until 1917 he 
worked with the on naval communicazions, 
and from 1947 until 1961 at the Radio Research Stcxtion, 
Slough, on radio propagation and ionospheric research. 
During 1960 he spent gix months in Canada assisting in 
the design of the Aloustis topside-sounder satellite. Since 
1961 he has been senior lecturer in electromagnetiem in 
the University of Birmingham, where he has built cp an 
active research group in communication systems. He 
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of Newcastle 
rof. A. Jeffrey 


aay, senior mathematician in the Advanced 
oratories at Rolla-Royoe Ltd., has been 
he newly established chair of engmeering 
i the University of Newcastle upon Tyne. 
thirty-six years of age, and was educated 
. Grammar School, Croydon Polytechnics, 
sity of London, from which he received his 
nd Ph.D. degrees. From 1953 until 1956 

guided-mismle problems in the research 
the General Electric Co. In 1956 he joined 
td., and was engaged initially on mathe- 
mg which aroge in the design of nuclear 
‘or submarine propulsion. Later on, he 
mathematician in the Company's Advanced 
ratories, and during this period he-spent a 
ASagneto-Fluid Dynamics Division,of the 
ute of Mathematical Sciences, New York 
rking under the direction of Prof. H. Grad. 
York he co-operated with T. Taniuti from 
mity, Japan, m the preparation of a book 
eor Wave Propagation. Dr. Jeffrey's 
research has been the study of nonlmear 
zal differential equations and, in particular, 
a detailed study of the appearance and 
opagation af discontinuities in solutions. 
i this work to a wide variety of different 
ions to illustrate the physical interpretation 
mena. He took up his new appaintment 
1. 


zs In the University of Aberdeen : 
Prof. J. R. Mallard 


darraren has been appointed to the newly 
of medical physics in the University of 
will take up his duties on October 1. Dr. 
up in 1944 from Northampton Grammar 
iiversity College, Nottingham, where he 
jo. He stayed on at Nottingham as a 
ont and demonstrator, working on the 
»ertiea of uranium and ite alloys. After 
D., he went in 1951 to the Liverpool Radium 
1953, he took a post at the Hammersmith 
the Postgraduate Medical School. Rapid 
owed and, when the Department of Medical 
treated in the Postgraduate School in 1968, 
deputy director and was appointed reader 
aty of London. Then, in 1904, he moved 
iversity to Bt. Thomas’s Hospital Medical 
up a new Department of Biophysics. Dr. 
-doctoral work has covered many topica in 
æ. He hes been particularly interested in 
»plieations of radioactive isotopes, usually 
ose collaboration with clinical colleagues ; 
18 on scanning are well known. In addition, 
otively engaged on electron spin resonance 
, especially as applied to wet tissue speci- 
zaroh on scanning methods and on electron 
3 will be continued, along with other work, 
rsity of Aberdeen. Tho arrival there of 
ind his associates seems sure to give that 
“1 aspecta of medical physios in the North 
and which the oreation of the chair was 
zovide. 


the University of Zambla : 
Prof. C. T. Mortimer 
W&o&RTDIMHA has been appointed to the chair 
xt the University of Zambia, on secondment 
-ersity of Keele, for a three-year period from 
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January 1, 1966. I3 addition, & Special Commonwealth 
Award has also been made to him by the Ministry of 
Overseas Development. Educated at Ackworth School, 
Yorkshire, he took a B.Sc. degree at the Univermty of 


-Manchester m 1950 and the M.8c. and Ph.D. degrees in 


1951 and 1953, reepectively. After two years at the 
University of Kharroum, Dr. Mortimer took an appoint- 
ment at the University of Keele in 1955, where he ia now 
a senior lecturer. 4. Commonwealth travel grant enabled 
him to visit the University of Ibadan, Nigeria, for three 
months in 1960. Dr. Mortimer is the author of some 
forty papers and a monograph on thermochemistry, and 
a D.Bo. degree war recently conferred on him by the 
University of Mancnester for this research. He has also 
eee a number of papers on higher education in 
08. 


Socal Studles In zhe University of Newcastle upon 
Tyne : Prof. P. Collison 


Dz. P. Connmox has been appointed to the chair of 
social studies in the University of Newcastle upon Tyne 
with effect from Seotember 1. Dr. Collison was born in 
May 1925. After srvice in H.M. Foroea be entered the 
University of Birm-ngham in 1947 and was awarded the 
degree of B.Com.fons.) in 1950. After a period of 
research he was awurded a Ph.D. degree in 1953 when he 
also became a research student at NufBeld College, 
Oxford. In 1954 he started to undertake part-time 
teaching in the Department of Social and Administrative 
Studies at Oxford, and since 1955 he has had a full-time 
post in that department. Hoe is now university lecturer 
in sociology. His main research work has been in the 
fleld of urban studies, but he has had a subsidiary interest 
in institutions of h-gher education. He has published 4 
large number of papers, and his book, The Outteslowe 
Walls; a Study $n Social Class, was published in 1903. 


Grants to Universities and Colleges 


Tum recommendetions of the Estimates Committee in 
its fifth report fo- the seesion 1964-65 on grants to 
universities and co_leges are discussed on p. 1319 of this 
issue of Nature. Nevertheless, the report contains such 
voluminous informetion on the funotioning of the univer- 
sity grante system -hat & brief note on ita contents seems 
desirable. Includei with the report of the Estimates 
Committee itself and the minutes of evidence taken 
before ite sub-committee are a number of memoranda. 
These include a memorandum submitted by the Depart- 
ment of Education and Science, which describes the 
system, including she constitution and the functioning 
of the University Grants Committee. Also presented 
are memoranda from the Committee of Vioe-Chanoellors 
and Prinoi dee-ribing ite constitution and functions, 
and one from the Lepartment of Saentific and Industrial 
Research on its Research Grants Committee, as well as 
on its poboy in regard to computing science. Further- 
more, there are memoranda from the Ministry of Health 
on its relations wich the University Grants Committee, 
and from the National Health Service on the responsibility 
for the cost of building teaching hospitals. One submitted 
by the Royal Insttute of British Architects deals with 
architects’ fees for university buildings, and another, by 
Mr. W. E. Parker an university grants, considers the scope 
of the audit mad» of university accounts; the latter 
memorandum comments on, the possibilities of using post 
facto examinations to make a comparative asseasment of 
efficiency in regarc to the expenditure of non-recurrent 
grants for buildings. A note by the Vice-Chancellor of the 
University of Birmingham deals with the control of 
expenditure and -noentives to economy in univeraty 
financial administration. A memorandum by the Depart- 
ment of Education and Science describes tho Treas index 
used for measuring the change in university recurrent 
costs other than those on academic and related salaries. 
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Two perticularly interesting tables from the University 
Grants Committee itself set out staff/etudent ratios on 
two different bases for eash university, exoept Oxford 
and Cambridge, and university recurrent costa per 
student; while & note from the, University of Kent 
instances losses of efficiency through inability to commit 


capital except at short range. It may be noted here that . 


the Estimates Committee shought that it was time for 
the Vice-Chancellors’ Committee to become more effect- 
ively representative, and taat there was room for more 
intimate co-operation between the universities and the 
regional economic councils which have recently been set 
up. It also thought that the colleges of advanced tech- 
nology might be unduly optimistic as to their prospects 
in the larger world of university flnance, and was oon- 
cerned that these colleges as a whole possessed no cushion 
against financial rigours such as the newly founded 
universities possessed in their large appeals. The 
Estimates Committee was aritical of the lengthy prooeee 
of negotiation between the Ministry of Bedih: the 
Department of Education and Science and the University 
Grants Committee involved m the development of medical 
schools and would weloome s simplification of the present 
procedure. 


Production of Phosphorcs and its Compounds In 
Canada 
Tum largest subsidiary overseas of the well-known 
Sas pe and Wileon Chemical Group of the United 
i is the Electric Reduction Company of Canada, 
Ltd., the main interest of which is in the manufacture of 
phosphorus, phosphoric acid, industrial and agricultural 
phosphates, and chlorates. ‘ERCO’, as ib is known, 
operates in four factories: ac Buckingham and Varennes, 
Quebec; at Port Maitland, Ontario; at Vancouver, 
British Columbia; and maintains ita research laboratories 
and executive offices in Toronto, Ontario. A newly-issued 
and copiously illustrated brochure entitled Ereo Today 
vividly tells the growth story of this chemical manufac- 
turing company and of ite place as a supplier of these 
roducta to world markets (Pp. 48. Toronto: Electric 
uction Company of Canada, Ltd., 1965). The functions 
of each main plant and the processes involved are clearly 
described. At Varennes the primary concern is elemental 
phosphorus; the source is phosphate rock from Florida, 
whence it is shipped in 20,00)-ton cargoes up the Atlantio 
seaboard and by way of the St. Lawrence Seaway to 6 
wharf near the plant. Each shipload is unloaded and 
transported to the Varennse stock-piles within 80 h 
to cope with the daily ity of two giant electric 
furnaces (more than 750 tons) to which are fed i 
sited and mixed quantities of coke, silica, and p osphate 
rock (tri-calcium phosphate) every 24h. ‘Inside the steel- 
clad, carbon-walled furnaces, 35,000 kilowatta of Quebeo's 
abundant hydro-electrio power flow through huge carbon- 
based electrodes to convert these raw materials into more 
than 20,000 tons of yellow, wax-like elemental phosphorus 
- each year.” From Varennse phosphorus in water is 
transported to the Buckingham plant for further pro- 
ceasing. Fundamental at Beka ghar is the production 
of phosphoric acid; much of this is reacted with sodium 
carbonate or hydroxide to farm eight different kinds of 
soda phosphate; some, with lime, goes to manufacture 
of mono-oalcium phosphate, also, with appropriate 
chemicals, to organio phos zhates; Buckingham also 
produces red amorphous phosphorus and phosphorus 
sesquioxide used in the match i . Products of the 
Ohlorate and Agricultural Chemicals Divisions are des- 
oribed ; the role of the latest Port Maitland plant in 
manufacture of superphosphates and phoephatio fertilizers 
is particularly im ive. 
— World-wide Radio Nolse Measurements 


Sorrom July 1957, measurements of the level of atmo- 
spheric noise received on eighh radio frequencies between 
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0-013 and 20 Mo/s have been made at eighteen stations 
throughout the world in a co-operative programme co- 
ordmated by the U.8. National Bureau of Standarde. The 
resulta of these measurements are published in a series of 
Technical Notes entitled Radio Noise Data, the 
latest of which is No. 18-21 (Pp. vi+98. Washicgton, 
D.C.: Government Printmg Office, 1965. 50 centa). This 
tebulates the resulta obtained during the three-month 
period December 1964-February 1965. Those Tecanscal 
Notes are by W. Q. Crichlow, R. T. Disnez and 
M. A. Jenkins of the Central Radio Propagation Lebora- 
tory, Boulder, Colorado. The present publication contains 
photographs of the standard type of atmospheric radio 
noise recorder and of the aerial system used at all the 
stations. An accompanying map shows the distributon of 
the 17 land stations, and a typical position of the flasting 
Antarctio research vessel, U.S.N.S. Blitanin, which 
operates as a mobile station in the South Pacific. FUlow- 
ing an introductory description of the evaluation cf the 
three basic parameters of the noise—mean power, mean 
envelope voltage and mean logarithm of the envslope 
voltage—the values measured at every hour of eacl day 
during the three-month period are tabulated. A separate 
aot of tables suunierie d Ghediel valux of cado 
noise for each of the frequencies and in +h time blocks 
throughout the three-month period, in &ooord&nce with 
the provisions of Report No. 822 of the International 
Radio Consultative Committee (COIR). The valuee pre- 
sented in the tables reflect the actual measured values of 
radio noise. The only editing for man-made noise or other 
contamination of the records has been done by the station 
operators, and no statistical study has been mace in 
order not to delay the dissemination of the date in their 
present imi form. A short bibliography is 
attached to the report. This refera not only to indiv-dual 
scientific papers, but also to the publications of the 
CCIR and of the International Scientific Radio Union. 


Advance In Knowledge of a Fossil Fern 


ALMOST a century ago, Carruthers described a British 
Tertiary fern stam as Osmundites dowkeri; he realized it 
was like Osmunda but he felt he knew too little to identify 
it with Osmunda. Recently, the stems of the Resent 
Oemundaoeae have been investigated and we know how 
to distinguish the genera and even the sub-genere from a 
transverse section of the stem. Recently, also, a second 
British specimen was found, very carefully sectione. by 
the late W. N. Croft, and now described by Missa Mar-orie 
E. J. Chandler (Bulletin of the British Museum (Natural 
History). Geology. Vol. 10, No. 6: Ths Generic Pos tion 
of Osmundties i Carruthers. Pp. 139-161+12 
plates. London: British Museum (Natural Histcry), 
1905. 425.) She finds that it is a true Osmunda but 

to the section Plenastwn and not to the seccion 
which includes the British O. regalis. The ferns of PEna- 
eium grow in Bouth-east Asia. This then is another item in 
which our Eocene flora agreed with the living plants of 
Malaysia. It is interesting, too, that te of an 
Osmundaceous fern leaf from the British Tertiary (O. 
lignttioum) also probably belongs to the sub-genus 
Plenaesum perhaps the two kinds of fossil reprosert a 
single species. 
Soll Molsture 

ALTHOUGH an estimate of moisture content is onc of 
the most common exercises in soil analysis, it is realized 
that the methods used have various disadvantages. A 
useful review, with a comprehensive bibli hy, on 
“Measuring Soil Moisture", by F. Cope and E. B. Trialeti, 
appears in Sotls and Fertilizers (28, No. 8, 201; 1965). As 
in other analytical techniques, the sampling error impes 
limits on the reliability and reproducibility of the reeu ta, 
and the need for a quick and accurate method for measar- 
ing soil moisture én situ is emphasized. The authors Cel 
with the estimation of the amount of soil moisture by 
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astric, lysimetrio, penetretion, chemical, 
methods. The most sucessful nuclear 
probe containing & source 2f fast neutrons, 
wed down by the hydrogen of the soil 

& slow neutron detector. The energy of 
nay be measured by tensicmetric-pressure, 
re, thermal and electrical methods. The 
3k iB cheap and can give vecues over a wide 
is not very precise. Othe- methods await 
etigation or improvement, end some system 
recording is required to reluce the labour 
needed because of soil variability. 


In Tasmania 

arohseclogiral research ir Tasmania has 
been imitiated, and one of the first reporte 
appears in Man ('"Exesva-ions on a Stone 
in Tasmania”, by Rhys Janes; 65, No. 02, 
05). This is a short intemm report of an 
the Bay of Firea on the ncrth-east ooast of 
hich resulted in the excauation of a shell 
two stratified stone alignm=nts. The stone 
of Australia have for long been known to 
ese excavations demonstra-ed that at least 
arrangements must be of «boriginal origin. 
"with certain stone settings 5f the Australian 
ia poesible that the Bay of Fires alignmente 
emonial centres, and the ture of the site 
> first time that the traditon of such stone 
; in Tasmania must have existed for an 


angth of timp. 
hera Shipwreck 


yreck off the island of Antikythera, first 
- 1900, is well known not orly because it was 
sient wreok found but ale- because of the 
7 range of objects recoversd, inoluding the 
puter. Some controvers, has developed 
ibe date of the wreck, anc, usmg a recent 
of the computer as a basis, = team of special- 
coined in detail the glass wessels, the Greek 
oman pottery and amphorxe, in an attampt 
E ead the date of the disaster (The 
ipwreob Reconsidered. Sy G. D. Wein- 
Grace, G. R. Edwards, H. 8. Robinson, 
orton and E. K. Ralph. Pp. 48. Trans. 
Soc., New Series, 55, Part 3, 1965). All the 
ence suggest a time between 80 and 50 B.O., 
fragment of wood from tLe ship yielded a 
date of 220 + 43 B.o. (F-846, half-life of 
1 represents the time of tae cutting of the 
lanking. The mam cargo o "the veasel, sculp- 
aave been on ite way to Rome as spoils from 
literranean shores, althougt ite exact place of 
unknown. Fragments of tke actual ship were 
1 1800, and P. Throckmormon contributes a 
‘ament of their value towarcs & reconstruction 
al. This hes been sugmented by the 1958 
examination of the wreck by men from the 
uoh suggests that a subet-ntial part of the 
still await recovery from -he great depth of 


Human Affairs 
years ago biology was litie studied in the 
Britain. In the juniar schools the teaching 
consisted almost entirely cf nature study or 
tory; in secondary schoole little but botany 

and that largely in girls’ schools. In 1985 
t Biology was founded by the then British 
ene Counsil with the genera. aim of developing 
z of biology in schools. Theparticular aim was 
an might grow up with & bebter understanding 
icture and working of ther own bodies and 
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acquire a greater sense of responsibility for their conduct 
in and sosial life. With the spread of biology 
teaching, the Counsil broadened its aims to focus greater 
attention on humen biology and, in 1942, the name of 
the journal was changed to Biology and Human Affare. 
From the beginnirg it has appeared once a term and, 
largely through varuntary effort, has maintained a high 
standard of contritmtions which have done much to bring 
about greater awereness of social biology among those 
who teach biology -n schools and colleges. For nearly the 
whole of its existence the editor of the journal has been 
R. Weatherall, lata of Eton College, who must be con- 
gratulated on mairtaining such & high standard in a wide 
range of contribucions over so many years. Further 
information about -theo journal can be obtained from the 
Editor, British Social Biology Council, 69 Eccleston 
Square, London, 8 W.1. 


Experiments on Living Animals 

Tsu Universite Federation for Animal Welfare 
(UFAW), 7a Lamo's Conduit Passage, London, W.0.1, 
has issued the folowing statement: ‘“‘The Home Office 
report on the abore subject for the past year, which was 


- published on August 17, shows that of the 45 million 
animals 


affected, 4 million were used for the testing of 
drugs, for experim-ntal inoculationa, and for like purposes. 
A large proportior of such procedures are concerned with 
toxicity-testing, which has greatly increased since the 
thalidomide tragedy was so dramatized as to give riso to 
& io. In our view, which seams to be shared by moet 
scientists who have a knowledge of the subject, many of 
the testa are neceesitated by what may be called ‘political’ 
rather than sciectific considerations and are, in fact, 
valueless, entailing a wasteful use of animals; moreover, 
in other cases it may well become possible to improve 
the technique from a humane point of view. AW 
is accordingly about to set on foot, under the guidance 
of ita expert Sciertific Advisory Committee, a three-year 
investigation of toxicity-testing, centred in the Medical 
School in the University of Birmingham and directed by 
one of the most eminent authorities on the subject. This 
undertaking will cost at least £30,000, but while ite 
primary object ie to save animals from uselees suffering 
it is almost oertein to lead also to results beneficial to 
human medicine, if the requisite financial support can 
be obtained”. 


Field Equipment for Naturallsts 


Muon useful advice for naturalists contemplating the 
purchase of binosulars, teleeoopes, tape-reco: , tents, 
clothing, transport, compasses, thermometers, barometars, 
light meters, ma>8 or cameras is contained in a special 
supplement of Animals (8, No. 14). The issue ajso 
contains articles on ‘Marine Life of North America's 
Paciflo Coast", ky Prof. C. M. Yonge; “Bird Watching 
in Jamaica", by M. B. Curtler; "Pete", by Dr. Maurice 
Burton; ‘The Ngorongoro Crater", and "Lake Manyara 
National Park”; and ‘‘Britain’s Bats”, by 8. L. Bisserot. 


Lincolnshire Nacuralists 

Ix his presidertial address to the Lincolnshire Nataral- 
iste’ Union, Freak Norris reviewed present knowledge 
about the snakes of Lincolnshire, and appealed for an 
extension of th» reporting system, with emphasis on 
observations of Eshaviour (Transactions of the [sncoinshire 
Naturalists’ Unin, 16, No. 1; December 1904). Besides 
the usual sectioral reporte, the Transactions also contain 
articles on the “Basal Lias near Long i ”, by 
Dr. P. E. Kent; ‘Lincolnshire Natural History rding 
Unite", by Mark R. D. Seaward; and ‘Biological Surveys 
of the Humber l'stugry", by E. Hinton Clifton. 


The Beilby Mecal and Prize, 1966 


AwARDS fron- the Sir George Beilby Memorial Fund 
are made by the Administrators of the Fund, representing 
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the Royal Institute of Chemistry, the Society of Chemical 
Industry and the Institute of Metals. Sir George Beilby 
Bes genu of each of these three bodies, and they 
jointly sponsored the appeal for subscriptions whereby the 
Hund wis rebel ars inenanaltó hini after his death iu 
1925. The Beflby Medal and Prize, which consists of a 
gold medal and a substantial sum of money, is speoifled as 
being “For Advancement in Science and Practice’. Such 
an. award is now being offered annually. The awards are 
made to British scientists in recognition of independent 
original work of exceptional merit, carried out con- 

tinuously over & period of years and involving the devel: 
ment and application of scientific principles in any fleld 
related to the special interests of Sir George Beilby, 
namely chemical engineering, fuel technology or metal- 
lurgy, in their modern interpretations. The awards are 
intended as an encouragement to -younger men and 
women (preferably under the age of 40) who have done 
work of practical significance in any of these 

:flelde. The award for 1966 is shortly to come up for oon 

sideration. Outstanding work of the nature indicated 
may be brought to the notioe of the Administrators, 
either by persons who desire to reoommend the candidate 
or by the candidate himself, not later than December 81, 
1965, by letter addressed to the Convener of the Adminis- 
trators, Sir Beilby Memorial Fund, the Royal 
Institute of Chemistry, 30 Russell Square, London, W.O.1. 


Meldola Medal, 1965 


Tun next award of the Meldola Medal, the gift of the 
Society of Maocabaeens, will be made eerly in 1908 to the 
chemist who, being a British subject and less than 30 years 
of age on December 81, 1965, shows the moet promise as 
indicated by his or her published chemical work brought 
to the notioe of the Council of the Royal Institute of 

i before December 81, 1965. Further information 
can be obtained from the President, the Royal Institute of 
Chemistry, 80 Russell Square, London, W.O.l, the 
envelope being marked ''Meldola Medal”. 


Announcements 


Dn. M. O. WrrLrAMS has been appointed to the direotor- 
ship of the Virus Research Institute at Entebbe, and has 
already taken over his duties. 

'Txu 1965 congress of the International Federation for 
Documentation will be held in Washington during October 
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Secretariat of the Congress, 9650 Wisconsin Avenue, 
Washington, D.C. 

A BYWMPOSIUM on “Computers in Medicine" will i» held 
in Queen's University, Kingston, Ontario, during Cotober 
7-8. Further information oan be obteined fram the 
Director of Continuing Education, Faculty of Medicine, 
Queen’s University, Kingston, Ontario. 

THs national conference of the Institute of Personnel 
Management on “Making the Most of Manpower" will be 
held at Harrogate during October 7-8. Further informa- 
tion oan be obtained the Institute of Personnel 
Management, 80 Fetter Lane, London, E.C.4. 

A MEETING on “Oxidation of Metals", organized by the 
Société d'Etudes, de Recherches et d'Application3 pour 
l'Industrie, will be held in Brussels during Octobar 6—8. 
Further information can be obtained from Mr. C. Sonnen, 
c/o 8.E.R.A.L, 1091 Chaussóe d'Alsemberg, Bruse»ls 18. 

A symposium on “Industrial Organic Analysis" spon- 
sored by the Analytical Chemi Division of the 
Chemical Institute of Canada, will be held at Sarnia 
during October 4-6. Further information can be oHtained 
from R. M. Small, Research Department, Polymer Cor- 
poration, Ltd., Sarnia, Ontario. 

Aw informal meeting of the Physical Biochemistry 
Group of the British Biophysical Society on ‘Light 
Scattering” will be held at the School of Pha-macy, 
University of London, on October 4. Further information 
can be obtained from Prof. L. Saunders, School of 
Pharmacy, Brunswick Square, London, W.C.1. 


A OONFERNNOM on "Mathematios for 
sponsored jointly by the Institutione Joint 
Council, the Institute of Mathematics and its Applications 
and the Joint Mathematical Council of the United King- 
dom, will be held at Queen Mary College, London, during 
September 80-October 1. Further information can be 
obteined from the i , Institute of Mathematics 
and ite Applications, c/o Imperial College of Scienze and 
Technology, London, 8.W.7. 

ConniaguNpuM. Prof. A. H. Glasser has written to the 
Editor stating that the chemical und deeori»ed in 
his joint communication with Dr. O and Dr. R. 
Ferrini, which appeered on p. 421 of the July 24, 1965, 
issue of Nature, was in fant '*1,0-Dimethyl- -88-2arbo- 
benzyloxyaminomethyl-10a-ergoline’’ and not '"1-Methyl- 
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10-16. Further information can be obtained from the ^ 88-oarbobenrzyloxyaminomethyl-10a-ergoline". 
THE NiGHT SKY IN OCTOBER 
All times are in Universal Time 
Moor OOEJUNGTIONS WITH THE MOON 
New Moon 24d 14h Venus 284 Oh, 
Tull Moan 10d 14h Mars 28d Ofh, 0 01° N. 
AME 16d h, 3° 8. 
74 16h, 3° X. 
PLANETS 
Tires of Rising (F) and Setting (9) during the month 
Name RIS Beginning Middle And Mag. Dg (10* miks) Zodiacal padtton 
Meroury — Unfavourably placed for observation — 129 pu 
Venns > 8 18h 45m 18h 25m 18h 25m —9-8 “u — 
Mars S 19h 10m 18h 45m 18h 20m T14 180 Scorpius 
FAR ad R 21h 00m 20h Qn 19h 0&m —-21 434 Gemini 
8 30m Zh 25m 1h 20m ace ate Aquartu- 
Dg is the distance of planet from the Harth on the 15th of month 
OOOULTATIONS OF ÜTARS BRIGHTER THAN MAGNITUDE +6 47 GREENWICH 
Biar : HD | Timne Hag. 
37 Cap D 5d 21ih 5&-4m +58 
(D, disappearance; R, reappearance) 
Name Active period Date of maxtmum Radiant Remarks 
Gtacobinids $d-10d - 9d 18h 262° R.A. + 54" Dec. Unfavourable as minor 
Ortonids 154-254 21d 96° R.A.+15° Dec. Fairly favourable 
OTHER PHENOMERA 
16d 12 h, Mars 4° N. of Antares. 
17d 15h, Venus 2° X. of Antares. 
10d 15h, Venus 1-6* B. of Mi 
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THE ELECTRICAL RESEARCH ASSOCIATION 


-fourth annual general meeting of the 
Research Association held on April 28 
mual report for 1904 *. 
rd, Sir Ronald German, pceeident of the 
fers to the work of the Ass«ciation having 
xd, in the main, in relation t> the electricity 
y, but in recent years increasing attention 
„ted to hght current problems and this 
“most certainly be accentucted. 
vations on the year’s work are made in a 
tory section constituting the report of the 
a is followed by the Direccor’s report on 
ich summarizes the activities of the six 
ons and the Electronics Lepartment. A 
3 devoted to membership, publio relations, 
oeu and library. A full lis 1s given of the 
ta issued during the year. The remainder 
comprises a list of members of she Association, 
members of the Council and committees. 
3a are listed under the particular division 
is attached, and of particular value is the 
statement of the terms of reference of 


39. 
of Government grant to the Assocation, 
the Department of Scientiffs and Industrial 
ie to an end in December 1364, and during 
w application had been prepared and sub- 
result of this application had been the 
r cent grant-for a three-yee- period, subject 
stion. collecting at least £360,000 of grant- 
e. 
the income of the Elecsrical Research 
s increased by 90 per cent, o7, more realistio- 
of 1955 spending power, >y 52 per cent, 
& annual toral of some £352,000. It is, 
‘oularly noteworthy that during this period 
3 of total income derived from sponsored 
supported researches has increased from 
ent. 
of the year, the Association transferred to 
+ of Reading the Field Staton at Shinfleld, 
past twenty years work hae been carried on 
© applications of electricity in agriculture 
ure. It was felt that there would be 
co-ordinatmg more cloeely-the work at the 
ion with that of the Faculty of Agriculture 
sity and to that end a join- agreement was 
- the University, the Electricity Council 
rical Resoarch Association — 
_saociation moved its head and main 
o Leatherhead in 1956, the facilities for 
ting remained for the time being at Perivale. 
64 & new switchgear labomtory was built 
at Leatherhead and the work transferred. 
ening of this new laboratory was in October 


sion dealing with insulating materials, resulta 
a two p of fundamental investiga- 
ion to the stable state, work on the dielectric 
lrogen bonding has been completed and & 
ed dealing with possible implications for 
uctures. An important fect has emerged 
1e mechaniam of degradation of ceramics 
trio field at high temperatuces, namely, that 
chemical rather than pursly electrical in 
| is very dependent on the materials of the 
d on the ambient atmosphere. Further 


1 Research Assoniation. F “fourth Annual for 
somber $1, 1964. Pp. 05. iberhead: The 
don, 1065.) 


investigations have veen made on the trapping of surface 
charges in dielectrhs and an apparatus has been con- 
structed which ensoles charges to be deposited, either 
directly electrically or as a result of photo-electrio emis- 
sion. ‘Theoretical work on dielectric properties has led 
to a generalization a= the Onsager theory to the frequency- 
dependent case, anc it has been shown that electrostatic 
dipole coupling pla;s an important part in determimng 
the distribution of relaxation times. Research on funda- 
mental phenomena cf instability has included the develop- 
ment of a theory of ionic diffusion in impregnated paper 
capacitora and this has been found to be in satisfactory 
agreement with obeervation. Another theoretical study 
deals with the propagation of breakdown channels through 
liquids and regarde the channel as a vapour bubble at 
high pressure. The subject of the intrinsic electric 
strength of plastice is bemg re-examined using an im- 
proved technique o7 measurement. By the new method, 
intrinsic electric strsngths of about twice the value given 
by the old method have been obtained at a temperature 
of 85? C. 
In the Power Plant Division work on steels for high 
ture and oa tbe properties of steam continues. 
The investigation of the magnetically oonstrioted low- 
preasure d.o. aro bas been completed. This gtudy has 
provided useful information on the effects of boundary 
layers at electrodee immersed in a low-preasure laminar 
stream. of plasma. 
A special Research Advisory Commuttee and Technical 
Panel is directing =he work on the synthetic testing of 
circuit breakers which comes within the Division of 


Switchgear, Transfarmers and Power System Behaviour. 
This representa & major 00-0 ive undertaking in which 
manufacturers, the Central Electricity Generating Board 


and the Association are involved. It is ho thet the 
work will lead to the national adoption of a standard 
method of synthetic circuit-breaker testing. Work in 
progress to establian the validity of the method as applied 
to air-blast circuit breakers has co the severity 
of the direct and zhe synthetic test in several hundred 
trials made at three-of the major stations of the Association 
of Short-circuit Testing Authorities. The maximum 
power-level of thees teste has been 1,200 MVamp and the 
maximum current -0 k-amp. 

Work continues at the British Iron and Steel Research 
Association Laborctories on improved alloys for trane- 
former sheet. The demonstration of a relationship between 
resistivity and sataration has prompted a design study 
among manufacturars to determine whether any reduction 
in saturation could be accepted in return for reduced 
losses from increased resistivity. 

In relation to svitching over-voltages, useful informa- 
tion on the detail o- surge generation and transfer has been 
obtained from the analysis of data from site tests, on a 
100-MV generator-transformer installation. Energizing 
a 182/38-kV trancformer, to which & 33-kV earthing 
transformer was connected, demonstrated magnification 
of the switching scrges transferred to the earthing trans- 
former resulting fom resonances between the 182-kV 
and the 83-kV sys-ems. An investigation in progress on 
tolerable levels of discharge severity for oil-impregnated, 
psper-insulated bushings has demonstrated that degrada- 
tion can be caused by test over-voltages and by surges 
such as may occur in service. . 

In the field of power system analyuis, the increased 
facilities of the network analyser or, a8 ib is termed, ''the 
Integrated Oompu-er" have been used to study transient 
problems of greater complexity. In addition, feasibility 
studies have beer made of the desirability of coupling 


a small digital computer to the transient analyser and of . 


a 
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the potentialities of such & hybrid system in power system 
applications. 

Experimental work on the current-carrying capacity of 
cables continues in relation both to steady-state and to 
fault conditions, and considerable information has been 
obtained from the co-operative fleld investigation on the 
influences of the thermal properties of soil. In relation 
to the calculation of cable ratings, methods are being 
developed for the utilization of digital computer pro- 
grammes. 

The behaviour of the British electricity supply system in 
relation to thunderstorm activity throughout the ten-year 


period 1950-60 is the subject of a comprehensive report. 
The examines the reci of supply interruptions 
in the high-voltage system, their relationghip with thunder- 


storm activity, the effect of arc suppression coils, the rate 
of equipment failure and the protective effects of surge 
diverters and spark gaps on the rate of transformer 
failures. Reporta have aleo been issued the 
and distribution of thunderstorms in Britain 
for the years 1962 and 1968, and a ten-year thunderstorm 
map of Britain for the period 1955—64 is in preparation. 
The collection of statistical information on the frequency 
of lighting discharges in different parte of the world is 
pe n facilitated by the adoption, as an interim inter- 
national standard, of a modification of a form of lightning- 
flash counter originally developed in association with the 
Electrical Research Association. 

Electric heating is represented, in the main, by & group 
of researches relating to off-peak floor heating, to ceiling 
heating and to thermal storage. The storage of off-peak 
energy by means of the lime—water reaction has been 
studied on a full-scale test equipment in the laboratory 
and, following a comprehensive theoretical assessment, 
experiments have been put in hand on the use of sodium 
hydroxide. 

Within the division dealmg with industrial applications, 
the programme of work on electrical equipment for hazard- 
ous & heres continues. In the same division research 
on methods of op contact erosion is being pursued 
by a detailed study of a novel dissimilar metal system. 
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It appears, from theoretical considerations, that mətal 
transfer could be virtually eliminated for a cer ain 
range of circuit conditions by the use of suitably chosen 
dissimilar contact metals. This has been confirmed in a 
series of ta using platinum as the itive and 
silver or palladium as the negative el . Experi- 
mental work on unbalanced magnetic pull in electzical 
machines is now in progress on a machine specially »on- 
structed and instrumented for these measurements. 

The major part of the programme of the Electrcnioe 
Department is on thin films and is supported by a grocp of 
industrial contributors and by the Ministry of Aviacion. 
It is reported that work on the deposition of metal trom 
an ion beam has encountered difficulties, due to a flaw of 
neutral gas molecules from the ionization chamber thrcugh 
the extractor electrode. The Penning ion source has veen 
replaced by one utilizing electron bombardment to icnize 
copper vapour. Experimental capacitors have been nade 
by depositing silicon oxide dielectric films on gold aleo- 
trodes. Early resulta, however, suggest that the srioon 
oxide films deposited under ultra-high vacuum condi-ions : 
may be insufficiently oxidized. Work on the condustion 
mechanism in thin has led to an investigation aT the 
influence of the substrate material. It has been sLown 
that the electrical conductivity of glasses used as sub- 
strates for microcirouits is high enough to contribue to 
the transport of electrio charges by a thin film depaited 
on the surface. Two new lines of investigation have been 
started, one on the properties of semi-conductor materials 
in thin film form and the other on the resistance chinges 
E Ma eee ee ee 


UG of the fundamental theoretical work whiol has 
been done in applying the theory of the electrica dis- 
charge to certain astrophysical phenomena has unde-gone 
further comparison with observation. During the past 
year it has been demonstrated that the maximum magnetic 
flalds recorded by Babcock’s solar magnetograph cf the 
order of 1,000 gauss are compatible with the much 
flelds of 10*-10* gauss deduced from the theory of so 
flares some years ago. J. GzxG 


POWER SUPPLY IN BRITAIN 


the House of Commons on August 4 to note 

the Report end Asscati of the Wlbotristey Ocunoil bse 
1963—64 and of the Central Electricity Board 
for 1963-64, Mr. F. Leo, the Minister of Power, said that 
the average cost of new conventional power stations had 
fallen from about £60 per kW in 1955 to about £40 
to-day. Britain had by far the largest output from com- 
mercial nuclear power stations of any country, and was 
producing more nuclear power than the whole of the 
rest of the Western world, including the United States. 
Whatever the outoome of the Government's present 
review of the second nunlear power programme, the 
industry would continue to need coal for many years to 
“ngome, and the Generating Board was now using 64 million 
+tons of coal, compared with 61 million tons in 1963—64. 
Fifteen new ooal-flred stations were under construction, 
partly to replace the older stations which were closing 
down, and on completion of these stations the Generating 
Board would have much of its capacity in the form of new 
coal-fired stations. The working life of the new stations 
would be twenty-flve years or more, and they would 
burn coal with high efficiency in the 500-MW sets which 
had been adopted as standard for the next few years. 
Forty-seven of these sete were now on order and they 
would produce substantially more power than the entire 
On the transmission side, the industry was introducing 
transmission at 400 kV. Great efforts were being made at 


considerable oost to reduce the impact of the new lines 
on the countryside and this research had high 
Some research was being undertaken into the use cf d.o. 
transmission instead of a.c., and about one-third af the 
total expenditure of the Board on transmision lines in 
1964 was spent on underground cables. This was 
to rise to more than two-thirds by 1970, and durirg the 
three years, commencing in 1968, M ae 
spend £39 million on 1,350 miles of overhead lines, 
£107 million on 500 miles of underground cable. eral 
electrifloation was now approachi completion, and 
94 per cent of the 280,000 farms in and Wales 
had an electricity supply. In distribution, as in generation 
and transmission, research was going ahead and 3 new 
laboratory had been set up at OCapenhurst. The major 
effort at the new laboratory would be concentrated on 
research into distribution and on appliances and mothods 
of using electricity as part of a research programme 
covering generation, transmission and distribution, on 
which the industry planned to spend £10 millica this 


year. 
The Minister’s observations on research were generally 
weloomed in the debate, but Mr. A. F. Palmer suggested 
that there might have been some neglect of research into 
the use of direct current. Sir Richard Nugent pointed 
out that the Select Committee on the Nationalized 
Industries had been critical of iture on reseerch on 
transmission, and especially on ibution, particularly 
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‘boards. Mr. J. H. Osborn suggested that the 
.9 Central Electricity Generating Board, and 
Energy Authority might survey the variety of 
water reactors, and asked whether the virtues 
water and similar types of reactor for amaller 
ns were being considered. The achievement 
mio Energy Authority in developing the 
reactor was weloomed in the debate. Mr. 
also Mr. E. Lubbock and Mr. P. Jenkin were 
1 comparative oost with that of the 
> reactor developed in the United States at 
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Oyster Creek: th-z, it was said, could produce electricity 
at 0-34d. per unit These and other speakers in the debate 
repeatedly streamed the rtance of research. In 
replying on the debate, Mr. F Morris, the Parliamentary 
Secretary to the Ministry of Power, said that the Minister 
was satisfied witk the programmes to date and referred to 
the greater co-op«ration and co-ordination estab- 
lished between tne electricity and coal ustries. 
ee oe Ook aid eee ee 
comparison of like with like, and the Dungeness tenders 
were all competitive under British conditions. 


BRITISH RESEARCH AND DEVELOPMENT IN. TECHNOLOGY 


a answer in the House of Commons on July 27, 
sins, the Minister of Teahn: , said that the 
search Development Corporation was making 
ds in support of programmes and projecte of 
development by various firms in the oom- 
y. His Department would continue to sup- 
astry by sbaring the cost of contracts under 
apate Techulquee Prog corn, involving 
xmmibmenta by the Government of about 
965-66 and through contracts with universi- 
march in industry to a further £500,000. 
3 had been made with the Minister of Housing 
5vernment to bring the Computer Advisory 
e notice of local authorities. Twenty-three 
air American computers ware on order for 
departments, including the General Post 
mnputers of American design and foreign 
were in use in Govermment departments, 
_ nationalized industries. Eighty computers 
. in Britain were in use in Government 
and 66 in the nationalised industries. A 
programme between the Atomic Energy 
A industry an the desalination of sea-water 
7 and a design study for e-30-Mgal./day plant, 
istillation techniques, had been completed 
1 with Weir, Westgarth, Ltd. 
3 said that he had appomted Dr. J. B. 
»xontroller in the Ministry of Technology with 
ly 12, and that Dr. Adam would be in charge 
-tiflo and technolo jioal work of the industry. 
2n ohart for the of Technology was 
the Official Report for July 27, and the 
3 of the Economics and Statistics Division 
detail. This Division is in four 
Economics Branch, responsible for advising 
nics aspects of the Ministny’s policies and 
This Branch provides support for the 
dustries conducted by the technological 


1 is responsible for collating, 
atistios of industries for which the Ministry 
z functions. These statistins are collected 
ry by the Board of Trade. (3) Manpower 


Branch, which is 2oncerned with manpower resources for 
science and technalogy and keeps under review the human 
and social problems resulting from technological change. 
(4) Engineering Eranch, which has the main function of 
initiating or enocuraging action to enhanoe the status 
iy niche attrib pains lal GN It is also respons- 
ible for co-ordina-ing the implementation of the recom- 
mendations of the Fielden Report on Engineering Design. 

Mr. Cousins alec stated that the Ministry communicated 
technological info-mation by personal contact, scientific 
and technical publications, exhibitions, conferences, 
pros, film, radio and television, and was building up a 
network of regionrl offices and industrial liaison centres to 
OE nea df etfort. The Ministry’s laboratories dealt 

ith about 2,500 enquiries each month, mainly from 
industry. Muoh information was being received from 
scientific counsellors in foreign countries. The t 
was undertaking & technical and economic y of the 
scientiflo industriel process-control instrument industry, 
and had initiated studies of enginee standards, the 
metric system anc the industrial use e d nee cues : 
Also contained in tae Official Report for July 27 was a full 
list of the leaders o^ the various soientiflo and technological 
teams seected industries and processes, with 
their date of appomtment and relevant 

On July 27, itr cue reri ad ode 
ory Oouncil on Teahnology in the House of Lords, Lord 
Snow, the Parliamentary Secretary to the Ministry, said 
that the Council hed met ten times; its terms of reference 
were to advise on the bagi of advanced technology 
in British industry and to give special attention to the 
industries for whick the Minister had sponsorship responsi- 
bility. Among sub-ects considered have been the status of 
engineers and designers, development of Britiah standards 
for export markets, the promotion of the metric system 
and problems of industrial structure. The relations 
between the Counci for Baientiflo Policy and the Advisory 
Council on Technobgy were close and there was common 
membership. Lord Snow thought that there was no 
danger of any serious lacuna between them. Relations 
between the Ministry and the Department of EKoonomio 
Affairs must also be close and he thought there was little 
danger of overlapping. co 


THE MELLON INSTITUTE 


d annual rt of the Mellon Institute * 
year ended February 28, 1965, at the close 
of 589 included 355 professional and 

A list of visitors’ lectures at colloquia 


another of members’ publications durmg 
> brief accounts of research investigations 


è. Fifty-second Annual Report for Tor thia. Maod) Toar eed 
p. 40, (Pittsburgh: Mellon Institute, 1065.) 


during the-year refer, under biochemistry and molecular 
biology, to improvements in instrument design and 
experimental procecures which have given a precision of 
0-2-0-3 per cant in determining sedimentation coefficients 
in examining . struccural transformations in Bromegrass 
mosaic virus, while further electron microscopical studies; 
of actomyosm hse confirmed the identifloation of 
‘Jadders’ as the principal morphological form of oon- 
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traotile suspensions. Visible light shadows of a model of 
part of the tropocollagen macromolecule, made from foam 
plastic atomic models, with one or more of the three 
strands broken indicate that electron microscopy should 
detect collagenase activity on tropooollagen. 

Environmental investigations have been concerned with 
the purification of the atmosphere, the electrokinetic 
properties of particles suspended in water and the 
of organic in water. A revision of Volume 2 
OF vtenc ond Dex astono af the Biel tee TAAN 
Manual was prepared, and the feasibility of protecting 
steel temporarily by depositing small amounts of metallic 
rino on bare mete! surfaces by shot-blasting was exam- 
ined. An investigation of the damaging effects of light on 
art objects and of new methods for technical examination 
of museum objects continued; several reviews of the 
literature were published. 

Under “Structure and Properties of Organic Materials" 
reference is made to a kinetic study of the nucleocarb- 
amoylpyridinium ion and to the ring-opening reaction of 
dimethyloarbamoylpyridmium chloride with hydroxide 
ion to give a compound which afterwards decomposes to 
glutecondialdehyde; to the synthesis of the tetracyano- 
dimethane derivative of dibenzopentalenoquinone, which 
forms deeply coloured salte with amines; to the synthesis 
of turneforcidene.and hastanecine and their identification 
with the basic nitrogenous fragments obtained by 
cleavage of Senecio alkaloids; and to the identifloation of 
hydrocarbons obtained by heating 1 : 2 : 6-oyclononatriene. 
Further work on the thermal degradation of wet marine 
muds has demonstrated the formation of benzene, thio- 
phen, styrene and possibly methylbhiophen, in addition 
to the toluene and m-xylene known to arise from the 


a natural precursor of these aromatic hydrocarbons. 
Investigations of petroleum asphaltenes in the bending 
region of the infra-red have indicated the existence of four 
distinct absorption bands, and an extension of the dry- 
filtration theory has provided a reliable means for speci- 
fying requirements of filter media based on the electro- 
statio contributions of both the fabrio and the collected 


partioulate matter. 
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Considerable information was obtained during the year 
on internal motions in radicals by examining details of 
their electron spin resonance petterns, while the Bendix 
Time-of-Flight mass spectrometer has proved very suit- 
able for ining ionization reactions occurring with 
electrons of lese than several thousand electron volts 


molecular weight distribution between 10° and 110° O in 
dilute solutions in decalin were almost completed. Light 
scattering and viscosity investigations of some poly(bts- 
phenol-A-carbonate) fractions were undertaken, and a 
comperison was made of the ization kinetics of 
nylon 6 and nylon 66 in the light of recently developed 
concepta of crystallization. Search continued for improved 
weather- and oorrosion-resistant ooatings for building 
materials. 

The viscoelastio behaviour of glass-forming materials is 
being examined and further mathematical analyses made 
on the theory of the free-vibration i t for a lineer 
viscoelastic material. The crystal structure of tetrahydro- 
p-benzoquinone dehydrate has been determined and 
refined from three-dimensional Weissenberg data and an 
electron spectrometer further developed and used to 
investigate inelastic electron scattering. Experimental 
facilities for low-frequency internal rotation spectroscopy 
were greatly expanded, and work on internal rotation 
continued vigorously, while the procedure for obtaining 
accurate solutions of the molecular Schrddinger equation 
was improved. The measurement and interpretation of 
the electronic spectra of transition metal cyanide oom- 
plexes were extended to all the known complex cyanides, 
and the presence of hydrophobic bonding in the quaternary 
ammonium halides in aqueous solution was investigated 
by electrical conductance, transference and viscosity 
measurements. Chemical and physical properties of a set 
of molten quaternary ammonium saltas were investigated, 
as well as the electrical conductivity of acidic solids in 
ultra-high vacuum and the silica-alumina catalysed iso- 
merization of oyelopropane and the heat capacity below 
liquid-helium temperature of a series of copper—xine alloys. 


MAGNETOSPHERE AND THE MARTIAN BLUE CLEARING 


By Dr. RONALD BLUM 
Department of Physics and the College, University of Chicago 


Mars is observed in yellow or red light, surface 

details of the planet can be seen; however, in blue 

or ultra-violet light of wave-length à < 4550 A one sees a 
uniformly hary disk with occasional bright pue 
which obscures surface deteils!. This blue haze, believed 
to be due to a ‘violet layer’ in the Martian atmo- 
sphere, has been observed to clear up for several days at 
a time, particularly near opposition, when the Earth is 
between Mars and the Sun. It has been suggested? that 
the blue haze may be due to the ionizing effect of solar 
protons on the Martian atmosphere; the protons are 
deflected by the Earth's magnetic field when the two 
planets are in opposition. This h; is has been 
Tejected by Nagan’ on the grounds that: (1) 2-MeV 
protons are required to produce molecular ions with the 
requisite absorption at an altitude of 150 km in the 
Martian atmosphere, whereas solar wind protons are of 
the order of 1 keV; (2) proton fluxes of 5 x 10'*/am*-seo 
are needed—large oo to solar wind fluxes of the 
order of 10*/cm*-seo; (3) the magnetosphere is too small 
to produce the required shadow effect at Mars; (4) the 
Goole fleld falls off too rapidly to have any effect at Mars’s 

UB. 


A possible answer to objections (8) and (4) may be found 
in Michel’s calculation of the Mach angle of the oblique 
yeoman ue shock extending into the solar wind down- 
stream of the magnetosphere‘. Typical values of the solar 
wind parameters piedad Mach number of 6, 
and a Mach angle of 8-5°-9-5° (the Mach cone is slightly 
asymmetrical). Thus, the region behind the shock, or 
‘wake’, would have the appearance of & circular cone 
with ite apex at the Earth, and an apex angle of approxim- 
ately 9°. The axis of the cone should actually lag the 
Earth—Sun line by about 5° due to the orbital motion of 
the Earth. This is very ive when compared with 
the observation’ that the ian blue clearing is not 
observed whenever Mars lies very far above or below the 
ecliptic at opposition. Thus it would seam that clearing 
is possible only- when Mars passes through a cone of small 
angle the apex of which is at the Earth, and the axis of 
which is approximately along the Earth—Sun line. 

If we assume that the Earth and Mars both lie in the 
ecliptic plane and have nearly circular orbits, we may 
roughly calculate how long it would take Mars to pass 
through the conical wake of the Earth. We let Re = the 
radius of the Earth’s orbit; Ra = the radius of Mara’s 
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orbit; T.e = the period of the Earth's orbit; Ta = the 
period of Mars'a orbit; a = the Mach angle of the Earth's 
wake; T = the time required for Mars to pass through 
the wake. Since the base of the wake at Mars’s orbit 


has & radius: 

= (Ra — H,)(ten a) (1) 
it subtenda an angle of 2R/R» at the Bun. If Mars’s 
trajectory subtends an angle 2xT'/T& at the Sun during 
time T, then the Earth's trajectory subtends an angle: 


2xT/T, = 2T /Ts + 2R/Re (2) 
during this time. Thus we find: 


rm, = (Pg) ge e) 


which yields T = 10-5 days for closest opposition (84-5 
million miles) and T' = 16-1 days for furthest opposition 
(68-5 million miles), for a = 9°, Nagan? notes: ‘Most 
reported durations of oppoartion blue clearings lie in the 
range between 1 and 30 days, although there is a tendency 
for blue Sra at favourable oppositions to last nearer 
30 days than 1". W. M. Binton* estimates the average 
clearmg to last about ten days. Thus, the interference of 
the Earth's Mach cone with the solar wind yields ol: 
times of the right order of magnitude. 'This wake dox 
not be confused with the extended tai of the magneto- 
sphere, a cylinder of approximately forty Earth radii in 
diameter and far too small to account for the observed 
clearing times. 

We may adduce further observations to favour the 
hypothesis that the Martian blue clearing is caused, in 
some way, by the magnetohydrodynamio wake due to the 
interaction of the geomagnetic field with the solar wind. 
These are: (1) clearing may lead or lag opposition by as 
much as 10-14 days, an effect which shows some depend- 
ence on the heliocentric latitudes of the Earth and Mars; 
(2) clearing durations seem to depend inversely on the 
difference in heliocentric latitudes of the Earth and Mars; 
(3) there is & statistical tendency for blue clearings to lag 
opposition’. The first two observations are plausible if 
one considers the asymmetries and fluctuations in the 
solar wind; the last agrees with the lag due to the Harth’s 
orbital motion. Furthermore, preliminary Mariner IV 
regulte* indicate that the surface pressure of the Martian 
atmosphere is only about ten millibars, that its magnetic 
field is not greater than 0-1 per cent that of the Earth, 
but that it does possess an ionosphere with & density of 
about 105 electrons/om?. Thus, the violet layer is much 
more exposed to the solar wind than previ surmised. 

If we now repeat inp, Tenaga using Chamber- 
lain’s model* of the i atmosphere, reduced in 
density by an order of magnitude to agree with the Mariner 
IV resulta, we find that there are approximately 10-* g/cmt 
of gas above the violet layer. If we compare this 
with the range of protons in air!* we find that > 65-keV 
protons can penetrate to this depth in the Martian atmo- 
sphere. Such energies are commonly found in solar 
flares ; furthermore, since the notoriously turbulent inter- 
planetary magnetio fleld should be even more unstable 
in the vicinity of Mars, there is an enhanced possibility 
of local acceleration proceases. Objection (2) still holds, 
implymg that some other mechanism besides that of 
Urey and Brewer gives rise to the blue haze; however, 
my hypothesis does not stipulate the mechanism of inter- 
action, only that such an interaction may occur. 

The question arises: Will the shock attenuate appreoi- 
ably as it expands downstream of the Earth, and will the 
energy density in the shock be a signifloant fraction of the 
energy density of the solar wind arriving at the orbit of 
Mars? To answer these questions we must look at the 
shock from the point of view of an observer moving 
outward from the Bun with the solar wind. As the Earth 
approaches him the solar wind is forced to flow around 
the magnetosphere, which is PEN a cylinder 
with a ‘hemispherical noge some twenty to forty fe, 
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Earth radi (r, = 0,400 km), in diameter. This will 
compress the interplanetary magnetico fleld around the 
obstacle and form a cylindrical magnetosonic wave 
Propagating radially outward into the solar wind from the 
of the magnetosphere. This is, in easence, the 
stationary shock wave as seen by a terrestrial observer. 

To calculate the energy in this wave we may estimate 
energy density by means of the normal one-dimensional 
magnetohydrodynamic Rankine—-Hugoniot oonditions 
applied at the front of the magnetosphere. For typical 
values of the solar wind’s parameters its internal (magnetic 
plus thermal) energy density at Mars’s orbit is U ~ 10-19 
erg/om', ita convective energy, W ~ 20 x 10-19 erg/om* 
The internal energy density behind the shock &t Earth is 
calculated! to be Use ~ 100 x 10-1? erg/om?, initially 
located in an annular pulse of radius 10r, about the Earth- 
Sun axis. For a hydromagnetio Mach number M = 6, 
this annular pulse will undergo an increase in radius of 
(Ra — R,)/i by the tme it reaches the orbit of Mars. 
Since the conductivity of the solar wind ig o ~ b x 10-7 
(E...u.), the characteristic decay time of pee 
disturbances is t ~ 4naL*, where L ~ 10r,/M ~ 10° cm 
hence, t ~ 6 x 1013 sec. Thus, neglecting turbulence or 
dismpation we assume that the wave propagates undis- 
torted through the interplanetary medium; the decrease 
in its energy density is solely due to geometrical factors. 
At Mars the energy density of the pulse is Usm ~ (10Mr./ 
(Ra — H,))Us = 0:5 x 10-1? erg/om?, or 50 per cent of 
v and 2-5 per cent of W. Despite the imprecision of such 
a calculation, these numbers lend credence to the idea 
that the shock wave may with sufficient asa 
to affect significantly the flow of the solar wind at the orbit 
of Mars, where the weakness or absence of a Martian 
magnetic fleld leaves the violet layer vulnerable to changes 
in the solar wind. 

Although the shock does not attenuate, one would expect 
ita energy density to be degraded in the form of a turbulent 
wake as it propagates outward; in such a case it has been 
suggested" that the passage of the shock may serve to 
trigger an instability in the wind capable of causing the 
blue clearing. Another possibility is that the teil of the 
Earth's magnetosphere is kept open, and even broadened, 
by the radiation pressure of hydromagnetio waves propa- 
gating into the tail from regions of higher magnetio fleld'*. 
It should be mentioned that preliminary Mariner IV 
resulta from measurements made over a period of 5 days 
at 3,000r, downstream of the Earth showed no evidence of 
a geomagnetic tail; this does not, however, preclude the 
possibility of the shock, through which the spacecraft 
may have already passed. 

In my caloulations I have assumed the duration of the 
pulse to be determined by the radius of the magnetosphere, 
not by the length of the magnetospheric tail. 

In conclusion, I should emphamze that this article was 
written in & speculative vein in the hope of stimulating 
further discussion of this topic. There is, at present, 
only one competing theory™, namely, that the blue haze 
is caused by dust particles from meteor streams paasing 
Mara, and that the blue clearing is a purely random effect, 
unrelated to o ition. 

I thank Drs. E. N. Parker, A. Palm and W. M. Sinton- 
for their advice. 
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MAGNETOTURBULENT ENERGY AND STABILITY OF 
SUPERMASSIVE STARS 


By S. P. S. ANAND 
California Institute of Technology, Pasadena, California 


HE discovery and subsequent investigation of the 

quasi-stellar radio objects, or ‘quasars’, have aroused 
great interest by many inveetigators'*. The observed 
luminosities are of the order of 10** ergs Bec-! and their 
lifetimes fall in the range of 10*-10* years. Hoyle and 
Fowler’ proposed that a masa of the order of 10* Mo 
has condensed in the galactic nucleus into & single massive 
star in which nuclear energy generation occurs. Later 
on they’ suggested the release of gravitational energy 
during general relativistic collapse after the exhaustion 
of nuclear matter by the ONO bi-cycle. Fowler* showed 
that these massive stars become unstable before the central 
temperature has risen to 5-8 x 107 °K for 10* Mo. This 
discussion was based on the binding energy of massive 
stars in hydrostatic equilbrium which he derived from 
general relativistic equations in the poet-Newtonian 
approximation of general relativity. Ohandrasekhar* 1! 
used the exact dynamical equations of general relativity 
and obtained the same result. Fowler showed that general 
relativistic instability seta in for masses greater than 
10* Mo. 

Recently, Fowler* suggested that this general relativis- 
tic instebility can be removed by & small amount of 
rotation. On assuming that these massive stars are 
uniformly rotating gaseous systems, he showed that 
masses up to 10° Mo are possible, consistent with the 
maximum angular momentum. If one takes & non- 
uniformly rotating system in which the central regions 
rotate faster than the outer regions, then stable masses 
of 10* Mo-10%* Mo are also possible. In the case of 
uniform rotation, Roxburgh’® also obtained the same 
result. 

Layxer!* suggested that magnetoturbulent energy can 
also be effective in stabilizing these massive stars. In 
this article, I shall show, using Fowler’s binding energy 
method, that the turbulent kinetio energy associated 
with the internal magnetic disturbances (with conserva- 
tion of magnetic flux) is also an effective physical mechan- 
iam to remove the general relativistio instability. It is 
found that stable masses of 10* M 5—10!* Mo are possible 
oa on the parameter a, which will be defined 

ter 


The binding energy H» of a star is equal but opposite 
in sign to the total energy Æ due to rest masse energy and 
‘bulk motions’ throughout the star and is given by: 

— Hy, = E = (M — Mj)c! + Eayn (1) 
where Hay, is the dynamical energy due to ‘bulk motions’. 
Here: 


R R 
M = [ dM, = f 4nr' p dr (3) 
0 0 


where R is the radius of the star, M, is the mass interior 
to radius r, and p is the mass-energy density measured by 
& local observer and is given by: 


(3) 


wharo p, is the rest mass density and u is the internal 


energy due to and radiation. 
the civem by ation. The rest mass (M,) of 


u 
P= Po + or 


moja- Er w 


where dV is the co-ordinate element of volume V. Using 
equations (2)-(4) in equation (1), we get E in the post- 
Newtonian approximation as follows: 








M. GM, 
a - [say - | 5 tears = udV — 
r re 
8 ( GM, 
S SAE p av + Fan (5) 
The physical interpretation of each term is already given 


by Fowler*'*. 

In the present case, the contribution of dynamical 
energy which arises due to magnetic disturbances is 
considered. It is well accepted now that, in a medium 
of high electrical conductivity, turbulence will be associ- 
ated with a spontaneous generation and subsequent 
amplification of magnetic fields since the pioneer work by 
Batehelor!s. Also, in & state of equilibnum, the energy 
per unit volume in the magnetic field and the velocity 
fields will approach equality or equipartition’®". Later 
on Chandrasekhar’ showed for stationary, homogeneous 
and igotropio turbulent conditions that magneto-turbulent 


energy (m) is given by: 
l 
£m e = a 
m = gx «H'» = a4 p<v> (8) 
where « is 1-6265, «co!» and <H*> are the mean square 
velocity and magnetic intensity respectively. 
Assuming conservation of flux, <H> R~ constant", 
since linee of force are frozen and they are crowded 
together. In this case we write Hayn as: 


me Qi 
Fay ^", = aR (7) 
where QO is the magnetic flux and all other constants are 
now included in ®?. 
The equation of hydrostatic equilibrium in the post- 
Newtonian approximation of general relativity is*: 
dp Ed p 28M. 4 
dr 77 nM taa tue Mo (8) 


To obtain the virial theorem, we multiply equation (8) 
by 4nr’dr and integrate, we get: 

















GM, GM, GM, 
sfpav -fe r av +{ roi pdàV — 3 [m edV =0 (9) 
Combining equations (5), (7) and (9), we get: 
(sT,—4)[GM. 2 i GM. 
E-——————— = 
30.—- 1) F edV + 3) rà udV 
35- 3T, [Mr 1 
T 3 AES aa = cd (10 
(T,-— 1) rte a Bm 


where we have put!!: 
I 
p=(I,-l4, I,—-1 


BE C ees. A 
diy -1) — B(3y — 4) 


a 


1346 : NATURE September 25, 1965 vc. 2x 


where f is the ratio of gas pressure to total pressure due to Now the radius of main-aequenoe massive ob 


gas and radiation. For massive stars 8 < 1, then: given from the structure of the star in Sohwarxach 
` radius unit is given by*: 
Pats Mod 
(Mgr (12) Bus = 1-5 x YR, (gr) 


It should be noted that if we include Newtonian non- 
linear terms due to velocity (as Fowler! included centri- 
fugal acceleration) in equation (8), then the coefficient Rus Mo + 

of 1/a O/R in equation (10) will become (5 — ST /8(T, — Fir = 1867 x 10%, ( w) 

1), which, for masive stars, is of order one. I shall . 

discuss this case more elaborately in a later publication, Where a, = (a + 0-818). Equation (21) shows thai 
in which the interaction of magnetio flelda with rotation Stability sete in for masses greater than: 

will be considered. Using equation (2) in (10) and evaluat- M = 1-88 x 10% a,! Mo 


ing the integral for polytropic index n » 8, wo get*?: 
It can be seen from equation (22) that the magnoti 


E $ ./H, Bet 17 o 
w — = B( =F) + r205(77) — —( XB 13) stable masses (fora = 1) up to the order of 1:8 x 10° 
Mot se) ej a sm) oa are possible (since B < 1). 


Hence from equations (19) and (20) we have: 


tees is Sohwarzeohild’ ; Hacc : I have shown in this article that magnetoturbu 
Ww. R, is s radius and it ia given by add in uno effootive in ing general rel 

20M tio instability. On varying a? fram 10-! to 10-*, we 

E, = as m 3 T0 OMIM (14) that stable masses of 10° pb Mo are poses 


" g . | How the interaction between non-uniform rotation 
The condition of magnetic stability of a magnetio star  magnetio fields reduces the angular velocity for equat 


due to Chandrasekhar and Fermi*:*! is the following: instability, and their maintenance in supermassive s 
will be discussed in much detail in a later publicatio: 

(8T, — 4)({Q] — m) > 0, T, = I thank Prof. William A. Fowler for directing my int 

(4 — y — 1) to this problem, and for showing me the manum 

p AL re (15) of his in advance of sending it for publica 

B+ 12 (7 — 1) (1 — B) T also Dr. Gerard Stephenson, jun., for suggest 
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A NEW METHOD FOR DEUTERON STRIPPING CALCULATIONS (1) 


By Pro. S. T. BUTLER 
Dally Telegraph Theoretical! Department, Schoo! of Physics, University of Sydney 


S is well known, all deuteron stripping reactions are show little relationship to the results of the simple th 
potentially capable of yielding oou darablo informa- and for such cases no determination of spins and pez 
tion regarding nuclear energy-levels and nuclear structure. can be made on the basis of this theory. 

The simple theory developed many years ago by the Attempts to improve the theory have generate 

present author! has proved useful for determining spins called distorted wave Born Ne posna 
and paritios of nuclear statea in many cases. Tt suffers theories". The DWBA appren Men ducts zu 
the disady " that ib over-estimates absolute premise which in my opini justified fender 
antage, Owover, Y es be expected the oentre of mass motion of the deuteron be 
Wibse.soelions, so that ih may TABONEDY rar reduced model wave fonction, but leaves the intema m 
ta vM Inftwmnation only of ratios of nri bons of unpolarised. Yet it inlikely that contribute sn 

widtha. Moreover, DS and heavy puclei sometimes ; 
tation ts oig, Tnt 
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considerably stretched, with one particle interacting on 
the average much more strongly with the nucleus than the 
other, so that deuteron distortion effecta are in all probabil- 
ity quite crucialt. Although it may well be possible to 
choose optical model parameters to fit deuteron elastic 
scattering, this does not mean to say that the full deuteron 
wave function is known, particularly in those configura- 
tions relevant in stripping. 

Theee remarks are borne out by actual results of cal- 
culation. As a general rule agreement with experimental 
stripping ing angular distributions can be obtained in the 

A theory only by 4 choice of parameters different 
from those required in elastic scattering. Moreover, the 
number of parameters involved is so great that any 
unique assignment of spins and parities is lost. 

I suggest a new approach which appears quite promising, 
partioularly for (d,p) reactions. This was reported briefly 
at the 1964 Conference of the Australian and New Zealand 
Association for the Advancement of Science‘. 

The basic matrix element for a (d,p) reaction, for 
example, may be written in the form: 


I(Kkp,ke) = < Qat(ke,rp,ra)| Vap|F(tn)bp(kp,re)> (1) 


Here rp and ra are the neutron and proton co-ordinates 
respectively, ke is the incident deuteron momentum and 
kp is the outgoing proton momentum. The wave function 
vet describes elastically scattered deuterons with outgoing 
spherical waves, },- describes elastically scattered protons 
with incoming spherical waves and F is the wave function 
of the final bound neutron. The normal neutron proton 
interaction is represented by Vap. In the form of equation 
(1) all other nuclear co-ordmates have been in 
out, so that q,- may be considered to be a known optical 
model wave function. 

Now we assume, instead of the usual distorted wave, 
that det satisfies the equation: 


(Ta + Tp + Vas + Va + Vo)bat =m Espa* (2) 


where T', and T', are kinetio energy operators and where 
Vs and Vp are optical potentials for neutron and proton, 
respectively, incident on the initial nucleus. Strictly 
these are energy dependent and should be considered as 
operators dependent on the square of the momenta of the 
particles. 

We know that & plane wave deuteron has the following 
transform : 


N 

Ja | dk',G(k' », kejet r»ofk'or, (3) 

where Q’ = kg — k’y. 

function is written: 
x(r) = N (ejr — etir) 


eiksR. y(r) = 


The internal deuteron wave 


and: 


, 1 1 
Oke = (eae EREE (4 


Equation (3) may be discussed in time-dependent 
terminology in a way which can be instructive. If a 
‘map-shot’ be taken of a moving deuteron wave packet 
with an ‘exposure time’ short compared with the natural 
period of the deuteron, the neutron and proton would 
appear to be described by independent wave with 
momenta k’, and Q’. The probability for given 
momenta is desaribed by G*. 

For deuterons with a sufficiently high momentum in- 
volved in & stripping reaction it would seem plausible 
that any interaction of the neutrons and protons with the 
initial nuclei might occur in & period small compared with 
the natural period of the deuteron; this might be particu- 
larly the case if the reaction tends to be confined to a 
s volume. It could then be a reasonable a 
to use a ‘sudden’ approximation for j.* in equation (1) 
and to write it: 
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$a* = E [ ak’ Gk p kalba (Q^) (s) (5) 


where fst and $5,* are optical model wave funotions for 
neutron &nd proton ely with the appropriate 
momenta. Thus j4* and q,* satisfy wave equations: 


(Ta + Va)fjat = Esda* 


and: 

(T, + Vohbst = Erst (6) 
with E, and E, being energies appropriate to the momenta 
k’, and Q’ 


respectively. 
We use equation (2) to re-express the quantity Vappet 
of the matrix element (1) as follows: 


Vapla* asd {E me (T. t T, t Vs + Vp) } bet (7) 


On now substituting the approximation (5) for þat, and 
making use of the wave equations (6), the matrix element 
(1) takes the form: 

I MN [ae k’ 
(ks, ks) = — Zrim po(ke,k’p) 


< bpt(k’p,ry)[patkp,re) > <tat(Qre)|P(m)> (8) 
where m is the nucleon mass and: 
g(ke,k’y) = ((k« — kp/2)* + y"}@(ka,k’y) (8) 
The element «dq,*(k's,rs)|9» (ks,rp) > is determinable; 
it is predominated by a term 2z?8(k, — k',). Thus the 
predominant term in equation (8) is simply: 


Ikpa)  — EE pias) < $e) Flee) > (10) 


Equation 10 is much more amenable to numerical 
calculation than the usual DWBA approech. It involves 
a bound state neutron wave function F, characterized 
by & given orbital angular momentum J, and the neutron 
optical model wave function $a*. Thus the angle integra- 
tions in equation (10) may be trivially performed leaving a 
one-dimensional integral over the neutron radial oo- 
ordinate rx. Parameters of the radial neutron optical 
model wave function are appropriate to an energy nH) Ban 
and are therefore different for each angle of scattering. 
Nevertheless neutron optical model parameters have been 
well tabulated over large energy ranges, so that equation 
(10) may be considered to have no unknown eters 
except the orbital angular momentum of the bound 
neutron. 

Perhaps the main difficulty of this approech lies in the 
treatment of the coulomb interaction between proton and 
nucleus which is not of short range and for which the 
sudden approximation cannot be expected to apply 
accurately. To the extent, however, that the main 
coulomb deviations of the proton occur in the vicmity 
of the nucleus no serious coulomb error should occur within 
this formaliam, at least for (d,p) reactions. 

In a forthcoming publication’ by Dr. C. A. Pearson and 
me it will be shown how equation (8) can be formally 
derived by means of standard impulse approximation 
techniques. Numerical calculations are i under- 
taken by Dr. Pearson and will also be published shortly. 
Preliminary results of these calculations, which include 
also the polarization resulting from stripping reactions, 
appear to be in remarkably good agreement with experi- 
ment. 

This work was supported in part the Nuclear Re- 
search Foundation within the University of Sydney, and 
I thank its director, Prof. H. Messel, for his interest. 
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A NEW METHOD FOR DEUTERON STRIPPING CALCULATIONS (II) 


By Dr. ROBERT M. MAY 
Dally Telegraph Theoretical Department, Schoo! of Physics, Untversity of Sydney 


A FEW impulse approximation method for use ın 
deuteron stripping and eee calculations has 
recentl= been presented by 8. T. Butler’. This method 
goes beyond the simple Butler Bora (B-B) approxima- 
tion’, y=t 18 free from the conceptual and methodological 
difüeultae which beset distorted wave Born approxima- 
tions. 

To exemplify the method, Butler considers a (d,p) 

reaction. The basic matrix element may be written, in 
the usurl notation’ and with the nuolear co-ordinates 
integrated out, as: . 
I(ka,ky) = < P*(r.) pp (ks,rp)| Vay] Qu*(kare,ro) > (1) 
Here kg 2nd ky are respectively the incident deuteron 
and outg-ing proton momenta, and F is the wave func- 
tion of tae bound neutron with binding energy 
-Esr (En =h*y*|2m). The impulse approximation con- 
uiste of wriung the initial deuteron wave function (j4*, as 
a momentíim space convolution integral between a free 
deuteron vave function and the optical model wave 
functions r neutron and proton interacting separately 
with the n-rleus. Then, after some manipulation, one 
obtains the result (the flnal equation (10) of ref. 1): 


M 
I(kek,)- — z g(ike — ks) « P* ()|ds*(Q,r) > (2) 


Here pat (Q,-) is a optical wave function for an (outgoing) 
neutron elezteally scattered from the nucleus, 
energy (Q; = M2; Q 18 defined as Q = ky — ky; 
and as usual the function g(p) is: 

g(p) = {p* + Y°} G(p) (3) 
where G is ths Fourier transform of the deuteron internal 
wave functior, and the deuteron binding energy is written 
as A*y3/m. 

Nocte acd a ) by writing {st as 

lane wave 2uteide the nucleus, and as zero within.) 
the work recorded here we use a square well for the 
neutron—nucless interaction to effect an exploration of 
the consequenzes of the approximation (2). The results 
shed light on hs agreements and discrepancies between 
B-B theory and experiments. 

Suppose the optical wave function, Qa, for a neutron 
elastically scatt=red by the nucleus is given by the oom- 
plex potential : 

eee eet (4) 
FE (r) =0 r>a 
Let the bound sate wave function, F, be given by a real 
square well potential with the same radius: 

U (r) = Uy; FE 

U (r)=0 ;r>a 
By the argumert which usually leads to the ortho- 
gonality result, we ce 
(B(Q) + Bs) f P (x) e ) dr = 

J-P*(r vin) U*(r)} bat (Q,x) de (5) 
We now take the -eal parts of V and U to be equal. In 
practice, V, = U, to within at most a few MeV; such 
equality is a self-consistency check on the optical model. 
(The character of -hə subsequent results is not altered if 
we allow a differeroe |F, — Uel = |V1|.) Equation (5) 
beoomes: 
(E(Q) + Ey) F* (2 pat (Qr) de = 
+ Vif F* (r) dat (Qr) dr (6) 


r<@ 


(£) 


Rearranging equation (6), we get for the matrix element 
in equation (2): 


I< depu ok] 





| Vi] | 
( (Q) + En ay 1t 1 F*patdr| (7) 
T»4 
For our square well, the radial parte, f(r,l,m) and 
9a(r,,m), of the wave functions F(r) and d&*(r) can be 
written down for r > a: 


fiim) = Alm) h (var) (8) 


qa (rm) — etoos dı js (Qr) — mn Sri (Qr)} 


Here h: is the spherical Hankel function of the first kind, 
jr and n; are the spherical Beesel functions of the first 
and second kind, respectively, A ıs the same constant 
which appears in the B-B theory, and S, (Q) is the 
(complex) phase shift‘ for the l-th partial wave. 

If the bound state neutron can be characterized by a 
unique orbital angular momentum quantum number i|, 
the angle integrals on the right-hand side of equation (7) 
cen. be readily ormed. Next the properties of Beesel 
funotions can used to evaluate the radial integral. 
Choosing the vector Q as the polar axis, we can finally 


write: 
4 21 1)}1/2 qt 
[r* en ar = CET 


A(1,0) eft cos 5, Lr Qaa o = ; 
ten$; W(ni(Qa)Ji($ya))] (9) 
Here W denotes the Wronskian defined as: 


ov ðu 
Wee) = [ux - xt) 

Equations (2) (7) and (9) thus give the matrix element 
for & (d,p) reaction in the new approximation. We proceed 
to comment on the relationship between the present 
resulte and the B-B theory, with respect to: (A) absolute 
magnitudes of cross-sections; (B) angular variation in 
differential cross-sections; (C) zeros in the differential 
cross-section. 

(A) Returning to my earlier remarks, we observe that 
the B-B estimate of the matrix element in equation (2) 
is just the expression in equation (9) with 3; = 0. Thus, 
from equation (7) we see that in the limit when 3, = 0, 
the new approximation gives differential cross-sections 
which differ from the B—B theory only by a factor: 


vir 
(E(Q) + Bs)* + Yr 


Since the angle dependence of this factor (contained in 
Q = ke — k») is much weaker than that contained in 
the Wronakian W (jihi), we may say that if the optical 
phase shift is small, the new approximation and the B-B 
approximation will give essentially th» same angular dis- 
tribution, but the new approximation will give an absolute 
cross-section smaller than the B—B one by the significant 
factor (11). 

This ia relevant to the notorious experimental fact that 
even in the many instances when B—B theory explains 
the angular distribution excellently, it over-estimates the 
absolute cross-section by as much as an order of mag- 
nitude*. Indeed, nuclear reduced widths are extracted by 
fitting the shape of the B-B angular distribution; such 
empirical reduced widths are generally amaller than those 


(10) 


(11) 


»— 


we 
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calculated by B-B theory by factors which increase from 
about 2—6^&t low binding energies up to about. 6-20 at 
larger binding energies (Eg > 10 MeV). This is the 
behaviour to be expected from equation (11); the value 
of V;, taken from neutron elastic scattering’, is about 
3 MeV for E(Q) around a few MeV. 
in Table 1, we take Z(Q) to be around 8 MeV, and 
lay the factor (11) alongside the ratio of, empirical 
ced widths, 0," (exp.), to B-B reduced widths, 0,* 
(B-B), for neutron capture mto 2s states and for capture 
into ld states’. - 


Table 1 
Neutron binding Tho factor 0 
energy (MeV) (11) on en RBS, d 
1 0-26 04 ($ œ1 (5) 
7 0-08 0-1 (6 0 07 
18 0-04 0-08 


(B) For & more detailed jou ode between equations 
(7) and (9), and the ample B-B theory, it is necessary to 
compute 3; (Q) as a function of Q = [ks — k,| for any 
particular (d,p) reaction. 

For this article we note that for given J, the modulus 
of the phase shift is generally small for small Qa (for 
example, for | = 3,a = 4f, V, = 50 MeV, then [tan 3,| 
< 0-1 for E(Q) « 18 MeV). Thus without going into 
detail we can estimate that the corrections to the B-B 
angular distributions, which are contained mainly in the 
term tan 3; W(ni, Ai) in equation (9), will be more sig- 
nificant for higher energies of the incident deuteron, and 
for larger angles (Q = [ke — k,| is then larger for given 


NATURE 


1349 


ke, ky). "These remarks accord with experimental ten- 
dencieg*:*. 

(€) Finálly. we note that equation (9) does not permit 
zeros in the differential croas-section. Such zeros (the 
zeros of the Wronskian W (j,h)) are an unphysical feature 
of the B-B theory. 

To prove this assertion, "we write the complex phase 
shift as tan 3; =a + $8. Then apart from obviously 
non-vanishing terms, the differential cross-section can be 
written : 


d 
4G © Lege a UW GA- 9/20) BW (mh) (12) 


This expreasion bas no zeros (unless B = 0, that is, unless 
Vr = 0). 

I thank Prof. 8. T. Butler for his advice, and also Prof. 
H. Measel, director of the Nuclear Research Foundation 
within the University of Sydney, for his support. 
oe T., Nature (preceding communication); Austral. J. Set , 96 (8), 286 
* Buller, B. T., Phys. Re , 80, 1005 (1060); 106, £72 (1957) 


gore e on divide and Butler, 8. T., Phys. Rew. (in the press). One of the 


seems justifica as ts obvious 
steps in the proses seem to nedd more careful justification, as is ob rious 


equation (2) 

‘Bee, for example, Schiff, T. L, Moeckasics (MoGraw-Hill, N.Y., 
3955), equations (19. 15) and 19.29). 

* Macfarlane, M EL, and French, J. B., Hes. Mod, Phys , 38, 597 (1060). 


*Yeshbach, H , Portes OIM. and Wolmiko v. E., Phys. Rør., M M8 (1054). 
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eok. Rep. No. J., Feahibach, (1080). 

Pega Conf. Nwolear Structure, Beck. 4.8 (North Holland Co., Amster- 
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POTASSIUM—ARGON AGES OF ROCKS FROM JAN MAYEN AND AN 
OUTLINE OF ITS VOLCANIC HISTORY 


By F. J. FITCH 
Department of Geology, Birkbeck College, University of london" 
AND 
Dr. R. L. GRASTY and Dr. J. A. MILLER 
Department of Geodesy and Geophysics, University of Cambridge 


AN MAYEN is the most northerly of the volcanic 
islands which rise from the Mid-Atlantio Ridge. It 
ies an isolated position just north of the 70th 
el, some 500 km east of Scoresby Sound in East 
Greenland. Ite maximum dimensions are 54km x 16km; 
it is elongated in a north-east-south-west direction and 
is widest at the north-eastern end. The present-day 
island is a small emergent portion of an extensive sub- 
marine volcanic accumulation rising from the crest of the 
mid-Ocsanioc ridge on the south-east flank of the central 
rift. The island is wholly voloanic ın origin, and to-day 
is dominated by one great volcanic mountain, Beerenberg, 
2,277 m high, forming the entire northern half of Jan 
Mayen. The central volcanic vent of Beerenberg has been 
inactive for several thousand years, but parasitic activity 
on the flanks has occurred more recently. Eruptions 
on the southern flank of the mountain were obeerved in 
1782 and 1818, and seismic shocks have been reported 
. Beerenberg is the most northerly of the 
d's large volcanic mountains, and ite summit is 
covered by a permanent icefield dramed by some 20 radial 
glaciers. The southern half of the island is a narrow 
volcanic teblel&nd, nearly 500 m high, built by repeated 
fiseure-controlled eruptions and characterized by strings 
of trachytic domes. 

The first extensive geological reconnaissance of Jan 
Mayen was made by Wordie in 1921 (refs. 1 and 2). 
' Between 1048 and 1963, a series of British university 
expeditions have gradually extended detailed geological 
mapping over most of the island. Their work is described 


in accounts by Dolar’, Nicholls‘ and Fitch’. The 
No logist, Carstens, mapped the far south of 
the island in 1959 (ref. 8) and has discussed the petrology 
of a number of the trachytic domes’. Very little is known 
of the composition of the submarme bank, but evidence 
from accidental blocks in agglomerates and tuff-breccias 
suggests that it is composed of both tholeiitic and alkali- 
basaltic rocks with related differentiates. The rocks 
above sea-level, both lavas and pyroclastics, are pre- 
dominantly of alkali-basalt and picrite, with subordinate 
amounts of trachybasalt, mugearite and trachyte. 
Ankar&mitee (both ultrabasio and basaltic varieties) are 
very common in some lava sequences, and in this respect 
Jan Mayen is unique among the volcanic islands of the 
Atlantic Ocean. The petrology of the rocks 18 discussed 
in the papers by Nicholls, Carstens and Fitch already 
mentioned here, and also in papers by Holmes!*, Tyrell" 
and Roberts and Hawkins". Notwithstanding the presence 
of Beerenberg and numerous other central volcanoes, 
fissure voloaniam, both pyroclastic and effusive, is the 
dominant eruptive mechanism on Jan Mayen. Acoounte 
of the more unusual volcanic phenomena have been given 
by Dollar!! and by Hawkins and Roberts". 

The geological history of Jan Mayen begins with the 
building of the submarine bank by extensive basaltic 
eruptions along and close to the crest of the mid-Oceanio 
ridge. The age range of this phase in ita development is 
unknown; but, by analogy with Iceland, this phase most 
probably oocurred during mid-Tertiary to Early Pleisto- 
cene times. The oldest rooks seen above sea-level are well 
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exposed along the base of the great sea oliffs between 
Bórbukte and Ullringbukta in the far south of the island. 
They consist predominantly of pyroclastic whalebacks 
and related flows of ankaramitic and trachybasaltic lavas 
that appoar to have been erupted from a fissure swarm 
aligned close to N. 50° E. This early phase of emergence 
was followed in South Jan by a period during which an 
extensive plateau of trachybesaltio and leas basic lavas 
was erupted from an in i network of fissure 
swarms, the older N. 50° E. set and & new N. 40? E. 
swarm. North Jan and the proto-Beerenberg began to 
grow where this new and powerful fissure-swarm was 
intersected by a major cross-fault. This, poembly rather 
lengthy, period was brought to & close by the intrusion of 
numerous trachytic plug domes sealing the principal 
voleanio throate. For some time after the intrusion of the 
trachytic domes, volcanism on Jan Mayen was much 
reduced in intensity. this interval, extensive 
erosion occurred throughout the island and a large ice-cap 
formed on the proto-Beerenberg. Tillites or fluvioglacial 
deposita of this age are found throughout the island. As 
the massive tillites of this tıme are the only evidence of 
major glaciation known from Jan Mayen, ıt has been 
assumed that they were formed during the last maxima 
of the Pleistocene (see the arguments in ref. 6). If this is 
a correct assimoption, then the preceding volcanism must 
have occurred within the Pleistovene, unleas evidence of 
previous maxima is missing. 

In the period immediately following the deposition of 
the tillite sheets, erosion continued to be more important 
than volcanism in South Jan. The principal focus of 
activity moved north-eastwards to the Beeren and the 
major part of the mountain was constructed in four guo- 
cessive stages. 

First, a series of explosive fissure eruptions occurred 
along the N. 40° E. fissure swarm, especially along the 
north-east ridge of Beerenberg, extending the mountain 
considerably in that direction. On the south flank of the 
mountain, sub-glacial hyaloclastic tuffs'* indicate that ice 
was still present on the proto- Beerenberg at the beginning 
of this stage. In the second stage a gigantio ash-flow 

tion from the central vent deposited a thick sheet of 
basic pumice siller on the southern flanks of the mountain. 
The third stage was a prolonged period of Hawaiian-type 
volcanism from the central vent which resulted in the 
development of a large snkaramitio basalt shield voloano. 
Finally, after a short erosion interval, a large composite 
trachybasaltic lava cone was built on the summit of the 
lava dome, completing the major part of Beerenberg. 
The formation of the summit oone was followed by an 
important erosion interval during which extensive see- 
cliffs developed all around Jan Mayen. 

There have been two major phases of volcaniam subse- 
to the formation of the summit cone, both entirely 
controlled. At first volcanism was related to the 

N. 40? E. flasures which became active again throughout 
the island except across the higher parte of Beerenberg. 
A number of radial flesures wero active, however, on the 
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south-west and south flanks of the mountain during this 
episode. This fissure volcanism was both ankaramitic 
and trachybasaltic in character. It frequently oonsists of 
extensive and violent pyroclastic eruption followed by 
quiet lava effumon. Throughout Jan Mayen great pyro- 
clastic ridges were built along fissure lnes, and lava 
streams flowed into the intervening depressions and spread 
over existing cliffs to make coastal laval platforms. During 
the later phase of this post-Beerenberg voloanism an 
additional fissure trend at N. 65° E. became apparent 
especially in the far north-east of the island. A study of 
Jan Mayen geomorphology and of the history of growth 
and decay of the Beerenberg 10efield over the past 10,000 
years suggests that the high summit cone was completed 
at least 56,000 years ago and that the most important 
subsequent volcanic episodes occurred between 45,000 
and 2,500—3,500 years ago (see arguments in ref. 6 and 
15-18). The coastal lava platforms of the latter episode 
sit on a widespread post-glacial raised beach. 

The age estimates referred to here were made in 1903 
after consideration of the available geological and geo- 
morphological evidence, and are necessarily based on a 
number of unproved assumptions. Recent discussion 
of Continental Drift and of the evolution of the Atlantic 
Ocean by Wilson’***, Miller and Fitch"! and others has 
made it essential for accurate age information to be 
obtained from the volcanic islands of the Atlantio. 

This investigation of the most northerly of the volcanic 
islands on the mid-Ooean ri was undertaken as a teet 
of the methods to be used. It is intended that it should 
be the first of a number of such investigations. A strati- 
graphically representative collection of some fifty Jan 
Mayen rooks was made by Fitch during the 1963 Imperial 
College Beerenberg Expedition. From this stratigraphiocal 
collection ten rocks were selected for potassium/argon 
age determination by omegatron. The instrument has 
recently been described by Grasty and Miller. To 
minimize possible errors introduced by any serial changes 
1n potassium content that might occur, especially in flow- 
aligned igneous rocks, each specimen was out into three 
parallel slices using a diamond saw. The rocks were 
examined petrologioally in thin sections out at right anglea 
across the direction of slicing. Potassium oxide contents 
were determined in the two outer slices and an average 
value calculated. Two independent argon determinations 
were then made on the inner slice. 

The resulta of potassium/argon age measurementa on 
the three geologically oldest rocks are listed in Table 1. 
As the youngest two rocks of this sequence were found 
to be too young to produce a satisfactory potassium/argon 
age, it was obviously impracticable to attempt the 
of the even younger specimens, and, therefore, this has 
not been done. The oldest rock was SJ 1, an 
olivine—baaalt lava flow e at the base of the olifis 
at the far southern end of Sorbukte. In thin section it is 
seen to be an unaltered, strongly flow-aligned, olivine- 
basalt, in which small microporphyritio groups of olivine 
and, much more rarely, augite (occasionally associated 


Table 1. Nww POTARSIUM/|AXGOX AGE DETERNIWATIONS 
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with plagioclase) are oarried in & matrix of labradorite 
laths with interstitial augite, olivine and iron ores. 

The next oldest rock was SJ 9, & vesicular lava flow of 
ankaramitio basalt at the base of the vertical 
cliffs in the middle of bukte. In thin section it is 
en to coche bstnl wate Giri need 
set in a fine-grained matrix of minute plagioclase laths, 
pyroxene and iron ores, which encloses also numerous small 
mierophenoeryste of sugite and olivine. Widespread 
iddingsitixation of the marginal zones of olivine orystala 
is probebly deuteric in origm and does not necessarily 
indicate that any significant argon loss from the feldspars 
or pyroxenes has taken place. The and pyroxenes 
are quite fresh and unaltered. Both these rocks belong 
to the earliest phase of emergence of Jan Mayen. The 
voloanio formation of which they are members is the older 
of the two pre-tillite volcanic sequences of South Jan. 
The ages obtained fall in the range 500,000 to lees than 
30,000 years; the better determination, that of SJ 1, 
suggests an age of 400,000 + 80,000 years for that rock. 
SJ 9 must be considerably younger, certainly lees than 
240,000 years old, but exaotly how young it is cannot be 
determined as yet with absolute 

The same age arguments apply to SJ 15, an absolutely 
fod enale lava flow immediately below 
the tilite in Kroesbukte, North Jan. Stratigraphioally, 
it is at the top of the two pre-tillate sequences of Jan 
Mayen. In thin section the rock is seen to consist of 
numerous euhedral olivine and augite phenocrysts set in 
a fine-grained pyroxene-rich matrix of labradorite, 
pyroxene, olivine and iron ore. The potassium/argon 
evidence suggests that SJ 15 is younger than either SJ 1 
or SJ 9, certainly lees than 190,000 years old and possibly 
much younger. All these rocks are Pleistooene in age. 
The latest evidence from Africa and America suggests 
that the Pleistocene Period lasted from between 2-5 and 1-5 
m.y. to about 10,000 years ago. The rocks of the oldest 
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part of Jan Mayen would therefore appear to belong to the 
upper part of the Pleistocene. 

The potassium/argon age investigation reported in this 
article confirms the conclusions reached by geological 
interpretation, that is, that the emergent part of Jan 
Mayen began its devel ment in late Pleistocene times, 
and that the majority o of the visible rocks are very young, 
mostly post-Pleistocene in age. This conclusion is further 
strengthened by the absence of reversed magnetization 
among the post-tillite lava sequences of Beerenberg 
sampled in 1961 and 1968 (ref. 7, and work in tion). 
It suggests that volcanism on Jan Mayen is closely related 
in time to the latest Pleistocene and Recent volcanism in 
Ioeland. At present the combined evidence from Jan 
Mayen and Iceland appears to be compatible with the 


pee of ocean floor for in this region the 
youngest rocks i ntur ond closest to the central 
parte of the mid-O. Ooeanio ridge. 
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TWO NEW TAXA OF THE GLOBOROTALIINAE (GLOBIGERINACEA, 
FORAMINIFERA) ASSISTING DETERMINATION OF THE LATE 
MIOCENE/MIDDLE MIOCENE BOUNDARY 


By Ds. F. T. BANNER and Dx. W. H. BLOW 
BP Research Centre, Sunbury-on-Thames, Middlesex 


Tios TO Swansea symposium, to be held jointly 
by alacontological Association and the Geologi- 
cal Bociety of London, will review the fossil record and 
bs a summary of present knowledge of the ranges of 
oeeil organisms in geological time. In order to provide & 
biostratigraphical sub-division of the Neogene as a frame- 
work for this purpose, posed by the Comité du 
Néogéne!, research in the V Pülasontology Branch, Explora- 
tion and Production Research Division of the BP Research 
Centre, Sunbury-on-Thames, has been directed towards 
the establishment of a sequence of zones based on the 
ranges of planktonic foraminifera. This sequence of 
xones has been compiled from evidence obtained from 
many areas (for example, Trinidad, Jamaioa, Barbados, 
Venezuela, Italy, Sicily, Malta, Libya, Tanganyika, 
West Irian, Papua and New Zealand), is being related to 
the succession of other fossil faunas, and is being correlated, 
so far as is possible, he pA paradise MM a fp 
This preliminary &ooount is intended to outline the 
tinction between the planktonic foraminiferal zones 
which are believed to permit the determination of the 
danas between the Middle Miocene (Tortonian) and 
the “Upper Miocene” (Late Miocene, Messinian) in circum- 

equatorial areas of the world. 

A total of twenty-three zones, based on planktonic 
foraminifera, will be proposed to sub-divide the geological 


succession from the Early Miocene to the Holocene. Of 
these zones, Zone N.16 is believed to comprise the late 
Middle Miooene and Zone N.17 is beli to represent 
the early part of the Late Miocene. The bese of Zone 
N.16 is defined by the first evolutionary appearance of 
Globorotalia (Turborotalia) acostaensis (sensu stricto) Blow, 
1959, whioh occurs at virtually the same horizon as the 
first evolutionary appearance of Globorotalia (G.) mero- 
tumida, r.sp. The top of Zone N.16 is placed immediately 
below the first evolutionary appearance of Globorotaha 
(G.) tumida plestotumida, n.sub-sp., which defines the base . 
of Zone N.17. The presence of these zones may be reoog- 
nized on the occurrence of other species, for the strati- 
graphically earliest Oandetna nitida (sensu lato) appears 
just below the base of Zone N.16, and Globorotalia (T'urbo- 
rotalia) acostasnsis humsrosa (Takayanagi and Saito) and 
G.(T'.) orassaformis (sensu stricto) (Galloway and Wissier) 
both first appear just below the base of Zone N.17. The 
boundary between the two zones is taken at the first 
evolutionary appearance of Gioborotaha (G.) tumida 
plesiotumida from G.(G.) merotumida because such evolu- 
tionary lineages are believed to provide the most reliably 
isochronous datum-planee in biostratigraphy*’. 

The suoceation of Zones N.16 and N.17 has been recog- 
nized by us to oocur in the Pozón section‘, eastern Faloón, 
Venezuela, in the lower part of the type Bowden formation. 
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{at present being re-deeoribed by E. Robinson, University 
of the West Indies, Mona, St. Andréw, Jamaica), Jamaica, 
in the Sarmi formation of the Sarmi region, West Irian, 
in the Muruan and Toa mudstone succession of western 
Papua‘, and in a sub-surface section in Somalia. The 
Tortonian succession at Rio Mazzapiede-Castellania, Italy, 
has been sampled by D. D. Bayliss (British Museum, 
Natural History) and the Unite 2—4 of Gino* have been 
found to comprise Zone N.16, the Zone N.17/N.16 bound- 
ary occurring there near the top of the section, very near 
the top of Unit 4. The sub suooeegions penetrated 
in the Cubagua wells Nos. 1 and 2, which were originally 
studied by J. P. Beckmann (in Kugler’), have been re- 
examined, and the cored samples from well Cubagua 
No. 2 have provided the sequence of foraminiferal assem- 
blages which are used as type for these zones. The 
detailed biostratigraphy of these wells, and of the other 
stratigraphical sections referred to here, will be described 
later with the full account of the complete succession of 
Neogene planktonic foraminiferal zones. A horizon 
referred to the lowest part of Zone N.16 yielded aseem- 
blagea of specimens morphologically intermediate between 
Globorotaha (Turborotalia) lenguaensis Bolli and G.(G.) 
merotumida . The morphological transition between 
G.(G.) merotumida and G.(G.) tumida plesiotumida n.sub-sp. 
Occurs at the base of Zone N.17. G.(G.)umida tumi 
first ocours at the base of Zone N.18, where it is associated 
with morphologically intermediate forms from G.(G.) 
tumida 7 tda. This evolutionary sequence, from 
G.(T.) lenguaensis to G.(G.) tumida tumida, parallels the 
analogous evolution, in the Early Miocene, of G.(G.) lobata 
robusta (Bolli) from G.(T'.) fohst barisanensts (LeRoy); 
1n each case, a species of carinate Globorotalia (.5.) evolved 
from G. (Turborotalia) with concomitant increase in test- 
sizo. and the evolution within the forms referable to 
Globorotalia (s-s.) in each case led to the development of 
more tumid teste with massive carinae. 

Globorotalia (G.) merotumida Blow and Banner n.sp. 
(Figs. 1a—). 

Description of holotype'*. The test consists of three whorls 
of regularly enlarging chambers, six in each whorl; succes- 
sive whorl heights are in the approximate ratios 1:2: 5. 
The test is completely evolute dorsally, and the dorsal 
walls of all the chambers are thin, translucent and finely 
perforate; there is no conspicuous deposit of thick, 
secondary laminae to obscure the early whorls. The 
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Fig. 8. a-p. Globorotahe (G.) tumeda (Brady) sensu stricto, ventral, axial and dorsal views of 
hypotype ( x 45) 
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dorsal surface is slightly convex, but the dorsal chamber 
walla are but little, if at all, inflated; the dorsal sutures 
are very weakly depressed, but they are marked by con- 
tinuously developed, slightly raised sutural limbations of 
clear, imperforate shell material. The spiral suture is 
lobulate. The globular proloculus (o. 0-015 mm diameter) 
is surrounded by a whorl of reniform chambers with 
smoothly curved interoameral sutures; in i 
whorls, the intercameral sutures become straighter and 
are, in their mid-partsa, oblique to the weakly lobulate 
spiral suture at angles of about 45°; however, the prox- 
mal ends of the later intercameral sutures may be sharply 
re-curved, meeting the spiral suture virtually at right 
angles. The axial periphery 1s acute and is furnished, 
throughout ontogeny, with an imperforate carina, which 
is continuous with the dorsal sutural thickenings. In 
axial profile, the chambers are slightly concave immedi- 
ately dorsally and ventrally to the carina. The ventral 
surface of the teat is much more strongly convex than the 
dorsal surface, the ratio of ventral to dorsal convexity 
being about 2:1. The ventral side is completely involute, 
only six chambers being visible. The ventral mtercameral 
sutures are narrowly and shallowly depreased and, through- 
out most of their length, are nearly straight (or only very 
slightly curved) and radially arranged, meeting the 
weakly lobulate periphery and the narrow, closed umbilicus 
at right angles. The ventral chamber walls are very 
finely perforate; the pores, being spaced at distances no 
greater than 0:005 mm, are approximately equal in size 
and density of distribution to those on the dorsal surface. 
Most of the ventral surface is amooth, but granules are 
developed in the immediate vicinity of the umbilicus on 
the earlier chambers and on the area of the wall of the 
first two chambers which immediately faces the aperture. 
The last-formed chamber & very low, rounded 
umbilical shoulder; the umbilical shoulders of the earlier 
chambers are concealed by embracing overlap of the 
succeeding chambers. The apertural face 15 flattened 
and broad; it is broadest near the axial periphery, where 
it is delimited by the carina, and narrowest near the 
ufnbiliouB; at ite mid-point, the breadth of the apertural 
face is approximately equal to two-thirds of ite total length. 
The aportural face is separated from the ventral face of 
the last chamber by an abrupt change in slope, but the 
area of the change in slope is rounded (not sharply 
angular), and the texture and structure of the apertural 
face and the ventral wall are very similar. 
The narrow, interiomarginal aperture extends 
from the umbilicus to the ventral margin of 
the peripheral carina, and it is of approx- 
mately uniform breadth throughout. The 
aperture is furnished, through ite length, by 
a thick, narrow lip, which is most strongly 
developed towards the umbilicus. The 
maximum diameter of the test is 0-38 mm. 
Provenance of : from a core taken 
at 2,700 ft. depth, well Cubagua No. 2, Island 
of Cubagua, Venezuela; ''Globorotalta menardas 
menordu/Globigerina nepenihes zone" of Blow, 
1959; type locality and level for Zone 
N.16, Globorolalia (Turborotala) acostasnsns 
acostaensts|Globorotal&a (G.) merotumida Zone 


f : British Museum 
(Natural History) No. P45684. 
Comparative diagnosis of species: Globoro- 
talia (G.) merotum4da typically differs from 
G.(G.) tumida plesiotumida in possessing 
(1) & test which is smaller in size at the 
same growth stage aa measured by the 
numbers of chambers present, (2) a slower 
increase in whorl height as seen dorsally, 
(8) more uniformly enlarging chambers, (4) 
more consistently oblique dorsal intercameral 
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guturee, (5) a thinner and more finely perforate test wall, 
(6) a thinner carina, (7) a relatively greater ventral con- 
vexity, and (8) a relatively broader apertural face. G.(G.) 
differs from G. kie ) lengquaensis 
Boli in possessing (1) a clearly developed imperforate 
peripheral carina, (2) & test which has about 25 per cent 
greater diameter at the same growth stage, as measured 
by the number of chambers present, (3) & more rapidly 
increasing whorl height, and (4) leas strongly curved dorsal 
intercameral sutures.  G.(G.) merotumida has a much 
more convex and tum:d test than any sub-species of 
G.(G.) oulirata (s.l.) (d'Orbigny). G.(G.) ungulata Bermú- 
dez, although possessing & dorso-ventral convexity 
i ae with that of G.(G.) merotumida, has a much 
carina, circumferentially longer chambers in dorsal 
aspect, a shorter aperture, and a much more rapid increase 
in whorl height. 


Globorotalia (G.) tumida (Brady) 


Gioborotalia (G.) tumida (Brady) sensu stricto (Fig. 8a—c). 

Pulvinulina menardis (d'Orbigny) var. tumida Brady, 
1877, Geol. Mag., n.s., dec. 2, vol. 4, p. 535; Brady, 1879, 
Quart. Jour. Mior. Boi., vol. 19, n.s., p. 80. 

Puleinulina tumida Brady, Brady, 1884, Rept. Voy. 
Challenger, Zool., vol. 8, Pt. 22, p. 692, pl. 103, Figs. 4-8. 

Globorotalia tumida (Brady), Cushman, 1927, Oontr. 
Miele rr vol. 8, p. 91, pl. 19, Fig. 12; Bolli, Loeblich 

1957, US. Nat. Mus. Bul., 215, pp. 41-42, 
pilo . 2a—o; Banner and Blow, 1960, Contr. Cushman 

p "vol. 11, pp. 26-27, pl. 5, Fig. la-c. 

G.(G.) tumida tumida, aa here restricted by the separa- 
Monat ils ancestral sub-species (G.(G. Vuelo olesionindi), 
first appears at the base of Zone N.18, the zone which, in 
its lower part, is believed to represent the late Messinian. 
G.(G.) tumida tumida is nominally validated by a de 
scribed and illustrated lectotype!* and puedo d 
both of which were originally obtained the ee 
Tertiary" (probably Pliocene or latest Miocene) of New 
Ireland; G.(G.) tum4da tumida has also BS edis been 
recorded and illustrated from recent seas!*-14. 

The specimen of G.(G.) tumida tumida, illustrated here 
for comparison with G.(G.) tumida , Was 
obtained from the lower part of Zone N.18, latest Miocene, 
from a section in the Moenoek River, West Irian (sample 
Su 590). 


Depository of 
History) No. P45685. 


Globorotaha (G.) tumida (Brady) plestotumida Blow and 
Banner n.sub-sp. (Fig. 2a-c). 

Desoription o holotype. The test consists of three whorls 
of chambers; the successive whorl heights are in the 
approximate ratios 1:4:8. The test is completely 
evolute dorsally and the dorsal walls of all the chambers 
are translucent and uniformly perforate; the dorsal 
surface of the early whorls is clearly thickened by second- 
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ary laminae, but the surface is smooth, not pustulate, and . 


the perforation distribution and density is not appreciably 
affected, nor is the chamber arrangement obscured. The 
dorsal surface is smoothly convex, but the dorsal chamber 
walls are uninflated. The dorsal intercameral sutures 
are very weakly depressed between the last two or three 
chambers only; the sutures between the earlier chambers 
are flush with the surface of the test (because of the 
laminal thickening) but are marked by continuously 
developed, flush or very slightly raised, sutural limbations 
of imperforate, clear shell material. The globular 

loculus (c. 0-010 mm diameter) is surrounded by & whorl 
of five reniform chambers, with smoothly curved inter- 
cameral sutures. The succeeding whorl, of six chambers, 
possesses straighter intercameral sutures, which are oblique 
to the very weakly lobulate spiral suture at angles of 
about 45°. The proximal ends of the later sutures 
become increasingly re-curved. so that in the last whorl 
(of 6+ chambers) the inner ends of the intercameral 
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sutures are approximately sub-radial, only their distal 
parta being curved to meet the periphery obliquely. 
The axial periphery is acute and is furnished, throughout 
ontogeny, with an imperforate carina which is contmuous 
with the dorsal sutural limbetions. In axial profile, the 
last-formed" chamber is slightly concave immediately 
ventrally to the carma. The ventral surface of the test is 
slightly more strongly convex than the dorsal surface, 
the ratio of ventral to dorsal convexity being about 3: 2. 
The ventral side is completely involute, only the six and 
one-half chambers which comprise the last whorl being 
visible. The ventral intercameral sutures are narrowly 
and shallowly depreeeed, are nearly straight or very 
slightly curved or sinuous, and are radially arranged, 
meeting the weakly lobulate periphery and the narrow, 
almost completely closed umbilicus el kai aed at 
right angles. The ventral chamber are finely and 
uniformly perforate, the pores, being spaced at distances 
no greater than 0:01 mm, being approximately equal in 
size and density of distribution to those of the dorsal 
surface. Most of the ventral surface is smooth, but granules 
are developed in the immediate vicinity of the umbilicus 
on the four earlier chambers of the last whorl as well as 
on areas of the walls of the first two chambers which 
immediately face the aperture. The last-formed chamber 
possesses a low, rounded umbilical shoulder; this shoulder 
is visible, to a decreasing extent, on the two preceding 
chambers, but it ig concealed on earlier chambers of the 
last whorl by intercameral embrace and overlap. The 
apertural face is flattened and broad; it is broadest near 
the axial periphery, where it is slightly concave and is 
delimited by the carina, and narrowest near the umbilicus ; 
at ita mid-point, the breadth of the apertural face is 
approximately equal to one-half its total length. The 
apertural face is separated from the ventral face of the 
last chamber by a change in slope; the area of the change 18 
rounded (not sharply angular), and the texture and struc- 
ture of the apertural face and the ventral wall are very 
similar. The narrow, interiomarginal extends 
from the umbilicus almost to the ven margin of the 
peripheral carina; the a , which is a low arch, 
broadest just dorsal to ite mid-point, is furnished, 
throughout ite length, with a narrow, uniformly de- 
veloped lip. The maximum diameter of the test is 
0-52 mm. 
Provenance of holotype: from a core taken at 1,400 ft. 
d th, well Cubagua No. 2, Island of Cubagua, Venezuela ; 
nella semenulina Zone" of Blow, 1959; para- 
type locality and level for Zone N.17, the Globorotalia 
(G.) tumida plesiotumida/Globorotalia (Turborotalia) crassa- 
formis Zone of Blow and Banner, M8; Late Miocene 
(Meesinian). 
of holotype : 


History) No. P45688. 

Cons of sub-spectes : Globorotalia (G.) 
tumida (sensu stricto) differs from G. (G.) tumida plesio- 
tumida in developing a much larger test at the same 
growth stage (as determined by the number of chambers 
attained), with a much more rapid mcrease in whorl 
height (successive whorl heights being in the approximate 
ratios 1:4:12). G.(G.) tumida tumida also characteristio- 
ally differs from G.(G.) tumida plesiotumida in possessing 
& much more massive carina, thicker teet walls, a greater 
development of coarse granules on the earlier chambers 
of the ventral side, a tumid test of approximately equal 
dorso-ventral convexity (that is, dorsal height/ventral 
depth being in the approximate ratio 1: 1) and often in 
possessing a higher aperture, furnished with a very broad, 

We thank the British Petroleum Company, Ltd., for 
permission to lish this account, and we thank Dr. 
5 D. Emeis, Bataafse Internationale Petroleum Maat- 
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MICROBIAL AND RESIDUAL MYCOSTASIS IN SOILS 


By Da. C. G. DOBBS and M. J. GASH 
University College of North Wales, Bangor 


N 1953, Dobbs and Hinson! described a widespread 
inhibition of fungal spore germination and hyphal 
growth in soils, now commonly referred to as soil myoo- 
stasis or fungistasis. Further work in many parts of the 
"world has since confirmed the general occurrence of this 
phenomenon in surface soils, and ita complex, mainly 
microbial, origin, although there is still much discussion 
about the mode of action and the identity of the organiams 
concerned. 

i bacteria, actinomycetes and fungi, 
own to produce, when cultured on agar media 
or autoclaved soil, an inhibition of the germination of 
test spores or the growth of hyphae separated by agar or 
cellulose film from the culture, or directly in contact with 
it; but before any of these can be shown to produce myco- 
staas in natural soils, their active growth in such soils 
must be demonstrated. 

The restoration of myoostams by re-infection of 
autoclaved soi] from natural soil provides no olear evid- 
ence, since autoclaved soil may be a relatively rich and 
artificial medium. Poambly the nearest approach to a 
demonstration of the involvement of particular micro- 
organisms in & naturally induved soil m is was that 
provided by Dobbs, Bywater and Gmffiths', who showed 
that myocostatic properties were restored to & neutral, 
acid-washed dune sand, both by natural aerial infection 
and by inoculation from untreated sand or soil. The only 
organisms which could be isolated from the re-infected 
sand were bacteria, of which only the Gram-negative 
isolates were inhibitory in agar culture to the test spores. 

However, despite the difficulties in identifymg the 
organisms responsible for the phenomenon in any given 
soil, there can be no doubt that this type of soil myoostasis 
is associated with the presence of soil micro-organisms, 
and may be referred to as ‘microbial mycostass’. It is 
characterized by its complete removal by autoclaving 
and all sterilizing agents, its continued absence so long as 
sterile conditions are maintained, its absence also from 
naturally sterile or near-sterile sub-soils, and by ite 
temporary masking by the addition or presence of certain 
nutrients, notably sugars, and o ic soil amendments, 
including those liberated by paruial kterak. Though 
the inhibitory substance or substances concerned have 
not been identifled, when obtained in sterile filtered soil 
extracta, or in sterile agar disks, they have been shown 
to be thermolabile. 

This distinction is necessary in view of the occurrence 
of a more stable type of inhibition, first observed in several 
of a collection of about 40 soil samples from England and 
Wales examined at Bangor in 1957-58 (ref. 3). In these 
the inhibition did not react to glucose and survived &uto- 
claving. The soils in question wero all calcareous, varying 
from marine sands containing about 4 per cent to chalk 
and limestone sub-soils with more than 90 per cent calcium 
carbonate. Since these soils, where tested, could be shown 
to give rise to the microbial type of inhibition in sterile, 
neutral sands, they must be assumed to possess both types 


of mycostasis: the unstable microbial type, and the stable 
type which remains after that has been removed by 
sterilization. This thermostable and non-sugar-sensitive 
type of inhibition is therefore referred to as ‘residual 
mycostasis’ and has been the subject of recent study at 
Bangor. 

The marine sands of Newborough Warren, Anglesey, 
were chosen for the main investigation in the hope of 
simplifying the problem by the use of sumple soils. Samples 
from all the ecological zones of the Warren, when tested 
by the cellulose fim method‘ with spores of Mucor 
ramannianus, were strongly mycostatic, as they were 
also to a range of other fungi, including some isolated 
from the sand. After autoclaving, certain samples 
supported growth on the test films. Al these came from 
the fixed dunes or the Salis slack associes, which had 
accumulated an appreciable organic content. All the 
sands which were deficient in organic matter, that i, 
those from the mobile dunes and the sea strand, exhibited 
a strong residual inhibition after autoclaving, giving zero 
germination on the test films. 

Fig. 1 shows the average percentage germination (based 
on 6 experiments with 25 replications each) of test spores 
of Mucor ramannianus on water agar disks. These were 
first incubated at 21? C for 48 h, with a ‘Cellophane’ 
separator to maintain sterility: A, on autoclaved dune 
sand; B, on aod- and water-washed, neutral, control sand, 
re-infected with untreated dune sand; C, on uninfected, 
neutral, control aand. The disks of each series were then 
e for 10 mun, in air, to a range of temperatures of 
20° C-85? O in a water-bath, before, finally, the spores 
were added and tested for germination. The marked 
difference between the graphs for A and B oleerly illus- 
trates the relative thermostability of the residual inhibitor 
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and the breakdown of the microbial inhibitor when exposed 
to temperatures above 50° C. These resulta would also 
seem to eliminate competition for nutrients as the main 
causal factor in soil mycostasis, at least as demonstrated 
in these sands—a ion which arises from time to 
time, and has recently been revived by Lockwood’. 

The residual myocostasis of the heat-sterilixed dune sand 
was unaffected by extensive washing in up to 40 times ita 
volume of hot water, or by the addition of glucose in 
solution to the sand. Sand sterilized with alcohol also 
showed a similar mycostasis. These pee testa, 
therefore, were taken to have eliminated the autoclaving 
process, and also sea-salt or other simple and highly 
water-soluble constituents of the sand, as causal factors; 
while the absence of a counter-inhibitory effect from the 
addition of glucose suggested that the effect of organic 
matter is not to be attributed to its sugar content. 

On the other hand, washing or leaching the sand with 
dilute hydrochloric acid, followed by water-washing until 
eR ei was effective 

y removing the inhibition, leaving a neutral 
*contzol' material, neither inhibitory nor stimulatory to 
spore germination, on the cellulose film. 

Constituents regularly detected in the acid leachate 
were calcium, ferrous and ferric iron, sodium, potassium, 
phosphate and nitrate. The effects on spore germination 
were in i of the addition of laboratory chemicals 
to neutral ‘control’ sand, these being chosen to match so 
far as possible those found to be present, and added both 
singly, and in various combinations, in the proportions 
naturally present. 

The progressive addition of ‘AnalaR’ CaCO, to ‘oontrol’ 
Sad ee ee ee ea 
tion of test spores of Mucor ramannianus until levels of 
about 30 per cent w/w were reached, inhibition being 
complete when the mixture contained more than 70 per 
cent CaCO, (Fig. 2). The level of calcium carbonate in 
Newborough Warren sands is about 4 per cent and never 
exceeds 8 per cent, so that it is evident that this constitu- 
ent, though capable of inducing & complete residual myoo- 
stasis at high concentrations, could not be responsible 
for that found in the Warren sands. 

Of the remaining constituents of the acid leachate, 
only iron was present in appreciable quantities (0-5-1-2 
pre All the artificial mixtures containing inorganio 

or ferric iron, at levels comparable to those 
found, were inhibitory to some extent to spore germina- 
tion, while controls containing the same acid radicals with 
no iron were not, the ferric iron being more active than the 
ferrous. None of the mixtures lacking iron (or high levels 
of calcium carbonate) was inhibitory. 

However, the inorganic iron compounds, such as ferrio 
chloride, oxide, hydroxide and citrate, ferrous hydroxide, 
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Fig. 4. As in Fig. 3, but both mirtures buffered to pH 86 UNE 
sulphate and ferrous ammonium sulphate, tend strongly 
to alter the pH when added to ‘contro!’ sand. The effect 
was therefore tested of adding the iron to the ‘contro?!’ sand 
in chelated form, as the ferric sodium salt of sequest- 
ric acid (EDTA). Fig. 3 shows in graph B the effect of 
adding increesing quantities of the disodium salt of 
EDTA to control sand, resulting in a slight fall in germina- 
tion, at present unexplained. Graph A gives the corre- 
sponding curve for the ferric sodium salt, resulting in a 
greater fall, from more than 90 to about 50 cent 
germination. In this case the ferric salt was ered, 
resulting in a fall of pH from 5-9 to 5-0, the controls follow- 
ing a closely range ofpH. At this pH the chelating 
bond p: ly would ramain intact. 

Fig. 4 shows the resulta of a similar experiment in 
which the EDTA/sand mixtures were buffered with sodium. 
hydroxide to a pH of 8-5. In graph B (disodium salt 
control), the germination falls slightly asin n 3, graph B ; 
but in graph A (ferric sodium salt of EDT. ) the fall ia 
much more pronounced than in Fig. 3 and germination 
approaches zero at all levels above 1 cent iron (w/w). 
At this pH the ferrio/EDTA bond ‘will Fe beken. liberating 
free iron. This would appear to confirm the hypothesis, 
based on the experiments with inorganic iron compounds, 
that the iron content of the sand is responsible for ite 
residual mycostasis. Samples of a relatively pure Barton 
sand from the New Forest which were found to have a very 
low iron content have been found to poesees no residual 
mycostasia, or, occasionally, to reduce germination 
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slightly. On the other hand, an Old Red Sandstone soil 
which was lacking in residual mycostasis was also found 
to have considerable organic content. When this was 
leached with NaOH and Na,CO, it showed & moderate 
degree of inhibition. A recent paper by D. A. Griffiths* 
reports remdual myoostasis in a red latoeol in Malaya. 

The addition of the chelating agent (the disodium salt 
of EDTA) to mobile dune sand was found to modify ita 
residual mycostasis, though not completely to abolish it; 
germination being increased from 0 to the region of 50—70 
per cent, as compared with 94 per cent for neutral washed 
sand. A mmilar result was obtamed by the addition of 
organic material, mechanically separated from the fixed 
sand of a wet slack, to the mobile dune sand, both when 
&utoclaving followed and when it preceded the making 
of the mixture. The indication would therefore seem 
to be that the organic material removes the free iron by 
chelation, an effect which is known 1n other connexions. 
For example, the fertilizing effect of a lignite on mustard 
plante has been related to its chelating effect on iron, 
which is then rendered available for absorption by the 
plant’. 

Work on residual mycostasis in calcareous soils, mainly 
from the limestone areas near Penmon in Anglesey, 
indicates two potential sources of the inhibition. When 
the CaCO, level is high, as in the powdered limestone sub- 
soil, this in iteelf would seem to account for the inhibition, 
as indicated by the data graphed in Fig. 2. This situation, 
however, may be modified by the presence of a high humus 
content, and further complicated by the presence of iron. 
In certain soils under grass, over carboniferous limestone, 
the removal of most of the humus by mechanical and 
chemical means, before sterilization, resulted in a drop in 
germination from 90 per cent to 85—40 per oent, with a 
minimum of 15 per cent. In theee cases removal of the 
calcium carbonate did not appreciably increase germina- 
tion, but subsequent leaching with a chelating agent did, 
raising the germination-level to about 70 per cent. 

Though we found it convenient to continue to use as our 
main test fungus Mucor ramannianus, a species usually 
found in acid soils, but with a germination rate not 
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appreciably affected by pH within the range found in 
natural soils, other fungi, including some isolated from 
the alkalne sands, have also been tested. These have 
shown broadly smnilar results, although, in the case of the 
limestone inhibition, the shape of the germination curve 
may vary somewhat with the fungus used. 

It would thus appear that both calcium carbonate and 
iron may contribute to the residual mycostasis found in 
these soils. There remains also a probability that other 
inorganic materials, either naturally present or artificially 
added, may later be found to be responsible for a similar 
condition in other soils. Mn 

There are indications also that the microbial type of 
inhibition may also be of several kinds; for instance, the 
‘toxic’ surface soil of Gore Heath, near Wareham, Dorset, 
first described by Rayner and Neilson-Jonee!, 

a thermolabile inhibition which is lees senmtive to the 
addition of glucose than is that responsible for the ordinary 
widespread soil myoostasis'. Information from other 
workers, mainly unpublished, seems to show that, especi- 
ally with the pathogenic fungi, more complex nutrient 
requirements than sugars are present; for example, 
Booealis* found that, with Helminthosporium satiwoun, 
soil amended with potato broth gave 38-44 per cent 
germination, while dextrose broth gave only 0-1 per cent. 

In conclusion, therefore, we would stress the necessity 
for distinguishing the type of inhibition being inveeti- 
gated, and the nutrient requirements of the test fungi 
used, in any further studies of this phenomenon of soil 
mycostasis. 

; Dobbs, O G., and Hinson, W. H , Mature, 178, 197 (1063). 

i Dobbe, O.G, Bywater, 15d Qnfiths, D. A., Hep. Fores Res. fo: 1050, 05 
Dobbs, 0. Stet Bywater, J., Rep. Fore Ree. for 1058, 08 (I.M.8 O., 
4 
at Q. lune DEAD TM J.,1n The Ecology of Soll Fun, 

* Lockwood, J. L, Ane Rev. Phytopath , 8, 341 (1064). 

* Gnffitbs, D. A., Malayan Forester, £7, 318 (1964) 

uri O, Trans. Seventh Intern. Congress Soi Sci, IU, 1960, 573 
Barbe, Sip Neison-Jones, W., Problems t Tres Nutrition (Faber, 
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STRUCTURE-FUNCTION RELATIONSHIPS IN THE ACTIVE C-TERMINAL 
TETRAPEPTIDE SEQUENCE OF GASTRIN 


By Dr J. S. MORLEY 
Imperial Chemical Industries, Ltd., Pharmaceuticals Division, Alderley Park, Cheshire 
AND 
Dr. HILDA J. TRACY and Pror, R. A. GREGORY, F.R.S. 
Physiologlcal Laboratory, University of Liverpool 


TE heptadecapeptide amides gastrin I and II isolated 
from hog antral muoosa by Gregory and Tracy! are 
believed to be related to the hormone which is released 
from the antral mucosa during digestion and plays a 
major part in the stimulation of gastric secretion. The 
total synthesis of these peptides was accomphshed by 
Anderson e£ al.*, following elucidation of their structures 
by Gregory e£ al). In an associated investigation, Tracy 
and Gregory‘ described the physiological properties of & 
series of synthetic peptides structurally related to gastrin 
I and showed that, of the 17 residues of the molecule, only 
the C-terminal tetrapeptide sequence Try.Met.Asp.Phe.- 
NH, (which is found in both ins) is required for the 
remarkable range of physiological effects displayed by the 
natural hormones on the gastric and pancreatic gland- 
cells and on the gastro-intestinal musculature. They 
remarked that the simplicity of this active tetrapeptide 
and ite wide range of distinctive actions make it & promis- 


ing subject for the investigation of struoture-funotion 
relationships by synthesis of analogues and exploration 
of their properties. 

This article describes the results of such an investiga- 
tion, in which 38 peptide derivatives have been synthesized 
and examined. 6: these, 24 were analogues of the tetra- 
peptide in which a single substitution had been made in 
one of the amino-acid residues, or in the amide-group 
masking the O-terminal residue; in a further 4, more than 
one substitution was made. Two pentapeptide denva- 
tives were also studied; one of these, N-i-butyloxy- 
carbonyl-B-Ala.Try.Met.Asp.Phe.NH, (this and other 
active peptide derivatives are covered by pending patent 
applications in the name of Imperial Chemical Industries, 
Ltd.), proved to be particularly active. There were also 
examined: (1) the t-butyloxycarbonyl-tetrapetide amide, 
BOO.Try Met.Asp.Phe.NH,, which was comparable to 
the benzyloxycarbonyl-tetrapeptide amide in aotivity, 
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and the carbamoyl-tetrapeptide amide, H,N.CO.Try.Met. 
Asp.Phe.NH,, which was considerably more active; and 
(2) the t-butyloxyoarbonyl tetrapeptide, BOO.Try.Met. 
Asp.Phe.OH, where the terminal amide group had been 
replaced by hydroxyl. Like related esters‘, the latter 
was found to be almost inactive. 

The two methods previously used in the synthesis of 
the C-terminal gastrin to tade amide by Anderson 
eal." and the three additional methods (3—5) were suitably 
adapted in the synthesis of analogues. L- or p-Amino- 
acids of established purity were used in the preparation 
of all analogues except compounds 4—6, where DL-methyl- 
tryptophans were used (in method 8). Compounds 4-6 
are therefore mixtures of the D-L-L-L- and L-L-L-L isomers. 
Compound 24 was prepared by methods 3 and 5 using 
aspartylphenylalanine in place of aspartyiphenylalanine 
amide, and by saponification of BOOC.Try.Met.Asp.Phe.- 
OMe. The sulphone (compound 11) was also prepared 
by direct oxidation. The pentapeptide derivatives were 
prepared from the tetrapeptide amide by coupling with 
the appropriate active ester (compounds 29, 31), or by 
coupling with N4-bensyloxycarbonyl-N*+-butyloxycar- 
bonyl-L-lysine 2,4,5-trichlorophenyl ester followed by 
hydrolysis of the product (compound 30). Compound 29 
was also p by coupling N-t-butyloxycarbonyl-6- 
alanyl-L-tryptophan azide with L-methionyl-r-aspartyl-L- 
‘phenylalanine amide, and by coupling WN-t-butyloxy- 
carbonyl-B-alanyl-r-tryptophyl-r- ionine azide with L- 
aspartyl-1-phenylalanine amide. Compound 82 was pre- 
m by direct carbamoylation of the tetrapeptide amide. 

e purity of all samples used for biological testing was 
established by thin-layer or paper chromatography in 
at least three different solvent systems, and, in some cases, 
by amino-acid analysis after acid or enzymatic hydrolysis, 
ultra-violet and p.m-r. py and thin-layer or 

electrophoresis (after treatment of BOO-derivatives 
with cold trifluoraoetio acid). In cases where analogues 
were prepared by more than one method, the resulting 
samples had identical optical rotations; the rotations 
of compounds 3 and 27 and of 25 and 88 were equal and 
opposite to sign. In the synthetic work, details of which 
will be published elsewhere, we wish to acknowledge the 
valuable co-operation of Drs. H. Gregory, A. H. Laird 
and J. M. Smith. 
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BOC OMe A 
M H 2 
BOO. iH 


Method 5 
BOO, Mo,0.0.00; £, PhOH, 0.00; BEL, OOH,Ph; OOP, OO,H40L (2,4,5). 


The actions of the natural gastrins and the experimental 
conditions in which they may be demonstrated have been 
described in detail by Gregory and Tracy’; the virtually 
identical properties of the C-terminal tetrapeptide amide, 
which is the parent compound of the present series of 
analogues, have been described by Tracy and Gregory‘. 
Briefly, in conscious dogs provided with denervated 
pouches of the gastric fundus and/or isolated jejunal 
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loops, and in conscious or anaesthetized dogs arranged 
for the collection of pancreatic juice, the following effects 
are obtained: (1) Subcutaneous injections in appropriate 
dosage strongly stimulate gastric acid, but not pepsin, 
secretion; larger doses inhibit io acid secretion and 
stimulate pepsin secretion. (2) Rapid intravenous injec- 
tions inhibit a ‘background’ secretory response maintained 
by continuous administration of histamine or of gastrin 
(ior Deas earns a E 
pancreatac secretion (volume-rate and enzyme secretion) 
and gastric tone and motility. They cause a biphasic 
intestinal response in which strong contraction is rapidly 
followed by inhibition of tone and motility. The C- 
terminal tetrapeptide amide has a small inhibitory action 
on basal gastric tone and motihty following stimulation; 
this effect is not commonly seen with gastrin itself. 

In the work recorded here, the same methods and the 
same group of surgically prepared animals were used as 
in the two previous investigations; the responses of these 
dogs to the ins and to the tetrapeptide were thus well 


‘established. As before, histamine was used as the stimulus 


for producing a steady ‘background’ secretion of gastric 
juice, against which to examine the power of each com- 
pound to: (1) inhibit gastric acid secretion; (2) stimulate 
pepan secretion. In a few instances gastrin was used as 
the stimulus. In acute i ta in which pancreatio 
secretion was studied, the possibility (not previously 
explored) that gastrin or the peptides might act by liber- 
ating the intestinal hormones secretin and pancreorymin 
waa excluded by removal of the entire amall intestine. 

For each peptide there were nine possible actions to be 
examined ; and for a combination of reasons, formal assays 
of potency in respect of each were not feasible. It was 
therefore decided to express the findings in a simple manner 
based on the dosage level required for an effective response. 
This minimized the number of experiments required for 
each compound and made it possible to study a wide 
range of analogues, embracing several substitutions for 
each of the residues. The experimental procedure adopted 
was to test each compound first in a dose (50 ug) which 
was known to give a well-defined nse in of 
all the ible actions when the ‘parent’ tetrapeptide was 
used. comparable responses were observed with the 
analogue, this was indicated (Table 1) as +. If little or 
no effect was observed, larger doses were used on subee- 
quent occasions, up to a maximum dose of 500 ug. Well- 
defined obtained at this dosage or small responses 
observed at a lower dose-level (200 ug) were marked as 
(+). Failure to respond to 500 pg was marked as 0; & 
doubtful positive response at this dose-level was indicated 
as(? +). Asin the previous investigation‘ a few instances 
were found in which even maximal doses (500 ug) aug- 
mented, instead of inhibiting, a background histamine 
response when injected intravenously; as before, these 
were recorded as 0*. The probable interpretation of this 
type of result is indicated by our finding that a very small 
(1 pg) intravenous injection of gastrin I or II augments 
a background histamine response; a larger dose (5 ug or 
more) causes the usual inhibition. 

These are set out in Table 1, in which the peptides are 
arranged in five groups. The first four groups correspond 
to substitutions in the four residues of the parent tetra- 
peptide amide, and the final group is a miscellaneous 
group contaihing analogues with more than one subetitu- 
tion and N-acylated derivatives of the intact tetrapeptide 
amide. While, in general, the power to stimulate gastric 
acid secretion in & peptide derivative was associated with 
all the other types of activities enumerated for gastrins 
I and II, this was not always so. Thus, several peptides 
posseasing the power to stimulate gastric acid secretion 
did not uniformly affect gastrointestinal motility (gastric 
motility in particular) (for example, compounds 9, 11, 
12-15, 20, 21). Some that stimulated gastric secretion 
at high dosage did not inhibit at this level (for example, 
compounds 2, 8, 11, 12, 21) and there was an occasional 
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indication that inhibitory activity could be associated 
with lack of, or weak, stimulating properties (compounds 
18 and 18). 
in & qualitative sense, in respect of any of the properties 
studied. The power to stimulate the secretion of pepsin 
was more widely observed than any of the other physio- 
logical actions. 

icting the discussion to the power to stimulate 
gastric acid secretion as Been in the gastrin C-terminal 
tetrapeptide amide, Try.Met.Asp.Phe-NH,, the following 
tentative conclusions may be drawn: 

(1) Activity is preserved in all N-a&oylated derivatives 
of the tetrapeptide amide (compounds 29-33). The level 
of activity may vary considerably, but when the acylating 
group 18 ¢-butyloxyoarbonyl-f-alanyl or carbamoyl, the 
resulting peptide derivatives (compounds 29 and 32) 
show the same order of activity as gastrin on a simple 
weight-for-weight basis (Fig. 1). This situation parallels 
that reported’ for «-MSH ; derivatives of c-MSH in which 
the N-terminus is acylated may equal or exceed the 
biological activity of counterparts possessing a free 
N-terminal amino group. 

(2) Bubetitution of all, or part, of the r-amino-aoid 
residues by D-amino-acid residues leads to virtually com- 
plete loes of activity (compounds 10, 18, 25, 26, 27). 
There are two exceptions to this generalization: 

(a) In compound 3, where L-tryptophan is replaced by 
D-tryptophan, some activity (chiefly on gland-cells) is 
shown at a high dosage level. This result is regarded as 
real, since there are clear indications that the geometry 
at this position is not critical (cf. high activity of oom- 
pound 7). However, the possibility of activity being due, 
at least in part, to the presence of a amall amount of the 
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L-L-L-L peptide cannot entirely be discounted; 1 per cent 
contamination would probably socount for the activity 
shown. (b) Compound 32, where L-phenylalanine is 
replaced by D-phenylalanine, shows similar activity, 
particularly in respect of gastrointestinal motility. 

Those compounds in which one or more D-amino-acids 
had been substituted for the L-forms were tested for their 
power to inhibit secretion when injected intravenously 
against a background nse maintained by gastrin. 
The resulta did not differ tly from those set out 
in column 2 of Table 1, which were obtained using hist- 
amine as the stimulus. 

The general situation in regard to the p-form substitu- 
tions closely parallels that described for bradykinin by 
Stewart and Woolley* and contrasts with that described 
for the 6-10 MSH pentapeptide, His.Phe.Arg.Try.Gly, 
by Hano, Koida, Kubo and Yajima’. All p-bradykinin 
does not show bradykimin-like activity and does not 
inhibit the response to bradykinin, while inversion of a 

ingle amino-acid residue may preserve bradykinin-like 
activity. The all p-MSH pentapeptide is believed to be & 
competitive inhibitor of the physiological actions of the 
all r-pentepeptide and of MSH. 

(8) Replacement of the tryptophan by other r-amino- 
acid residues (compounds 1 and 2) generally lowers activity 
considerably. However, activity may be preserved despite 
removal of the amino-group (compound 7), a result to be 
compared with the high biological activity of ‘deamino- 
oxytocin’*; and substitution of the tryptophan nucleus 
(compounds 4, 5 and 6) may produce highly active com- 
pounds (Fig. 1). This, to our knowledge, is the first 
recorded example of the biological effects of substitution 
in the tryptophan nucleus of a biologically active peptide, 
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although substituted tryptophan residues are probably 
present in the rufomycin group of antibiotics’. 

(4) The methionine position will tolerate the greatest 
amount of change. Thus, the norleucine (compound 8) 
and ethionine (compound 9) analogues show high activity, 
and low activity is still found in the norvaline, a-amino- 
butyric acid and alanine analogues (compounds 18, 14 
and 15). The sulphone and S-oxide (compounds 11 and 
12) are only margmally active. 

The situation at the methionine position is closely 
paralleled by the results obtained by analogous replace- 
ments of methionine in ACTH" and §-MSH". 

(5) All changes at the aspartic acid position lead to 
virtually mactive compounds. Thus, the B-aspartyl and 
glutamic acid analogues (compounds 16 and 17) show 
only alight effects; while compound 19, where the polarity 
has been preserved while switching the terminal amide and 
aspartic hydroxy] groups, is the least active of any in this 
group, or indeed of any in the series except for the multi-p 
analogues 25-27. It is even less active than the free acid 
of the parent tetrapeptide, No. 24. 

(6) At the phenylalanine position, the tyrosine analogue 
(compound 20) is only weakly active, but the O-methyl- 
tyrosine analogue (compound 23) has considerable activity. 
The former result recalls the considerable loes of activity 
that accompanies the replacement of phenylalanine by 
tyrosine in eledoism™. Replacement of tyrosine by 
phenylalanine in oxytocin or in lysine vasopressin like- 
wise lowers biological activity, but O-methyloxytocin is 
either virtually inactive” or an antagonist of oxytocin’. - 

(7) Substitution of the terminal amide group by a 
cyclohexyl group (compound 21) greatly reduces the 
activity (dimethylation of the terminal amide group of 
eledoisin has a similar effect!*), and the corresponding acid 
(compound 24) is almost inactive. This latter result 
confirms the observations on the methyl ester of the same 
compound made by Tracy and Gregory*; it was considered 
desirable to substantiate their findings by an independent 
synthesis and re-examination. 

The interpretation of the fundamental importance of 
these structural changes in relation to physiological activ- 
ity requires caution. First, many factors may influence the 
apparent biological activity seen in assays with intact 
animals. Secondly, there are many cases in the present 
investigation where a structural modifloation has resulted 
in a marked decrease of potency but not total inactivation. 
As Hofmann has pointed out, an analogue exhibiting low 
activity still appears to retain the structural prerequisites 
for function although higher concentrations are required to 
achieve the biological effect. However, the results now 
obtained suggest that in the tetrapeptide amide sequence, 
and presumably also in gastrin, the tryptophan, methio- 
nine and phenylalanine positions are binding, rather than 
functionally active sites, and also that the most important 
feature of the molecules is the aspartic carboxylic-terminal 
amide relationship. 
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EFFECTS OF RED AND BLUE LIGHT ON THE GROWTH AND 
MORPHOGENESIS OF Acetabularia crenulata 


By Dr. JOHN TERBORGH 
Tyco Laboratories, Inc., Waltham, Massachusetts 


OTOMORPHOGENIO responses are of great impor- 

tance in the de ag of higher Dau and have 
recently recerved much attention’. only such 
response known for an however, is that described by 
Lararoff and Schiff for blue-green alga, Nostoo mus- 
corum!. Aseriate colonies growing in the dark on & 
medium containing sugar failed to differentiate unless 
exposed to weak illumination. Red light at 650 mu was 
most effective in promoting the transition, and ite affect 
was reversed by subsequent irradiation with wave-lengths 
between 500 and 600 mu, but not by far-red. The findings 
of Haupt? and Haupt and Thiele‘, bag punta that 
chloroplast orientation ın the green algae Mougeotia and 
Meeotaenwum is reversibly responsive to red and far-red 
light open the question of phytochrome-mediated reactions 
in algae. Moreover, the occurrence of photoperiodic 
responses in Acetabularia seems clear for vegetative 
aides though not yet demonstrated as a direct effect 
or morphogenesis’. 

One useful approach to the study of photomorphogenio 
reactions has been to explore the effects of exposing plante 
to light of limited spectral regions. Investigations of this 
kind have been carried out with several types of algae, 
but most of the recent work has been done with species 
having no clear-cut differentiation, such as Chlorella. 
The siphonacecus green alga, Acetabularia, is remarkable 
for ite large size and possession of a single nucleus which 
can easily be excised, leaving a nucleate and an enuoleate 
fragment. The fact that both fragmenta are capable 
of regeneration, the former being totipotent and the 
latter being capable of enlargement by as much as 30-40 
per cent and differentiation of a gametangium (cap), has 
made this organiam a favourite subject for studies of 
nucleo-cytoplasmic relations‘. The cell germinates from 
a xygote and grows out as a thin filament for several 
months until reaching a length of 20-80 mm, where- 
on elongation ceases and a disk-like cap forms at the 
apex of the stalk. This clear-cut two-stage development 
makes Aoetabularia particularly well suited for studying 
morphogenic responses. 

Investigations on the effecta of light quality on Acetabu- 
laria have recently been undertaken independently in 
three laboratories. Richter’ allowed 10-mm nucleate 
perte of A. mediterranea and orenulata to regenerate under 
broad-band red (570 my and upwards), and blue (400—600 
my) light sources adjusted to equal energy. In 3 months 
under these conditions both species had produced more 
than 20 mm of stalk, but those in red formed no caps 
while 78-94 per cent of those in blue did so. Plants of 
both species quickly initiated caps on being transferred 
to white light after 35 days in red light. Oleuse, using 
Philips red and blue fluorescent tube sources, adjusted to 
equal energy, with the red through a ‘Plexiglas’ 
filter, obtained somewhat t resulta". Nucleate 
parte of A. medsterransa, allowed to regenerate in continu- 
ous red illumination, grew leas than 5 mm in 14 days and 
then ceased to grow entirely, but those given blue light 
grew at a steady rate and formed caps normally. The 
cells the development of which had been arrested in red 
light were able to resume growth and form caps when the 
red light régime was interrupted by 1 h or even 1 min of 
blue light. Far-red light was ineffective 1n replacing blue 


light for this effect. 1h of blue hght per day in the absence 
of red light, however, was inadequate to support growth. 
In contrast to the resulta of Kowalik’, with synchronized 
cultures of Ohlorella, there was no differential affect of 
red and blue light on the protein/dry weight ratio of 
Acetabularia. 

In the experiments reported here, cells or cell fragments 
of A. orenulaia were exposed to various hght régimes in 
500-ml. Erlenmeyer flasks oon Erdschreiber 
medium. Control expermnente used white light of several 
intensities from GE “Daylight’ fluorescent tubes. The 
blue source was a pair of 15-watt GE ‘Blue’ fluorescent 
tubes, in front of which was placed a dark blue ‘Plexiglas’ 
filter which did not transmit more than 560 mp and gave 
peak transmission at 440 mu. The red source in most of 
the expermments consisted of 2 or 4 15-watt GE ‘Red’ tubes, 
used with or without a Du Pont cellulose filter which had 
no discernible effect. This source provided a symmetrical 
band of radiation including wave-lengths from 590 to 
720 mu and had peak output at 640 my. The blue and red 
sources gave intensities of 1-5 and 1-6 m-watte/om!, 
respectively. In one experiment tungsten bulbs were 
used with three thicknesses of red ‘Cellophane’ to provide 
red source which did not transmit below 590 mu, but 
was rich in wave-lengths more than 700 my. 

Given continuous blue light, A. orenulata grew shghtly 
more rapidly than when gi a somewhat lower (1:2 
mW /cm?*) irradiance of white light (Fig. 1). The average 
rate of elongation of a culture was nearly linear until cap 
formation began; thereafter the growth registered was 
contributed only by those cells which had not yet 
initiated caps. The same pattern was observed with 
large capless cells (initial length 28-4 mm), and with cells 
initially of this size that had been cut back to 3-0 mm and 
allowed to regenerate. On the other hand, practically no 
growth occurred in red light; the large cellas grew only 
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0:0 mm in 18 days, while the regenerating oells grew 
2-1 mm in the first 9 days but only another 5-8 mm in the 
following 182 days. i 

These and other similar ta confirm Clause's 
result that growth virtually ceases in red light within two 
weeks. In an experiment similar to the foregomg but 
with the red source not carefully shielded from extraneous 
light, rapid growth in red light suggests that his somewhat 

broader source included wave-lengths that overcame the 
red effect, ar that his cultures were occasionally exposed to 
white or blue light, possibly during measurements. 

In comparison with white light that gave an approxim- 
ately equal growth rate, blue light resulted in both quanti- 
tative and qualitative morphogenic effecta. Cap formation 
was greatly delayed by blue light (Table 1). The time 
required for 50 per cent of the cells in a sample to initiate 
cape was much longer and the mean length of the cells 
in the sample at this time was considerably greater in 
blue light. These differences were particularly pro- 
nounced in the cells that regenerated from 3 mm bases in 
blue light (Fig. 2) in that they reached more than 2-5 
times the length of the white light controls before forming 
caps. Another difference resulting from these treatments 
is revealed in comparing the effects of stalk amputation. 
It was shown by Beth that cells regenerating in white 
light after amputation produce caps at much shorter 
lengths than do intact cells’®. This was clearly demon- 
strated in the present experiment (Table 1), where the 
respective lengths were 17 and 30 mm. However, the 
relationship was reversed in blue light, in which the 
generating cella, at the time of 50 per cent cap formation, 
were 6 mm longer on the average than the unoperated 
cells. Thus, the large cells that, as shown by the white 
light control, were on the verge of cap formation at the 
outset of the experiment were not delayed by blue nearly 
eo much as those which had to regenerate. 

This result implies that the (red component of) white 
light had had a preliminary morphogenetic effect on the 
intact cells before their transfer to blue light and that this 
effect was removed by amputation of most of the stalk. 


Table 1 
Intensity of Tıme to 50% Mean oel length 
Material Light radiation cap forma- at50% oap 
(mW/em*) tlon (days) mation (mm) 

Large oals White 12 6 $0 
4mm Blue 15 19 37 
inttially Red 16 — = 
ux E White 12 24 17 
80mm Blue 145 46 43 

Red 16 (> 188) x 


In addition to these quantitative effeote, blue light 
arua & qualitative difference in cap morphology. 

nder laboratory conditions, in white light of moderate 
to high intensity, A. orenulata differentiates at lengths 
between 20 and 80 mm, forming caps the individual 
chambers of which are free and without any particular 
orientation (at right in Fig. 2). Oepe formed in blue 
light, however, were planar structures in which each cham- 
ber was laterally attached to the adjacent chambers (Fig. 2, 
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A. orenulaia as found in Nature differs 
spicuously from ocells grown in the laboratory in whito 
light but closely resembles those that develop in blue 


$ 


light. A sample of 50 cap-bearing A. orenulata cells from 
Biscayne Bay, Florida (I am greatly indebted to Dr. 
Stanley Burg and Ellen Burg for collecting this material), 
had & mean length of 45-8 mm and without exception 
possessed completely planar cape with mutually attached 
abambers. The length can be compared with & mean 
length of 44-7 mm for cells which formed caps in blue 
light in these experiments. Since the portion of the 
spectrum which penetrates the sea most readily lioe 
between. 450 and 550 my, the energy reaching a depth of a 
few metres at 650 mu bemg only ll per cent of that at 
500 my (ref. 11), it seams likely that most of the morpho- 
logioal differences between laboratory cultures and 
natural populations can be &ooounted for by the spectral 
mr of the light reaching the cells. This conclusion 
also suggests that the red part of the spectrum, though 
parently not by iteelf able to support growth, promotes 
(hastens) the initiation of functional but atypical caps 
when given in addition to blue. 

The interaction of red and blue light has been examined 
in two ways. In one experiment were given continu- 
ous red or blue, or 23 h of either plus 1 h of the other, 
each day (Fig. 3). Growth performance in these régimes 
was compared with that in white light of two intensities, 
0-2 and 0-05 mW/cm', corresponding to energy fluxes 
far leas than those provided by either the red or blue 
sources. with continuous blue light, 1 b of 
red plus 28 h of blue produced no discernible difference in 
growth. Caps were formed at approximately the same 
time and cell length in both régimes, and considerably 
later than in the low-intensity white light. Though in 
white hght the oell length at morphogenesis is inversely 
dependent on light intensity!!, caps were formed later 
(that is, at a greater length) in blue of a higher intensity 
than the white control, thus showing conclusively that the 
delayed morphogenesis in blue light was not due merely 
to an effect of intensity. 
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One hour of blue light inserted into a continuous red 
régime, however, had & very pronounced effect, as Clauss 
also disoovered'. While contmuous red gave virtually 
no growth after the first 14 days, the insertion of 1 h of 
blue (that is, 228, LB) gave an appreciable and steady rate, 
roughly equal to that produced by white light of 12 ft.- 
candles (the latter, however, providing only 3 per cent of 
the irradiance). In another i t it was 
found that the 23R, LB régime gave 2-5 times the growth 
in 11 days that in sum took place in two cultures receiving 
separately 248 and 1B.- Simce, furthermore, Clause 
found that even’1 min of blue per day could enhance 
growth in red light, there can be no doubt that the two 
wave-length bands are synergistic. 

In order to determine whether red light exerta any real 
inhibitory effect, rather than merely bemg insufficient 
for either growth or morphogenesis, experimente were 
run under light sources having widely different proportions 
of red and blue radiation while viding approximately 
the same total flux. were obtamed by 
oombinmg GE ‘Blue’, ‘Daylight’ and ‘Red’ fluorescent 
tubes in various proportions. Blue tubes were used with 
a filter which en excluded red light. The ratio of 
energies received at 650 and 450 my was computed from 
spectral energy distribution curves published by the 
General Electric Co. Cultures grown under sources with 
Iq! I4, ratios of 0:0, 0-7 and 1-5 were found to elongate 
at the same rate over a period of 3 weeks before cap 
formation. The mean oell 1 in these cultures at 


the time of 50 per oent cap formation, however, was 
84-8, 20-6 and 24-5 mm respectively. Thus the greater 
the proportion of red light received, the shorter the length 
at which caps are formed. The resulta show-clearly that 
red light per se is not inhibitory, either to growth or to cap 
initiation, and again suggest that it hastens tho latter. 
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The fact that two weeks or more may pass before growth 
ceases altogether in red light suggests the slow disappear- 
anoe of a rate-limiting substance or reaction which can be 
' restored, or maintained in part, by aa little as 1 min of 
blue light per day. That the substanoce(s) limiting growth 
in red light is both stored and produced in the cytoplasm 
is indicated by the data in Fig. 4 from an experiment with 
enucleate cells. Though the total ae capacity of 
enuoleete oells is far lower than that of intact cella (2-9 mm 
growth in 20 days in blue light, compared with 15-20 mm 
for controls) they are able to grow nearly as much in red 
light (1:2 mm m 16 days compared with resulte of 0-9, 2-0 
and 2-1 mm for nuoleete cells), implying that the sub- 
stance or proceas limiting growth in red light is primarily 
localized in the E Moreover, when the enucleate 
cells were lue light after 160 days in red light the 
immediately resumed growth and formed caps, showing 
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that blue light can stimulate growth in the absence of a 
nucleus. The failure of Acetabularia to form caps in red 
light cannot be considered & specific inhibitory effect on 
morphogenesis, since growth is greatly restricted under 
these conditions. Cells placed in white light of an intensity 
low enough to limit growth likewise failed to initiate caps 
(soe Fig. 3). 
All attempts to relate the effect of red light on Acesta- 
bularia to previously described phenomena have so far 
been unsuccesaful. Haupt's discovery of reversible red, 
far-red effect on chloroplast orientation in Mougeotia’ and 
Mesotaensum* implies that phytochrome may be of wide- 
spread occurrence among the algae. However, in our 
b thie red light slternating with dark periods of 
or with dark periods broken by 65-min 
Wariods of far-red light, has produced no more growth 
than continuous red light. A red source made up with 
tungsten flood lamps and red filters was richer in far-red 
light than in red and should have brought the two forms of 


phytochrome to a steady-state equilibrium, but this also. 


failed to promote growth. 

The possibility that Emerson enhancement of photo- 
synthesis is mvolved seems excluded in view of the facta 
Se) Deum nud m eee eae con Ned 
wave-lengths down to 590 mp, and (b) several exper 
mente with mterference filters showed that photosyn: is 
in A. orenulaia was considerably more eficient at both 
684 and 694 my than at 450 mu. Furthermore, a direot 
short-wave-length enhancément of photosynthesis is in 
any case improbable because irradiation by the two wave- 
length regions need not be simultaneous in order to be 
affective. 

Nitrate reduction is known to be stimulated by the blue 
end of the spectrum. However, replacing the NO*- by 
ammonium salts in the normal Erdschreiber medium, or 
adding various sammo-acide, had no stimulatory effect 
on growth in red light. 

Red and blue light have been found to havo differential 
effects on many plant systems; in higher plants on catalase 
, protein and carbohydrate ocontenta!*!5 and 
oxygen uptake’, Various green algac, red algae and 
diatoms have been grown under broad-band red, green 
and blue light sources with resulting growth rates that 
can be largely explained in terms of the relative intensities 
of the sources and/or the absorption characteristics of the 
species in question!*!*. In no case did light which was 
absorbed to an appreciable extent fail to support develop- 
ment, although, interestingly, the diatom, Ohaetoceras, 
assumed a larger average oell size in blue light than it did 
in red!', Kowallik, working with cultures of Ohloreila 
synchronized by an alternating light-dark régime in which 
the light supplied was either red or blue, found differential 
effecta of light quality on the time of division, the average 
size, RNA content, and protein/carbohydrate ratio of the 
cells in these cultures’. The photochemical mechanism 

le for these differences is still obscure, though 
they may possibly be related to the resulta with Ohlorella 
of Oayle and Emerson"* and Hauschild e£ al.", who 
found, using “CO, in short-term experiments, that blue 
light stimulated & greater incorporation of label into 
several amino-scids than did red light. That red light 
might alter the products of photosynthesis in Acetabularia 
in such a way as to halt growth remains as & possible 
explanation of ite effect, even though several attampta to 
enhance the growth of A. crenulata oells in red light by 
supplementing the normal inorganio medium with sugars, 
acetate or amino-acids were unsuccessful. The fact that 
small quantities of blue light can catalyse growth and even 
cap formation in red light suggests that blue light may 
stimulate & specific non-photosynthetic process or the 
photoconversion of & reserve substance stored in the 
cytoplasm. 

This work was supported dn pert by & pre-dootoral 
fellowship from the National Institutee of Heelth, and in 
part by a grant GM10599—01 to Profs. K. V. Thimann 
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and. G. To from the National Institutes of Health. 
I thank Prof. V. Thimann for his advice. 
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METHOD FOR CHARACTERIZING SAWFLY EGG PIGMENTATION 


` By D. R. WALLACE 
Forest Insect Laboratory, Sault Ste. Marie, Ontario 
AND 


Il. M. CAMPBELL 
lowa State University, Ames, lowa 


URING the oourse of genetic investigations it was 

noted that, i some families of Neodiprion swaenei 
Middleton, sister females had either green or yellow 
abdominal venters, resulting from similar colour differ- 
ences in the contained egg masses. Observations on & 
number of common diprionid species showed wide inter- 
specific variation in the egg colour. Forsius! recorded a 
great variety of colours among the unlaid eggs of 124 
species of European sawflies, and Scheidter* and Sturm!’ 
used the colour of laid eggs in fleld diagnoses of the egg 
clusters of central European diprionid species. In spite 
of these earlier observations on egg colour and the apparent 
usefulness of this characteristic, taxonomists and other 
workers have not undertaken detailed examinations of it. 
There are probably two main reasons for this lack of 
interest: taxonomists m the past seldom investigated 
living specimens or had such material readily available; 
secondly, meaningful colour descriptions were not easy to 
achieve. The latter problem became very evident to us 
in the early stages of the work. Initially, attampts were 
made to obtain ratings by comparisons with standard 
colour charts in the Munsell Book of Colort. Although 
much superior to arbitrary descriptions, this approach 
waa of limited value because of its intrinsic subjectivity. 
A spestrophotometric method of assesament appeared 
feasible and also desirable. The opal glass transmission 
method of Shibata’ was adapted for use with sawfly eggs 
m the folowmg manner. 

A full egg complement, removed from a naturally 
emerged female by cutting off the tip of the abdomen just 
anterior to the genitalia, was placed in a shallow, open- 
ended trough on an opel slide (Fig. 1). The opal alide 
consisted of & 50 x 12 mm pieoo oüt from 
commercial ee be about 3-4 mm thick, comprising a 
0-4-mm opal bonded to a clear back about 8 mm 
thick. Two 20 x X Sina. penes of No. 0 cover glass (0-085— 
0-13 mm thick) were camented to the opal surface spaced 
about 3 mm apart, and in a position such that, when the 
opal slide was inserted vertically in the cuvette carrier, 
the beam passed through the centre of the 20 x 3mm area 
between the rectangles of cover glass. The were 
placed on the opal slide, covered with 0-15 M sodium 
chloride solution, and then separated from one another 
using fine forceps. Unwanted materials, such as ovariole 
tissue, immature eggs, and portions of the gut, were 
removed and the eggs washed with the saline, using filter 
paper to remove the wash solution. The eggs were 
arranged: more or- oes an, à single layer Mig the bear 


area of the trough. A slip of No. 0 cover glass was placed 
over the layer of eggs and saline was then run under the 
cover, filling the voids between eggs by capillary action. 
ism Glo pus <andved with e piece of flee paper to 
the extent that the cover glass was drawn tightly over 
the eggs, but the space under the cover around the eggs 
was completely filled. The edges of the cover were sealed 
with rubber cement, ing care to leave the beam area 
iani Drying of the rubber cament tended to draw the 

cover slip even more tightly over the eggs, flattening 
them slightly and helping to lock them in position. A 
saline-fllled reference slide was prepared in tho same 
manner without eggs. 

The sample and reference slides were placed in the 
cuvette carrier of a Beckman ‘DU’ spectrophotometer 
with photomultiplier so that the opal surfaces of the slides 
faced the monochromator. Hard cork blocks were used 
to ensure stebility and uniform placement in the oerrier. 
Optical density readings were taken at 10-my intervals, 
or at more closely spaced positions in regions of band 
maxima, over the range 360—700 muy, using the tungsten 
source and a constant slit width of 0-78 mm. The beam 
size, normally about 6 mm high by $ mm wide, with a 
alit of 0-78 mm, was reduced to less than 1 mm in diameter 


f 





Surfaca! aspect Section through o-a 


Tıg. 1. Arrangement of opal side bearing sawfty eggs 
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by using a microcell slide adapter with ite smallest aperture 
(0-46 mm) in position. High electrical gam was required 
in the near ultra-violet range and at the red end of the 
vimble spectrum. Each run took about three-quarters 
of an hour with an instrument operator and a record 
taker. 
Little difficulty was encountered in using the foregoing 
method and satisfactory egg spectra were obtained (Fig. 2). 
The length of time required to obtain a single spectrum 
and the lack of & continuous record over the test range, 
however, caused some difficulty. It was impossible to 
obtain spectra of a satisfactory number of egg complements 
durmg the fairly short period that adults of any given 
type were available. The long observation period was 
particularly troublesome while determining the stability 
of the preparations and when instrument instability was 
The repeated mechanical shifting of the 
sample-poeitioning carriage, necessary to place the refer- 
ence and sample slides alternately in the beam, often 
caused changes in the spacing of eggs during the course 
of a run. In most instances such shifts were detected as 
sudden unexpected changes in optical density, but the 
danger of not noticing more subtle changes was always 
present, and frequent re-oheoking of the optical density 
at the starting wave-length was required. Beam restric- 
tion mtensified the problem of shifting eggs and mtroduced 
a sampling effect, because only a few of the eggs produced 
by & female were in the beam, and there is some variation 
in egg colour within a single complement. Subsequent 
investigations showed that it is undesirable and unneces- 
sary to reduce the beam area by ing. The high 
electrical gain required at the near ultra-violet and red 
ends of the spectrum prevented ascourate readings and 
limited the spectral range amenable to examination. In 
addition, the large slit width resulted in poor resolution 
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as the spectral sht width was 11 mu at 360 mp and 78 mu 
at 700 mu. In later work, most of the diffloulties associated 
with instrumentation were overcome by using a recording 
spectrophotometer. 

Utilization of the complete egg complement obtained 
by dissection of individual females avoids the time- 
consuming and painstaking work required to dissect 
eggs from needles once they have been laid. Moreover, 
the use of eggs dissected from females enhances repeat- 
ability, amce once oviposition takes place, embryogenesis 
commences even in those species overwintering in the egg 
stage’, and it is doubtful if meaningful spectra could be 
obtained without recourse to uniform sample timing. On 
the other hand, our observations suggest that the total 
egg production of a diprionine female is developed by the 
time of emergence from the cocoon, and Smith’s’ work on 
Gilpinia heroynias (Hartig) indicates that at the time of 
emergence the eggs are relatively quiescent, all in a single 
stage of development, awaiting the stimulus of oviposition 
to trigger the maturation divimons of the nucleus. During 
our investigation, neither resorption of eggs over a pro- 
longed adult life-span nor changes m egg pigmentation 
during the life-span of the adulte after normal emergence 
from the cocoon have been observed, and the pigments 
were found to be stable in egg preparations over the 
period of spectrophotometric examination. 

Because ıt was not possible to control the thickness of 
the egg preparations and the spaces between eggs to a 
fine degree, the spectra ranged from relatively flat ones 
of overall low apparent density to ones with very dis- 
tinctive features and high apparent density. However, by 
plotting the spectra on & log,, ordinate scale, a common 
practice in the investigation of characteristic spectral 
formt, curves of reasonably similar shape were obtained 
from preparations of very different thickness and spacing 
(Fig. 2). This technique allowed a visual analyms of 
spectral homogeneity among individuals of the same as 
well as different populations. 

Fig. 2 illustrates a number of spectra of the blue-to- 
turquoise eggs of Diprion simile (Hartig), the yellow-green 
eggs of Gilpinia heroyniae (Hartig), the orange-yellow eggs 
of Gilpinia frutetorum (Fabricius), the purple-brown eggs 
of Neodiprion sertifer (Geoffroy) (all Diprionidae : Di- 
prioninae), the pale yellow eggs of Pikonema alaskensis 
(Rohwer), and the yellow-green eggs of Pikonema 
dimmockt (Creason) (Tenthredinidae : Nematinae). Oon- 
sistent differences in spectral form are evident, which is 
not surprising, since the egg colour differences in the 
examples chosen are all readily observed by eye, but the 
method works equally well even when slight or no colour 
differences are visually discernible. 

An initial investigation of the chemical basis of egg 
Pigmentation showed that moderate-to-strong yellow 
colours associated with absorption ahoulders in the region 
about 450 mu are due to carotenoids, and that the blue, 
green and purple colours correlated with absorption 
maxima at wave-lengths longer than 570 mp are produced 
by bile chromoproteins. 

The application of the foregoing method to problems in 
the taxonomy of the conifer sawflies (Hymenoptera: 
Diprionidae) was demonstrated at the Centennial of 
pce: ot in Canada, September 1968 (ref. 9). A full 
account of this work and ita subsequent development will 
be published elsewhere. i 
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CENTRIFUGAL .FIBRES TO THE RETINA IN THE MONKEY AND CAT 


By R. N. L BROOKE, Dr. J. de C. DOWNER and Dr. T. P. S. POWELL 


Department of Human Anatomy, University of Oxford, and Medical Research Council, Cerebral Functions Research Group, 
University College, London 


N normal material stained by the Golgi method, centri- 
fugal fibres have been deecribed in the retinae of birds 
and mammals!. Recently, experimental neurohistological 
evidence has been provided for the origin, course and 
termination of such fibres in the pigeon together with the 
details of the organization of the afferent oonnexions 
and projection of their nucleus of origin’. There is good 
evidence from electrophysiological experiments for the 
presence of such fibres in mammals’; but so far it has 
not been possible to demonstrate them unequivocally 
with axonal degeneration methods. It is now known that 
both normal and degenerating nerve endings in certain 
parte of the central nervous system cannot be stained by 
silver methods, but that it ie possible to recognize them 
with the electron microscope‘. For these reasons it was 
thought that degenerating centrifugal fibres might be 
seen in ultra-thin sections of the retinae of- mammals 
with the electron microscope. In preliminary experiments 
the retange of pigeons, in which the nucleus of origin of 
the centrifugal fibres had been destroyed, were examined 
with the electron microscope. After these experiments 
on the pigeon had shown that electron microscopical 
techniques can be used to demonstrate degenerating 
centrifugal fibres in the retina, similar investigations were 
made in two mammals. 

In the pigeons large lesions were placed in the mid- 
brain, in monkeys the optic tract was divided, and in cate 
the optic nerve was cut at ita junction with the optic 
chiasma. After survival periods varying from six to 
fourteen days the animals were anaesthetized, the eyes 
removed and their anterior halves and vitreous removed 
before fixation of the retinae with veronal-buffered oamic 
acid; the retinae of the monkeys and cate were cut 
vertically eloee to the optic disk into ‘nasal’ and ‘temporal’ 
halves, and each of these halves was in turn divided 
vertically into ‘inner’ and ‘outer’ halves. All four parte 
were then cut into small blooks approximately 1 mm? in 
size, and after dehydration and staining with phospho- 

io acid were embedded in 'Áraldite'. The brains 
of all the animals were fixed in formalin, and sections 
were cut and stained with the method of Nauta‘ in order 
to determine the site and extent of the lemon. 

In the pigeon, evidence of degeneration of fibres and 
terminals is found only in the retina of the eye on the 
side opposite to that of the lesion in the brain stem’. In 
the optio nerve flbre layer an occasional fibre, or group 
of two or three d fibres, are distinctly abnormal 
in appearance. tered fibres are larger than the 
normal optic nerve ro fibres. contain whorls of electron-dense 
‘membranes’ and have numerous shrunken, opaque mito- 
chondria (Fig. 1). Similar degenerating fibres are seen 
between the cell bodies of the ganglion oells and at all 
levels of the inner plexiform layer as far out as the inner 
aspect of the bipolar cell layer. Degenerating fibres and 
very dense presynaptic endings are found in relation to 
the oell bodies of the amacrine cells, a thin process of a 
Muller cell usually intervening. A ting fibre or 
terminal has been seen directly ap to the membrane 
of an amacrine cell; but, because- of the absence of 
localized membrane thickening, it has not been possible 
to identify with certainty a degenerating presynaptio 
ending making a direct axo-somatic synapse with an 
amacrine cell. In some instances, where a degenerating 


presynaptic ending is opposite the junction between two 


very thin Müller cell processes, a thickening of the plaama 
membrane of the amacrine cell body is evident, suggesting 
the edge of an axo-somatio synapse. Close to an amacrine 
cell body degenerating fibres can be seen bifurcating into 
presynaptic terminals, the fibre and ending together 
having the shape of & Y. The number of degenerating 
axons end terminals is very small; sections of many 
blocks contain none, and not more than three flbree have 
80 far been found on any particular section, even when 
there are several dozen normal fibres 1n the layer of optio 
nerve fibres. These observations on ultra-thin sections 
are thus in complete agreement with those made with 
conventional neurohistological methods regarding the 
number and distribution of the centrifugal fibres. 

In the retinae of the eyes of monkeys seven days after 
section of the optic tract there is also evidence of degener- 
ation of & small proportion of the fibres. In the optio 
nerve fibre layer the cross-sectional area of these 
erating fibres ia soveral times greater than that of the 
normal fibres, and they contain numerous mitochondria. 
In some of these fibres the mitochondria are larger than 
normal, are clear and have no distinct cristae; in the 
majority, however, the mitochondria are dense and opaque, 
and are so numerous that they completely fill the axon 
(Fig. 2). In a few instances the degenerative process has 

further, to the stage seen in the pigeon, so that 
the normal appearance of the fibre is completely altered 
owing to the presence of whorls of dense ‘membranes’ or 
lamellae. Degenerating fibres, usually at more advanced 
stages of degeneration, can be seen throughout the inner 
plexiform layer and on the inner aspect of the bipolar 
cell layer. In the outer third of the inner plexiform aed 
very dense remnants of presynaptic endings have been 
found occasionally (Fig. 4); there is diffculty in identi- 
fying the membrane thickenings, however, and it is 
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E oce to be certain of the type of process with 
ich they are related. In the areas of the inner plexiform 
layer in which degenerating axons and terminals are seen, 
and most frequently near the outer border of the inner 
plexiform layer, dense maases are found within the glial 
cytoplasm. The appearance of these massos is very 
similar to that descri in the cerebral cortex by Colon- 
nier and interpreted by him as phagocytosed presynaptic 
endings’. Because of the sampling difficulties inherent 
in electron microscopical techniques, any assessment of 
the number and distribution of the degenera degenerating fibres 
must be considered to be only tentative, but, with this 
qualification, it may be stated that they are relatively 
few, and the observations made so far suggest that their 
number is of the same order of magnitude as in the pigeon, 
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of the total number of fibres in the optic nerve?. One to 
three degenerating fibres have been seen on sections of 
approximately half the twenty blocks of ‘mner’ retina 
which have been examined. They are most numerous on 
sections which can be identified as being from tho peri- 
foveal region, and in sections of one block of this region 
up to ten such degenerating fibres are seen in the optio 
nerve fibre layer. In sections from thirty blocks of the 
‘outer’ retina, however, only an occasional degenerating 
fibre and terminal have been recognized. 

Six days after section of the optic nerve in the cat 
similar, but leas marked, changes are seen in a few fibres 
in the optic nerve fibre layer of the retina. The affected 
axons are larger than the normal optic nerve fibres, and 
are filled with numerous mitochondria; the latter are 

pale, and have no distinct internal structure. 
In the inner lexiform layer occasional degenerating fibres 
and are seen, and these show a more advanced 
degree of degeneration than those in the layer of optio 
nerve fibres. The axons (Fig. 8) contain many small, 
opaque massea, fused mitochondria, whorls of lamellae, 
and, in some instances, lamellae arranged in & regular 
concentric manner around altered mitochondria. The 
deg ing terminals are especially dense (Fig. 4), and 
it is not possible to be certain of their precise relationship 
to other proceases. Ghal phagocytosis of dense debris is 
also present. 

These electron microscopic observations of the retina 
following lesions of the central visual pathway may be 

as valid evidence for the presence of centrifugal 
fibres to the retina in the mammal for several reasons. 
The changes which have been observed in the fibres of 
the optic nerve fibre and inner plexiform layers are 
similar to those described in other sites in the central 
and peripheral nervous system’, and the findings in the 
monkey and cat are essentially the same as in the pigeon, 
where the observations made with the electron micro- 
scope confirm those obtained with conventional neuro- 
histological methods. The fact that the degenerating 
fibres are most numerous in the region of the fovea in the 
monkey is in agreement with the statement of Ogden and 
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Brown! that the P wave, elicited on stimulation of the 
optic nerve and considered by them to be due to activation 
of centrifugal fibres, is found consistently only in this 
part of the retina. It might be argued that the changes 
which have been described in some of the axons of the 
optic nerve fibre layer might be indicative of retrograde 
fibre degeneration, but if this were so it would have been 
found in the majority of the fibres in this layer, instead 
of in so few. The degenerative process affecta predomin- 
antly the mitochondria’, and at the survival periods used 
in this investigation no appreciable increase has been 
observed in the number of neurofilaments which are 
normally present in the axons of the optio nerve fibre 
layer, and there is no evidence of the formation of neuro- 
filaments in the degenerating terminals. In view of the 
theory that the presence of neurofilaments is 

for the impregnation of a nerve terminal by silver!*, this 
observation might explain the failure to demonstrate 
such terminals with the paraffin method of Nauta (unpub- 
lished observations). The failure to find many degener- 
ating terminals can probably be explained on the basis 
that the survival periods after operation were too long, 
as it has been found that, in the lateral geniculate nucleus 
of the oat,-at seven days "fragmenta that can be clearly 
identifled as former boutons have been difficult to detect 
by E.M."*, 

Further work with shorter survival periods should give 
evidence of the precise synaptio relationship -of the 
terminals of these centrifugal fibres. In addition, it will 
be of interest to determine, by the method of re 
cell degeneration, the gite of origin of these fibres and of 
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the relationship of this nucleus to the ior colliculus. 
In view of the well-organized. projection of the optic 
tectum on the nucleus of origin of the centrifugal fibres 
in the avian brain it would be reasonable to expect a 
similar connexion in the mammal. Tho importance of 
such a projection from the superior colliculus to the cells 
of origm of the centrifugal fibres would be two-fold; 
first, it would serve as a link between the afferent (retina 
to colliculus) and efferent (centrifugal) limbe of a feed- 
beck mechanism acting on the intrinsic neurones of the 
retina; and secondly, because there is a substantial pro- 
jection from the visual and other areas of the cerebral 
cortex! to the superior colliculus, there is the possibility 
of a cortical influence on the activity of the retina. 
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PHOTOSYNTHETIC PHOSPHORYLATION AND ELECTRON TRANSPORT zi 


By Pror. DANIEL |. ARNON, HARRY Y. TSUJIMOTO and BERAH D. McSWAIN 
Department of Cell Physiology, University of California, Berkeley 


HE formation of adenosine triphosphate (ATP), the 

‘energy currency’ of living cells, occurs at the expense 
of free energy liberated during electron transport. The 
early type of ATP formation in photosynthesis'~, now 
known as cyclio photophosphorylation, yields solely ATP 
and produces no net change in any external electron 
donor or acceptor. Here the coupling between ATP 
formation and active electron transport could only be 
inferred as being of a closed or cyclic type that is hidden 
in the structure of the ahloroplast**. Direct expermental 
evidence of a coupling between the light-induced synthesis 
of ATP and electron transport came from non-cyolio 
photophosphorylation—a type of photosynthetic phos- 
phorylation in ehloroplaste in which ATP formation is 
stoichiometrically coupled with a light-driven transfer of 
electrons from water to a terminal electron acceptor 
and the resultant evolution of oxygen’. “Both oyclio and 
non-cyclic photophosphorylation quench chloroplast 
flugrescence—a recent finding which is consistent with 
their role as the early energy conversion processes in 
photosynthesis’. 

Smoe cyclic and non-cyclic photophoephorylation 
generate the asmimilatory power in photosynthesis, their 
mechanisms and interactions are of considerable mterest. 
Previous work led to two hypotheses: (a) cyclic and non- 
cyclic phosphorylation have a common site for ATP 
formation‘; (b) non-oyolio photophosphorylation requires 
the collaboration of two light reactions (connected by a 
chemical ‘bridge’ of dark reactions) to bring about the 
transfer of one electron from water to & terminal electron 
acceptor*1*, 
~ The purpose of this article is to present and discuss 
new evidence which leads us to abandon both these 
hypotheses and to re-interpret our earlier flndinge. We 


now conclude, first, that cyclic and non-oyolio photo- 
phosphorylation in chloroplasts involve different pathways 
of electron transfer and do not have a common site for 
aa formation. Our second hypothems is that non-cyclic 

hotophosphorylation involves not two but only, one 

t reaction.  Áooording to this hypothesis only one 
M A MOVE ce iio Cee clase Be 
water to the terminal electron acceptor and to produce 
simultaneously the equivalent amount of ATP and 
oxygen. The new hypothesis that cyclic and non-cyclic 
photophosphorylation are bound to distinct electron 
transport pathways parallels the two modes of ATP 
formation in non-photoeynthetio cells: (a) by substrate 


level pho horylation in the oourse of fermentation; 

n by oxi ative hoephorylation during respiration. 
PARE ETA a photophosphorylation. Before dealing 

Biel Atak the t data, it is necessary to conmder briefly 


recent evidence on the role of ferredoxin in cyclic and 
non-oyolie photophosphorylation. In non-oyolio photo- 
phosphorylation ATP formation was originally thought 
to be linked with what appeared to be a photoreduotion 
of nicotinamide adenine dinucleotide phosphate’ (NADP) 
or an artificial substitute (for example, forricyanide} 
But recent evidence has ostablished that ilaminated 
chloroplasts (grana) do not react directly with NADP}. 
The substance which is photoreduced by chloroplasts is 
not NADP but the water-soluble, 1ron protein, nativo to 
chloroplasts, now called ferredoxin (for the basis of this 
nomenclature see ref. 11). NADP reduction proper is 
separated by two dark reactions from the photochemical 
reduction of ferredoxin: (a) the re-oxidation of reduced 
ferredoxin by a flavoprotein chloroplast enzyme, ferre- 
doxm-NADP reductase; (b) the re-oxidation of the reduced 
ferredoxin-NADP reductase by NADP". 
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Ferredoxin was identified as the crucial, physiological 
electron scoeptor in non-cyclic photophoephorylation!*. 
The oxidation-reduction of ferredoxin was found to involve 
the transfer of one electron!*, This was confirmed by 
the stoichiometry of non-cyche photophosphorylation in 
which the photo-reduction of 4 moles of ferredoxin was 
coupled with the formation of 2 moles of ATP and 1 mole 
of oxygen!* (equation 1): 


bv 
4Fd,, + 2ADP + 2P, + 4H,0 > 4F dng + 

2ATP + O, + 2H,0 + 4H* (1) 
The left-hand side of equation (1) shows four moles of 
water to indicate that we envisage, in the reduction of 
ferredoxin, each molecule of water (OH- at pH 7) yielding 
only one electron. 

In experiments with isolated chloroplasts it is usually 
more convenient to measure non-cyclic photophoephoryls- 
tion by using catalytic amounts of ferredoxin and stoichio- 
metrio amounts of NADP which, unlike chloroplast 
ferredoxin, is commercially available and relatively stable 
to oxygen. However, this operational convenience must 
not obscure the nature of ferredoxin as the terminal 


electron acceptor in non-cyclic photophosphorylation and _ 


the reductant!* (about 100 mV more eléctro- 
negative than NADP) that has been isolated so far from 
the photosynthetic apparatus. In experimenta with 
isolated chloroplasts, non-physiological electron acceptors 
(for example, ferricyanide, benzoquinone) can readily 
replace ferredoxin to give stoichiometric oxygen evolution 
(Hill reaction) and, often, a coupled photophoephorylation, 
but at & great loss in the generated reducing potential. 
The role of ferredoxin 16 not confined to non-oyolie 
photophosphorylation. Under strictly anaerobic conditions, 
when the photoproduction of oxygen by chloroplasts is 
suppressed, ferredoxin also catalyses cycle photophos- 
phorylation!'* (equation 2): 
o Ti 
wADP + 0 P, — 1: ATP (2) 
kr 
A characteristic feature of ferredoxin-catalysed cyclic 
photophosphorylation—not seen when other catalysts 
are used—is ite sensitivity to low concentrations of 
two inhibitors, antimycin A and 2,4-dinitrophenol!*. 
Both theee inhibitors are noted for their inhibition of 
oxidative phosphorylation; hence the likelihood that 
portions of the enzymatic apparatus of oxidative and 
photosynthetic phosphorylation are mmilar. In oxidative 
phosphorylation inhibition by antimycin is considered 
to be indicative of the participation of cytochrome b in 
electron transport. It is possible, therefore, that oyto- 
chrome b, of chloroplasts participates in the ferredoxin- 
catalysed cyclic photophosphorylation and accounts for 
its sensitivity to antimyoin A. There is no evidence that 
cytochrome b, is involved in the cyclic photophosphoryla- 
tion catalysed by such exogenous catalysts as phenazine 
methosulphate. 
Another feature of ferredoxin-catalysed cyclic photo- 
eue D is consistent with ite being the physio- 
ical type. Under very low light intensity, ferredoxin 
ig Hasen more effective than other oo-factors of cyclo 
photophosphorylation in catalysing the oonversion of 
radiant energy to the pyrophosphate bond energy of ATP 
(Fig. 11, ref. 16). 
$n and ferredozin-dependent photophosphoryla- 
tions. Baltacheffaky and de Kiewiet!" introduced to the 
study of photosynthetic phosphorylation a new inhibitor, 
a phlorobutyrophenone derivative, deeaspidm, used in 
medicine as an anthelmintic agent and found by Rune- 
berg!* to act as a powerful uncoupler of oxidative phoe- 
phorylation. The remarkable property of d idin 
is that at very low concentrations (about 10-' M) it in- 
hibited cyclic photophosphorylation catalysed by phenazine 
methosulphate, menadione and dichlorophenol indophenol, 
whereas a similar degree of inhibition of non-cyclic photo- 
phosphorylation required deeaspidi at about a 100 times 
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DESASPIDIN AND PHOTOPHOSPHORYLATION 





5x10*1x104 6x1071x10* 6x10*1x109 5x103M 


Desaspidin 
Te ds Heoi of din on ferredoxin-eatal eye and non- 
In both reaction mixture 
( SE eee 1naluded spinach ( to 250 
of ahloro; and 1n amnoles: ins buffer, pH 8 0, 50, 
2-5; ADP, b, and K,HP™O,, 5. In 0 & mg fere- 
and 5 ‘smoles ADP were also added. ihe system, 8 mg 
ferredoxm and 2 ag (6-7 x 10-* M) of p-chloropheny}1, 1-dimethyi urea 
us were added. Desaspidin was added as mdioated., 
, "$0,000 lax (yellow light) for 10 min, gas phas, argon. 
' Other methods are given 1n 10 


greater concentration)’. In the experiments of Baltechoff- 
sky and de Kiewiet!” and Gromet-Elhanan and Arnon”, 
sensitivity to inhibition by low concentrations of desas- 
pidin gave a new and unambiguous criterion by which 
cyclic photophosphorylation was di from the 
non-oyolio phosphorylation that is associated with the 
transfer of electrons from OH- to NADP (via ferredoxin) 
or to such Hill reagents ag ferricyanide. 

In the present investigation, oyolio photophosphoryla- 
tion catalysed by ferredoxin exhibited the same sensitivity 
to low concentrations of desaspidm as was observed with 
the non-physiological oatelyste!"!*, Fig. 1 shows that 
5 x 10-' M to 10-* M desaspidin inhibited almost oom- 
pletely ferredoxin-catalysed cyclic sy it dasa daa mle fe 
but 5 x 10-* M to 5 x 10° M din was required to 
inhibit non-cyclio nhótophosphory lakan to the same 
degree. 


An interesting effeot of desaspidin was observed on 
forredoxin-oatalysed photophosphorylation in the presence 
of air. We have previously reported that this type of 
photophosphorylation is of the peeudooyolio type, 
that is, a special case of non-oyolio photophosphorylation 
in which electrons are transferred from OH- to ferredoxin 
and thence to molecular oxygen. This non-cyclic electron 
flow from OH- to O, via ferredoxin gives the appearance 
of a cyclic electron flow ginoe manometric measurementa 
give no indication that an electron donor and acceptor are 
being consumed concomitantly with ATP formation. In 
peeudocyolie photophosphorylation the consumption of 
oxygen at the terminal end of the electronic pathway 18 
balanced*® by the production of oxygen at the site of 
electron donation by OH-. 

Table 1 shows that, in the presence of air, ferredoxin- 
catalyzed phosphorylation was 83 per cent inhibited by 
deeaspidin (5 x 10-' M) at the lowest concentration of 
ferredoxin (0-2 mg/1-5 ml.), bat ATP formation became 
progressively more resistant to desaspidin aa the conocen- 
tration of ferredoxin increased (7 per cent inhibition at 
3-0 mg ferredoxin/1-5 ml.) Conversely, p-chlorophenyl- 
1,1-dimethyl urea (CMU), the well-known inhibitor of 
oxygen evolution and hence of peeudocyolio phosphoryla- 
tion by chloroplasts, gave 11 per oent inhibition at the 
lowest concentration of ferredoxin and 65 per cent 


Table 1. HFTROT or DEBMASPIDIK ON PERENDOXIN-CATALYSED PHOSPHORYL- 
ATION IN AIR 


ATP formed (amoles) 
added (mg) Control Desaspidin xU 
0-2 112 019 100 
r0 2-58 1-06 1:52 
2-0 $18 2:25 141 
3-0 3 8-17 120 


for Fig. 1, except that NADP 
alas The Preyer MM WEEE Meas 
Mo eT 103 MC d Terredoxtn was added as Indioa 
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inhibition at the highest concentration of ferredoxin 
(Table 1). 7 

These results indicate that, in iad heres of air, ferre- 
doxin catalysed a mixed type of photophosphorylation. 
At the lowest concentration of fi oxin, the phos- 
phorylation was predominantly of the oyolio type, 
whereas at the highest concentration of ferredoxin used, 
the phosphorylation was predominantly non-oyolio or, 
more specifically, its peeudocyolio variant. 

Non-cyclio photophosphorylation of ihe bacterial type. 
Deeaspidin proved to he especially useful in clarifying the 
nature of a phoephorylauon in chloroplasts that is coupled 
with an artificial non-oyolio electron flow system, that is, 
a system in which OH-, the natural electron donor for 
non-cyclic photophosphorylation in chloroplasta, 18 re- 
placed by a reduced indophenol dye. The background 
of this problem is as follows. i 

Losada et al.* found that this ‘bacterial ' of non- 
cyclic electron flow in chloroplasts is coupled with a 
phosphorylation. It waa classified as a ‘bacterial type’ 
because photosynthetic bacteria cannot use OH- as an 
electron donor but exhibit a non-cyclic electron flow fro 
other, leas-oxidized, electron donors (for example, suocin- 
ate) to pyridine nucleotide’. Losada e$ al.* also 
observed that photophosphorylation in chloroplasts 
occurred when oxygen evolution was suppressed and the 
dye was maintained in the reduced state by an excess of 
ascorbate. On the other hand, little phosphorylation 
occurred when the dye was maintained in the oxidized 
state by an excess of ferricyanide—an experimental 
arrangement which did not impair oxygen evolution. The 
diminished phosphorylation here did not seem to result 
from an inhibitory or uncoupling effect of the oxidized 
indophenol dye sinoe the addition of the oxidized dye 
did not inbortore with photophosphorylation when it was 
coupled to a non-oyolio electron flow from water to NADP 
(Table 3, ref. 8). 

These findings were interpreted''“ as a separation of 
non-oyolie photophosphorylation by chloroplasts into two 
component light reactions: (a) photo-oxidation of water 
(OH-), an auxiliary reaction which did not form ATP but 
supplied olectrons, at an intermediate reducing potential, 
to be used by (b) a second photochemical reaction, the 
bacterial type of non-oyolio phosphorylation, in which the 
reduction of NADP is coupled with photophosphorylation. 

This interpretation seemed to receive additional support 
when Nozaki œ al. found & similar non-oyolio phote: 
phosphorylation in particles of photosynthetic bacteria. 
Thus, the site of non-cyclic photophosphorylation in 

"plante was considered to be analogous to that in bacterial 
non-oyolio photophosphorylation and, in accordance with 
earlier formulations‘:', the same site was also shared by 
cyclic photophosphorylation. 

The validity of these conclusions became open to some 
question after Trebst and Eok** found, and other investi- 
gators confirmed», that dichlorophenol indophenol in a 
reduced form can catalyse cyclic photophosphorylation. 
The matter remained complicated because, under the 
conditions of the experiments of Losada et al.* with chloro- 
plasta and of Nozaki et al.''* with bacterial particles 
(strict anaerobicity and a great exceas of ascorbate), 
dichlorophenol indophenol failed to catalyse any phoe- 
phorylation unless a non-cyclic electron flow from oed 
dye to pyridine nualeotide was established and maintained. 

The matter was finally resolved by the recent experi- 
ments with deeaspidin which, at a low oancentration, 
strongly inhibited the bacterial type of non-oyolio photo- 
phosphorylation but not the non-cyolie photophosphoryla- 
tion associated with a flow of electrons from OH- to 
NADP''!* Tt became necessary, therefore, to abandon 
the previous hypotheeis* and its later elaborations**:!* in 
favour of a new hypothesis of oyolic and non-oyolic photo- 
phosphorylation which fits the new results and which is 
not in oonflict with the earlier i on. the relation 
between eloctron flow and photophosphorylation. 


NATURE 


1369 


—0-6 


—02 


EF, (V) at »H 7 


+04 


+0-6 


+08 





+10 


Fig. 2. Scheme for eyolio photophosphorylatian 

Oyolic photophoephorylation. Our new hypothesis 

envisages cyclic photophosphorylation in chloroplaste as 
including, under physiological conditions, phosphoryla- 
tions that are coupled with a flow of electrons from excited 
chlorophyll to ferredoxin, and then from reduced ferre- 
dóxin to cytochromes b, and f and baok to chlorophyll 
(Fig. 2). We specify tentatively two phosphorylation 
sites in this cyolio electron rt chain but this does 
not exclude the possibility of additional phosphorylation 
sites. 
We consider the cyolio electron transport chain and ite 
coupled phosphorylation to be distinct from non-oyolio 
photophosphorylation of the plant type (with OH- as 
the electron donor) which we will discuss later. This 
conclusion is based on the fact that ferredoxin-catelysed 
cyclic photophoephorylation will occur only under 
conditions when non-oyelio photophosphorylation is 
excluded: (a) either by the use of such specific poisons 
of electron flow from OH- as p-chlorophenyldimethyl- 
urea? (CMU) and 8-(8,4-dichlorophenol)-1,1-dimethyl- 
urea (DOMU), or (b) by the use* of monochromatio light 
longer than 700 my which cannot support the non-cyolio 
eleotron flow from OH- and the resultant oxygen evolu- 
tion. 

We include the chloroplast oytochromes*** b, and f 
as electron carriers in cyolio but not in non-cyolio photo- 
phosphorylation although, so far as we are aware, there 
is no direct evidence for the involvement of chloroplast 
cytochromes in either type of photophoephorylation. 
Indirect evidence comes from inhibition of ferredoxin- 
catalysed cyclic photophosphorylation by antimycin A 
and 3:4 disitcopbanol, two well-known inhibitors of 
oxidative phosphorylation where the direct participation 
of cytochromes is well documented. Antim yoin A 
inhibition of oxidative phosphorylation is considered to be 
indicative of the participation of cytochrome b in electron 
transport**/"". It is likely that i ion of cytochrome 
b, accounta for the sensitivity of ferredoxin 
cyclic photophosphorylation to antimycin A. As for oyto- 
chrome f, ita joint participation in an electron 
chain with cytochrome b, of chloroplasts is considered 
likely by analogy with oxidative Phosphorylation in 
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mitochondria. The span between the redox potentials of 

mee b, and f (— 0-06 V and 0-365 V, respectively) 
is large enough to accommodate a phosphorylation. 
Likewise, the between the redox potentials of ferre- 
doxin (— 0-48 and cytochrome b, is large enough to 
accommodate at least one phosphorylation in this segment 
of the cyclic chain. g 

As discussed elsewhere:1*, wo consider that in chloro- 
plaste the ferredoxin-catalysed cyclic photophosphoryla- 
tion is the physiological one. However, experimentally, 
cyclic photophosphorylation proceeds readily without 
ferredoxin when catalysed by one of several dyes or other 
oo-factors. Since such artificial cyclic photophoephoryla- 
tions are resistant to inhibition by antimyom A, it seems 
reasonable to conclude that they bypass the cytochrome 
b, site (see dotted line in Fig. 2). 

Bacterial type of non-cyolic photophosphorylation. To 
account for the resulta with desaspidin, we now propose & 
new scheme for the bacterial type of non-cyche photo- 
phosphorylation (Fig. 3). Under strongly reducing 
conditions (great excess of ascorbate and mn the presence of 
DCMU) no oyolie electron flow 18 possible since the com- 
ponents of the oycho chain will be kept in the reduced 
state (of. refa. 88, 39, 81). However, under theee condi- 
tions, electrons will flow unidirectionally via a portion of 
the cyclic chain to ferredoxin (and NADP). As long as this 
unidirectional or non-cyclic flow of electrons through a 
cytochrome is maintained, 1t would induce & phosphoryla- 
tion at a ‘oyolic’ mte. This mechanism would explain 
the two characteristic features of non-cycho photophoe- 
phorylation of the bacterial type: ATP formation at 4 
cyclic site, as indicated by desaspidin inhibition, and the 
dependence on a non-oyolio electron flow, as indicated by 
the requirement for the terminal electron acoeptor™:#1, 
Fig. 3 (thick arrows) shows how the proposed scheme 
explains non-cyclic photophosphorylation of the bacterial 
type induced in chloroplasts when dichlorophenol indo- 
phenol is the electron carrier between ascorbate and the 
cyclic chain. Moreover, the scheme also explains the 
generation of a non-oyolio photophosphorylation of the 
bacterial type in chloroplasta with p-phenylenediamune 
which was introduced, with ite derivatives, irito the study 
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Table 2. HrrBOT or DERMARPIDIK OX THE BACTERIAL TYPE OF NOX-CYUOLIO 


PHOSPHORYLATION 
NADP NADP added 
omitted 

Treatment ATP ATP NADP 

formed formed reduced 

(mmoles) (moles)  (xmoles) 
gs-phenylenediamtne 0 06 123 3-83 
t and demaspidin 003 3-03 
f phenol 004 1:69 3-18 
and rae rie 0-06 3-54 
2,3,5,6-tetramethyl-p-phenylenediamine (DAD) 0 04 2-07 4-08 
DAD and 005 5-88 
No oo-factor 0 02 127 


The experimental tons were as given for Eig. 1 for the non 


oondr 
erates. except that 100, amoles af Na asoorbato and 2x10: M 3,4- 
ture. $1 nok ii reed uan gea e ee qe a 1 0 
5 P wl 
amnole scie hi and T. amoles £,6-dlohlorophenol ae 
ded as mdicated. 
Table 3  HFFBOT OF DEBASPIDIN ON OYOLIO PHOTOPHOSPHORYLATIOK 
OATALYSED BY BUBNITTUTED  PHEKYLENES AND 2,¢-DICHLOROPHEWOL 


INDOPHENOL 
ATP formed 
Oontrol + e in 


Treatment 4 
pppn 130 0-03 
; :5:0-totramoliryi- p phonyienedlamitne 401 007 
maple eno in phenol 1-40 0-04 
o 0o-factor 0 05 
The experimental conditions were as given for Table 2, t that 
ascorbate and NADP were omitted and the lllumination time was min 


The reaction mixture was pre-illuminated 1 mm before the addition of 
3+(8,4-dichlorophenol)-1,1-domethylaree (DOMU) 


of photophosphorylation by Trebet'*. These compounds 


are known to interact with the cytochrome chain in e 


oxidative phosphorylation‘. 

Trebst** has shown that p-phenylenediamine oan induce 
in chloroplasts what, ın our terminology, would be a 
non-cyvlic electron flow of the bacterial type to NADP, 
but he found no accompanying phosphorylation. Table 2 
shows that in the presence of a higher concentration of 
the oo-factor and a excess of ascorbate the non- 
oyoho electron flow to NADP was accompanied by & 
significant phosphorylation. Similar results were obtained 
with 2,3,5,6-tetramethyl-p-phenylenediamine (diamino- 
durol) with which Trebet and Pistorius“ did obtam a 
phosphorylation coupled to a bacterial type non-cyche 
electron flow to NADP, and with dichlorophenol indo- 
phenol. In all three cases phosphorylation was strongly 
inhibited by 5 x 10-7? M desaspidin and was strictly 
dependent on the non-oyolio electron flow to ferredoxin 
and thence to NADP. However, the phosphorylations 
were poorly coupled to electron flow, resulting in a poor 
stoichiometry between the NADP reduced and ATP 
formed. 

Table 3 shows that, 1n the absence of NADP and asoor- 


bate, the phenylenediamine compounds and dichloro- s> 


phenol indophenol catalysed a oyolio photophoephoryla- 
tion which was as strongly inhibited by deeaspidin as the 
respective bacterial type non-oyolie photophosphorylations 
catalysed by the same compounds (Table 2). 

We conclude, therefore, that in chloroplasts the non- 
cyclic photophosphorylation of the bacterial type depends 
on a unidirectional, non-oyolie electron flow over a portion 
of the cyclic chain and involves a phosphorylation 
at a cyclic mte. This formulation fite not only the facte 
in chloroplasts but also those pertaining to the non- 
cyclic phosphorylation observed with ohlorophyll-oon- 
taining particles from photosynthetio bacteria“. There 
again, the phosphorylation occurred in the presence of a 
great excess of ascorbate which precluded cyclic photo- 
phosphorylation and was dependent on a non-oyolio 
electron flow from ascorbate via dichlorophenol indo- 
phenol to NAD. 

In the light of present knowledge the observations 
which led us to the previous hypotheeis* are also in &gree- 
ment with the new hypothesis. ATP was not formed in 
the presence of small amounts of diohlorophenol indo- 
phenol and large amounts of ferricyanide because excess 
ferricyanide kept the dichlorophenol indophenol in an 
oxidized state known to unoouple phosphorylation. We 
can also explain now why the addition of oxidized di- 
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chlorophenol mdophenol to the NADP system did not 
unoouple phosphorylation: the dye was probably quickly 
reduced by ferredoxin and, once reduced, it no longer 
uncoupled phosphorylation". 

Non-cyclic photophosphorylation of the plant type. Our 
present concept of non-cyclic photophoephorylation in 
plants is shown in Fig. 4. The phosphorylation is envisaged 
as being coupled to the oxidation of OH-, a coupling that 
would aooount for the consistent stoichiometry, P/2e = 1, 
between oxygen evolution and ATP formation. An 
electron from OH- is transferred via chlorophyll to 
ferredoxin in a single light reaction. In isola chloro- 
plaste, ferredoxin may be replaced by non-physiological 
electron tors (Hill reagents) with an attendant 
drop in the light-generated reducing potential. Fig. 4 
(dotted lines) illustrates this for ferricyanide and benzo- 
quinone (BQ). 

The ‘chlorophyll’ in Fig. 4 representa the complex of 
chlorophyll a and b pigments in their various forms and 
includes those accessory pigments which are involved 
in light absorption by chloroplasta (see refs. 48, 44). 
In Nature, photosynthesis oocurs usually in white light, 
hence both cyclic (Fig. 2) and non-oyolio p - 
ation reoeive light of the same oomplete oom- 
position. We assume that excitation energy 1s transferred 
among the chloroplast pigments with the great efficiency 
that is well documented im algal cells (see review by 
Duysens**). 

In laboratory i ta with monochromatic light, 
it has been established that cyclic photophoephorylation 
(Fig. 2) and non-cyclic photophosphoryl&tion of the 
bacterial type (Fig. 8) can occur at wave-lengths longer 
than 700 my that will not support non-cyolio photo- 
phosphorylation of the plant type’ (Fig. 4). Thus, it 
appears that plant non-oyolio photophoephorylation 
requires the shorter wave-lengths of light and is perhaps 
most efficient at wave-lengths not longer than those at 
which photosynthesis oocurs with maximum efficiency. 
The energy balance given in Table 4 shows that 1 quantum 
of light at 680 mu —the longest wave-length that would 
still support maximum efficiency of plant photosynthesis** 
—oontains sufficient energy for the transfer of an electron 
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from OH- to ferredoxin and the coupled phosphorylation. 

The electron pathway from OH- to chlorophyll is the 
least-understood part in the mechanism of photosynthesis 
and ite elucidation must be left to future research. Only & 
few of the oo-factors and catalysts involved therein are 
now known: chloride ions‘*-4’, 48.49 and plasto- 
quinone*—-* (plastoquinone is also involved in oyolio 
photophosphorylation in chloroplasts’), The nature 
of the linkage between electron flow from OH- and phos- 
Seta bee cape ese a na lad ona raid to 

ieve that the two are closely linked in Nature since the 
rate of electron flow from OH- is greatly increased by the 
concurrent phosphorylation" tts, 

The flow of electrons from OH- to ferredoxin, and the 
resultant oxygen evolution, are easily susceptible to 

when chloroplasts are removed from intact oells 
(see review“). The non-cyclic electron flow of the bacterial 
type is much more stable but, again, it is also uncertain 
whether it oan give a true measure of the efficiency of 
electron transport ın the intact cell. It is not surprising, 
therefore, that a irement of one quantum per electron 
transferred to ferredoxin (or NADP) has not been obtained 
in investigations with isolated chloroplasts*’. 

Oyolic and non-oyolic photophosphorylation as the iwo 
light reactions of photosynthesis. In plant photosynthesis 
non-cyclic photophosphorylation (equation 1) provides 
reduced ferredoxin, ATP and O, in a stoichiametry of 
4:2:1. Binoe two moles of reduced ferredoxin are 
required to give one mole of NADPH,, non-cyclio photo- 
phosphorylation gives rise to NADPH, and ATP-in a ratio 
of 1to 1. Were this ratio adequate for carbon assimilation 
there would be no need for cyclic photophosphorylation. 
However, the carbon reduction cycle appears to have a 
requirement of 2 NADPH, and 3 ATP per 1 mole of CO, 
asaimilated to the level of gugar'*. Additional ATP is 
required to form starch, the main carbohydrate produot of 
photosynthesis in leaves. (ATP is expanded in the forma- 
tian of adenowine diphosphate glucose from which the 
glucosyl moiety is transferred to a starch primer.) 
Moreover, as was pointed out elsewhere, cyclic photo- 
phosphorylation may be an important mechanism for 
providing the large supplies of ATP that are required for 
protein synthesis and for other endergonio processes in the 
cell. 

If we accept cyclic and non-oyolio photophosphorylation 
as the two sub-divisions of the energy conversion process 
of photosynthesis, the relation between them becomes 
important. We have already cited the evidence’ that in 
isolated chloroplasts cyclic photophosphorylation occurs 
only when non-cyolio photophosphorylation is stopped. 
As long as electrons move from OH- to ferredoxin, and 
thenoe to NADP, cyclic photophosphorylation cannot 
proceed. We have presented evidence elsewhere’ that 
the availability of oxidized NADP may regulate the flow 
of electrons via the cyclic or non-cyclio pathway. 

We shall now examine how our hypothesis can explain 
some of the observations that are used to support the oon- 
cept of ‘two light quanta per one electron transforred'*t-**. 
The ‘red drop’ (that is, the drop in the quantum efficiency 
of photosynthesis of intact plant cells in monochromatic 
light longer than 685 mp) would mean in our scheme that 
at the longer wave-lengths of light non-cyclic photo- 
phosphorylation became limiting, thereby reducing the 
availability of NADPH, and decreasing the over-all 
efficiency of the process. 'Enhanoement'€-** (that is, 
the synergistic increase in the quantum efficiency of 
photosynthesis at long wave-lengths of light that results 


Table 4 Hwarcy BALANCON OF NON-OYOLIO PHOTOPHOSFHORYLATION OF 
THE PLANT TYPE 


anf ey Soar aga air oat 
A a= ferredoxitve +0-; E.- —0-48 V (pH 7). 
-1/4 Oe tei F.= 4082 Y (3H 
span Og and ferredoxinesa 18 1-25 oY = 1:25 x T3 00 = 28 8 


keel. 
Trergy requirement 1 electron) to form 1 ATP: 10 keal/2 = 6 koal. 
Hees of energy over output. 42 — (£8 8+ 5) - 8-2 keal. 
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Fig 5 Jomt soheme far cyclio and non-syolic photophosphorylation in 
chloroplasts 


from the addition of shorter wave-lengths) would mean 
that the addition of light of a shorter wave-length restored 
non-oyolio photophosphorylation, removed the shortage 
of reductant, and thereby enhanced the overall efficiency 
of photosynthesis. 

ng the other observations that would fit the present 
hypothesis is the oxidation of cytochromes in longer wave- 
lengths of light and their reduction in shorter wave- 
lengths of light (see reviows in refs. 48 and 44). The photo- 
oxidation of cytochromes would be consistent with the 
onset of cyclic photophosphorylation at the longer wave- 
lengths and the reduction of cytochromes with the onset 
of non-oyolie photophoephorylation at the shorter wave- 
lengths of light. It is possible that electron pressure 18 s0 
high during non-cyclio photophosphorylation that it tends 
to keep all the cytochrome components of the cyclic chain 
in & completely reduced state. 

Similarly, some of the observations on the partial loss 
of photosynthetic activity in algal mutanta can be 
explained as indicating the loss of non-cyclic photophos- 
phorylation of the plant type. The remaining photo- 
synthetic activity would then be cyclic photophosphoryl- 
ation and the non-oyclic photophosphorylation of the 
bacterial type. 

Concluding Remarks 

The present hypothesis differs from that presented 
earlier** in not excludmg the possibility that the partial 
reactions of photosynthesis may proceed with a high degree 
of efficiency, because of an efficient, resonance type trans- 
fer of energy between different photosynthetic pigments*’, 
without invoking intervening dark reactions. Since most 
of our work has been with leaf chloroplasts, it 18 interesting 
to note that Warburg’s recent experiments*! show a high 
efficiency of photosynthesis in leaves: a requirement of 
5.5 quanta per CO, as contrasted with his best earlier 
measurements*? of about 15 quanta per CO,. 

According to our earler hypothesis, a transfer of one 
electron from water (OH-) to ferredoxin and NADP 
required the energy of two photons absorbed by two-pig- 
ment systems acting in series. We now consider that the 
energy of one photon absorbed in a single light reaction 
may be sufficient. 
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MEASUREMENTS OF PHOTOSYNTHESIS AND RESPIRATION IN A MARINE 
DIATOM WITH THE MASS SPECTROMETER AND WITH CARBON-I4 


By Dr. J. BUNT* 
Lamont Geological Observatory, Columbia University, Palisades, New York 


Eor the introduction by Steemann Nielsen! 
of a carbon-14 technique for the measurement of 
organic production in the sea, widespread discussion has 
arisen i the meaning of data so gathered. 
Steemann Nielsen (Steemann Nielsen and Hansen’) has 
maintained his attitude that, in short-term experrmente, 
something between net and groes photosynthesis is 
measured, basing his judgement on observed relative losses 
of oarbon-14 from fully labelled algae in the light and in 
darkness. Ryther*, partly on the basis of similar experi- 
mente, concluded that the method measures nét photo- 
synthesis. Others (for example, see MoAllister, Shah and 
Strickland‘) have taken the view that the measurement 
represents increases in particulate carbon since appreciable 
amounts of organic substances may be excreted into the 
extra-cellular environment during the course of i- 
mente. In assessing the carbon-14 technique, it has 
usual to make reference to measurements of photosynthesis 
reflected in changes in dissolved oxygen in the suspending 
medium and, of necessity, to make the assumption that 
rates of oxygen consumption in the dark continue un- 
affected in the light. idence derived from mass spectro- 
meter studies using isotopic oxygen by Brown* has been 
relied on for justifloation of this assumption. 

In employing the carbon-14 technique to investigate 
the influence of and light intensity on the 
photosynthetic activities of bacteria-free cultures of 
microalgae from Antarctic sea-ice (Bunt*), it was found 
the data were not fully compatible with any of the 
deecribed interpretations. Among the evident anomalies, 
it was apparent that rates of iration calculated acoord- 
ing to the method of Steemann Nielsen and Hansen’ were 
far too low when expressed as percentages of saturated 
rates of photosynthesis. In this it seamed that the 
uncorrected date could not be considered to represent net 

hotosynthesis. Furthermore, the factor used by Steemann 

jelen and Hansen’ to obtain values for corrected net 
photosynthesis could not be considered . On the 
assumption generally applied by Steamann Nielsen, that 
respiration is 10 per oent of groes photosynthesis, it would 
have been necessary to assume that not 60 per cent but 
only around 10 per cent of iratory CO, was in some 
way identical with that fred during photosynthesis. 
Further, acceptance of this assumption indicated com- 
pensation intensities well above levels of illumination at 
which successful had been observed to take place. 
For example, at 7°C and 4? O compensation pointe of 
80 and 35 ft.-candles respectively were indicated for the 
grown at light intensities at least down to 40 ft.-candlea 
at 7° C and down to leas than 10 ft.-candles at 4° C. 

At temperatures of 4°C and down to —2°O, extra- 
polation of light curves from F. sublinearis and physio- 
logically similar species based on intensities between 
80 and 500 ft.-candles consistently indicated significant 
levels of activity in the dark, although corrected for dark 
actuvity. To avoid these obviously unscceptable resulta, 
it was necessary to measure activities at light intensities 
down to and below 5-ft. candles. In the ice habitat, light 
intensities during the summer period when growth takes 

lace are typically around 10-20 ft.-candles and less. 

ts under such conditions and in these terms 

have limited meaning since the spectral quality of the 

light penetrating the thick sea-ice layer is quite unlike 

that of daylight. However, the degree of shade adaptation 
of these species will be evident. 
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Data thus obtained, when plotted against light intensity, 
commonly appeared to display two linear portions very 
similar in nature to the broken light curves described 
originally with Chlorella in terms of net oxygen exchange 
by Kok’ and more recently by Jones and Myers’, and by 
Hoch, Owens and Kok’, who offer a rational explanation 
of the phenomenon from direct experimental evidence. 

Finding it necessary to be able to explain the reeulte 
described, we undertook oxygen exchange measurements 
with the mass spectrometer system recently devised by 
Hoch and Kok!*. Fragilaria sublinearts was adopted as 
the experimental organism. Using the mass spectrometer 
with the advantages of a modifled inlet system, Hoch, 
Owens and Kok’ have recently examined the relation 
between DOC EA and respiration in the two un- 
related algae Anacystis nidulans and Soenedzsmus sp. 
Their work, in particular with the former organism, has 
shown that light exerts two effects on the uptake of 
oxygen: an inhibition of true respiration evident at low 
intensities and & stimulation of oxygen consumption which 
increases with the rate of photosynthesis. Results with 
the diatom from the sea-ice have confirmed these obeerva- 
tions (MS. in tion). Further, it was found that the 
extent to ich inhibition of respiration makes itself 
evident is dent on temperature. The conclusion was 
reached that, at 10° C for this organism, in the absence of 
stimulated uptake, respiration when fully light-inhibited 
continues ab.&bout 25 per cent of the rate in the dark. 
Indirect evidence was obtained which indicates that 
inhibition may occur in light absorbed by accessory 
photosynthetic pigments, as well as in light absorbed 
principally by chlorophyll a, but that the onset of inhib- 
ition requires higher intensity at shorter wave- 3 

Since the observed ratios of oxygen production to 
consumption have not been discussed previously, some of 
this information has been summarized in Table 1. Two 
separate ratios are given for each wave-length af light and 
temperature. PT/UT ta the ratio existing between 
total o evolution and total consumption in the 
light (UT). The second ratio is equivalent to that used 
wW. changes in dissolved oxygen are measured and when 
ib is assumed that consumption in the light and in 
darkness are identical. It will be noted that values of 
PT/UT are generally lower than P/R and that P/R in 
particular is influenoed quite markedly by temperature 
and, to a lesser extent, by the wave-length of light 
used. In view of the differenoes in spectral quality of 
submarine light, such an effect could be of some ecological 

igni oe, since it will be observed also that at 10° O 
P/R is higher at 525 mp than at 678 my, whereas the 
reverse is true at 3° C. The optimum ages ark 
for F. sublénearis is around 5? O. t 3*0, which ap- 
proximates the optimum, it should be indicated that dark 
respiration was approximately 9-14 per cent of gross 
photosynthesis. t would be expected that the true 
percentage, with respiration fully inhibited, would be 

iably lower. 
ition of the fact that true respiration (that 
associated with the release of CO,) may be inhibited in the 
Table 1. RATIOS Oy OXYGEN BYOLUTION AND UPTAKE IN Fragilaria reb. 
THREB TEMPERATURES Dr AOTIY. 


Hasaris iT AND TWO WAYE-LENGTHS ATING 
Light AT SATURATION 


Wave- 3*0 10* 0 24° 0 
PT *Not+UT dark PT Net+UT dark PT Ne--UT dark 
ma UT UT dark OT "Ut dark UT ^ UT dark 


678 4-7 11:3 21 18 09 0-7 
525 27 73 49 59 1:0 1:0 


* Referred to in text as P/R. 
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light has particular significance in interpreting measure- 
mente of Bore ne based on the upteke of radio- 
active carbon. It has been mentioned already that both 
Steemann Nielsen! and Ryther* have measured losses of 
carbon-14 from uniformly labelled cell suspensions in order 
to interpret observed uptake into unlabelled cells. Work- 
ing with Ohlorella, the formar author found that losses of 
carbon-14 in the light amounted to 50—70 cent of loases 
in the dark, while the latter, using Dunaltella, found losses 
to be insigni t in the light. These, and other con- 
siderations, led to a disparity of opinion. With the 
evidence from the mass spectrometer, it was felt that the 
resulta of these two investigators could well be eesentially 
compatible. Accordingly, an attempt was made to confirm 
the observations with the mass spectrometer using the 
carbon-14 technique. 

For this purpose, F. sublénearis was grown in the pres- 
ence of NaCO, until labellmg was considered to be 
uniform. The cells were centrifuged and washed several 
times with fresh medium; allowed to stand in the dark for 
several hours in accordance with the recommendation of 
Steamann Nielsen", centrifuged and washed several times 
further, and finally resuspended in fresh medium such 
that the cell concentration, in terms of chlorophyll a, was 
0:02 ng/ml. At this concentration, the possibility of mutual 
shading on exposure to light would be negligible, good 
uniformity between replicates would be assured, and self- 
absorption in counting the activity of filtered cells would 
be unimportant. The cell suspension so prepared was 
distributed in calibrated 30-ml. Fernbach flasks and then 
exposed, not to a light intensity, as had been the 
practice of Steemann Nielsen and Ryther, but to a range 
of light intenaluies as well as in the dark. Cool-white 
fluorescent lighting was employed. The flasks themselves 
were housed in a water bath at 7°C with temperature 
control effective to +0-1°O. After 8 h incubation, the 
cells were recovered on ‘Millipore’ filters and their activities 
were determined for ison with the activities of 
aliquots filtered at the beginning of the experiment. Since 
the changes in activity were not expected to be great, 
accuracy was assured so far as was reasonably possible by 
recording the numbers of counts after 1 h or 800,000 
counts, whichever oocurred first. 

The results are shown graphically in Fig. 1 with losses 
of activity in the light referred to losses in the dark. In 
general character, they were found to parallel the observa- 
tion of inhibited respiration based on measurement of 
oxygen consumption in the light with the mass speotro- 
meter. It will observed that, with this organism and 
under these conditions, very low light intensities were 
sufficient to inhibit respiration. At full inhibition, which 
was probably saturated at 200 ft.-candles, losses of 
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carbon-14 were only around 20 per cent, of those in the 
dark. No attempt has been made to apply these findings 
to values of carbon-14 fixation since to do so reliably would 
require carefully controlled experiments with labelled and 
unlabelled cells similarly preconditioned. Nevertheless, 
the implications of these results are clear and, together 
with the date from the mass spectrometer, they provide a 
means of explaining the anomalies desaribed earlier. The 
fact that Ryther? was unable to demonstrate losses of 
cerbon-14 from illuminated cells could have resulted fram 
very marked, perhaps complete, inhibition of respiration 
under his experimental conditions. 

Con this possibility, some evidence has been 
obtained which that, in cells adapted to low light 
intensities, the onset of inhibition may require leas light 
and may be more fully achieved than in cells accustomed 
to high light intensities. This effect is demonstrated in 
Fig. 2, which describes the losses of carbon-14 from 
uniformly labelled cells at a of —2-0°C 
following adaptation to high (400 ft.-candlee) and low 
(20 ft.-candles) intensities at 7? C. It should be empha- 
sized, however, that a parallel experiment run at 7? C 
throughout yielded leas convincing results. While the 
existence of such an effect would be compatible with the 
suggestion of Hoch et al.® that inhibition of respiration 
may be mediated by the pigment P700 (see Kok!*), the 
problem requires more careful study. 

In summary, it must be concluded that, where excretion 
is insignificant, the carbon-14 method gives a measure of 
net photosynthesis. The precise interpretation of data in 
terms of gross photosynthesis is not simple, however, and 
requires & rather full knowledge of the extent to which 
respiration is inhibited under any given set of conditions. 
No obvious means of obtaining this information either 
diréctly or indirectly from measurements of carbon-14 
fixation is evident. The process of inhibition is dependent 
on & number of factors including the nature of the igment 
systems in the material being studied, the quality 
and intensity of the illumination, and possibly tempera- 
ture, as well as the general physiological condition of the 
o 

An additional and perhaps more serious complication is 
presented by algae which excrete significant amounts of 
organic carbon to the external environment in the course 
of growth. This process does not appear to be important 
in F. sublénearis, at least in actively growing cultures, and 
"haa not been considered in the resent discussion. 

While this study was on & single species of 
organism, the view appears to be justified that inhibition 
of respiration under appropriate conditions is a general 
phenomenon among the algae, and presumably in other 
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groups of plant life also. Consequently, ıt is expected that 
the present findings should, in principle, have general 
relevance to an understanding of prooeeses of primary 
production in the sea. 

This work was supported by the National Science 
Foundation contract 65-1855. I thank Dr. G. Hoch, 
Miss O. Owens, and the Research Institute for Advanced 
Studies Laboratories at Baltimore for their help. The 
investigation was completed in Dr. Paul Burkholder's 
laboratories. 
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EVIDENCE FOR NEUROGENIC CONDUCTION IN THE MAMMALIAN HEART 


By Dr. C. J. G. WENSING 
Institute of Veterinary Anatomy and Embryology, State University of Utrecht, Netherlands 


T œ a widely accepted view that the generation and 
the conduction of impulses in the mammalian heart are 
of a myogenic nature. As a result of a comprehensive 
neuro-histochamical examination, however, we want to 
express our firm belief that this process is of a neurogenic 
nature, whereas the conduction of the mmpulse between the 
sino-auricular (SA) and the atrio-ventricular (AV) node 
has a direct nature and takes place through nerve fibres. 

We chose the pig as our principal experimental animal, 
because it has differentiated Purkinje fibres. 
Hearts of dog and cat have also been examined, although 
in smaller numbers. Since the extent, as well as the 
structure, of the conductive system in the pig heart was 
insufficiently known, we examined it with the aid of 
ordinary nuoleus-plasma stains. For the neuro-histo- 
chemical examination we used the acetylcholinesterase 
(AoOhE) reaction of Koele and the Champy-Ooujard 
method. Using a modification of the AoChE reaction, we 
succeeded in tracing the course of nervous elements in 
thicker pieces (up to 5 mm) of tissue. An additional 
examination of the material has been made by the silver- 
impregnation method (Bielschowsky-Gros). 

From the microscopic and macroscopic examination, 
it appeared that the conductive system in pig shows the 
same course and extensions as that in other ungulates’. 
The actual structures of the various parta of the system, 
however, did not agree with the descriptions to be found 
in the relevant literature. For example, the dimensions 
of the cross-sections of the cells of the SA and AV nodes, 
which are said to be amaller than those of the surrounding 
myocardial fibres, are, in fact, distinotly larger at many 
places. Consequently, it a that, since the retarda- 
Won of the impulse in tha AV n node is generally explained 
by pointing to the smaller dimensions of the cross-section 
of the nodal fibres, this is no valid argument in iteelf. 

A muscular formation, Rey id thin, interconnected 
muscle fibres sho a considerable amount of connective 
tissue in the in meshes, occurs in the sulcus 
terminalis, close to the SA node. In our opinion, this 
formation is often erroneously referred to as constituting 
the 8A node, and this basio understatement has been a 
source of controversial statements. 

It is impossible to show a direct connexion of 
muscle fibres between the two nodes, although Durkin 
fibres which pass into cardiac tissue can be sub- 
endocardially noted in the wall of the right atrium. 
These observations do not with the conclusions 
formulated by Robb and Petri! and by James’. 

The number of Purkinje fibres in the myocardium is 
very amall as compared with that of the myocardium 
fibres. This implies that, in the case of a myogenic oon- 
duction, the impulse would have to be propagated by 
ordinary muscle fibres. 


The 8A node in the adult as well as ın the embryonic 
pig heart was easily marked by the AoOhE reaction, 
so that any doubt or i concerning the exact 
location of the 8A node has been definitely exoluded. In 
the node, delicate interconnected fibres are marked by the 
precipitation and, as a whole, the structure gives the 
impression of a network with swellings at the junctions 
(Fig. 1). We are of opinion that this nervous network 
consiste of small, Interconnected cells. The more delicate 
structures can be properly studied in Champy-Coujard 
preparations. 

Post- ionic nerve fibres in the node have been 
observed to make contact with the aforementioned net- 
work. Moreover, there is & considerable number of pre- and 
post-ganglionic fibres and ganglion cells in the immediate 
neighbourhood of the node. ee ee d 
not be found in the node proper Champy-Coujard 
i aot me 8A node is extremely well marked by the 

lack-stamed nervous elements, go that the structure 
of the network can be seen more readily. It appears to 
consist of small interconnected nerve fibres, the extensions 
of which entwine every nodal cell (Fig. 2). In our opinion, 
this dense network is built up by the autonomic interstitial 
celle (ATO) of Cajal, which may be looked on as primitive 
ganglion ocells. Moreover, post-ganglionic nerve fibres can 
be seen in these preparations, which terminate on the 
network. In microscopic preparations it is very difficult 
to check the correctness of this interpretation, and elec- 
tron-microscopic examination is required. 

Identical structures may be observed in the Champy- 
ree oe of the hearts of dog and cat. The 
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AIO network dominates the picture and there are also 
post-ganglionio fibres in these animals which probably 
terminate on the network. 

The AV node can also be marked with the AcChE 
reaction. The microscopic structure of the nerve fibres 
which have been marked by precipitation differs funda- 
mentally from that of the nervous elements in the 8A 
node. The nerve fibres in the AV node are post-ganglionic 
and form a very dense plexus (Fig. 8). The use of serial 
frozen sections of the AV node in the embryonic pig heart 
showed that the nerve plexus has a different structure in 
ita various layers. The most pronounced plexiform 
structures have been found 1n ite central layer. In sections 
cut parallel with the endocardium, nerve fibres could be 
observed on the basal side of, and entering, the AV node. 
In sections of the right atrium between the two nodes, 
nerve fibres could be demonstrated m such numbers that 
we gained the impression that there is a nervous connexion 
between the two nodes, but we were unable to verify 
this impression by frozen sections. We therefore sub- 
mitted the whole of the right atrium situated between the 
nodes to the AcChE reaction followed by dehydration and 
plastic embedding, so that it was made accessible to 
microscopic examination. These transparent plastic 
preparations have provided a three-dimensional recon- 
struction of the course of the nerve fibres. In this way 
& nervous connexion between the two nodes could be traced 
with fair certainty (Fig. 4). 








2 BA node of adult pig. Staining -Ooujard. Tbe 
tly stained nodal cells are ed by black 
interconnect and form a network (A.I C. of Cajal with 
Cut parallel 


—AMITOW). with the epicardium. (xe, 214) 
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Obampy-Oon. Y SALE. 
1n its meshes (arrow) ( x e. 214) 

The resulte obtained by examination of the AV node 
have been confirmed in Champy-Coujard preparations, 
which are more suitable for examination at higher mag- 
nifleations. AIC are also demonstrable in the meshes 
of the post-ganghonic nerve plexus. Their number is not 
80 t as ın the SA node, but there are definitely more 
AIC here than in the ordmary cardiac musculature 
(Fig. 5). 

With the aid of this method similar nervous elements 
could be shown to exist in the heart of the dog and cat; 
in these species, the intensive formation of plexuses is 
very conspicuous. 

Nerve fibres can be marked by the AcChE reaction 
alongside the His bundle and the peripheral Purkinje 
fibres. They are predominantly post-ganghonioc fibres, 
which have issued from the nerve plexus in the AV node 
and rum alongside the bundle and the peripheral Purkinje 
ramifications into the myocardium. Moreover, the bundle 
18 accompanied by some myelinated, probably afferent, 
nerve fibres. 

In the pig heart, ganglion oells in or alongside the bundle 
could not be found, although & number occur at the basal 
side of the AV node, alongside the nerve fibres connecting 
the SA and AV nodes. Such ganglion cells could not be 
observed at the apical side of the node. 

The myocardium is penetrated by nerve fibres accom- 
panying Purkinje fibres as well as by those which accom- 
pany the arbonzations of the coronary vessels. It appears 
that a morphological distinction between these two types 
is possible: the former issue sub-endocardially and reveal 
a fundamentally aberrant mode of ramification‘. 


Fig 5. AV node of adult Stain 
lehio nerve plexus with a AANDE of AT 





veninde Em , 60 days. 8 Ohampy- 
Pte fibres (arrow) (x e. 214) 


The result obtained with the aid of the AoChE reaction . 


can be confirmed in Champy-Coujard p tions. Apart 
from post-ganglionic fibres, AIO can demonstrated 
alongside the bundle. Furthermore, some AIC can be 
shown intramyocardially in Champy-Coujard prepara- 
tions (Fig. 6). In our opinion these cells form an extensive 
intramyocardial network, which is interconnected with 
the muscle fibres. Using the silver impregnation method 
it has been possible to demonstrate nervous tissue in many 
parts of the conductive system, but this method does not 
reveal the exact extent of these elements alongside the 
conductive system, since its resulta are too variable. 
The method is, however, useful in detailed investigation. 

It is apparent that many serious objections can be raised 
against the classio theory of myogenic conduction in the 
heart. First, the conduction of thoi impulse in the right 
atrium has not been satisfactorily explained; the explana- 
tion of the wave-like propagation of the impulse through 
ordinary muscle fibres is illogical and inadequate. 
Secondly, the histological structure of the two nodes 
provides no sound basis to explain their function. The 
peculiar ahape of the fibres in the AV node and their 
smaller cross-section, which have been used as arguments 
to explain the retardation of the impulse, are not applic- 
able to the situation in the pig heart. Thirdly, the number 
of penetrating Purkinje ‘fibres in the myocardium, 
especially in embryos, is very small, so that a single 
Purkinje fibre would have to activate a considerable 
. number of myocardium fibres. In view of the non- 
syncytial nature of the cardiac musculature, the occur- 
rence of this type of activation is questionable. 

Fourthly, it is highly improbable that the solitary 
Purkinje fibres in the right atrium have a conductive 
function. It is logical, therefore, to ask what their 
function is, as well as that of the Purkinje fibres in other 
parte of the heart. Our own conclusions may be enumer- 
ated as follows: 

(1) The generation and conduction of the impulse in the 
mammalian heart are neurogenic, not myogenic, processes. 

(2) The dense network of AIO in the SA node induces 
the generation of the impulse which leads to contraction. 
This is probably caused by neuro-secretory producta from 
the AIO. The varicose character of the extensions of 
these cells pointe strongly in that direction. 

(8) The conduction of the impulse in the right atrium 
toward the AV node takes through nerve fibres, 

ing the SA and the AV nodes. 

(4) The retardation of the impulse in the AV node ia 
caused by the plexiform nervous component in this node; 
tho central layer with its intensive formation of meshes 
must play an important part in this retardation. The 
network of AIO between the meshes of this plexus may be 
responsible for the Tawara-rhythm of this node. Since 
the network is leas dense than that in the SA node, the 
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Tawara-rhythm will reveal a lower frequency in the AV 
node. 

(5) Beyond the AV node, conduction takee place 
through post-ganglionio nerve fibres, which run alongside 
the His bundle and ita two branches. 

(6) The transmission of the impulse to the muscle 
fibres takes place through AIC, which are omnipresent 
between the myocardium fibres. 

Apart from the fact that the existence of the required 
nerve fibres has been demonstrated, the following argu- 
menta apply: 

(1) Bethe and Bozler* pointed to the great physiological 
resemblance which exists between the rhythmic contrac- 
tions of the jellyfish and the pulsations of the heart. The 
marginal nervous organ, constituting the pacemaker in 
jellyfish, shows a perfect physiological similarity with the 
8A node. From our examination it appeared that there 
is a definite morphological resemblance between the 
network of AIC in the 8A node and the network in the 
marginal nervous organ in the jellyfiah. Consequently, it is 
logical to assume an identical function for both structures. 

(2) The place at which we were able to show nerve 
fibres between the 8A and AV nodes coincides with that 
at which Paes de Carvalho* demonstrated electrophysio- 
logical pathways of faster conduction. 

(3) The shape and the structure of the nervous com- 
ponent in the AV node are compatible with our explana- 
tion of ite function. A conduction in a plexus will proceed 
less quickly than that in a longitudinally straightened 
structure. Moreover, we find the most intensive plexiform 
structures in the node exactly at the place at which Paes 
de Carvalho‘ was able to demonstrate the greatest retarda- 
tion of the impulse. The influence of acetylcholine on 
the AV node—either a retardation in conduction or a 
complete block in the case of a lingering or a highly 
concentrated administration—may be readily explained. 
It ie eesential, therefore, to refer to the theory of conduc- 
tion in axons as has been established by Nachmansohn’. 
According to this author, conduction along axons is not & 
purely physical but rather a combined physico-chemical 
procees. The liberation of acetylcholine depolarizes the 
axon-membrane, whereas the enzyme acetylcholinesterase 
restores the rest-situation by the hydrolysation of the 
liberated acetylcholine. Administration of additional 
acetylcholine has the same effect as the use of essrine or 
DFP, sinoe these compounds prevent the conduction 
along the axon by blocking the action of AcOhE. The 
action of acetylcholine depends on the permeability of tho 
axon-membrane. In ordinary myelinated nerves, this 

tion may be impossible, but, on the other hand, 
it is quite comprehensible in post-ganglionic unmyelinated 
fibres in the AV plexus. Any influence of acetylchnline on 
the nodal fibres must be neglected, since this would involve 
the occurrence of acetylcholinesterase in these fibres. 
In the pig, this is not the case, except for the nervous 
elements around the nodal fibres. 

(4) The extension of the nervous elementa in the 
myocardium is such that every muscle fibre contacts 
nervous elements. According to Meyling* and Boeke’, 
AIC may act sutonomically at the periphery. This 
action may give a reasonable explanation for the contrac- 
tion of amall pieces of cardiac tissue which are entirely 
isolated from the conductive system. 

! Ter Borg, F., thesis, Utrecht (1030); Aata Wéerl Morph., 6, 251 (1048) 

* Robb, J. 8., and Petri, R., in. The Specialis Tissus ef the Heart, 
tum, August 1960, Bio de Janeiro , Amsterdam, 1961). 

* James, T., Anat. Rec., 141, 109 (1061); 143, 251 (1062); 148, 15 (1084). 

t Wenaing, O. J. G., theats, Utreoht (1904). 


1 Bothe, À., and Borer, H, in Vergleichende 
pkyriologis, edit. by Buddenbroak, W. von 


Press, New York, 1969). 

* rm sA. T. Comp. Nomrol., 99, 405 (1953); Cornell Velerixarten, 47, 
* Boeke, J., Zeitschr. Mikr. Anat. Forsk., 34, 380 (1933); Acta Amat, 8 
(Fasc. 1/2), 18 (1049). ! 
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STRETCH-INDUCED UTERINE GROWTH, PROTEIN SYNTHESIS 
AND FUNCTION 


By Pror. A. CSAPO, Da T. ERDOS, Dr. C. R. de MATTOS, E. GRAMSS and C. MOSCOWITZ 


Department of Obstetrics and Gynecology, Washington Universi 
Biochemistry, University of Bahra, Brazil; and Laborarolre d’ 


N the work recorded here the question was examined 

whether chronio stretch alone, without the endocrine 

support of the ovaries and the placentae, initiates uterine 
growth, protein synthesis and Tarton 

In the fifteenth century the sawgelders had already 
noticed that ovariectomy results in castrate atrophy. Later 
experimental work demonstrated & loas of myometrial 
function during atrophy, which could be reversed by 
oestrogen'. It was also shown that distension promotes 
uterine growth and that this growth response 18 modified 
by the ovarian hormones. The conclusion was advanced 
that uterine growth can be generated by tension exerted 
on the myometrium}. 

The isolation of the contractile proteins permitted the 
demonstration that oestrogen regulates the contractile 
system! and working capacity’ of the myometrium, as 
well as the protein synthesis in the uterus‘, while pro- 
gesterone controls the involution process’. 

We noted that a physical factor alone, 
namely, chronic stretch, has a powerful : - 
regulatory effect on uterine growth, protein — ' 
synthesis and function when we ovari- 
ectomized parturient rabbits and filled 
their two uterine horns with balloons of 
different volumes. The uterine horn in 
which the parturient volume was reetored 
remained struotura&lly normal and ds- 

played increased function, while the con- 
sol horn of the same uterus, only carrying 
an empty balloon, underwent involution, 
castrate atrophy and a lose of contractile 
function. 

Since in these post-partum rabbita both 
ovarian and placental endocrine functions 
were suspended, the structural and funo- 
tional differences in the two horns of the 
sime uterus could only be explained by 
their different volumes. For even if these 
uteri were exposed to a hypothetical endo- 
erine effect (of the adrenals or other glands) 
the two horns must have been equally 
affected. This argument permitted the 
tentative conclusion that chronic stretch 
by iteelf not only promotes growth but also 
powerfully regulates uterine biology 

In the experimenta reported here we 
examined non-pregnant as well as partu- 
rient rabbits. Rabbits were selected for 
investigation not only because & suitable 
method has already been worked out in 
this animal but also because the two 
anatomically and functionally mdependent 
uterine horns offer a control and an 
experimental uterus in the same rabbit 

Our operative and recording techniques 
were described earlier‘. During surgery 
we photographed the uterus, mtroduced 
condom rubber balloons into both uterine 
horns and ovariectomized the anımal. 
One balloon in the experimental horn was 
then filled with 100-120 ml. physiological 
saline, imitating the parturient volume, 1f 
the animal was pregnant, or up to 10 ml. 
volume if non-pregnant. The other bal- 
loon in the control horn was only in- 


, St. Louis, U.S.A; ey, Department and Department of 
nzymologle, CNRS, Gif-sur-Yvette, Seine-et-Olse, Enn 


jected with a few ml. fluid durmg recording. A poly- 
ethylene outlet of the balloon permitted the repeated 
study of the intra-uterme pressure during 10 days of 
observation. After 10 days the animals were killed, the 
uterine horns excised, photographed, weighed and sub- 
jected to histological and biochemical analysis (wet and 
dry weighta, protein, DNA and RNA). 

After 4 days’ pre-treatment of the non-pregnant rabbite 
with 25 ug/day oestradiol in oil intramuscularly tho 
animals were divided into groups of three, depending on 
their subsequent treatment. The groups were the 
following: 

(1) Post-partum, ovariectomized, untreated; (2) non- 
pregnant, untreated; (3) non-pregnant, ovariectomized, 
untreated; (4) non-pregnant, ovariectomized, 25 ug/day 
oestrogen; (5) non-pregnant, ovariectomized, 5 mg/day 
progesterone; (6) non-pregnant, ovariectomized, 25 
day oestrogen plus b mg progesterone. 


OVARIECTOMY ^ 


PARTURIENT NON-PREGNANT 





Fig 1. Adios. tana end straolaral diferencos bebwaen the two uterine boens 
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Fig. 1 illustrates the anatomical, structural and func- 
tional differences between the two uterine horns of the 
same uteri induoed by chronic stretch in ovariectomized 
pregnant and non-pregnant rabbits. All animals, regard- 
leas of their treatment, showed this stretch-induced 

difference between the experimental and control horns. 
-~ Table 1 illustrates the differences between experimental 
and control horns, in wet and dry weights, in the weight 
ratios: experimental/control horns and in the RNA/DNA 
ratios. The experimental horn in all non- t rabbits 
335-100 por cont Logvlan than the odnbtel Lara. In the 
pregnant rabbits the difference is 400 per cent. However, 
while in the pregnant animals the difference is largely due 
to the involution of the control horn, in the non-pregnant 
animals it seems to be due to hypertrophy in the experi- 
mental horn. It would appear, therefore, that chronic 
stretch not only prevents involution and castrate atrophy 
but, like initiates uterine 

That this stretch-induced growth is not due to an 
Increased uptake of water is shown by the fact that the 
wet and dry weight ratios of the i tal and-control 
horns are almost identical. Protein and RNA determinas- 
tions revealed a 7-8 per cent average protein and 6 per 
cent RNA/g increase in the i horn, as oom- 
pared to the control horn. The fact (Fig. 1) that the 
intra-uterine preasure increased with the lapse of time 
during chronic stretch suggests that, this protein increase 
in the experimental horn is partly due to an increased 
synthesis of the contractile protein lex, actomyosin. 

Significant is the finding that the di ces between 


i tal and control horns developed in spite of a. 


rone 
hy 


experimental 
blocking action, imposed on the uterus by 
treatment. Thus, stretch-induced myometrial 
is independent of uterine activity. 

The results also suggest that oestrogen and chronic 
stretch have a synergistic action on uterine growth; that 
progesterone does not contribute to this process, in fact it 
may even decelerate it. However, theese conclusions are 
tentative, for final proof rests on further experiments with 
& highly standardized colony of mbred animals. 

Table 1 also presents the ratios RNA/DNA in the 

imental and control horns. The that the 
RNA/DNA ratios are higher in the experimental horn is 
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Table 1. DIFFERENOBS 5ETWEEN EIPZRINENTAL AND CONTROL HORKS 
IN Wet AKD DRY WEIGETS, IN THE WEIGHT RATIOS: HIPLRINENTAL 
OoxTROL Horus, AND IN THB RNA/DMA RATIOS 


1, Single observation; 2-6, & of 3 antmals; E, horn; O* 
control horn; R, rado experimental/ horn 
Wet weight (g) Dry weight (g) RNA/DNA milo 

a) B 20 33 3-30 2-453 
[6] 3-06 0-64 0-49 

R 5-11 53 5-16 

(2) F 7-33 1:31 168 
e 3-72 0-65 097 

R 1-07 1-96 1:78 
(3) 3 5-06 0-99 144 
[^] 2-06 0-55 0-79 

R 2-01 1:80 157 
(0E 8-54 1:40 171 
e 638 1-06 191 

R 1:33 1:35 1-06 
(5) E 3-40 0-51 147 
e 1-85 017 0-78 

A 1:83 1:88 1:88 
(095 118 O71 1-85 
e 226 0-38 0-87 

R 164 1:96 2:13 


considered as evidence that the growth of the experimental 
horn is due to hypertrophy rather than hyperplosia. 

The significance of this study lies in the demanstration 
that a change in the configuration of the myompirial oell 
profoundly alters its biology. This relationship between 
cell structure and function may be operative in a variety of 
cells, as & common regulatory device. In uterine biology 
the relationship is interesting in view of the growing 
uterine contents during pregnancy, uterine tumours, 
menstrual bleeding, eto. The relationship aleo suggests a 
posaible mechanism for the action of intra-uterine contra- 
ceptive devices. After all, such & device is an imposed 
intra-uterine resistance which may alter the normal cyclic 
activity of the uterus during chronic application. 

This work was supported grants from the U.S. 
National Institutes of Health (HDO1478), the Population 
Council and the Sunnen Foundation. 


1 B. ie Mc D heiolony the Uterus, second ed. (Rew York, Pau! B. 
buie Ina, 1949). «f 

* Ceapo, A. L, Nature, 168, 218 (1048). 

* Osapo, A. L, and Corner, G. W., Solence,117, 162 (1983). 

* Meer, G- O; Herranen, A. ML, and Torvell, K. F., Hao. Prog. Hormone Res., 
* Goodall, F. R., Arch, Bicokom. Biophys. (in the presa). 
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GROWTH AND NEUTRALIZATION OF THE TRACHOMA AGENT 
IN MOUSE LUNGS 


By DORIS M. GRAHAM 
Medich Research Council Trachoma Research Unit, Lister Institute of Preventive Medicine, London, S.W.! 


Ce workers have investigated the behaviour 
of trachoma agents in the mouse lung. Bernkopf! 
found that the susceptibility of mice to the lethal effects 
of the T'angf strain given intranasally diminished with 
age until they were 6 weeks old, when they were completely 
resistant; the Dari strain did not kill mice of any age. 
By contrast, Watkins and Mackenzie" killed mice more 
than 6 weeks old by inoculating the T’ang/ strain intra- 
nasally. They failed to detect any increase in infective 
virus during the first week after inoculation and to detect 
infective virus after the second passage in mouse lungs, 
although they had some evidence for the presence of virus 
specific antigens in the lungs up to the ninth passage. 

I have found no difference in the susceptibility of mice 
8-6 weeks old to the lethal effects of the Tang/ strain 
administered intranasally. Furthermore, I obtained 
evidence that the agent multiplies in the lungs and that 
` the mice oan be protected by previous immunization. 
The strains used are designated according to Gear et al.*, 
and their original names, used in this , are given 
in brackets. TRIO/ /China/Peking-2/OT (ref. 4) (T'ang); 


TRIC/ /8SAU 2/OT (ref. 5) (BA2); TRIC/ - 
CAL 2/OT (ref. 6) (ASGH); O/ [W AG, 1/ 
OT (ref. 7) (G1); TRIC/ /WAG/MRO-17/OT (ref. 8) 
(G17); variants that kill chick embryos comparatively 
quickly are designated’ by the letter f, as, for example, 
T'angf. 


Virus pools were prepared from heavily infected yolk 
seos from live embryos and stored at — 60? C. Mice of 
thetized with a freshly p: mixture of 2 parts ether 
to 1 part chloroform’; when they were breathing deeply 
and regularly, 0-1 ml. of virus suspension was dropped 
on to their nostrils. For mfectivity titrations, i 
were inoculated with a number of 8-16-fold dilutions and 
were observed for 6 days. The titre of each suspension 
was as the reciprocal of the dilution which 
killed 50 per cent of the mice within 6 days (MLD,,) 
calculated by the method of Reed and Muench". The 
lungs of all dead mice were letely consolidated, and 
the mean day of death of the mice was inversely related 
to dose of virus. The titres obtamed from replicate titra- 
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Tablo 1. PROTECTION OF MICE AGAINST THE LETHAL Br¥eors Of THE ABGH f 
AND BA2/ STRAINS OF TRACHOMA BY AOTIYR IMNUNTLATION WITH ABGH/ 
No. of mke surviving Difference 
Challenge Topatun e X per group iny ° 
Strain, Route (MLDQ4)* munized (e) (b) (b-a) 
ASGHYS Iniranssal 3-3 21 5 
33 ihe 10/10 T 
4/11 9/9 67 
Baal Intranasal Ae 60 Hi i 
A 14 ifo i 5 
Intravenous 1 i oF hh 
1/11 er TI 


*Fifiy per oent mouse lethal dose. 
tions of the T’ang/ strain in mice aged 8, 4, 5 and 6 weeks 
had & standard deviation of + 8 per cent and dose 

curves did not differ greatly (Fig. 1). 

To determine whether the trachoma agent multiplied 
in the mouse lung, large groups of 3-week-old mice were 
inoculated intranasally with yolk sac suspensions oon- 
taining ximately 0-5 MLD, of T'angf or of G17. 
The titre of the inoculum wea determined by simultaneous 
titration in mice and in chick embryos. At intervals, five 
mice were killed, their lungs removed aseptically, pooled 
and ground in 5 ml. of phosphate-buffered saline!* con- 
taining 500 pg/ml. of streptomycin sulphate and titrated 
in the yolk sacs of 7-8-day-old chick embryos. Eggs were 
incubated at 35° O and candled daily. Titrations were 
terminated at 18 days, and titres of the lung suspensions 
were calculated in terms of 50 per cent egg lethal doses 
(BLD,). Fig. 2 shows the percentage of virus recovered 
from the lung plotted against time. Some mice died in 
each of the experiments; although the inocula varied 
from.-0-4 to 1-1 MLD most mice died on the fourth day 
after inoculation. . 

Immediately after the anaesthetized mice had revived, 
all the virus inoculated could be recovered from their 
lungs. By the second day the titre had increased almost 
ten-fold, was greatest on the fourth day and slowly 
decreased thereafter. 


logous antisera. ; 

oe can be actively immunized the toxic 
effects of trachoma strains administered intravenousl y !-1*. 
In order to determine whether mice could be protected 





1 2 3 4 5 
Moan day of death 

Relation of tme of death of mios of different 

weeks, O; 5 weeks, A; 6 weeks, C) 


to dose of the 


L 
Te weeks, @; 4 


T'ang/ strain inoculated 


NATURE 


September 25, 1965 vo 207 


2366 8 





Virus recovered, log, per cant of inoculum 
3 


Lo 
1-0 
3-0 
0 2 4 6 8 10 12 14 16 18 20 & 24 16 18 90 
Days after inoculation 
Fig. 2. Growth of two strains of lung. Infecting 


trachoma in the moase 

dose; 6, 8A2/ 1-1 MLDy; O, G17 0-4 MILD, 
from the lethal effecta of these agents inoculated intra- 
nasally, the technique of intravenous immunization of 
Chang, Wang and Grayston” was used except that about 
one-quarter of the recommended dose of virus was given. 
Three-week-old mice received 1/6 of the amount of un- 
purified virus which killed 50 per cent of the mice when 
inoculated intravenously (MLD,,), followed one week 
later by 1/8 MLD,,. After a further 7 days, normal and 
immunized mice were challenged by either the intra- 
venous or intranasal route with an inoculum expected to 
kill 80-100 per cent of 5-week-old mice. Table 1 shows the 
results of two such experimenta. Mioe thus immunized 
with ASGH/ were protected against intravenous and 
intranasal challenge with the homologous strain, and 
were oroes-proteoted against challenge with SA2/ given 
by either route. 

In contrast with previous re 13, I find that the 
trachoma agent multiplies in adult mouse lung, in 
which it can be titrated with reproducible results. This 
positive result, however, may have been due to the 
different anaesthetic or to the different strain of mice 
used. All trachoma strains tested, whether of the fast or 
slow killing type for the chick embryo, multiplied in the 
mouse lung. 

The adult mouse lung thus provides a useful system 
for investigating immunity to infection—as distinct from 
immunity to toxic death—induced by these organisms. 
The oroes-proteotion observed between ASGH and SA2f 
appears to differ from the findings of Bell and Theobald. 
However, both these strains maintained at the Lister 


- Institute grow in HeLa oells, whereas those used by Bell 


and Theobald do not. This difference in property may 
have been due to a change in antigenic structure during 
passage, as by Reeve and Taverne!.  Pre-'' 
liminary observations of the absence of croas-protection 
in mice induced by a slow-killing parent strain and a 
quick-killing variant derived from it support this idea. 

1 Bernkopt, H , Bull. Ree. Ceunc. Israel, 8, I, 25 (1059). 

1 Watkins, J. F., and Mackenzie, A. M. R., J. Gen. Microinol., 26, 43 (1063). 

* Gear, J. H 8., Gordon, F. B., Jones, B. R , and Bell, jun., B. D., Nature, 


197, 26 (1969). 


‘Tang, F. F., bang, E L., Huang, Y. T., and Wang, K. O., Chin. Med. J., 
419 (1957). 


75, 
: , L B., Bell, jun, B. D., Hanna, A. T., Nlobols, R. L., and Snyder: 
TO Amar. J. deep. Med. Hyg , 9, 110 (1980). di 
“Hanna, L, Jaweia, E, P., and Dawson, O., Proc. Soc. . 
Biol. N.Y., 104, 14$ dd. ud 
1 Coler, L. H., and Sowa, J., Lancs, 1, 093 (1968). 
* Bowa, J., and Colher, L. H., J. Hyg. (O&mb.), 58, 99 (1960). 
* Taverne, J., Blyth, W. A., and Reeve, P., J. Gen. Microbsol., 87, %71 (1064). 
10 Fasekas de 8t.Groth, B, and Graham, D. M., Austral. J. Exp. Biol and 
Med. Sci., %7, 83 (1049). 
u Reed, L J., and Muench, H., Amer. J. Hyg., 87, 403 (1938). 
1 Dulbecco, R., and Vogt, AL, J. Bap. Moed., 99, 107 (1954). 


13 Bel, jun , B. D., nyder, J. O , and Murray, H. B., Solanos, 180, 626 (1950). 2 


u Bal, jmn., 8. D., and Theobald, B , Ana. N.Y. Acad. Sei., 98, 337 (1962). 
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(19602). 


1* Wang, B., and Grayston, J. T., J. Tsem«mol., 90, 849 (1903). 
1! Reeve, P., and Taverne, J., J. Hyg. (Camb.), 61, 67 (1962). 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Photographs of Mars taken by Mariner IV 


NiNETHEN close-up pictures of Mars, showing details 
down to a few kilometres across, were recorded by Mariner 
IV before the cameras crossed the terminator into the 
night hemisphere. The first seven pictures are not rich 
in detail because the Sun was lees than 80? from zenith 
and shadows were absent. Later pictures, taken under a 
lower Bun, show progressively more relief: what may be 
afternoon shadows oocur even on the ninth frame, com- 
posed ab a solar altitude of more than 50°. 

Contrasta between the shadows and the brightly ht 
parts of the surface of Mars show that the planet is 
mountainous and with craters and ring-structures 
strikingly like those of the Moon. Some of the craters 
have well-developed central eminenoes: by analogy with 
the central peaks of lunar craters, they may be volcanoes. 
Both the central eminences and the walls of the Martian 
craters appear to slope at steeper angles than those of 
the Moon. Whereas the mean inner slope of the wall of 
& well-developed lunar ring structure is 20° or 30°, the 
corresponding slope on Mars seems to be at least 40°. 

Ring structures ranging up to 170 km in diameter are 
apparent on the eleventh frame recorded by Martner IV. 
The largest is remarkably similar to the same-sized lunar 
feature Lacus Mortis, which is probably a lava-flooded, 
fault-bounded graben structure. The martian ring has a 
dark floor with crateriform or scalloped edges and may 
also be a lava-flooded collapse structure. 

At present, it is difficult to say whether the majority 
of the newly discovered craters are the result of impact 
or voleaniam. However, the Mariner IV pictures suggest 
to me that Mars has & volcanic terrain. The pictures are 
soored by ridge and depreasion lineaments that are similar 
to those on the Mooni, and there is strong evidence* for 
the growth of the lunar lineaments by volcanic extrusion 
from fractures and faults. Evidently, Mars has a fracture 
system of its own, and the indurated ridges may best be 
explained on the voloanio h; is. 

The canale drawn on the older maps of Mars are not 
evident on those Mariner IV frames that might have 
registered them, but I have found a correlation between 
the trends of the recently photographed martian linea- 
menta and the directions of the mapped canals. A posable 
explanation is that, as same obeervers* thought pre- 
viously, the linear canals appear to form under certain 
conditions of poor seeing by the (subjective) connexion 
of many discrete patches of dark material arranged 
linearly on the surface of Mars. The patches might be 
widely ring structures, or groupe of craters, 
arranged in linear chains, with floors of low albedo like 
many of the large lunar rings. These isolated features 
might well avoid the particular point in & ‘canal’ traversed 
by Mariner IV; and, even if they did appear in & picture, 
one would not necessarily associate them with a canal 
extending beyond the bounds of the frame. 

On the Moon, chains of oraters of a given type bear a 
close relation to the leas readily seen Moon-wide lineament 
system. As, therefore, Mars seams to present volcanic 

ena like the Moon’s, it is surely not rising to 

that the lineaments in amall patches of Martian 

surface have trends similar to those of the coarser, larger- 
scale, canals. 

Though full photometric and colorimetric calibration 
will be necessary before the Mariner IV pictures can be 
interpreted with confidence, it is possible to propose 
tentatively that the craters are not necessarily impact 
phenomena, and that the canals are not contmuous 


markings as drawn on the older mapa but may be 
indicative of fractures or faults that dissect the solid 
surface of Mars. 

This work was supported by a research grant from the 
De t of Scientific and Industrial Research. I 
thank the U.S. Information Service for providing the 
photographs of Mars. 

GOBERT FIELDER 

Univermty of London Observatory, 

Mill Hill Park, London, N.W.7. 
1 Welder, G., Pubes. Astro. Soc. Paoife, 75, 75 (1963). 
1 Felder, G., Lamar Geolegy, Bec. 64, 108 (Lutterworth Press, London, 1965). 
* Dollfus, å., C.R. Acad. Soi., Paru, 236, 906 (1048). 


Lunar Hot Spots 


I suaGEST that the thermal anomalies found recently 
in infra-red lunar obeervations!* could be due to lunar 
roughness on a centimetre scale rather than due to 
changes in the thermal composition of lunar rock or 
locahzed thermal sources. The idea of roughness of 
centimetre dimensions* has now been directly verified by 
radar reflexion measurements. In fact, some protagonists 
of the dust hypothesis now incorporate this type of 
roughness in their models of the lunar crust. 

Infra-red measurements at llu of lunar surface tem- 
peratares which range from 90° K to 400° K carrespond 
respectively to values of 14-8 and 3-8 for the parameter 
zahv/kT so that throughout the lower part of the 
temperature range Wein’s law: 

Py, = 2rho exp(—Av/kT) 
is & good approximation to the correct radiation law 
connecting the radiative energy denmty Ev from the lunar 
surface at frequency v with the temperature T. This 
result shows that lunar night-time and eclipse observations 
made through the 8-144 atmospheric window are 
extremely sensitive to small temperature changes of the 
lunar surface. Beoause of the highly non-linear variation 
of Ev with T the brightness temperature, measured by 
an instrument which sees simultaneously a number of 
surfaces, will be considerably higher than the mean 
temperature especially if the surfaces have widely differing 
tures. 

Using the model previously proposed? and shown in 
Fig. 1, I have caloulated from approximate heat flow 
considerations the temperatures T', and T, &t the middle 
of an eclipse in the case for which a smooth surface 
composed of the same material would give & temperature 
of 200? K. Values of T,—275? K and T,=195° K are 
obtained from the calculation and these give a brightness 
temperature of 240° K for telescope observations at rero 
lunar renith angle. An increase in the radiative density 
by & factor of nearly 8 is thus expected when rough and 
smooth regions are compared during an eclipse. The 
existence of preferential roughness of centimetre dimen- 
gions should thus show up clearly in scans across the 
lunar disk during an eclipse. It is interesting that the 
eclipse measurements recently made by Shorthill and 
Saari! show regions of radiation enhancement both 
greater and lees than that calculated from this simple 
model. € 


Fig. 1 
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In the case of hot spota which coincide with craters 1t 
is very unlikely that the spots can be attributed to local 
heat sources since these craters have been shown to be 
cooler than the surroundings during the lunar day*. The 
case of the crater Tycho is particularly interesting since 
radar reflexion resulte' give strong back reflexion 
(indicating a rough or & more dense surface) while the 
infra-red eclipse measurements show this crater to be a 
very intense hot-spot. More generally, the spota are 
found to be associated with maria as well as crater 
centret. The present hypothesis therefore requires that 
these regions ve preferential roughness. Such an 
explanation is in good agreement with visual resulte. It 
is well known that the albedo for crater centres and 
maria is in general lower than that for lunar highland 
while rougher surfaces have in general a lower albedo 
than smooth ones. 

I thank Dr. G. Fielder of the Univermty of London 
Observatory for his advice. 


Department of Physics, 
Queen Mary College, 
University of London. 
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J. A. BASTIN 


PHYSICS 


Lattice Constants of Gallium at 297° K 


Taz a and b lattice constants of galium (orthorhombic, 
Di8—Abma) are almost identical and have often been a 
source of confusion, as has recently been emphasized by 
Yaqub and Oochran!. Diffractometer date at 42? K 
(ref. 2) (gallium of 99:9999 per cent grade) indicated 
a=4-5156 A, bm4-4004 A, c=7-6828 A, but at 297° K it 
ap that a is smaller than b (in disagreement with 
Bradley*), and therefore that at an intermediate tem- 
perature (near 255° K) a should become equal to b. 

An experimental investigation of mechanical twinning 
at diferent temperatures, involving compressive and 
tensile streesing, proved that twins could be produced by 
compression along a and tension along 64:5, whereas 
neither tension along a nor compression along b produced 

inning, a result interpreted to imply that a is greater 
than b at 297? K, and bringing the 1961 conclusion into 
question. Furthermore, it was found that tensile i 
along a at 255° K produced no twins, whereas if a=b at 
this temperature, twinning would be expected‘ on the 
basis that the occurrence of twinning is associated with 
the elastic anisotropy (S4, S11). 

The 1961 conclusion for 207? K was independently 
brought into question by Cochran‘, who noted that the 
expansion coefficients for a and b were in disagreement 
with Powell’s’ and could be brought into better agreement 
if the 4-2? K results of 1961 were accepted but if a were 
assumed to be greater than b at room temperature as 
well as at 4-2? K. - 

The 297° K powder diffraction data of 1961 have now 
been re-oomputed using new indices for the reflexions, 
corresponding to a>6, bringing the calculated value 
(Oza — 9143) much oloeer to the observed value of this 
significant angle. The new indexing leads to least squares 
solutions (either with various extrapolation factors or 
without corrections) that invariably give better overall 
agreement between calculated and observed 0 values 
than the 1961 indexing. The Vogel-Kempter and the 
Nelson—Riley extrapolation functions both yielded the 
following results: 


gone Ane 7 Nis i 0012 
He-oomputed 0 0007 4 5186 + 0 0007 
Bradley (ref. S4 no. 45106 7.0802 
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The agreement with Bradley’s values (converted by 
the factor 1:00202) is much improved. The resulta now 
do not conflict with the anisotropic expansion coefficients 
of Powell’, assuming that the 0-valuee of 1961 at 4-9? K 
are correctly indexed, which we have no reason to question. 
We therefore conclude that the 1961 values at 207° K 
should be replaced by the foregoing, that the interpolated 
values of 1961 for 78° K should be discarded, that ab 
throughout the temperature range, and that the aniso- 
tropic thermal expansion is such that Ab/b> Aaja. 

C. B. Banawrr* 


De t of Physios, F. J. Spoonmm 


Royal itary College of Science, 
Shrivenham, Swindon. 
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GEOPHYSICS 


Linear Relationship between Energy 
Pressure of Volcanic Explosions 


EARLY investigations on the velocity of bombe and the 
gas pressure of single volcanic explosions by Matuxawa!- 
led to a means of determining gas pressures which have 
been accepted and used by voloanologists. 
Matuzawa stated! that the initial discharge velocity of 
volcanio explosions depended primarily on the gas 
pressure, which could be calculated from the dynamic 
pressure relationship of Bernouilh’s equation: 

P = eo" 
where the gas pressure, P, represents the pressure differ- 
ence between the interior and exterior of the vent, p is 
the density of the mas of fragments plugging the vent, 
and v is the discharge velocity of voloanio bombs. 

Results of investigations by Minakami‘ led to the 
determination of the amount of kinetic energy necessary 
to impart tho initial velocity to volcanic ejecta (bombs): 


E = 5 mo 


and 


where E is the kinetic energy, m is the mass of ejecta, 
and v is the velocity of ejecta at the instant of ejection. 
24 
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Minakami calculated the energies and pressures for a 
number of eruptions of Asama Volcano in Japan‘. 

On March 30, 1956, a paroxysmal explosion of Bexy- 
mianny Voloano, Kamchatka, occurred. Gorshkov* determ- 
ined the energy of this eruption from the seismic energy 
connected with the explosion, from the air wave of the 
sods rail oie ble pos arch each of which gave 

roximately the same value. reesure at the time 

of the explosion was computed from a eA 

Vales were appreciably hi than for the Asama 

eruptions and it appeared that & relationship between 

onergy and preasure might be found based on the Japanese 
and Russian data. 

Values published by Minakami and Gorshkov are plotted 
in Fig. 1, in which is shown an eye-fitted linear relationship 
between the logarithm of kinetio energy and the logarithm 
of gas preesure. The equation of the relationship is: 

B = 10° Pt? 
where energy is in ergs and pressure is in atmospheres or 
in bara. 

Data used in Fig. 1 are few in number, and it would be 
very desirable for volcanologists to them to 
learn if the given relationship is valid throughout the 
range of pressures and energies associated with volcanic 
eruptions. While there are a number of reports on the 
energies of explosions, for lo refs. 6 and 7, and the 
energy may be determined from *, the necessary 
observations needed to caloulate pressures are lacking. 
-It is hoped that this deficiency will soon be rectified. 

This work was carried out in 1961 while I held a National 
Academy of Sciencee—National Research Council 
doctoral resident research associateship at the U.S. 
Electronics Laboratory in Ban Diego, California. 
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GEOLOGY 


Origin of Australites 


Tum problem of the origin of tektites, of australites in 
particular, has been a subject of speculation and oon- 
troversy for many years. A great body of physical and 
chemical data on tektites is available and has been used 
to support various genetic arguments. 

According to their present-day terrestrial manner of 
occurrence, tektites are geological material. Conse- 
quently, all their geological properties must be investi- 
gated. Physical and chemical data are not sufficient. 

During my stay in Australia, I have been fortunate 
enough to examine the principal public and private 
australite collections. My investigation was undertaken 
in order to check the lithological homogeneity of austra- 
lites, with icular reference to the presence of inclusions 
of ma ‘foreign’ to them. The number of i 
which I examined totals more than 88,000 (see T ) 
The i 


containing aside and eventually 
borrowed to be submitted to microscopic investigation. 
Thin sections were prepared and investigated of several 
specimens, but ‘fingers’! were the only internal feature 
observed. — 

All the specimens available were checked. Thus, the 
material investigated consisted of fresh well-preserved 
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Table 1. SOURCES AND MUMBERS OY LITHOLOGICALLY INVESTIGATED 

A No. of 
: 0. 

Souree of material si ar 
Pi Sydney 306 
South Australian Adelaide 10,308 
akona! Museam of Victoris, 1,621 
Western Australian Perth 1,006 
University of Adelaide, of and Mineralogy 1,812 
Untversity of Melbourne and Mineralogy 523 
University of Queensland, of and Mineralogy 248 
School of Mines of Western Australia, 105 
Dr. Baker, Vio., private 2,058 
Mr: V Qevoriy, Kalgoorite, V -À., petvate id 
Mr QB. D dons and Mr. Jonn Fon Hampton Hill Station, " 

T Barvey, Hobart; M. 

Hobart; aded of oro sirali: Gusesianal Museen) 197 
Total 33,606 


The australite collection In the South Australian Museum is the 

Nr. collection, m June, 
collections could ta AENA 
were being in’ by rumatdh workers in 


specimens and water- and wind-worn corroded and 
abraded specimens, whole specimens and fragments, and 
large and small australites. 

During the course of the investigation I was unable to 
find any material foreign to australites even in a single 
specimen. Lithologically, the material was exceedingly 
homogeneous, even to the extent of being monotonous. 
I was particularly keen on trying to find inclusions of 
terrestrial sedimentary and igneous rooks, such as shale, 
sandstone and granite which, because of similarities in 
chemical ition, aro believed by many to be the 
parent material of tektites; but all my efforta were in 
vain. Moreover, the muscum curators and the owners of 
private collections assured me that they had never 
observed any ‘foreign’ material in australites. Conse- 
quently, adding to the 33,700-odd australites which I 
personally investigated another 1,000 ms from the 
Tilloteon collection (see Table 1) and the 10,500-odd 

in the Jones collection (see Table 1), the oon- 
clusion follows that no ‘foreign’ material whatsoever 
has been observed in a total of about 45,200 australitee. 
This sample certainly piss rue RUN of australites 
so far discovered, and statistical probability of findmg 
inclusions of terrestrial material in any other australite 
is extremely small. Finally, Chao? examined about 2,000 
australites under the binocular microscope; his report 
does not mention the presence of ‘foreign’ matter in this 
material. 

If the australites origmated by an asteroid impact, a 
giant meteorite impact, or a comet impact on the Earth, 
as Urey*, Barnes? and Cohen‘, among others, have sug- 
die fer like genuine impeotites**, would be 

I find it impoesible to believe, on the 
banis of my lithological observations, that australites are 
terrestrial impactites. Their lithological homogeneity 
rules out terrestrial origin. The impact producing such 
& homogeneous material would certainly have been so 
violent and of such dimensions that several generations of 
trained geologists could not possibly have failed to observe 
other effects caused by such & tremendous catestropho. 

If australites formed by an impact on the Moon, their 
lithological properties suggest that the part of the Moon’s 
surface in which they originated must have been very 


homogeneous indeed. B í 


School of Applied Geology, 
University of New South Wales, 
Kensington, Australia. 

* Permanent address: Insitute of Geology and Mineralogy, the University 
of Helsinki, Helsinki, Finland. 
1 Barnes, Virgil H., Sol. Amer., 805, 58 1), 

John À., 135 (Ublenao and London, Ee 963). 
1 Chao, H. C. T., A Pete bi (Oleg and Lordi 1068); 
* Urey, Harold d. Prec. U.S. Nat. Acad. Soi., 41, £7 (1055). 
* , n Tekisies, 180 (Chicago and London, 1953). 
1 O'Keefe, John A., in Tektiiss, 167 (Chicago and London, 1963). 
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Upper Cretaceous Fossil Molluscs in South 
America and West Africa 

Ova the past few years there has been a great revival 
of interest in the theory of continental drift, owing largely 
to the results yielded by pelaeomagnetio investigations. 
Whereas most geologists a decade ago were inclined to be 
Boeptieal about the ibility of the continental land 
masses having waded, the evidence now avilable 
appears much more convincing. 

The olose relationships in the floras and in the reptile 
associations of the Gondwanio continents have long been 
one of the mainstays of the hypothesis of the existence of 
Gondwanaland. It seems, however, that little attention 
has been paid to eventual biological similarities of a later 
age. The objeot of this communication is to present 
observations on some mollusc species that oocur in the 
Upper Cretaceous of the northern half of South America 
and in Nigeria and Cameroon. Knowledge of (particularly 
South American) Cretaceous molluscs is still not very 
advanced and it might reasonably be expected that more 
common. species will show in the future, for example, 
when the vasoooeratid associations of Brazil are investi- 
gated. 

Table 1 liste the species known to occur in both regions 
(see also ref. 1). 


Table 1. OOCUREENCE OF WENT AFRICAN MOLLUBOS IN SOUTH AXERIOA 
Speates Age Occurrence 
Psokys&scoosrascosztuwm Roy- -Turonian Peru, Hastern Korthern 

ment ammonite) Nigeria E 
Hepner tea Turonlan Colombes, Northern, 

} (ammonita) > Rapes, este Hii, 

— Reyment Turonian Colombia, N N- 
Nor- 
: Reyment Turonian Peru, Colombia, Nor 

(ammonite : : : 
Iena Etedel Turonlan Peru, Noa- 
; Cameroons, Gabon, Mor. 


The interest in connexion with the geographical dis- 
tribution of these molluscs lies in the problem of their 
dispersal which, for the ammonites, has to be viewed in 
the light of their necroplanktonic buoyancy properties 
(of. Reyment*), and consequently with respect to oceanic 
currente. 

Pachyvascoceras costatum Reyment has a moderately 
inflated and slightly evolute shell, ing in form 
to Nautilus. There is little doubt that it, like the living 
Nandilus, could have been posthumously transported by 
ocean currents over considerable distances. i 

Hoplitoides ingens (von Koenen) has an involute, fairly 
strongly compreased shell of a shape bordering on that of 
the type oonsidered by me* to have been unable to 
remain buoyant after the death of the animal, unlees the 
body chamber has been largely broken off. Both the 
species of Benueites have small involute to slightly evolute 
and fairly compreased shells with thin walls, and may not 
have been capable of wide necroplanktonic dispersal. 

Solgerites brancot Solger has a round whorl section and is 
slightly evolute and had i good necroplanktonic 
floating properties. It should finally be mentioned that 
all these ammonites are ‘typical West African forms” 
and, apart from & doubtful report of H. ingens from North 
Africa, seem only to have been found in the northern 
pert of South America, outside West Africa. 

To sum up, 15 seerns that only two of the flve ammonite 
species might have survived di across an Atlantic 
Ocean. of the width of the present day, assuming favour- 
able currente existed. The case of Lima 1 
Riedel is even more difficult to explain, for if the mechanios 
of the dispersal of the ammonite shells posea problems, 
that of a benthonio ecypod species is very much 
greater. We have the fact that most of the known occur- 
renoes of these species are on ‘the wrong side’ of South 
America, but there may have been a shallow sea in 
existence in northern South America at that time. 
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Although it is far too early to make anything even 
approaching a pomtive statement on the subject, and 
though this will not be possible until much more pub- 
lished taxonomic information becomes available ban 
South America, ib seems that these molluscan distribu- 


tions might offer some support for the palaeomagnetio 


resulta obtained by Creer’, Runcorn‘ and others. Their © 


work suggests that Brazil and Nigeria of to-day mark 
the point of contact of the continents in the Upper 
Palaeozoic ( and thus supports the findmg made by fitting 
coastlines and Pre-Cambrian teotonios* and that the rift 
took place during Upper Permian* and widened during 
the Meeoroic*. 

Although there is marine Devonian known in Ghana, 
the first dated marine transgression for the critical central 
area is the Upper Middle Albian incursion in Nigera. 
Older Cretaceous occurs some distance north and south of 
Nigeria, but there is no marine Jurassic. This might be 
interpreted as evidence that the two continente were still 
very close together during early Cretaceous time. The 
existence of a narrow sea during the Upper Cretaceous, 
similar to the Red Sea of to-day, would go a long way 
towards explaining the distribution of the Upper Creta- 
oeous mollusos here discussed. 


Department of Geology, 
University of Ibadan, 
Nigeria. 

i R. 
pui eem 5 Sad) Tt «f Ue Geology af Nigeria (Ibadan Untversity Proms, 
3 Reyment, B. A., Stook. Contr. Geol., 1 (1958). 
* Oreer, K M., Nature, $08, 1117 (1004). 
* Runeorn, 8. K., International Geophysics Series, 3, 38 (1062). 
* Pflug, B., N. Jb. Geol. Palaont, Mh., 7, 856 (1003). 
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CHEMISTRY 


Octahedral Metal Clusters 

Tua bonding in the Mo,Cl,** and Ta,Cl,,"+ cations, both 
of which contain an octahedron of metal atoms, has 
recently been rationalized in terms of a 40-electron model!. 
The edges of the metal octahedron define the orientation 
of twelve bonds (type A) while the faces of the octahedron 
define the position of another eight (type B). In Mo,Ol,** 
twenty-four metal electrons fill the A orbitals and sixteen 
chlorine c electrons fill type B. In Ta,Cl,,* the roles of 
the sixteen metal and twenty-four chlorine o electrons 
are interchanged. It is now possible to speculate on the 


—4 


occurrence of other metal octahedra if we require that —»” 


this 40-electron rule be obeyed. 

There are two other possible atomic arrangements with 
Or These are: (a) that in whiah there are 
ligands above both faces and edges of the metal octa- 
hedron; (b) that in which there are no ligands at all. 
We consider these separately. A possible molecule of 
type (a) is (Al,Cl,,)* in which both A and B bonding 
orbitals are filled by chlorme o electrons. There should 
be no specific metal-metal bonding and a consideration 
of ionic radii makes it evident that there would be oon- 
siderable steric interaction between the chlorine ions. It 
therefore seems most unlikely that such molecules exist. 

If orbitals of types A and B are filled by metal electrons 
then no. ligand need be incorporated (type (b)). There 
would be no de-stebihring steric interactions, and if the 
charge on the octahedron were small it seems highly 

robable that the species would be stable. The molecule 

I, (actually Re,**2I-) satisfies these conditions. The 
iodide anion is suggested since it is large and singly 
charged; there are many plausible alternatives. Although 
no such species has been found in the manganese— or 
rhenium-iodine systems, it is poesible that reactions in 
which the metal appears to have been produced (for 
example, thermal ition of Mn(CO),I) may, in 
fact, have led to their formation. The ‘isoelectronic’ 


p 
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species Ru,I,, Os,I,, Eh,I,, and Ir,I,, are also potentially 
examples. The rhodium chloride *RhOl, reported by 
Wóhler and Müller! might contain a metal octahedron. 
The chlorine analyses obtained (44:6; 44-0 per cent) agree 
much more closely with that required for Rh,Cl,, (44-0 per 
oent) than with that required for RhCl, (40- -8 per cent). 
It should be noted that this formulation gives the cation 
an improbably large charge, although this could perhaps 
be offset by & weak co-ordination of the chloride anions. 
: B8. F. A. Kerra 
Department of Chemistry, 7 
University of Sheffield. 
1 Kettle, B. F. A., Theoret. Chim. Acta, 8, 211 (1905). 
^ Wohler, L., and Muller, W., S. Anorg. Chem., 149, 125 (1025). 


Existence of Half-salt Cations in Aqueous 
Solutions of Aminophenols 

ImrmREST in the properties of aminophenols as bifuno- 
tional organic substrates in aromatio subetitution promp- 
ted us to re-investigate the acid-base dissociation constants 
of these compounds. The method chosen was the measure- 
ment of pH in acid-base titrations of sample solutions 
under a nitrogen atmosphere. 

Aminophenols were shown to be ampholytes with no 
rwitterion structure!, and therefore the folowing two 
. dissociation stages can be distinguished a priori in their 
aqueous solutions: 


K, 

` Be B+Hr (1) 
K 

B e B+H* (3) 


where B represents & neutral aminophenol molecule, B* 
the ammonium cation and B- the phenolate anion. (It is 
customary to represent equilibrium (1) mverted; however, 
all the equilibria are shown and calculated as acid dis- 
sociations of the species on the left side, in order to 
preserve uniformity.) Dissociations (1) and (2) can be 
measured by titration of neutral ammophenol solutions 
with hydrochloric acid and sodium h xide solutions 


The titrations with sodium hydroxide behaved normally 
in the sense that the experimental curve of pH versus 
added volume of reagent solution corresponded to the 
curves calculated by assuming & certain pK, value, es 
shown in Fig. 1. 

Such was not the case when the organic substrate was 
titrated with acid solution. Fig. 2 shows an tal 
titration curve of p-aminophenol with 0-1 N hydrochloric 
cid, which is compared with curves calculated for three 
different values of pK,. 

The location of the stoichiometric equivalence point in 
"Fig. 2 is noteworthy, as it lies about one-third in excess of 
the volume necessary to attain the inflexion point. The 


115 








199 A ps "1060 


96 


5 10 
Volume of 0-1 N sodium hydroxide 


- Pg L Mire quare erg OLS M tv pina wih 
“1 N sodium hydroxide, at 40° O ( —, calculated; O, experimental) 
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5 10 16 10 ?5 


Volume of 0-1 N hydrochlone add 


m t Titration of 50 mL of 0-023939 M aqueous pammophenui with 
1X hydroohlorio aotd, at 40° O (—, ealoulated; O, experimental) 


same oocurs in the cases of o- and m-aminophenol, but to 
a leaser degree. This abnormality ie also evident in the 
very great discrepancy between the values of columns V 
and VI in Table 1. If the only important rium in 
acidic solutions is equilibrium (1), columns V and VI 
should be equal, as they represent pK, values calaulated 
at two stages of neutralization during titrations with 
hydrochloric acid. 
Table 1. EQUILIBRIUM OONETAXTS ror TEB DIBBOCIATION OF $-AMIEO- 
PHENOL (5) IN AQUEOUS POLUTON AT 30° (TITRATION WITH HYDECOHLORIO 


aD) 

10 [Bh I u ru IV v VI 
0-723 487 3-43 4 62 10 77 4-88 $54 
1-072 5-006 3-306 4:71 10-31 5-00 3-55 
1445 4-07 3-36 4-71 10-41 4-97 3:37 
214 4:97 3-15 4-78 10 32 4-97 3-32 
2901 4 875 2-976 4 46 10-76 488 3503 
4-128 5-04 294 496 10:31 504 3-14 
5783 4-07 2-705 5-07 10 68 4:97 291 
8-577 6-11 2-52 505 10-81 6-11 2:73 

11-664 5 25 2-38 519 1101 5.25 255 
17-154 5-006 154 493 1042 5 00 245 
nu 5-005 210 4:82 10-58 5 00 223 

5-04 1-96 4-07 11:06 5-04 2-06 


e & stoxohtometrio n aa NE K, amuming (1 
e 
and fo; GV) caloulated for the potnts n column Y 
equiltrain Of aes V9 K, for the pomts in column 


In order to account for the obeerved irregularities an 
equilibrium (3) is postulated, in which a complex Bj is 
formed by association of & cation Bt with one neutral 
molecule B as follows: 

By Š BOB (or 2B +H+) (3) 

Qualitatively such type of equilibrium explains the 
observed. ‘excess of protons" during the titration—in Fig. 
2 the exoess is shown by the experimental pH being lower 
than those of the calculated curves—because we have in 
faot leas free base B than we should have according to 
equilibrium (1) alone. 

Indeed, from the pH values found in experiments in 
which the initial concentration of p-aminophenol was 
varied over & forty-fold range (columns I and II of Table 
1), pK, and pK, values were calculated. The results are 
shown in columns III and IV of Table 1, and give an 
average of 4-86 + 0-20 for pK, and 10-60 + 0-25 for pK,. 

These ‘manual’ calculations could not be successfully 
applied to the other bases studied, as the equations become 
unacceptable owing to the lower deviations from an ordi- 
nary titration observed m these cases; therefore more 
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sophisticated numerical methods involving electronic 
computers would be required. 

It is interesting to notice that the pK,’s in column III 
and column V of Table 1 do not differ very much, which 
suggests that equilibrium (3) becomes extremely important 
for the stoichiometric balance of the system mainly towards 
the final stages of the titration, where the largest devia- 
tions occur. We believe that other investigators failed to 
notice these association phenomena for several reasons: 
determinations of pK, were made in mixtures where 
association passes unnoticed, for example, using equi- 
molecular mixtures of the free base and the hydrochloride’, 
whereas we have already seen (columns IIT and V of 
Table 1) that the deviations are not large; or using low 
pH buffer solutions’, where the associated cation Bi 
probably undergoes nearly complete dissociation into two 
ammonium cations Bt; another ible reason is the use 
of ultra-violet Bpectroeoopy':* which might be inadequate 
for the observation of the associated species. It is possible, 
therefore, that these types of associated ions in solution 
were overlooked in many other cases. 

Q. CHocHani 
J. A. HEBRNÁNDEX 
J. ZABIOKY 
Department of Chemistry, 
Instituto Venezolano de Investigaciones Cientificas, 
Caracas 


2 Harris, L. J., Biochem. J , $4, 1060 (1980) Burch, T. W., and Harms, L. J.» 
Piden. J., M, 1002 At timer, WD Ore Ci BO. 700 

1 Kuhn, R., and Wamermann, A., Helv. Okim Acta, 11, 3 (1028). 

* Egger, J., Posse, R., and Bobeibe, G., £. Elektrookem., 68, 731 (1054). 

*Bchanenstein, H, and Perko, G. M, Monsish. 680 (1954). Forbes, 
W.F and Cn ese J- Ökan 8818711068), Dourdan, 3. C; 

and Forbes, W. F., Canad J. Chem., 37, (1069). 


Identification of Disulphur Monoxide as an 
Absorbing des in Carbonyi Sulphide 
Discharge Products 

lw a recent article! an absorption spectrum in the 
2650-8250 A region, obtamed from the products of an 
electrical discharge through carbonyl sulphide vapour, was 
described. The carrier of this spectrum was tentatively 
identified as C,8O, an analogue of carbon suboxide. This 
same absorption spectrum was also observed after the 
flash photolysis of carbonyl sulphide. 

It would appear from chemical arguments that C,8O 
would not be a likely product of the near-ultra-violet 
photolysis of COS, since photolysis would yield CO and 
some CS, both of which are quite resistant to further 
photolysis. Unless free carbon is formed, it ia difficult to 
find & reasonable mechanism for the formation of 3-carbon 
chains during flash photolysis. Since free carbon was 
detected! during the electrical discharge through COS, a 
3-carbon chain could form under these conditions, although 
high-energy di seem to favour the production of 
the simpler and more stable moleculee!'*. 

We have now convincingly identified this spectrum as 
belonging to disulphur monoxide, first prepared by 
Schenk in 1938 (ref. 4) but identified by him as BO. 
Sehenk's compound was later ascribed to B, by Cordes’ 
and to 8,0, by Jones*. Recently, mase etry’ 
and microwave spectroscopy* have definitely identifled 
Schenk's compound as the bent molecule, SSO. The 
band heads and rough intensities reported by Cordes’ 
are in good agreement with the OOS discharge product 
spectrum, as are the long wave-length band heads at 
3193 A and 8234 A obeerved by Jones. 

Authentic 8,0 was prepared by the method of Jones*, 
and a 750-joule discharge through 10-torr COS was used 
to produce the discharge product. A 180-cm path-length 
through the gas at about 1 torr was used in obtaining 
the abeorption spectra. High resolution spectra of both 
8,0 and the COS discharge product were obtained in the 
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3190-8296 A region, and several S,0 bands were identified 
in both samples. Direct comparison of the fine structure 
in the 3234 A band shows that the COS discharge product 
18 8,0. Several shorter wave-length bands, most notably 
the strong 2907 A band, were seen in the discharge product, 
but these were masked by the excess SO, absorption when 
the 8,0 sone was used. The products of a Tesla ooil 
discharge in flowing COS also gave the same 8,0 absorp- 
tion spectrum. Since 8,0 is known to be a very strong 
absorber’, it may be only a minor product of the discharge. 

The mas spectrum of the COS discharge products oon- 
tains a small mass 80 peak corresponding to 8,0, but no 
peak at mass 84 which would oo nd to C,8O. The 
mass 80 peak was mainly 8,0, not 36, since the mass 82 
peak due to “8 was about 8-2 per cent of the maas 80 
peak, or nearly twice the 4-2 per cent natural abundance 
of 48. Mass spectrometry of the 8,0 sample gave the 
same mass 80 and 82 peaks. 

No investigation was made of the lifetime of the dis- 
charge product, but the masa 80 peak was still present the 
day after the preparation of the discharge product. 

The 8,0 absorption spectrum was seen by Wright’ 
during the flash photolysis of C8, in the presence of O, 
or SO,. It is thus not unreasonable to expect some 8,0 
during the flash photolysis or electrical discharge of COS. 

I thank B. J. Killoran for his assistance. Dr. E. D. 
Loughran did the mass spectrometry. I also thank 
Dra. N. R. Greiner and P. E. Rouse, jun., for their advice. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 

- Rorr ENGLEMAN, JUN. 

University of Oelifornia, 
Los Alamos Scientific Laboratory, 

Los Alamos, New Mexico. 
Aknohe, E i, di Nod Herman, R., J. Quen. Spectr. Radiative 
* Nelson, L. 8., and Ramsay, D. A., J. Chem. Pkys., 85, 372 (1058), 
* Black, G , and Porter, G., Speatroatim Acta, 18, 1442 (1060). 

.W. . Chem., 811, 150 (1083). 

J , J. Amer. Cham. Soc., 78, 6220 (1950). 
J., J. Mol. Spectr., 3, 405 (1069). 


Oxidase-like Activity of the Copper (il) 
Poly-L-histidine Complex 


SYNTHETIO polyamino-acids have been shown to be 
instructive protein models!. It seams reasonable to assume 
that their combination with metal ions exhibita some 
resemblance to metalloproteins. This possibility was inves- 
tigated by examining the catalytic activity of complexes 
of copper with polyamino-acids. 

Copper-ion-catalysed oxidations of ascorbic acid and 
quinols by molecular oxygen have been previously sug- 
gested as models for copper containing oxidases’. This 
catalytic activity of copper ions is substantially dependent 
on the nature of the ligands**. Certain ligands were 
found to mduce an increase in the catalytic activity of 
oo . On the other hand, certain polydentate ligands 
like ethylenediamine and ethylenediamine tetraacetic 
acid were found to act as inhibitors. A similar effect is- 
exhibited by the non-specific binding of Cu** by protein 
molecules such as bovine serum albumin‘. 

The oxidation of ascorbic acid and p-hydroquinone by 
molecular oxygen, catalysed by different complexes of 
copper (IT) with amino- and polyamino-acids, has been 
investigated. It was shown (Table 1) that histidyIhistidine 
and polyhistidine are the only complexing agents which 
markedly increase the catalytic efficiency of the copper 
induced ascorbic acid oxidation. The other amino- and 
polyamino-acids examined were found to have no positive 
effect on the activity of copper under the same conditions. 
Moreover, an inhibitory effect of the complexants was 
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Table 1. Hrrect or LIGANDS OX THE OUPREIC-ION-QATALYRED AUTO- 
OXIDATION OF AscoRBIO ACID 


Reaction rate 
Complexing agent moles L x 107 moles L~ min? x 10* 
None = 024 
Imidarole 612 E 0-25 
Imidasole 30 0-20 
Histidine 6 0 25 
Histidine 60 0 20 
Gintamine 6 0-24 
Glutamine 60 0-17 
Mekhionine 6-00 024 
san 33 of 
0-06 1-06 

Co-polylysine-tyrosins 110 ag/ml. 0-25 

The reacton mixture contained 6 x10-* M CuSO, 1-5 x 10-* M. ascorbic 
acid and the agent as the concentration tn 0-02 M sodtum 
acetate buffer pH 4-0 reaction was 
before adding substrate solution. Initial rates of ascorbate oxidation at 
room. were followed at 265 on a 
Zoas '"PMQ-!II' speotrophotometer. All were 
YHDA Research and Development Oo., 

* moteoular weight 10,000 

n „= 15400 


encountered in some cases. The kinetic pattern of the 
copper-polyhistidine catalysed reaction is substantially 
different from that of the aquo and acetato complexes. 
A typical Michaelis-Menten kinetic dependence is demon- 
strated by the polyhistidme complex with an apperent 
Km=1-510 M, whereas the kinetics of the aquo- 
- oomplexes-induced oxidation is first order in ascorbic acid 
within the range 10-*-10-* M. The value of Km is of the 
same order of magnitude as that obtained for the oerulo- 
plasmin catalysed reaction‘. A remarkable difference in 
the pH dependence between. the copper-polyhistidine- and 
ee auto-oxidation was also ob- 

The ratio of the rates of the two catalytic systems 
reaches a maximum at pH 4:1, whereas at higher or lower 
pH value this ratio decreases, reaching a value of unity 
at pH — 3.3 and 5-8. 

At & constant polyhistidine concentration the catalytic 
efficiency of the oopper-polyhistidine complex increases 
with the amount of copper added to the system, reaching 
a maximum value oo to one copper ion per two 
histidyl residues. Fet, Co** and Mn+? ions were also 
examined in the preeenoe of the aforementioned amino- 
and polyamino-acids and were found to be without cata- 
lytic effect on ascorbic acid oxidation. 

The ocopper-polyhistidme catalysed oxidation of p- 
hydroquinone exhibits even more conspicuously the 
unique behaviour of this macromolecular copper complex. 
This complex induces a rapid oxidation of the hydro- 
- quinone within the pH range 35-55. At pH 4.6, 
[Cut] = 5 x 10-* and [polyhistidine] = 1 x 10- M the 
rate of hydroquinone oxi was 8 x 10-7 moleg/l./min. 
The catalytic activity of the aquo- or acetato-complexes 
of cuprio ions as well as any oi the other complexes listed 
in Table | is smaller by more than two orders of magni- 
tude. Under identical imental conditions catechol 
was not susceptible to oxidation by either copper (IT) or 
its polyhistidine complex. The kinetics of p-hydroquinone 
oxidation were followed spectrophotometrically at 240 mu 
as well as manometrioally by recording the rate of oxygen 
consumption. At low hydroquinone concentrations, the 
kinetic behaviour was found to be similar to that of 
ascorbic acid oxidation. The t Michaelis-Menten 
constant for this reaction was found to be 8-6 x 10° M. 

Tho generally accepted mechanism?'* for the cupric-ion- 
the following steps: 

H,4 +Cat?+HA: + Cut! +Ht 


2Cut! +0, -2H*—2Cu" -H4,0, 


(1) 
(2) 


(3) 
(4) 


. followed by 
2H A-—H4A +4 


or 


ELA: +oxidant (O, or Cut*}>A +Ht+(O, or Cut) 
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Where H,A stands for the reductant and HA: is the free 
radical formed by single electron oxidation. In the copper- 
polyhistidine-catalysed reaction the only oxidation pro- 
ducts of ascorbic acid and p-hydroquinone were shown to 
be dehydroascorbic acid and p-benzoquinone he andit 
Hydrogen peroxide was the product of the ion of 
oxygen and its yield corresponds to the amount of the 
absorbed oxygen and to that of the oxidized substrate. 
This that the reaction catalysed by the oopper- 
polyhistidine complex follows a similar ohemioel route to 
that by the cupric ion. 

The interpretation of the efficiency of the copper 
polyhistidine system deserves a thorough investigation. 
At the present stage we can only make a few commente 
on the observed The binding of copper ions 
by the imidazole groupe of the polyhistidine moreeses the 
redox potential of the Cu’—Cu™ couple by the stabilization 
of monovalent copper’. This alone cannot account for 
the observed facts since imidazole, histidine and even 
histidylhistidine do not exhibit catalytic effect to the 
same degree. The Michaelis-Menten kinetic behaviour 
observed in the Cu(II)-polyhistidine-oatelysed oxidation 
indicates the formation of a complex between the catalyst 
and the substrate. The factors favouring the formation of 
such & complex are likely to be of electrostatic nature, and 
since the Cu(II) polyhistidine complex is ponitively 

due to the protonated imidazole nitrogens, it 
should be pH-dependent. Binding of the substrate to the 
positively charged macromolecule by an electrostatic 
interaction results in the formation of HA- bound to the 
Ca™-polyhistidme oomplex. As HA- is more readily 
oxidized than H,4*, this could possibly account for the 
enhanced catalytic activity of the polyhistidine oamplex. 

A. LavITEXI 


Israel Atomic Energy Commission,  . 
Soreq Nuclear Research Center, 
Yavne, Iarael. 


Weizmann Institute of Science, 
Rehovoth, Iarael. 
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Dissolved Silicate and Particulate Iron 
Content in Different Water Types 

CoNSIDBRABLE information regarding the complex cir- 
culation pettern which exists in the waters surrounding 
the Hawaiian island chain has been obtained through the 
analysis of surface waters at a station near Koko Head on 
the Island of Oahu which has been monitored by the U.S. 
Bureau of Commercial Fisheries since 1956. Temperature 
and salinity data, together with information gathered in 
six ooeanographio surveys made since 1949 in vicinity 
of the high islands of the Hawaiian archipelago, have 
shown that the islands are surrounded by the cooler and 
more saline water of the Western North Pacific in winter 
and by the warmer and intermediate salinity water of the 
California Current Extension in the summer!. The boun- 
dary between these two layers of water as shown by a rela- 
tively high salinity gradient moves north and south 
through the island chain and is responsible for the seasonal 
variations in water type. The Hawaiian waters, bemg sub- 
tropical in nature, are not normally subject to appreciable 
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1. Silloate-salinity relationship, March 1961—February 1062, ai 
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changes in standing crops of phytoplankton. Conse- 
quently, it seemed of interest to investigate the possibility 
that variations in trace metals and other chemical species 
ight reflect changes in water type. 

ysis of dissolved silicate and particulate iron was 
carried out on a weekly besis on surface water samples 
collected at the Koko Head station from March 1961 
through April 1962. The monthly mean concentration of 
&ilicate-Bi ranged from 0-49 to 1-81 ug-atom/l. and that of 
particulate iron from 0-50 to 3-44 ug-atom]l. 

Although seasonal variations of Poth silicate and parti- 
culate iron were discernible, it was not possible to relate 
these to known local biological activity in the waters. A 
plot, however, of the monthly mean values of silicate 
versus the corresponding monthly salmities reveals three 
distinct distribution groupe (Fig. 1). With the studies of 
Seckel and others! on the surface water types of the 
Hawaiian islands in mmd, it can be assumed that the 
water types moving in and out of tbe island chain have 
varying silicon and iron content and that the groups in 
Fig. 1 indeed represent these different water types. The 
biological history of each water type is undoubtedly dif- 
ferent and hence is responsible for the variation in silicon 
and particulate iron content. Similar characteristic distri- 
bution groups were also observed with particulate iron. 
Inorganic phosphate and nitrate did not show such disg- 
tinct groupe but rather indicated annual cyoles*. It is not 
known whether date on other trace metals will reveal 
information similar to that obtained from silicate and 
particulate iron. However, if such proves to be the case, 
trace element content could be used advantageously under 
the proper conditions as an additional tracer for distin- 
guishing water A 

Wo are indebted to the Bureau of Commercial Fisheries 
(Honolulu) for making available salinity data obtained at 
the Koko Head monitoring station. 


$500 85-06 


HaxBY ZHITLIN 
KxnxmrH Lur 
Department of Chemistry, University of Hawaii, 
Honolulu. 
1 Beckel, G. E~, Fisk. Bull, €l, 871 (1062). 
* Zeatiin, H., and Higaki, 8. (unpubhahed). 


Thin-layer Chrom hy in S-tanks of 
Mixtures contains ree Fatty Acids 


Fauu fatty acids may be readily separated from other 


of whioh is to suppreas dissocia- 
tion, of the fatty acids being chromatographed and thereby 
prevent serious ‘tailing’ of the spota. 

Stahl® has described the separation of phenolic acids 
with an acid-free developing solvent an silica gel contain- 
ing & small amount of oxalic acid. Experimente in this 
laboratory have shown that mixtures containing free fatty 
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Table 1. Ry VALURMS OF VARIOUB Frum Parry ACIDS AKD GLYGCERIDBS IY 
AX B-rANK 


9 and 10-Hydroxy stearic acids 0 13—0-18 
9 and 10-K eto-stearic 0-40—0-50 
12 Ditari 043 
festonrin 0 


43 
3 
Adsorbens: Bill G +2 Oxalle acid. Humidity: aroa 
5596. 20° 0. Boven l geisha" dilo propyl eibet Guided ov 
alumina, grade 1). 15 am t. Detectan by was not 
oxalic aad. 


acids may also be chromatographed with an acid-free 
solvent in ordinary rectangular tanks, provided that there 
is some acetic vapour in the atmosphere of the tank. 
Presumably this vapour is rapidly absorbed by the dry 
layer and behaves in much the same way as the oxalic acid 
in 8tahl’s experiments. 

These observations may usefully be applied to the 
chromatography of fatty acids in 8-tanks. S-tanks* have 
several advantages over normal tanks; but when they are 
used for chromatographing fatty acids in solvent systems 
containing & little acetio acid, they have the disadvantage 
that the fatty acids often move as an irregular spot im- 
mediately ahead of & sharp secondary solvent front, some 
distance below the true solvent front. This 
front arises from the frontal analysis or demixing of the 
solvent mixture; the effect is particularly pronounced in 
B-tanks, in which absorption of solvent vapour by the dry 
pert of the layer is normally at & minimum!. 

To overcome this problem we have found one of two 
alternatives n . Either the plate may be expoeed, 
just before development, to acetic acid vapour for up to 
one minute, or &bout 2 per oent (based on the weight of 
silica gel) of oxalic acid may be incorporated into the 
alurry when preparing the chromatoplatea. Either course 
ensures that free acid is dispersed over the whole adsorbent 
before development begins. 

Of the two methods, the addition of oxalic acid is the 
more reliable and has given satisfactory resulta with oleic 
acid (up to at least 50 ug per spot). The oxalic acid has 
not been observed to lead to isomerization of 1,8 distearin 
on a chromatoplate or to poor binding of adsorbent. 

A suitable system for the separation of free fatty acids 
and glycerides is given in Table 1. 

M. 8. J. DALLAS 
Unilever Research Laboratory, 
The Frythe, 
Welwyn, Hertfordshire. 
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Inhibition of Hyaluronic Acid D tion 


by Dimethyl Sulphoxide 

THa presence of ascorbic acid in vitreous humour! is of 
great importance in the process of post-mortem degrada- 
tion, since hyaluronic acid, the major polysaocharide 
component of vitreous humour’, has been shown? to be 
degraded by reducing agents such as ascorbic acid and 
hydroquinone, in the presence of oxygen (the so-called 
ORD—oxidative reductive depolymerization—reaction). 
It is generally held that this depolymerization is brought 
about by free radical action, since radical scavengers such 
as sodium diethyldithiocarbamate have been shown‘ to 
inhibit the reaction, and in an analogous investigation of 
the degradation of alginate, Smidsrod, Haug and Larsen* 
have postulated a free radical reaction with peroxide 
intermediates. In our examination of the preservation of 
human vitreous humour a major consideration has been 
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Table 1 
Volume of Reaction times ar ao % 
Degrading DBO 10 $50 Decrease 
agent added (mL) =D in esp 
Asoorblo add 0 0-139 0 036 0 029 702 
0 006 0138 0-123 0-114 174 
0-01 0-142 0-127 0-120 15-5 
0-05 0 166 0-158 0-148 108 
0-10 0-174 0-176 0-174 00 
Hydroquinane 0 0 136 0-060 0-049 64-0 
0-005 0-129 0-127 0-120 Tb 
0-01 0-140 0-185 0-183 52 
006 0-121 0-118 0-115 40 
0-10 0-142 0-143 0 143 00 
Totracyaline 0 0137 0123 0 053 61:3 
0-005 0-120 0 128 0-086 33:3 
001 0-124 0-123 0-096 £18 
006 0-120 0-121 0 119 o8 
010 0189 0-140 0-130 00 


the effects of external agente, such as antibiotic preserva- 
tives and their ability to participate in an ORD reaction, 
together with methods of preventing such degradation. 

Solutions (4 ml.) of umbilical potassium hyaluronate 
(Flukka) (0-045 per cent) in phosphate buffer (pH 7.8, 
0-8 M) were mixed in U-tube viscometers at 30° O with 
aqueous solutions of the uu See penicillin 
G (5-4 mM/1.), streptomycin sulp (5-4 mM/l.), poly- 
myxin B sulphate (5.0 mM/I.), neomycin sulphate (5-4 
mM/l.) and tetracycline hydrochloride (5:2 mM/1.). The 
peroen change in viscosity (nap) of each od 
after 21h was 2-0, < 1, 4-7, 8-9 and 65:5, respectively. The 
degradation by tetracycline followed an initial period of 
about 3 h, during which no degradation was observed. 
The in 7p of a control solution of hyaluronate 
mixed with de-ionized water (2 ml.) was 2:2 per cent, while 
another mixed with an aqueous solution (2 ml.) of 
vitamin K (5-4 mM/L) showed leas than 1 per cent 
decrease. 

The considerable decrease in yap of the hyaluronate 
solution when mixed with tetracycline suggested that an 
ORD reaction was taking place. Attempts to show free 
radical inhibition in this reaction, by addition of sodium 
diethyldithiocarbamate, failed due to precipitation, caused 
by interaction between the antibiotic and the inhibitor. 

However, we have found that this and other ORD type 
degradations of hyaluronic acid can be inhibited by 
dimethyl sulphoxide (DMSO). The latter was added in 
different proportions (0-005 ml.—0-1 ml.) to standard 
hyaluronate solutions (4 ml.) as used here. Solutions (2 ml.) 
of ascorbic acid (0-56 mM/1.), hydroquinone (0-55 mM/L) 
m balas orgy? (5-21 mM/l.) were then added severally 

er ee eee determined 
over 24 

In each case the degradative action of the additives 
waa decreased by increasing concentrations of DMSO 
(Table 1), demonstrating that DMSO is a useful inhibitor 
of the ORD reaction. e finding’ that DMSO is an anti- 


inflammatory adjunct and a bacteriostatic t may 
a a Ee CH Mo MY of DMSO to inhibit free 
radical biological reactions. It is of interest to note that 


in reoent investigations connected with the storage of 
cornea’, DMSO has been found to be an extremely 
effective preservative. 

This work was supported by the Royal National 
Institute for the Blind. 
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Failure of Phenol to remove Residual 
Protein from Hyaluronic Acid 


Ix view of the successful removal of protein-containing 
material from carbohydrates! and from nucleic acids" by 
extraction with phenol, we have attempted by this means 
to remove the protein which remains associated with 
hyaluronic acid when the latter is prepared from ox 
synovial fluid by flltration**. Solutions were extracted at 
0?-2? with phenol to give about equal volumee of the 
phenol and water-rich phases. Phenol was removed 
from the water-rich phase by extraction with diethyl 
ether or by dialysis. 

Preliminary experiments showed that a single extraction 
would remove 80 per cent of the protein present in the 
filtrate obtained from synovial fluid (measured by 
extinction at 280 my after removing the phenol). Hyal- 
uronic acid (measured as glucuronic acid by the method 
of Bitter and Muir’) was not extracted to a significant 
extent. 


Table 1. AXALYBIS OF HYALURONIO ACID-PROTHIN OOMPLEI BEFORE AND 
AFTER EITRACTION BIX Timms WITH PHENOL 


Before After 
Sample extraction extraction 
wt. (mg/ml. 0-69 0 42 
aa maint} 0-047 0-025 
Total N/ wi. per oent 677 5-84 
Protein per cont of dry weight 28 ?1 


Accordingly, a sample of hyaluronic acid from which 
most of the filtrable protein had been removed was 
subjected to six successive extractions. The extracted 
solution was freed from phenol and ite nitrogen content’ 
per dry weight was compared with that of the original 
material (Table 1). The protein contents were calculated 
on the bases of the analyses of Preston et al.*. (N content 
of protein 15:5 per cent; of hyaluronic acid 8-34 per oent.) 
It is seen that phenol extraction reduced the protein 
content to, but not below, the value obtained by exhaustive 
filtration. 

M. A. Dmrsornoucs * 
A. G. Oaston 


Department of Physical Biochemistry, 
John Curtin School of Medical Research, 
Australian National University, 
Canberra. 
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Dehydrogenation of trans-trans Farnesol by 


orse Liver Alcohol Dehydrogenase 


Christophe and Popj&k! have recently reported that a 
number of prenols* could serve as substrates for horse 
Jiver aloohol dehydrogenase (LADH) but they oould not 
act as substrates for yeast alcohol dehy: This 
high degree of specificity of the prenols for LADH led the 
same authors to propose that the physiological role of the 
enzyme is connected y with the metabolism of 
intermediates of sterol biosynthesis and of similar natural 
products, and only fortuitously with dealing with man’s 
social habit of ing ethanol. 

Durmg the course of a study of the specificity of 
LADH. towards sterols!! some trans-irans farneeol was 
prepared and tested as a substrate. This compound was 
of more interest than the other prenols sioe ıt had 
previously been implicated as being directly involved in 
cholesterol biosynthesis by rat liver homogenates. 
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Crystalline LADH was prepared according to Dalxiel* 
except that the pure enzyme was washed 6 times with 
87 per cent saturation ammonium sulphate and finally 
recrystallized from 10 per cent methanol. The enzyme 
preparation was found to be 100 per cent pure on the basis 
of a specific absorbancy index at 280 mu of 0-42 ml./mg? 
and a moleoular weight of 84,000 per 2 coenzyme binding 
sites‘. The enzyme concentration was expreased as N, 
the normality of the oo-enzymo-binding capacity per litre, 
and was determined pairo ktea ba, by titrating 
LADH with NAD+ m the presence of excess pyrazole'. 
The irans-rans farnesol was p from a le of 
Mann Chemical Co. farnesol by the method of Popjak and 
Cornforth" using a preparative gas-liquid chromatograph. 
The nuclear magnetic resonance of the trans- 
trans farneeol agreed with the published spectrum of 
Bates and Gale*. 

Fig. 1 shows the Lineweever-Burke plot for LADH- 
farnesol. A Km value of 0-382 m.moles was obtained 
which compares quite favourably with the value of 0-600 
mmoles for ethanol at pH 9-5. The maximum velocity 
vje is slightly below k, obtained with ethanol as substrate, 
which at pH 9 is 4-9 sect ing to Theorell and 
McKinley-McKee*. The value of v/e for farneeol is about 
0-3 seo-! per binding aite, which is 16 times lower than the 
value for ethanol. The Km and v/e values were for the 
conditions specified. The farnesol was dispersed in glyoo- 
deoxycholic acid, which is a normal liver metabolite, but 
since a true solution of farnesol was not obtained, ita 
effective concentration is not known and this could cause 
some doubt about the accuracy of the Km value. Until 
more data are available it is not possible to aay if the 
mechanism of farneeol oxidation is the same as the 
Theorell—Chance® mechanism for ethanol. 

This evidence indicates that farnesol might be a normal 
pisologicel substrate for LADH. It is known that the 

uman liver can dehydrogenate & maximum of 250 g of 
ethanol each day!*; correspondingly it may be calculated 
that about 15 g farnesol could be oxidized to farnesal per 
day. Farnesol in the liver arises as a by-product of 
cholesterol biosynthesis, by hydrolysis of farnesyl pyro- 
phosphate}, but it is not known what quantities of this 
intermediate are diverted to this alternative pathway of 
metaboliam. The daily production of cholesterol in the 
human liver is about 4 millimolee, requiring the previous 
conversion of 8 millimoles of farnesyl pyrophosphate mto 
squalene. If it is assumed that one-half of the farnesyl 
pyrophosphate synthesized aote as sterol precursor, and 
the other half is metabolixed via free farneeol, about 
0-9 g of farnesol would be available for dehydrogenation, 
well within the caloulated capacity of the liver. Obviously, 
these calculations are somewhat speculative since the 
horse liver enzyme may be different from the human; 


30 


‘h 


10 2x10 


l/(farnemol) M. 

for LADH-farnesol. The rate determ- 
reduetion NAD+ was carried out in gyolne buffer, 
01, pH 9 5 at 23-5°, and was B 

concentration was 0-188 aM and the NAD+ concentration was 
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nevertheless, the order of magnitude of the calculated 
values to be correct. 

It will be of interest to make & detailed study of the 
kinetics of the LADH-farnesol system and to determine if 
LADH can play & regulatory part in cholesterol bio- 
synthesis by the liver. For example, one of its normal 
physiological functions might be to oxidize farnesol to 
farnesal, but when ethanol is present, it is oxidized instead 
of the farneso]. Further study will be required to elucidate 
the significance of the LADH-farnesol system. 

This work was done during my tenure of a postdoctoral 
Fellowship, on leave of absence from O oma State 
University, I thank Prof. Hugo Theorell for his advice, 
Dr. Takashi Yonetani for help in preparing the enzyme, 
Mr. L. E. Goran Eriksson for his help in running the 
nuclear magnetic resonance spectra, and Dr. George 
Popjak for stimulating discussions and aasistance in 
preparation of the text. 

GEORGE R. WALLER 
Nobel Medical Institute, 

Stockholm, Sweden. 
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Effects of Pyridoxine Deficiency on the 
Adaptation of Rat Liver Cystathionase to 
DL-Ethionine and to Thyroidectomy 

Tue activity of liver cystathionase (‘soluble’ cysteine 
desulphydrase) of rata is adaptively increased both after 
thyroidectomy! and after feeding Dr-ethionine*. Since 
pyridoxal phosphate (PLP) is the co-enzyme of oystathio- 
nase’, it was of interest to determine the effect of pyri- 
doxine deficiency on the level of liver oysBtathionase. 
Experimente were also conducted to determine the adap- 
tive increase of cystathionase in pyridoxine-deficient rate 
in response to thyroidectomy and to ethionine feeding. 

All experiments were performed using male and female 
Wistar rate with mean body-weight of 80 g. The rata were 


`r 


I 


fed for 8 days the synthetic diet B (18 per cent casein) Bt 


already described‘. Then they were divided among groupe 
of, at least, 6 animals per group. The first group (male 
rats) and the second one (female rata) were used as 
controls and were killed immediately. Group 3 was sub- 
mitted for 8 days to the synthetic diet contaming 1-5 per 
oent of pi-ethionine, while group 4 was thyroidectomized 
and fed for 10 days the synthetic diet without addition of 
ethionine. Thyroidectomized animals were given l per 
cent calcium lactate to drink. The other groups were 
given & synthetic diet similar to diet B but lacking 
pyridoxine. Some animals (group 5) were maintained for 
3 weeks on the deficient diet before being killed, while 
others were thyroidectomized 10 days after the start of 
administration of the defiment diet and maintained on the 
deficient diet for 10 days after surgery. The last group 
(group 7) was also fed the same diet for 10 days and they 
received the deficient diet containing 1:5 per cent DI- 
ethionine for an additional week. 

The preparation of the particulate free cell sap of the 
liver and the determination of enzymatic formation of H,S 
have been described previously*:*. The level of enzymatic 
activity was in each case estimated with and without the 
addition of PLP. Protein concentrations were meesured 
according to the method of Lowry æ al.’. All activities 
are expressed as uoles H,8 produced/g protein/h. 
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Table 1. Hrscrs OF VARIOUS TREATMENTS OX THE LEVEL OF ENDOGENOUS AXD PLP-TIMULATED CYNTATEIONASE IN RAT LIVER 














Group Sex Treatments 
1 Controls 6:1 
1 $ Controls 60 
5 Pyridoxine defioken ts 5-2 
6 Pyridoxine deficients, thyrokdectomized 56 
7 Pyridoxine deficients, ethsonine treated 32 
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See pur ee (Arena error) of results on six rat lrvers. Aottyities are expressed as amoles H,8/g protein/h. 
phosphate. 


*PLP= 


Percentage of saturation = MIEL ARA, 100. 


Stimulation by PLP.PLP-stmnulated E acuvity x 100, 


The results in Table 1 show that the cystathionase in the 
liver decreased in pyridoxine deficiency (group 5). This 
suggests that either the rate of enzyme synthesis is de- 
creased or the degradation of the apo-enzyme is increased 
in the deficient animals due to decreased availability of 
the co-enryme. But although the percentage of saturation 
of the apo-enzyme in the pyridoxine deficient liver (32 per 
cent) was low compared to the control liver (group 1, 50 
per cent), enzyme activation by PLP was higher in the 
oe (210 per cent) than in the latter as ad per oent). 


not totally 
the synthesis of apo-cystathionase. 


L- yroidectomy resulted m increased level of cystathio- 
nase (group 4), but the percentage of saturation of the 
&po-enryme and its activation by PLP remained essen- 
tially the game as in normal rats. When idoxine deficiency 
on the th 


figures of 118 and 440 in thyroidectomy plus pyridoxine 
deficiency), although these levels were higher than those of 
the deficient animals without thyroidectomy (group 5). 
The percentage of saturation of apo-cystathionase with the 
oo-enryme as well as the degree of activation by PLP 
were similar in both the deficient and deficient thyroideo- 
tomized animals. Thus pyridoxine i did not 
eliminate but decreased the degree of inducibility of the 
enzyme in response to thyroidectomy. 

Comparison of the date in groupe 1 and 8 of Table 1 
shows that the higher level of cystathionase in the liver of 
ethionine-fed animals is also more highly saturated with 
- PLP (78 per cent) and has consequent lower activability 
by the oo-enzyme (20 per cent). Pyridoxime deficiency, 

on the ethionine-fed animals (group 7), did 
not lower the high induced level of cystethionase evoked 
by ethionine. It is noteworthy that the percentage of 
saturation of the and its activation by PLP 
remained comparable in both the pyridoxine-deflcient and 
normal ethionine-treated rats. These experiments clearly 
show that pyridoxine deprivation is without effect on the 
as tah increase of cystathionase by ethionine. 

et al.' observed that the adaptive increase of the 
apo-enrymes of tyrosine and tryptophan transaminase in 
response to h was not impaired im pyri- 
doxine-deflcient rats. Similarly, Davis! reported that 
cortisone increased the endogenous level of hepatic decar- 
boxylating activity for tyrosine and 5-hydroxytryptophan 
in both normal and pyridoxme-deficient rats. The present 
data demonstrate that while the adaptive increase of liver 
cystathionase in response to thyroidectomy was somewhat 
reduced (but by no means eliminated) in pyridoxine 
deficiency, that due to ethionine administration was not 
impaired under such conditions. The differential effect 
“may be attributed to separate mechanisms by which the 
enzyme is induced to increase in the two situations. In the 
case of tryptophan pyrrolase, it has been 1* that 
while hormonal action altered the rate of synthesis of the 


enzyme, the substrates and oo-factors stabilized the exis- 
ting enzyme. Similarly, it is reasonable to assume that in 
thyroidectomized animals, the rate of synthesis of cysta- 
thionase is increased, but the decrease in the availability 
of PLP in pyridoxine deficiency might increase the rate of 
degradation of the enzyme. The sum total is a decrease, 
but not an abolition, of the response to thyroidectomy— 
as was in fact obeerved in the present study. The mecha- 
nism of adaptive increase of cystathionase after ethionine 
feeding is not clear. The high percentage of saturation of 
the enzyme of the ethionine-treated rats suggesta an in- 
crease in available PLP in the liver of such animals. We 
have also recently reported" that injections of high doses 
of pyridoxine increased, after some hours, the percentage of 
saturation of liver apo-cystathionase with the oo-enzyme. 
But the degree of increase of cystathionase as a result of 
ethionine administration is not fully explained by the 
increase of available PLP alone, since ethionine-induced 
level of cystathionase far the increase in the 
level of the enzyme obtained in rats when injected for a 
week with small doses of pyridoxine’. 

This work was supported by U.8. National Institutes of 
Health grant 4 M—07—249. 
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Effect of Ethylenediamine Tetraacetate on the 
Resistance of Pseudomonas aeruginosa to 
Antibacterial Agents 

Pseudomonas aeruginosa is a resistant pa which 
is dangerous in ophthalmology!, as a hospital cross- 
contaminant*, and es a plant purus We have used 
the spectrophotometric me of Brown and Richards‘ 
to investigate the effect of disodium ethylenediamine 
tetraacetate (EDTA) on the action of several antibacterial 
agents against cultures of Ps. aeruginosa, NCTO 8208, in 
nutrient broth. It was found that the activity of 
polymyxin B sulphate, benzalkonium ohloride and 
chlorhexidine diacetate against this organism was sub- 
stantially increased in the presence of EDTA. Magnesium 
and calcium ions were found to block this potentiating 
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action. EDTA was also found to potentiate the action of 
polymyxin against cells grown in undiluted serum. 

Replicate cultures A, B, O, and D, in ‘Oxoid’ nutrient 
broth at 37-5°, were into the log phase. Polymyxin 
was added to B and O to give 1 unit/ml. Approximately 
20 min later EDTA was added to O- D to give 
0:5 ug/ml. (Fig. 1). At the time of these additions the 
colony counts were about 1:2 x l0'/ml. and 2 x 10"/ml. 
respectively. Preliminary experiments had shown that 
these concentrations individually had no meesurable 
effect on growth rate. By this procedure, control culture 4 
was untreated, B received polym 1 unit/ml, C 
rd polymyxin 1 unit/ml. eA later also EDTA 

/ml., and D received 6-5 ug/ml. EDTA. The use of 

EDT alone in higher concentrations caused lysis. 

Culture C was the only one in which an effect on the 
growth rate was observed (Fig. 1). This culture had 
received doses of both chemicals which individually 
(B and D) had produced no observable effect. A similar 
phenomenon was observed when EDTA, 6-5 ug/ml., was 
added to cu'turea containing chlorhexidine, 0-7 ug/ml., 
and also to those with benzalkonium, 35 pg/ml. This 
potentiating effect of the EDTA on the action of the 
chemical antibacterial agents was blocked by growing 
the cultures in nutrient broth with magnesium chloride 
50 ug/ml. (Fig. 2). Calcium chloride 18 pg/ml. had a 
similar blocking effect. The hotometrio measure- 
ments were correlated with total (chamber) and colony 
counts which confirmed these phenomena. 

A similar experimental procedure was used to test 
whether the phenomenon of potentiation oocurred in 
serum. Six replicate, log phase cultures, E, F, G, H, I and 
J, were grown in Burroughs Wellcome recalcified serum 
No. 2 containing Oa 12-1 mg/100 ml, and Mg 2-7 
mg/100 ml. (Fig. 8). Culture E was untreated; EDTA 
was added to F, H and J at time rero to give 1,000 ug/ml.; 
EDTA was added to G after 290 min to give 1,000 pg/ml. 
and also to H and J which then each contained 2,000 
ug/ml.; polymyxin was added to 1 and J after 805 min to 
give 100 units/ml. By this procedure, the control, E, was 
untreated, F received 1,000 befml. EDTA at the start, 
G received EDTA after 290 min (1,000 ug/mL), H received 
EDTA at the start (1,000 pg/ml.) and an dose after 
290 min, J received polymyxin after 805 min (100 unite/ml.) 
and J received 2 doses of EDTA (1,000 pg/ml.) and, later, 

l 100 units/ml.). 
P^ e addition of 1,000 pg/ml. EDTA at time zero (F) 
had no & le effect on growth rate compared to the 
control (9 (Fig. 8). A second equal dose of EDTA (H) 
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merely reduced the growth rate for about 20 min, after 
which time the rate increased to that of the control (E). 
The addition of 1,000 pg/ml. EDTA after 290 min (G) 
resulted in an effect similar to H and the culture re- 
covered ite original growth rate. The addition of poly- 
myxin (100 uie si). (I) resulted in little appreciable 
effect for about 45 min, after which time there was 
significant lysis. J shows that polymyxin (100 units/ml. 
added to cella in the presence of EDTA (2,000 ng/ml.) 
resulted in lysis so rapid that no reading was possible 
15 min after the addition of polymyxin. Similar results 
were obtained using Ps. aeruginosa, NCTO 7244, and one 
strain of Esoherichia coli with each of the three chemicals 
tested. 

It is interesting to note that MacGregor and Elliker* 
found that the acquired resistance of trained Ps. aeruginosa 
oella to & quaternary ammonium compound could be 
eliminated, using EDTA. Repaske* found that EDTA 
enhanced the action of lysoxyme against Ps. aeruginosa. 
The blocking effect of calcium and magnesium ions may 
be due to competition by the cations for the active alte’; 
we have found that in the absence of sodium EDTA, 
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calcium and magnesium ions antagonize the action of 
benralkonium, chlorhexidine and polymyxin. On tho 
Sines hand thoes dara willoelete with the modium salt 
of EDTA and they perhaps prevent chelation with ions 
in the cell membrane. 

Our results suggest that the enhancement of anti- 
-microbial activity by EDTA may be related to ite chelating 
properties. Furthermore, we have found that whereas 
the sodium salt was effective, the magnesium salt had no 
apparent effect on the activity of the chemical agente 
teated nor did it have lytic activity alone. These observa- 
tions are consistent with the hypothesis that EDTA 
exerts a lytic action and is synergistic with antibacterial 
agents by a mechanism involving removal of calcium or 
magnesium ions or both from the cell membrane. A 
closely analogous hypothesis has previously been suggested* 
to explain enhanced absorption of heparm from the 
gastro-intestinal tract of rats when it was given orally 
with an alkali salt of EDTA. The role of EDTA in 
reducing permeability barriers in biological systems would 
appear to have a wide signi oe. 

We are indebted to the Medical Research Council for a 
grant in support of this work. 

Mionnan R. W. Brown 
' R. M. E. RIGHARDB 
School of Pharmaoy, 
College of Science and Technology, 
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Bristol. 
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Localization of Creatine Kinase in Microsomes 
and Mitochondria of Human Heart and 
Skeletal Muscle and Cerebral Cortex 


Wirra the framework of our investigations of the 
pathogenesis of progressive muscular dystrophy (Erb)!, we 
assumed as & hypothesis a genetically fixed defect in 
electrons and energy transport of the cell, to explain 
the symptoms of the disease, as known so far, such as 
variation of myoglobin, disorder in the ionic system, 
-enzymes leaving the cytoplasmic and mitochondrial oom- 
partment of the muscular cell, eto. 

One of the fermenta, demonstrable in blood-serum 
during the ilmess, is creatine kinase (OK) (E.C.No.2.7.3.2.), 
the hi speciflo activity of which appears in diminighi 
order in human skeletal muscle, heart and cerebral cortex?. 
Since the discovery of CK by Lobmann', Banga‘ and 
Kuby € al.', so far as I know, no details about the locali- 
zation of this ferment in mitochondria and microsomes of 
human brain and muscle have been published. This com- 
munication describes investigations on CK localization in 
the mitochondria and microsomes of human heart and 
skeletal muscle, and osrebral cortex, as well as of rat 
skeletal muscle. 

Microsomes and mitochondria were isolated from heart 
and skeletal muscle acoording to the method described by 
Biekevitz': cell nuclei and bigger tissue parte were centri- 
fuged at 755g (2,500 r.p.m.) in the Servall centrifuge 
RO-2 (rotor SS 34) as well as the mitochondrial fraction 
at 88,000g (16,500 rpm.) and 1° C from the 10 per 
cent suspension (tissue/volume) produced according to 
Potter and Elvehjem' in a 0-88 M saccharose solution. 
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suspended in 0-88 M saccharose solution and preserved 
at 0° C until further applicatian. 

A 10 per cent suspension in 0-88 M saocharose-solution 
ensued from the nuclear sediment by means of homo- 

ion in the Buhler homogenizer (Buhler, Tubingen, 

) at 1° O. The supernatant oentrifuged at 

33,000g (16,500 r.p.m.) and 1° C is regarded as the 
nuclear fraction. ~ 

Mitochondria and microsomes were isolated from brain 
acoording to the method described by Brody and Bain' 
with the following modifications. A buffer of 0.25 M sac- 
charoee, 0-01 M triethanolamine and 0-001 M EDTA, pH 
7-4, was used for each operation. From human frontal 
cerebral cortex a 10 per cent suspension was produced 
according to Potter and Elvehjem!, which was centrifuged 
at 800g (2,600 r.p.m.), as previously reported. The 
sediment, re-suspended and centri in half the 
original volume, produced sediment R,. Sediment R, was 
centri from the two joined supernatants at 1,500g 
(8,500 r.p.m.) and the mitochondrial fraction from the 

tant at 12,000g (10,000 r.p.m.). From this 

t the heavy microsomes fraction was centrifuged 

at 28,5007 (14,000 r.p.m.) and the light one in the 

Spinco L 50 at 105,000g (87,500 r.p.m.). The last 
supernatant is termed the cytoplasmic fraction. 

Microsome fractions I and Il as well as the mitochon- 
drial fraction were suspended and preserved with 0° C. 
Sediment R, and R, were suspended as a 10 per cent 
tissue suspension in the Buhler homogenizer, as previously 
described, and from this the supernatant, that is to say 
the nuclear fraction, was oentrifuged at 23,500 
(14,000 r.p.m.). 

Creatine kinase was determined in the optical teet 
by NADH, with pyruvate kinase functioning as adjuvant 
enzyme and lactic dehydrogenase as indicator enzyme 
according to the modified technique of Tanger and 
Gilvarg’. The deposit (final volume 3-5 ml.) contained 
110 umoles ATP, 4:2 moles ATP, 1-4 moles phosphenol 
pyruvate, 0-56 umoles NADH, 1:5 mmoles glycine, 25 
umole MgCl, 0-1 mg pyruvate kinase and 0-1 mg laotio 
dehydrogenase, functioning as enzyme protein, as well as 
1 ml. test volume, so diluted in glycine buffer pH 9 that 
it caused an extinction between 0-005 and 0-05 per min. 
The reaction was started with addition of creatine after & 
10-min incubation at 25° C. During this it was measured 
once per minute with 866 and 25° O in the ‘Eppendorf’ 
photometer (d—1 cm) agamst a zero standard (deposit 
without creatine). In this way inhibitory reactions such 
as NADH, oxidases and various ATPases could largely 
be excluded. Table 1 shows the averages of double determ- 
inations, where the enzyme activities are specified in 
umoles creatine min-! g-! fresh weight, or extracted pro- 
tein, determined according to the Biuret method’. 

Relating the enzyme activity to two different quantities 
we gained two distinct results (Table 1). Values related 
to 1 g freah weight are without exception lower and behave 
in some different way from those related to 1 g extracted 
protein. 
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The purity of the mitochondrial and microsomal frao- 
tions was tested by means of the purely cytoplasmic" 
lactic dehydrogenase, FDP aldolase and glutamate pyru- 
vate transaminase as well as mitochondrial” r-glutamate 
dehydrogenase. Apart from this, the allocation system of 
the activities of mitochondrial and cytoplasmic!:1" malate 
dehydrogenase, glutamate oxelacetate transaminase and 
sorbit dehydrogenase was measured in each oell fraction. 
It was ascertained that an enzymatically pure mitochon- 
drial or microsomal fraction had been produced*™. In this 
connexion it became obvious that mitochondrial and 
cytoplasmic components were still to be found m the 
nucleus fraction of the three organs. 

Jacobs, Heldt and i ! demonstrated the 
relatively high enzymatic activity of CK in the mito- 
chondria of rat and pigeon skeletal muscle, heart and 
brain. CK activities of the rat quadriceps muscle, shown 
in Table 1, approximately coincide with those of Jacobs 
et al. In the mitochondria of human skeletal muscle (m. 
biceps brachii), however, a considerably smaller activity 
was measured, which might possibly have a connexion 
with the different mitochondrial contents of the various 
skeletal muscles or their contents of red and white muscle 
fibres, as these two kinds of muscles have a clearly 
distinot metabolism!’. The negligible CK activity of 
human heart muscle mitochondria, in contrast to those of 
rats and pigeons’, is surprising, and calls for further 
investigation. 

Whereas greater speoiflo activity (in relation to g freah 
weight and g protein) was found in the microsomal frac- 
tions of human heart and skeletal muscle than in the 
respective mitochondrial fractions, the proportions in 
bram fractions were reversed. The enzyme activity of CK 
was higher in the mitochondrial fraction than in both 
microsomal fractions together; the total OK activity, 
however, quite predominant, was situated in the oyto- 
plasmic fraction of the three organs (Table 1). Thus CK is 
a mainly cytoplasmic enzyme. 

The small mitochondrial fraction of the enzyme seems 
to have a special correlation with enzymes of the res- 
piratory chain and the citric acid cycle; possibly it 
mediates in the exchange of phosphates, rich in energy, 
between intra- and extra-mitochondrial drial oompartmenta!*., 
Further in will show whether this constitutes 
& starting point for the investigation of cationic transport 
in the oell. 

This work was rted by a grant from Messrs. C. F. 

and Reshné- Maine. Germany, and casried 
SUL de Passive inal Booten of the OBEN Rd T 
Heidelberg University, and the Municipal Hospital, 
Ludwigshafen. 
Toman O. Krmma* 
Department of Obstetrics and Gynaecology, 
Municipal Hospitel, Ludwigshafen, Germany. 


* Present address: Pharmacology Insitute of the Untversity of Heidelberg. 
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Foetal Uptake of Radiocalcium in 
Tetracycline-treated Rats 


In a recent communication we reported that the skeletal 
uptake of injected calcium-45 in young rats was not 
affected by dose levels of oxytetracyolme appreciably 
exceeding those generally used in medical practice. 
We-have now extended this lme of enquiry to a study of 
{octal rudiccaictum uptake sides others lias ve reported that 
the tetracyclines can markedly interfere with the calcifl. 


cation of ic mineralized tissues in a number of 
animal species*:*. The details of this investigation aro as 
follows: 


Sprague-Dawley rats weighing 200-250 g were asaigned 
on the first day of pregnancy to four groups (I-IV) and 
offered a diet previously described‘ oontaining, per kg, 
either 0-0 (I), 0-25 (II), 1-0 (III) or (IV) 2-0 g of oxytetra- 
cyoline hydrocbloride (Chas. Pfizer and Co., Ino., New 
York). All were given in y 1-0 ml. of a solution 
containing 0-7 po. oe es Meses 
the chloride) twice daily from the first the twen- 
tieth day of gestation. UR he! tianty fiii day. ths foetus 
were delivered by Caesarean section’and weighed. One 
femur was removed from each dam and extracted in 
aloohol (4 h) and in ether (8 h). These femurs and three 
individual foetuses from each litter were incinerated over- 
night at 550° C and the ash of each was dissolved in hydro- 
chloric acid and analysed for radiocalcium!. 

dc ee ee ee oo 
period were, no m X:S.E.): I, 2491 10.6 
and 56-7.-13-8 (8 rata); L 243-04 6-4 and 0244-97 (5 
rata); IL, 255-0 2- 10- d LiT ‘847-3 (4 rats); IV, 247-0 
11:6 and 65-4+7-7 (5 rate). None of these values differs 
significantly (P > 0-05) from each other. The number of 
foetuses in the litters of each were: I, 9-041-4; II, 
10-44-02; IM, 11-02-07; and IV, 9-0:-0-8. Again there 
nor was 
b (g) of these foetuses: 
I, 5-3+0-2; S003 TEL L0 0-5 and IV, 5-1+0-2. 
All were viable at delivery and without external develop- 
mental anomalies. 

Maternal and foetal radiocalcium uptake increased with 
the tetracycline content of the diet (Table 1). The linear 
regression coefficient in each case was significantly different 
(P«0-05) from zero, indicating a positive dose-response 
relationship. 


Table 1. HyYECT OF OIYTETRACYOLINE OX THE MATERNAL AND FONTAL 
RADIOQALORUM IN Rars* 


UPTAKE OF 
Oxytetra- 

Group  cyoline No.of Oaletum-45 z *'Os, foetua/ 
in diet Hiiers eT E UE df “Oe femur 
(g/kg) Femur of dam 

I 00 3 eines 0-593 0-017 — 2-0210-09 
II 0-25 5 1:306 10-129 0003+063 2220+019 
In 10 4 140040086 065210019 21540 
IV 2-0 5 145210-046  0-076r0-028 2-1540-06 
* ATI valnes expressed as mean + 5.5. 

TBased on three from each litter. 


There is no reason to believe from our previous study! 
that oxytetracyoline affects the skeletal fixation of circu- 

ing radiocalcium. It follows, then, that the calcium-45 
content of the maternal femurs provides a measure of the 
gastrointestinal ion of this isotope. On this besis 
it can be concluded the antibiotio not only did not 
interfere with calcium absorption under these experimental 
conditions, but also slightly enhanced it. Further, the lack 
of any significant differences in the ratios of foetel-to- 
maternal radiocalcium (Table 1) permite the conclusion 
that the placental transfer of calcium was not selectively 
altered by tetracycline administration. 

With regard to the effect of this antibiotic on calcium 
retention, it is of interest that penicillin has been 
to increase the index of calcium absorption in chicks**. It 
is also noteworthy that the tetracyclines oan have a salu-~ 
tary effect on tally induced rickets in rats*?.**, 
On the other band, the finding that the incorporation of 
chlortetracycline into diets adequate in all known dietary 
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essentials except caloium caused no inoreese in body 
ania DADO HY proving TOH angue. Surv oos! 
role for this group of antibiotics in calcium abeo 

It has been reported that tetracycline can i it tho 
developing skeletal anlage of the echinoderm embryo‘ 
and in the chick embryo can interfere with growth and 


- produce malformed bones deficient in minerel oontent!. 


Additionally, skeletal deformities have been noted m mice 
following administration of oxytetracyoline from the fifth 
to the twentieth day of gestation’. Marked retardation in 
foetal weight has also been observed in rata following 
intramuscular injection of 40 mg tetracyoline per kg per 
day from the tenth to the fifteenth day of gestation’. 

In the present work up to 100 mg of oxytetracyoline per 
kg per day (Group IV) during essentially the full course 
of gestation had no effect on foetal weight. This is approx- 
imately twice the recommended maximum dose for man. 
Further, since the percentage of ash based on net weight 
was the same (P>0-05) for all groups, it follows that 
tetracycline did not affect the ash content of the foetuses 
(these ash percentages were: I, 1-58-+0-024; IT, 1-50 4- 
0-088; IIT, 1-55+0-020; IV, 1-54 +0-035). 

We conclude that the oral administration of oxytetra- 
oyoline to rats within the therapeutic dose range used in 
man does not inhibit the materna] absorption of caloium- 
45 or the uptake of this radicisotope by the foetus. 

Rosmar C. LEINS 
GLORI A. Paxis 
Laboratory of Bioch 
National Institute of Dental Research, 
National Institutes of Health, 
Betheeda, Maryland. 
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in the Skin of Mice Deficient 
ssential Fatty Acids 


THE most striking difference between the skin of essential 
fatty acids deficient mice and that of normal mice is the 
number of layers of cells in the epidermis; the epidermis of 
essential fatty acide deficient mice is nearly times 
thicker than normal!. A similar difference has been found 
in the skin of rate kept on a fat-free diot!*. The 
thickness of the epidermis under these dietary conditions 
could conceivably have resulted from either: (a) a decrease 
m the rate of epidermal keratinixation and cell sloughing; 
(b) an increase in the rate of cellular proliferation; or (c) & 
combination of these. The accumulation of abnormally 
large amounts of lipid in the oells of the distal epidermal 
layers of easential fatty acids deficient mice! 
that these cells may, indeed, keratinize and slo ata 
slower rate than normal. The mitotic indices of epi- 
dermis of normal and essential fatty acids deficient mice 
are compared in the present communication in an effort to 
deal with the second and third of the possible explanations 
for epidermal thi . 

BUB mice were kept on a fat-free diet for 10-12 weeks. 
The diet cansisted of Fenton’s casein No. 4, 5 g; salt mix 
No. 2, 4g; vitamin-free test casein, 16g; dextrose, 72g; 
non-nutritive fibre, 4g. Control mice were kept on 
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Purma lab. chow. A male and a female eeeential fatty 
acids deficient mouse and a contro] female mouse were 
killed in the late morning and pieces of akin from different 
body regions were fixed in Helly’s fluid. Serial sections 
were cut of parafün embedded material, and stained by 
the Feulgen reaction. 

The resulta for the ear epidermis are presented in Table 1. 
The mitotic figures in the first two cell layers of the epi- 
dermis and the number of cells in these layers around the 
entire circumference of the external ear were counted. 
Five alternating sections per animal were obeerved. The 
mitotic indices were transformed to-the arceine for statis- 
tical analysis. The mean numbers of mitotic figures per 
10,000 for the essential fatty acids deficient male and 
female mice and the control female mouse were 71, 50 


and 81 respectively. 


Table 1. ANALYSIS OF VARIAKCE 
Source of variation df. Mean square 
Total 14 
Antnals 2 2022" 
Error 12 107 


* Probability of difference arising from parely random variation less than 
1 per oent. 


'Tukey's D test’, furthermore, showed that the mitotio 
indioes of the female essential fatty acids deficient mouse 
and the female control differ significantly; the male 
eesential fatty acids deficient mouse, Lowever, did not 
differ significantly from the female control, suggesting, 
therefore, a sex difference in-the mitotic activity of these 
mice. 

These results thus do not eliminate the second or third 
pa lanations, mentioned above, for the increased 

koe “Of tthe eriden of easnbial Letty acida deik Aat 
ig It is now clear, however, that the solution to the 
problem of what cellular activities control the thickness 
of the epidermis must come from studying the rates of 
mitosis and of keratinization during the process of 
thickening. 
We thank Dr. Elizabeth Leduc of Brown University for 
providing the mice. 
AnuHp N. Nase 
Boston University Medical Center, 
Boston 18, Massachusetts. 
i 8. SHosrak 
Western Reserve Univereity, 
Cleveland, Ohio. 
1 Nasr, A. N., Nature, 304, 1805 (1004). 
1 Williamson, R., Biochem. J., 88, 1003 (1941). 


"Bt G W. Statistical Methods, fifth ed. (Iowa State Untv. Press, Ames, 


Syntheses of Guanidino-substituted Penicillins 
and Cephalosporins 
Toa availability of 6-aminopenicilanio acid’ and 
7T-aminooephaloeporanio acid? has made possible the 
syntheses of a number of useful semi-synthetic deriva- . 
tives*. We would like to report the preparation of a new 
olass of penicillins and cephalosporins, which have in 
common the presence of a guanidino group. These com- 
pounds demonstrate quite remarkable in viwo potencies 
which we feel are attributable, at least in part, to low 
serum pi The following examples are cited as 
a ihn ogues of this series. 
bise niuis: reacted with 6 icillanio 
&oid to yield benzyl 6-aminopenicillanate ©. m.p. 82°-88° 
(found: O, 59-11; H, 5-95). Prolonged reaction using an 
exoees of phenyldiaromethane gave a dibenxyl derivative 
which since it could be hydrogenated to I was 
to be benzyl 6-benxylaminopenicillanate, m.p. 65°-67°, 
m.p. of hydrochloride 145° (found: O, 60-89; H, 6-48; 
N, 6-52; 8, 7-2; Cl, 8-38). D(—)-a-Aminophenylacetic acid 
slowly reacted with either O-methyl peeudourea hydro- 
chloride or S-methyl thiopseudourea sulphate to give 
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D(-)-a-guanidinophenylacetic acid (II), m.p. 225? (re- 
solidifies and decomposes at 260°) (found: O, 55-36; H, 0:07). 
The hydrochloride of II, m.p. 157?—159? (found: Cl, 15-5), 
reacted with I in the presence of dicyclohexyloarbodiimide, 
followed by hydrogenolysis of the protective benzyl 
group gave 0-[D( —)-«-guanidinophenylaoetemido]-penioil- 
o acid (III), m.p. 215? deo. (found: O, 50-71; 5-20; 
N, 17-77). In mioe, III is orally as active as oxacillin’ 
against several resistant staphylococcal infections, but in 
addition it is highly effective against ioillin sensitive 
Gram-positive infections and is also high stable to acid. 
p-Àminophenylaoetio acid was treated with benzoyl 
cyanamide’ to give p-N*-benzo idinophenylaoetio 
acid, m.p. 220° deo. (found: C, 64-45; H, 4:98; N, 14-14), 
which was hydrolysed with sodium hydroxide to give 
p-guanidinophenylacetio acid, m.p. 820° (found: O, 
56:11; H, 5:50; N, 21-65). This acid could also be prepared 
by reaction with S-methy] nitrothiopseudoures and hydro- 
genation. Reaction with thionyl chloride afforded the 
crystalline acid chloride hydrochloride IV which was not 
further characterized but reacted directly with 6-amino- 
penioillanio acid to give 6-(p-guanidinophenylacetamido)- 
penicillanic acid (V), m.p. 195°-200° deo. (found: O, 
51:90; H, 5-80). The penicillin (V) was more than ten 
times more effective than benrylpenicilin administered 
parenterally in mice against a variety of Gram-positive 
infections, making it the most potent penicillin that we 
have ever tested. It ıs nearly as active as ampicillin 
against an experimental Salmonella infection. 

Methyl 38-bromo-2,6-dimethoxybenzoate’ was treated 
with sodamide in liquid ammonia to give methyl 4-amino- 
2,6-dimethoxybentzoate, m.p. 148°-144° (found: O, 57-31; 
H, 6:31; N, 6-56). Reaction with benzoyl cyanamide, 
followed by hydrolysis, afforded 4-guanidino-2,6-di- 
methoxybenzoic acid hydrochloride, m.p. 218° deo. 
(found: C, 48:56; H, 5:04; N, 15-66). The acid chloride of 
this acid was condensed with I to give, after hydro- 
genolysis, 6-(4-guanidino-2,6-dimethoxybenzamido)-peni- 
cillanic acid (VI) (found: O, 46-96; H, 5-60; N, 14-7). 
This compound was twice as potent as methicillin parenter- 
ally in mice against resistant staphylococcal infections. 

The acid chloride (IV) also reacted with 7-&minooephalo- 
sporanic acid’ to give 7-(p-guanidinophenylacetamido)- 
cephalosporanic acid (VII), gradually decomposes above 
200° (found: O, 50-78; H, 4:6). It is more active than 
methicillin against a resistant staphylococcal infection in 
mice and is also more active than benzylpenicillin parenter- 
ally against penicillin sensitive infections. 


W. J. Lmanza 

B. G. CungISTENBEN' 
E. F. Roaza28 

A. A. PATOHHTT 


Merck Sharp and Dohme Research Laboratories, 
Division of Merck and Co., Ino., 
Rahway, New Jersey. 
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Haemoglobin Type and Reproductive Per- 
formance in Australian Merino Sheep 

Two haemoglobin types can readily be distinguished in 
sheep and have been shown to be simply inherited!. 

The reproductive performance of sheep with these 
haemoglobin types was investigated in a flock of Scottish 
Blackface ewes’, and although haemoglobin B is not 
common in this breed? there was a suggestion that ewes 
carrying the B haemoglobin gene produced more lambs at 
‘weaning than the other types in the flock. The difference 
was not, however, significant. 

In Merino sheep in Australia, the average gene frequency 
for Hb.B is approximately 0:6‘, although values between 
0-8 and 0-7 have been noted. The simply inherited red 
blood cell potassium types 1 do not complicate the analy- 
sis in this breed, as practically all animals are ‘LK’ (low 
potassium)‘, so the Merino is a particularly suitable breed 
for & re-examination of the possible association between 
the haemoglobin type of a ewe and the average number of 
lambs born and weaned per year. There has been an 
indication? that the actual level of potassium ion oonoen- 
tration in the red blood cells for ‘LK’ sheep may be asso- 
ciated with lamb production, but any such effeot is 
relatively amall and is not considered here. 


This relationship has been investigated in four large +7 


experimental flocks of Merinos run by C.S.I.R.O., in which 
pedigrees and performance records are kept. One of these, 
at Cunnamulla in South-West Queensland, is under selec- 
tion for various aspects of wool weight and quality’ but 
not for any aspect of reproductive performance. Two 
others, at Deniliquin in the Riverina area (South) of New 
South Wales, are under selection for high and low twinning 
rate respectively’, while the fourth, also at Deniliquin, waa 
based on a commercial (‘Booroola’) flock selected for 
multiple births, in which triplets and quadrupleta are 
common. 

Table 1 gives the average number of lambs born and 
weaned per year during the first 2 lambings by ewes of 
each Hb type in the four flocks. Ewes in the Cunnamulla 
flock were born from 1951 to 1957, and ın the Deniliquin 
flocks from 1955 to 1960, so lambings oocurred over & 
range of years m each case. 

Ewes of Hb type A had fewer lambe born or weaned 
than those of the Hb type AB or B m every flook, the 
difference between 4B and B being slight. In the Cunna- 
mulla flock, the difference between Hb.4 ewee and the 


other types was small for lambs born and larger for lamba -5 


weaned, whereas in the Deniliquin flocks the difference is 
approximately the same either for lambs born or lambs 
weaned. Sheep at both centres are lambed under super- 
vision in yards, but at Cunnamulla the ewes are turned 
out of the yards into extensive grazing with no super- 
vision, whereas at Deniliquin they are under more inten- 
sive husbandry and closer supervision. 

The overall average numbers of lambs born or weaned 
per ewe mated are comparable for the Cunnamulla and 
the low-twinning flocks, but are considerably higher for 
the high-twinning flock and higher again for the Booroola 
flock. The difference m lambs weaned between Hb.A ewes 
and the remainder increases with the average number of 
lambs born in the flock. The main source of difference in 
lambs born in the various flocks lies in the proportion of 
multiple births, and in Table 2 the number of lambs per 
birth is given for ewee of each Hb type in the two high- 
producing flocks. It would seam that the superiority of 
the Hb.B ewes is associated in part with the production 
or survival of lambs from multiple births. These resulta, 
together with those reported previously from a totally 
different environment, strongly suggest that Hb.B confers 
an advantage in lamb produstion. 

It also seems likely, however, that in some environments 
the advantage conferred by Hb.B with respect to lambing 
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Table 1. LAPS BORN AND WRANED PER EW MiTND PER YEAR BY BWES oF RACH HB TYPE IN FOUR FLOCKS 
~ (First two lamhbhmgs for eaoh ewe) 





















































Standard deviations: Lambs barn 0-28, lambs weaned 0 35. 


Table? LAMPS FER BIETH ror EWES OY DIFFERENT HB Types IN HIGHEST- 
PRODUOUNG FLOCKS 


High twinning flock Boorools flock 
Hb oent of matings cent of matings giving: 
type o lamb 1 lamb + lambs o lamb llamb 2+ lambs 
A 23 62 15 2 50 £7 
AB+B 16 54 80 15 40 45 


is partially outweighed by advantages conferred by Hb.A 
perhaps at some stage after weaning, and that the gene 
frequency which is found in any breed in any environment 
represents a balance between these factors. The gene fre- 
ency for Hb.B is known to alter when & breed is taken 
m its native environment and established in a different 
environment’, ing that the relative advantages and 
disadvantages of Hb.4 and Hb.B have also altered. 
This work was supported in part by research funds made 
available to one of us (J.V.E.) by the University of New 
the Australian Wool Research Committee and 
the Rural Credits Development Fund. 
J. V. Evans 


Department of Physiology, 
University of New England, 
Armidale. 
Haas NEWTON TURNER 
O.S.I.R.O. Division of Animal Genetics, 
Eppmg, N.8.W., Australis. 
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Altitude and Athletic Performance 


Tæ decision to hold the 1968 Olympic Games in Mexico 
City at an altitude of 7,500 ft. above sea-level has aroused 
interest in the effects of altitude on athletic performance. 
It has been known for some time that the maximum 
oxygen intake of acclimatized adults falls off right from 
sea-level upwards, reaching 50 per cent of the sea-level 
at 20,000 ft... According to these results the decline in 
maximum oxygen intake at 7,500 ft. would be 8 per cent 
and the times for running distances of 1,500 m and more 
should be longer by approximately this amount. Over 
shorter distances, an increasingly large fraction of the 
total energy requirement is covered anaerobically and 
the decrement should be progressively smaller. In spri 
events, factors such as the reduced density of the aj 
altitude might even lead to i 

In order to obtai 


each event were averaged, and the differences between the . 
altitude and the sea-level results, expressed as percentages 
of the sea-level value, were plotted against distanoo on a 
one-way logarithmic scale. The resulta reveal a linear 
relation between decrement in performance at altitude 
and log distance (Fig. 1). The increases in the times 
ranged from 2-62 per cent over 800 m to 14:9 per cent 


Table 1. COMPARATIVE TIMES OF THE FIRST THRES COMPETITORS IX THR 
FOULS oF RUNNING EVENTS AT 7,500 FT. AND AT BERA-LEYEL 




















Pan American Olympic Games 
Brent Mexioo 1955 1 
Min Beo 
100 m First 103 First 10-5 
Beoond 10-4 Beoond 10:5 
Third 10-4 Tbrd 104 
Mean 104 Mean 10-5 
200m First 20-7 First 100 
Becond 21-3 Becond 20-7 
Third 214 Third 209 
Mean 211 Mean, 207 
400 m Fist 45-4 First 467 
Becond 450 Second 468 
Third 46-3 Third 470 
Mean 458 Mean 468 
800m Fust 1:497 Firsi 1:477 
Second 1 : 500 Second 1:478 
Third 1:824 Third 1:481 
Mean 1.807 Mean 1: 470 
1,500 m First 3:532 Fost 8° 412 
Second 3.532 Second 3: 420 
Third 3: 558 Third 3:420 
Mean $ : 641 Mean, 8-417 
5,000 m Tux 15 *: 300 First 13 ; 590 
Second 15 . 814 Beoond 18 : 506 
Thtrd 15 : 302 Third 18 . 544 
Mean 15 : 337 Moan 13 : 48:2 
10,000 m First 82 : 420 First 2% 450 
Second 383 : 004 Becond $28 : 524 
Third $3 : 426 Third 28 . 536 
Mean 335 : 085 Mean 28 : 605 
+200 
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in the 10,000 m event. Over 100 m and 400 m but not 
Oer AOP eee ae at altitude were better than at sea- 
_ By interpolation on this graph the predicted increase 
in time taken for a race lasting 6 min would be about 
8 per cent, which agrees well with the resulta predicted 
from maximum exercise testa referred to here which were 
of this duration. 
L. G. O. E. Pues 

National Institute for Medical Research, 

Division of Human Physiology, 

c/o Medical Research Council 

Laboratories, 
Holly Hill, London, N.W.3. 


j L. G. O. I., Gil, M. B., Lahiri, B., Milledge, J. B., Wi P., 
cat, J. B., J. App. Physiol., 19, 431 (1064). emee Ee AnA 


* United States 1956 Deck, edit. by Bushnell, A. S., and Lenta, A. G. 
(U.B. Olympic New York, 1057). 


Response of the Medial Rectus Muscle of 
the Cat to Succinylcholine 
In contrast to ita action on most skeletal 
muscles, euocinylcholine is well known to contract extra- 
ocular muscles!3. While examining the effects of 
on the extra-ocular muscles, it was observed that succinyl- 


choline exerted two basically different effects on the 


extra-ocular muscles. 

Cats were anaesthetized with sodium pentobarbital 
(36 mg/kg) given by intraperitoneal injection. The 
traches, femoral artery and femoral vein were cannulated 
and artificial respiration started. The medial rectus 
muscle of the left eye was then from the globe 
and a suture placed through the tendon. Following 
immobilization of the animal’s head in a stereotaxic 

tus, the tendon was attached to a Grass force 
displacement transducer. Through a parietal craniotomy, 
the dura mater was opened and the left cerebral hemi- 
sphere lifted to expose the third nerve. Electrical 
stimulation of-the third nerve was affected by impaling 
the exposed nerve with a needle electrode delivermg 
supramaximal rectangular pulses, 0-5 msec duration at a 
frequency of 0:3 o/s. 

The intravenous injection of small doses of succmy!l- 
choline (lee than 10 gug/kg) resulted in an increase 
in the resting tension of the medial rectus muscle aseo- 
ciated with an increase in the twitch height. However, 
large doses of succinylcholine (80-150 ) produced a 
marked increase in resting tension as well as a severe 
reduction of the twitch mse. This reduction in the 
twitch response was unrelated to the rise in resting 
tension. A typical example of this response to larger 
doses of succinyloholine is shown in Fig. 1. It can be 
seen that inhibition of the twitch persiste at a time when 
the tension of the muscle is returning to normal. In & 
given animal, the smallest dose of guooinylcholine required 
žo depress the twitch height, with respect to the control, 
ges approximately ten times than the smallest 

equired to increase the resting tension of the muscle. 
o different pharmacological responses of the 
lar muscles to guccinylcholine may be ee 
nical observations of Heee* and Hees an 

: two types of neuro- 














peo authors reported 
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muscular systems to be present in the extra-ocular muscles 
of the cat; a fast or twitch system, and a slow or tonic 
system. It would, therefore, seam reasonable to attribute 
the increased muscle tension seen after the intravenous 
injection of suocinylcholine to stimulation of the tonio 
system, and depression of the twitch response to blockade 
of the fast neuromuscular system. 

By means of the preparation described in this report, 
it is possible simultaneously to compare and contrast the 
effect of drugs # vivo on the two contractile systems 
present in the extra-ocular muscles of the cat. 

This work was supported by a grant-in-aid (G—803) 
from the U.8. National Council to Combat Blindness, 
New York, and grant GM-00069-03 from the U.S. 
National Institutes of Health. 

Kanara E. EAxrw8 
Ronan L. Kars 


ta of Ansæthesiology, 
Ophthalmology and Pharmacology, 
College of Physicians and Surgeons, 
Columbia University, 
New York. : 
"Hon, M, and Lanbeok, F., Arik: dieu D. Loma, 310,663 
* Linea, Yi A., Breinin, G. M., and Do Vos, A. N., Aser. J. Ophthal, €i, 
* Mac, F. J., and Grimes, P. A., Amer. J. Ophthal., 44, 221 (1967). 
i Hom, A., Rov. Canad, Piol., £1, 241 (1962). 
3 Hees, À , and Pilar, G., J. Physiol. (Lond.), 169, 780 (1063). 


Membrane Potentials in Longitudinal Smooth 
Muscle isolated from Guinea-pig Ileum 

Tum activity of the smooth muscle in guinea-pig ileum 
has been investigated many times. The tissue preparation 
most often used for such investigations has been the 
isolated ileum. In & number of cases, however, experi- 
ments have been carried out, not with the whole ileum, 
but with the thin outer layer of longitudinal smooth 
muscle that can be eesily from the ileum}. 
This communication provides a brief description of mem- 
brane potentials which ooour in this isolated muscle 
preparation. The work arose from an interest in cor- 
relating electrical activity with the transmembrane 
movements of potassium ion and the mechanical BOS 
of the muscle that have been examined ar It 
was desirable, therefore, to explore the feasibility of 
estimating changes in electrical activity in this prepara- 
tion. 

Membrane potentials were measured by means of tho 
sucrose gap method*, An isotonic solution of potassium 
chloride flowed over an inactive portion of the muscle; 
and & physiological salt solution, over an active portion 
of the muscle. The composition of the physiological salt 
solution was: NaCl, 0-125 M; KOL 0-0027 M; Oe&Ch, 
0-0018 M; NaHCO., 0-024 M; and glucose, 0-011 M. 
The solution was saturated with a gas mixture consisting 
of 95 por cent oxygen and 5 r oent carbon dioxide. The 

was maintai between 85° O and 37° O. 

Potentials of unexoited muscle. Sections of longitudinal 
muscle, placed in a sucrose gap apparatus through which 
the aforementioned solutions flowed, exhibited changes in 
membrane potentials that are illustrated in Fig. l. The 
development of simple, spiked: depolariza- 
tions which varied in amplitude and fre- 
quency were common occurrences. More- 
over, each spike was usually preceded by a 
slower, more prolonged decrease in mem- 
brane potential. The slow depolarizations 

anne of pre-potentials that, 
ant spikes. Slow 


goomplex . 
more 


ti‘ 
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line level. Occasionally, the downward phase of & 
spike extended below base-line to produce a hyperpolar- 
ization of the membrane. The hyperpolarized state was 
usually dispelled by & gradual return of the membrane 
potential to base-line level. ; ] 

No precise statement can be made about the dimensions 
of the membrane potentials observed. However, & crude 
estimate of thar magnitudes may be obtained by oom- 
pering potentials in the longitudinal muscle with the 
well-oharaoterired potentials in the taenia coli of the 
guinea-pig*7. In Fig. 2 representative records from a 
longitudinal muscle and a taenia coli preparation are 
presented aide by side. Both records were obtained under 
the same experimental conditions. The amplitude of the 
spikes in the longitudinal muscle were quite small com- 
pared with those in the taenia coli. 

It is known that records obtained by the sucrose gap 
method may not reflect the true sizes and configurations 
of potential changes. would appear to be dimin- 
iahed if current flow from oell to cell encountered resist- 
ances that approached in magnitude the resistance of the 
extracellular space established by the sucrose solution. 
Asynchronous firing among the fibres of the muscle might 
also reduce recorded values of potential changes. The 
extent to which these factors have modified the results of 
this investigation cannot be assessed at present. 

Potentials in presence of acetylcholine. The addition of 
- D x 10- M acetylcholine evoked two groups of changes 

in membrane potential. One oocurred during the increase 

in tension; the other, during the maintained tension of 

the muscle. The first series of changes shown in Fig. 3 

(upper section) may be characterized as a gradual depolar- 

ization of the membrane on which were imposed 

spiked discharges of variable amplitudes, fired at a 

high frequency. As peak-level of depolarization was 

approached the spiked i became leas frequent 
or dies 
potential remained relatively stable at the reduced level 
of polarization and then began to exhibit a second series 
of fluctuations which are illustrated in Fig. 8 (lower 
section). The outstanding characteristic of the latter 
series was the development of oscillations in potential 
which occurred concomitantly with a slow partial re- 


Binclsisption of the membrane. Oocasionally, spiked 





entirely. For & brief period the membrane 





any point in the oscillatory cycle. When the drug was 
removed, muscle tension declined, the oscillations gradu- 
ally disap and the membrane potential returned 
to its original level or to a somewhat lower base-line. 

Although the sucrose gap technique does not allow 
quantitative measurements of potential changes to be 
made, this work has shown: (1) that the isolated longi- 
tudinal muscle is capable of generating prepotentials and 
spiked depolarizations; (2) that acetylcholine can elicit- 
two different series of changes in membrane potential, 
each associated with a different phase in the mechanical 
response of the muscle. 

I thank Prof. H. J. Schatzmann and Prof. Walther 
Wilbrandt for their hospitality and advice. 

This work was supported by Burroughs Wellcome 
and by U.S. Publio Health Service grant GM-E* | 
209-R1. 
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The presence of similar resorption cavities in bones of 
patiente suffering from von Reoklinghausen's disease of 
bone, caused by overactivity of the parathyroid glands‘, 
suggested the hypothesis that these glands may be over- 
active in severe skeletal fluorosis. 

To test this hypothesis, four pairs of twin lambs have 
so far been used. One lamb received distilled water con- 
taining sodium fluoride 200 p.p.m., ad lib., while ite twin 
received distilled water alone. One pair of lambs was 
killed after a week on fluoride, the remaining three pairs 
after & month. The parathyroid glands were removed 
under 'Pentothal' anaesthesia, fixed m glutaraldehyde, post- 
fired in osmium tetroxide, and then dehydrated and em- 
bedded in ‘Araldite’. Sections were cut with glass knives on 
a Huxley microtome and examined by a Siemens Elmiskop 
1 electron microscope. Samples of bone and kidney were 
algo examined. 

The ultrastructure of the normal sheep parathyroid 
gland is essentially similar to that of the three species, 
man’, macaque’ and rat’, so far described in the literature. 
Unlike the primate parathyroid glands, however, there is 
only one oell type. The sheep parathyroid celle, further- 
more, frequently contain large lipid bodies, only an 
infrequent finding in the other three species. These 
bodies, which are preserved by oamic flration, are mem- 
brane-bound, measure up to Bj. in diameter and have a 
random distribution within the oell. 

The ultrastructural criteria for assessing the activity of 
the parathyroids have been described in the glands of rate 
following nephrectomy!* and in the rat gland grown in 
organ culture in a low calcium medium". 

The parathyroid glands of the lamb killed after a week’s 
exposure to fluoride showed slight changes only. In the 
parathyroid glands from the lambs killed after a month’s 
exposure howover, these changes had become quite 
marked: these glands were larger than the controls and 
o ypertrophy resulted from an increase in the size and 
he parenchymal cells and caused a reduction in 
o intercellular space. The lasm was 
: the rough-surfaced oplasmio reti- 
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more extensive, and the plaama membranes of the paren- 
chymal cells had become extremely tortuous, increasing 
their interdigitations with those of neighbouring paren- 
chymal cells, but not with those of adjacent endothelial 
cells. There was no significant alteration in the size and 
number of the lipid bodies. . 
All these changes have been observed 1n the parathyroid 
glands from nephrectomized rata’*, and some of them in 
parathyroid glands grown in organ oulture!. An morease 
in the size of the ocella, ergastoplaamio profiles and Golgi 
complex are changes that were first demonstrated in the 
gonadotrophio and thyrotrophic cells of the pituitary 
gland after castration and thyroidectomy’ respectively, 


and are now well recognized as bemg indicative of increased 
activity in most cells. 
pelt) Munasa: 
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plaining the aseay method to one of us (A-D.O.). We also 
thank Prof. J. D. Boyd for his advice. 
This work was supported in part by & research fellow- 
ship fram the Nuffield Foundation to one of us (J.M.F.). 
J. M. FAo0INI 
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PHARMACOLOGY 


Inhibition of Gastric Motility by a Commercial 
Duodenal Mucosal Extract containing 
Cholecystokinin and Pancreozymin 


Ix the course of the search for the hormone which 
results in inhibition of gastric secretion and motility after 
fat has entered the duodenum, the ability of duodenal 
extracta to inhibit the motility of denervated gastric 

has become crucial. The presence of fat in the 
duodenum inhibits the spontaneous motility of Heidenhain 
pouches!, but many duodenal extracts which inhibit acid 
secretion will not do this. Extracts of duodenal mucosa 
containing secretin? and even more conclusively extracts 
containing cholecystokinin/pencreorymin® inhibit gastric 

We have studied, in the conscious animal, the effect of 
these two extracta on the motility of Bickel (vagally and 


Sy poland denervated) pouches of the stomach m 


six dogs and on one transplanted pouch. Each pouch was 
filled with saline and connected to a pressure transducer 


min, ‘Vitrum’—Stockholm, Sweden) into a vein in doses 
of 1 unit/kg altered neither the frequency nor the farce of 
contraction of the gastrio pouch. Cholecystokinin/pan- 
creozymin (‘Vitrum’), in doses above 0.3 unite/kg, on the 
other hand, invariably depressed the Bickel pouch. 
Higher doses (1:0 unit/kg) produced complete cessation 
of contraction, for the duration of the infusion and for 10— 
15 min afterwards (Fig. 1). 

Motility was recorded from the intact stomach by means 
of an air-filled balloon and again cholecystokinin/pencreo- 
zymin inhibited and secretin did not in the doses used in 
the Bickel pouch animals. Bile or pancreatic juice was 
introduced into the duodenum in a number ot animals. 
Neither bile nor pancreatic juice depressed pouch motility, 
but olive oil always did. It is not ible yet to say 
whether the inhibition of motility observed by us or the 
inhibition of gastrio secretion is a property of either chole- 
cystokinin or, panoreoxymin or of some other substance 
present in the extract, but certainly this extract reproduces 
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on the stomach the physiological effect of fat in the 
duodenum. 
Lrorp P. JOHNSON 
Doxar F. Magen 
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An Inhibitor of n from the Urinary 
Bladder of the Toad, Bufo marinus 


A PRHVIOUS investigation has shown that the isolated 
bladder of the toad, B. marinus, releases an inhibitor of 
oxytocin into the bathing Ringer’s solution’. More recent- 
ly a similar inhibitor has been invoked to explain the 
inhibition of the effects of vasopressin and of adenosine-3’, 
5'-monophoephate on the toad bladder*. In the former 
investigation it was shown that inhibitor could be obtained 
by gently stirring isolated toad bladders in a modifled 
Ringer's solution, and that the inhibitor so obtained was 
not readily dialysable. In the investigation reported here 
pe ege results were confirmed; however, it was 
f that. following heat-treatment of the inhibitor solu- 
tion, the inhibitor became dialysable. We report a modifled 
preparation of the inhibitor based on this finding. 

The assays for oxytocin and for inhibitor were as pre- 
viously reported!, and were a modification of Bentley's 
method’. Synthetic oxytocin (‘Syntocinon’, Sandoz) was 
used in these experiments, usually at a concentration of 2 
millimita per ml. This concentration produced about 75 
per oent of the maximal response. 

The previous method of preparation of inhibitor was 
repeated. Two whole bladders were excised, briefly 
washed, and stirred in 100 ml. Ringer’s solution for 2 h 
at 4° C. The resulting solution was dialysed for 24 h at 
4° O against three changes of 20 vol. distilled water. The 
contents of the dialysis bag were assayed for inhibitor. At 
a final dilution corresponding to the inhibitor from 20 
bladders/l., the response to oxytocin at & concentration of 
2 milliunits/ml. was inhibited by approximately 50 per 
oent. 

It was found that if the bladders were homogenized 
instead of being merely stirred, about twice the amount of 
inhibitor was obtained per bladder. In this case the blad- 
ders were washed in distilled water, minced with a pair of 
scissors, and homogenized for 1 min at medium speed in a 
‘Vir Tis’ h . The homogenate was centrifuged 
at 30,000g for 15 min, and the supernatant was dialysed 
as before. - 

Heating the dialysed inhibitor solution obtamed by 
either of the foregoing methods to 100? O did not cause an 
appreciable loes in inhibition. Moreover, it was found that 
following the heating of the solution at 100° O for 10 min 
the inhibitor would readily pass through & 'Visking' dialy- 
Bis membrane. These observations led to the following 
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were made up to 0-01 M 
acetic acid and kept at 100° O for 10 min. The solution 
was oooled and then centrifuged at 30,0009 for 15 min 
to remove precipitated material. The b was 
then dialysed against 5 vol. of water for 18 h at 4° C. The 
solution outside the dialysis bag contained roughly 80 per 
cent of the total inhibitor. This solution, about 500 ml., 
was concentrated in flash evaporator to 25 ml. The oon- 
oentrated solution was either frozen and stored, or taken 
to & powder by lyophilization. The yield of powder was 

i small, and it was usually more convenient to keep 

inhibitor in the concentrated solution. At a final 
dilution corresponding to the innibitor fram 5 to 10 
bladders/l. the inhibition of 2 milliunita/ml. oxytocin was 
at least 50 per cent. 

We conclude that the inhibitor is a molecule amall 
enough to peas a ‘Visking’ dialysis membrane and hence 
has a molecular weight of the order of 10,000 or lees*. Ita 
inability to dialyse before heating is. possibly due to its 
binding to a larger molecule, this binding being sensitive 
to temperature. The two dialyses undoubtedly effected a 
partial purifloation of the inhibitor since, in the first, small 
molecules were removed and, in the second, large mole- 
cules were removed, while the overall recovery of inhibitor 
was apperently quite high. In some further experimenta, 
the details of which will be reported later, it was found 
that this preparation also inhibited the of the 
toad bladder to arginine vasotocin and of the rat uterus 
to oxytocin. 

We thank Dr. W. H. Sawyer for advice and assistance. 
This investigation was supported by research grants 
NB-03304 and AM-01940, training grants 5TI GM438 
and 6- F3-HD-23846 from the U.S. Public Health Service, 
and National Science Foundation grant GB-1918. 
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HAEMATOLOGY 


Effect of P haemagglutinin on Synthesis 
of 'Rapidly-Iabelled" Ribonucleic Acid in 


uman Lymphocytes 

Tm» treatment of human peripheral blood leucocyte 
cultures with phytohasmagglutinin (PHA) causes a 
transformation of small lymphocytes to primitive blast 
cells after morphological and cytochemical 1-4. 
The oells undergoing the transformation acquire the 
ability to` synthesize DNA*'' and the morphological 
changes observed after 24-72 h of incubation are accom- 
panied by an increase of RNA iss, 

In the present work the mechanism of transformation 
was examined by observing cell metabolism during the 
early stages of transformation, before any morphological 
change has occurred, 

Thirty-minute, or one-, two- or four-hour cultures of 
normal human i blood leucocytes (10*+10 per 
cent cells/ml. in 189 medium with 20 per cent of the 
subjeot's own plasma, at 87° O), control or PHA-treated 
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(‘Bacto’-phytohasmagglutinin M, Difco, batch No. 480791, 
0-05 ml. standard sol./ml.), were given *H uridine (Amer- 
sham, specifo activity 2-7 o./Ímmole) at a final concen- 
tration of 2 uoc./ml. The incubation with *H uridine was 
interrupted after 20 min by label-diluting with non- 
radioactive uridine (‘Sigma’) to a concentration of 1 mmole 
and collecting by centri ion (1,000 r.p.m. for 5 min). 
The cella were washed twice with TO 199 containing 20 
eee ena serum, and after the last centri- 


: washing in running water, the smears 
were coated with ‘AR 10’ Kodak emulsion and exposed at 
4° O for 10 days. After the photographic procedure, 
i hs were counterstained with Giemsa’ and 
subjected to a quantitative analysis. Two thousand 
lymphocytes from each sample were analysed. The 
experiment was repeated twice. Results are 
in Table 1 and Fig. 1. During the first 4 h incubation 
no DNA sis in amall lymphocytes has been demon- 
strated’, so methylated *H uridine incorporation into 
DNA œn be excluded.” The increase of labelled cells in 
PHA-treated cultures shows that more cells i 


synthesize 
"rapidly labelled’ RNA. The rate of RNA synthesis, s- 


estimated from intensity of labelling, is the same in the 
control as in the PHA-treated cultures. 

Under present experimental conditions, when pulse 
labelling with *H. uridine was one may assume 


into messenger RNA!*, that the 


observed phenomenon, that ia, a start of RNA synthesis, 


een or up Der ee 
Co. ta PNIS, 
L Intenaively labelled after incubation with 
undis and 2i0-min pre- on with p 
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may be related to the beginning of trans- 
formation. The transformatory mechanism of the PHA 
action on lymphocytes is obscure. From the present 
experiment one may consider the possibility that PHA 
initiates pene transcription in lymphocytes. If this 
agent affecta cell membrane, its action may be connected. 
"with a change in membrane permeability to contain 
substances! and a subsequent imbalance of gene- 
histone complexes*. On the other hand, if PHA mole- 
cules with polyanionio groups in the muooprotein frao- 
tion! are allowed to penetrate into the cell and reach 
the nuclear region“, they may directly affect the cationic 
groups of histones, ing the cistrone activity. The 
increase in lymphocytes synthesixing RNA, in cultures 
without PHA, may express their environmental adapta- 
tlon and may be preparatory to the blastogenic auto- 
transformation which is observed after longer periods of 
cultivation. 
This work was supported by Section VI of the Polish 
Academy of Sciences. 
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Appearance of Rat Slow Alpha-two Globulin 
after Irradiation 

Stow alpha-two globulin! (SA,G), although not demon- 
strable by the usual method in the sera of healthy, non- 
pregnant, adult rate, appears in rat sera under a large 
number of conditions involving growth, regeneration, 
necrosis, inflammation, infection or the administration of 
_ bacterial lipopolysaccharide*,?. tly, it was 

considered of interest to determine whether or not 8A,G 
could be demonstrated in the sera of rate subjected to 
irradiation alone or to irradiation followed by the 
administration of bacterial lipopolysaccharides. 
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Sera were obtained from Sprague-Dewley rata of either 
sex as previously described‘, and the presence or absence of 
8A,G was demonstrated by vertical starch-gel electro- 
phoresis using the method of Smithies’ wi i 
modifications‘. The rats were expoeed to approximately 
600 r. of y-radiation from a caesium-137 source (0-662 
MeV) at a dose rate of approximately 10,000 r./h. Lipo- 

ysacoharides from either Salmonella abortus equi or 
S. typhosa (Westphal type, Difco Laboratories, Detroit, 


Michigan) were y at the rate 
of 2-5-8-5 mg rat in 0-25 ml. of 0-9 per cent sterile 
sodium chloride solution. Control animals were given 


0-25 ml. of 0-9 per cent sodium chloride or left uninjected. 
The injections were made 8 or 6 days after irradiation. 
The effectiveness of the radiation dosage may be judged 
by the observation that, while 47 unirradiated rats showed 
an mds d total white blood cell count of 16,250 per mm? 
(stan. deviation 3,610), 40 animals examined 8 days 
after irradiation had an average us ac Pa mm! 
(standard deviation 814) and 36 rats i 6 days 
after irradiation showed an & count of 451 white 
blood cells per mm? (standard deviation 402). The largo 
standard deviations are due, at least in part, to the diffoul- 
ties of securing accurate counts in these extreme cases of 
leucopenia. 
The resulta obtained are shown in Table 1. One hundred 
and sixty-four examinations were made, within tbe first 
15 days after irradiation, of sera from irradiated but 
uninjected rats. In 7 of these, or 4-3 per cent of the cases 
examined, 8A,G was detected. This may be compared with 
2 cases, or 1-4 per cent, of demonstrable 8A,G in the sera 
of a consecutive series of 141 normal, untreated animals 
from our colony. The difference between these two rates 
of incidence is not statistically significant, and it may be 
concluded that irradiation at the doee-level here adminis- 
tered does not evoke the j of RA,G to the 
degree needed to permit ite demonstration by vertical 
starch-gel electrophoresis. 
Table 1. APFEARAWOE OF BLOW ALPHA-TWO GLOBULIN AFTER IERADIATIOX 
AXD TXJROTION OF LIPOFOLYRAOCHARIDES 


No. of rats showing SA,G over No. of rats tested 
Trradiated and injeeted 


Days after Irradtated Injected 3 days Injected 6 days 
trradiation only after after trradiation 
0 0/25 * — 0/24* 

: 0/15 0/25 t 0/8 
7 210 16/15 iu 
f ihr ap iiu 

11 0/8 = 

12 0/12 en 4s 

13 0, 0 peas 

14 0/1 on — 

15 0/1 2/3 
* Blood sample immediately before 


[ amna 
Very week 8&À,G bend. 

Of further interest is the question as to whether or not 
irradiated rats, despite their extreme leucopenia, are still 
capable of responding normally to the administration of 
lipopolysaccharide by the production of sufficient BA,G to 
permit its demonstration by starch-gel electrophoresis. 
again shown in Table 1. None of the 49 
irradiated rate showed 8A,G after irradiation but before 
injection of the lipopolysaccharide. All such rats tested 
within 4 days after the administration of the lipopoly- 
saccharide showed high levels of 8A,G in their sera. The 
percentage of sera with demonstrable SA,G decreased 
thereafter approximately at the rate we have learned to 


e from previous work*. 

t may be concluded that, first, of rata to 
600 r. of y-radiation does not lead to the production of 
8A,G demonstrable by vertical starch-gel electrophoresis 
and, secondly, that rats injected with bacterial lipopoly- 
saccharide 8 or 6 days after such irradiation still d 
with the production of demonstrable quantities of G 
in a manner oloeely similar to that of unirradiated rate. 
Therefore, at least the major part of the white blood ocell 
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systam does not appear to be involved in the BAG 
response to bacterial lpopolysaccharide. 

This work was supported, in part, by grant @B-347 
from the U.S. National Science Foundation. 
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Plasminoplastin Generation Test"of Normal, 

HF", PTA”, X^, PTC- and AHF” Platelet-poor 

Plasmas: Evidence that only HF- Plasma has 
an Abnormal Fibrinolytic Activity 


Siwo Hageman factor (HF) was found to participate 
in fibrinolytic activity!" several investigations have been 
carried out to explore ite role in fibrinolysis. Iatridia and 
Ferguson’, in a detailed analysis of this phenomenon, 
suggested that Hageman factor has a lysokinase activity 
which converte plaaminogen-proplaaminoplastin (pro- 
activator) into plaaminoplastin (activator). Aznar e al.4 
investigated the fibrinolytic activity of Hageman factor by 
means of thrombelastography and concluded that the 
active form itself has a similar character to that of the 
plasmatic proaotivator. Haanen ef al.* showed that the 
fibrinolytic activity of a purified Hageman factor ia only 
measurable in the presence of plasminogen, and therefore 
Hageman factor is an activator of plasminogen. But 
latridis and Ferguson? had shown that chicken plasma, 
which is deficient in proplasminoplastin (proactivator) 
and in Hageman factor, did not develop any plasmino- 
plastin (activator) activity, despite the addition of 
streptokinase or kaolm-SF (surface factor or activation 
product). Thus, from this experiment and from others 
using normal or Hageman deficient plasmas, they con- 
cluded that activated factor is only efficient 
for the generation of endogenous plasminoplastin when ita 
precursor (the proplasminoplastin) is available. 

Recently Holemans Roberts’ showed that in 
normal persons, venous occlusion of the forearm results 
in an inorease in fibrinolytic activity of the blood within 
the oocluded segment, while three subjects with 
trait had lees fibrinolytic activity. In addition they found 
normal fibrinolytic activity in a patient with antihgemo- 
philic factor (AHF) deficiency before and after venous 
occlusion. Kamel e£ al.’ showed that patiente with 
haemophilia A, Christmas disease and von Willebrand’s 
disease had normal flbrinolytio activity. Moreover, 
Phillips e al.* presented two cases of familial hypo- 
fibrinogenaemia with normal flbrinolytio activity. 

In the work recorded here we present further evidence 
that plasma from Hageman trait cases is deficient in 
fibrinolysis too, whereas plaamas from XI-, X-, IX- and 
VII- have normal flbrinolytio activity. 

The method used during this inveetigation was the 

laaminoplastin generation test (PGT) of Iatridia and 

erguson? which may be briefly reviewed as follows. 
Two ml. of inteot platelet-poor plasma diluted with 
38 ml. of distilled water was justed to pH 5-8 with 1 per 
cent acetic acid, and incubated at 37? O. At successive 
time-intervale, 4-6 ml. samples were removed, centrifuged 
at 8,000 r.p.m. for 15 min at 4° C, the presipitate (euglo- 
bulin) dissolved in 0-23 ml. of borate buffer (pH 7-6) and 
tested for fibrinolytic activity by the euglobulin lysis 
time method*. The surface factor (BF) was prepared 
according to the previously described technique. Well- 
studied cases of (XTI-) Hageman trait (L.C.), (O.E.) and 
(A.M.), (VITI-) haemophilia A, (TX-) haemophilia B, and 
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(X-) Mr. R. Stuart Topacio » provided bloods with 
these specific alotting r deficiencies. (XI-) PTA 
deficiency was an artificial preparation according to 
Noseel’s* method. 

Fig. 1 shows that only plasmas from the three subjecta 
with Hageman trait were deficient in the generation of 


- plasminoplastin, while XI, X, IX and VIII deficient 


plasmas had normal plasminoplastin generation. These 
findings (VIL, IX) confirm the resulta of others*’ that 
haemophilia A and B had normal fibrinolytio activity. 
Also we found that K and XI deficient plasmas had 
normal fibrinolytic activity. 

Fig. 2 shows the PGT on normal and Hageman deficient 
plasmas. The controls were run in silicone and in glass, 
while all other teste were in silicone. Active surface 
factor was added to both plasmas, and the resulta show 
a striking normalization of Hageman deficient plasma. 
When inactive 8F (which was prepared from an exhausted 
plasma’) was added, no increase in the plaaminoplastin 
generation was detected. (Compare the resulta with their 


~~ 
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T 
op generation only in normal plasma, not in the 
Hageman deficient. 
: factor is 


activated, this triggers both systems: (a) the olotting 
-mechaniam; (b) the fibrinolysis. What can be demon- 
strated in the test-tube could very well occur in vico. 
Binoe XI, X, IX and VIII deficient plasmas, in which 
factor XII is normal, behave in the PGT like normal 
lasmas, we may conclude that factors XI, X, IX and 
VIII have no fibrinolytic activity and only factor XII 
is the link between coagulation and fibrinolysis. 

This work was supported by U.B. National Institutes 
of Health research grant HE-—01510—12. 


PaWNAYxOTIB G. IATRIDIS 
Jouw H. FHRGUBON 


Department of Physiology, 
School of Medicine, 
University of North Carolia, 
Chapel Hill. 
Niewiarowski, S., and Prou-Wartelle, O., Thrombos. Diathes. Haemorrh 
(Stuttg.), 8, 503 (1959). 
t Taali, Cs] EM eer ene HM (Btuttg.), 


* Tatridis, B. G., and Ferguson, J. H., J. Otin, Insest., £1, 1277 (1962). 
5 Amar, J. Lopez Borrasca, A., Calatayud, R., and Barata, J. J., Ro. Olia. 
Kap., 89, £76 (1965). 


* Haanen, O., Bohonnmakera, J. @., and Morselt, G. H., Tenth Congr. Intern. 
Soo, Hamnat. G, 58 (1 


* Holemans, B., and Roberts, H. B., J. Lab. ond Otin, Med., 64, 784 (1064). 
"Keme, o ne RA, Md Howard Deriet B., Nature, 200, 479 


(1983). 
* Philipa, L. L., Skrodelis, V., and Wolff, J. A., Acts Haemat., 30, 244 (1003). 
* Mossel, H. L. (F. A. Davis Co., 1964). 
10 Wasler, B. A., Scand. J. Olin. Lab. Invest.,11, Sapp. 87 (1959). 
 Tatridis, B. G., and Ferguson, J. IL, J. App. Phys., 18, 387 (1968). 


1 


D 


IMMUNOLOGY 


Immunological Significance of Lysosomes 
within Lymphocytes In vivo 


RamowwT reports? have demonstrated the presence of 
lysoaome-like particles in human peripheral blood lympho- 
cytes and have shown that these increase in Bixe and 
number in tissue culture following stimulation with 
phytohaemagglutinin. These changes appear to precede 
the transformation of the small lymphocytes into cells 
which synthesize RNA and eventually undergo mitosis. 

. In both these reporta!-* it is suggested that these lysosomes 
* are in some way involved in the initiation of cell division. 

In this work we have investigated the relative number 
of small lymphocytes #n vivo which contain lysosomes, and 
the a number of lysosomes within lymphocytes in 
lymph nodes draining the site of application of a chemical 
sensitizing agent, at various stages during the initiation 

of delayed-type hypersensitivity. The elopment of 
delayed-type hypersensitivity has been shown to be 
associated with massive proliferation of small lymphocytes 
in the cortex of the draining lymph node***. This been 
shown to occur through an intermediate large pyronino- 
philic cell which has many features in common with the 
transformed lymphocyte found following stimulation with 
phyto utinin 4» vitro. It was therefore essential 
to find out whether lymphocyte lysosomes responded 
$^ vivo to an immunological stimulus which would induce 
lymphocyte proliferation in the lymph node. An investiga- 
tion was also undertaken to see whether any changes could 
be detected in the lysosomes within small lymphocytes in 
the circulation and in an inflammatory exudate in an 
established hyperimmune stete. The system chosen was 
one where the animals were in an exquisitely sensitive 
delayed itive state to tuberculin, following the 
injection of dead tubercle bacilli in water-in-oil emulsion. 

Guinee-pigs of the Hartley strain bred in the Institute 

of Dermatology were used throughout. They were exam- 
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ined either fresh from stock at a weight of between 400 
and 500 g, or following sensitization either by one applica- 
tion of the chemical sensitizing agent 2-phenyl-4-ethory- 
methylene-5-oxarolone (oxazolone) or by the injection of 
heat-killed Mycobactertum tuberoulosis (tubercle bacilli) in 
water-in-oil emulsion. 

Sensitization to oxazolone was with 0-2 ml. of 10 per 
cent oxazolone dissolved in ethanol and painted on the 
left ear*. Sensitization with tubercle bacilli was by 
injection of 1 mg of heat-killed dried bacilli (obtained 
from the Ministry of Agriculture Central Veterinary 
Laboratory, Weybridge) suspended in water-in-oil emulsion 
using Freund’s incomplete adjuvant (Difoo). Guinee-pigs 
were injected intramuscularly with a total of 0-8 ml. 
divided equally between four sites in the thighs and the 
nape of the neck between three and four months before 
the experiment. They were selected because they gave & 
necrotic reaction 24 h after the intradermal injection of 
1:3 ug tuberculin (human PPD, obtained from the 
Ministry of Agriculture Central Veterinary Leboratory, 
Weybridge). Imprints of the left auricular lymph nodes 
were made from normal guinea-pigs and 2, 4 and 6 days 
after the application of oxazolone to the left ear. 

Peritoneal exudates containing large numbers of mono- 
nuclear cells were obtained by washing out the peritoneal 
cavity with Hanke's balanced salt solution four days after 
the in itoneal injection of 30 ml. of sterile light liquid 
paraffin B.P. The cells were washed twice, diluted to a 
concentration of 8 x 10* cells/ml. in 5 per cent bovine 
albumin (Armour, fraction V) and centrifuged lightly on 
to glass slides. 

Peripheral blood lymphocytes were prepared from the 
blood of guinea-pigs injected intravenously with 10 mg 
of i The erythrocytes were allowed to settle 
following the addition of an equal volume of 5 per cent 
polyvinylpyrrolidone ("Polyvidone', May and Baker) in 
0-15 M sodium chloride. The supernatant was first 
centrifuged at 150g to remove polymorphonuclear leuco- 
cytes and the residual cells in the supernatant (~ 90 
per cent mononuclear cells) were centrifuged on to glass 
slides in 5 per cent bovine albumin as outlined here. 

Acid phosphatase was demonstrated by the Gomori 
method as modified by Holt* using sodiam-f-ghycero- 
phosphate as the substrate. The incubation medium 
was prepared as follows: 0-1 M sodium-f- hoephate 
(B.D.H.), 0-008 M lead nitrate and 0-05 M acetate buffer 
(pH 5). The mixture was kept in the incubator at 87^ O 
for 18 h and the precipitate was filtered. Freeh unfixed 
cell preparations were incubated in the substrate solution 
at 37° C for varying periods up to 2h. An incubation time 
of 1-2 h was fo to be necessary to obtain definite 
reactions in small lymphocytes. ‘The slides were then 
immersed in a saturated solution of hydrogen sulphide 


repared by bubbling A gen sulphide gas from 4 
Kipp's apparatus into distilled water. They were then 
mounted in 8 per cant gelatine in an equal volume of 
glycerol and water. Control slides were incubated in the 
game substrate medium but containing 0:01 M sodium 
fluoride to inhibit the enzyme. ` 

Lysosomes within cells of the lymphoid series were 
identifled as granules which stained for acid phosphatase. 
These could be activated by pre-moubation in an acid 
buffer at pH 5-0 and the enzyme activity was stripped off 
by treating the preparation with ‘Triton X 100’. Pre- 
treatment with distilled water increased the enzyme 
activity of the granules, which was also inhibited by 0:01 
M. sodium fluoride. The granules were therefore found to 
possess the property of latency of enzyme activity. By 
these criteria it was considered that these granules could 
definitely be identified with lysosomes which have been 
defined previously’ by biochemical criterias. 

An pois eae was undertaken of cella in imprints 
of the suri lymph nodes of normal guinea-pigs and 
those which had been painted with oxazolone on the lef 
ear. Three types of cells were seen containing acid 
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phosphatase staining granules. One group consisted of 
large cells containing granules which stained after only 
5-min incubation with the substrate mixture. These 
would appear to be cella of the macrophage series and were 
similar to cells in the peritoneal exudate which had in- 
gested oil; the cytoplasm of theese cells was not basophilic. 
A second group of large cells which had an intensely 
basophilic staining cytoplasm and corresponded to the 
large pyroninophilio cells in previous studies?“ had a much 
amaller number of granules which only began to stain for 
acid phosphatase after 20 min incubation with the sub- 
strate mixture. Finally, there were small lymphocytes 
which contained granules which stained optimally for 
acid phosphatase following 2-h incubation. As can be 
seen in Table 1, there was a marked increase in the 
proportion of small lymphocytes containing lysosomes in 
the 1 h nodes draining an area of application of a 
chemical sensitizing agent. The average number of lyso- 
somes per cell aleo increased, reaching a peak 4 days after 
sensitization, falling off on the sixth day after sensitiza- 
tion. 

Table 1. HFFEOT OF BEXEITIXATION TO OXAZOLONE ON THE ACTIVITY OF 

LYBOSOXES IX LYMPHOOYTES WITHIN THN DRÁAINDNG LYMPH NODE 


Small lymphocytes Large lymphoid 
um per- Mean coelis 
Aurieular of cells number Per oeni calls 
lymph node oon of lysosomes containing 
per oeil lysosomes 
Normal 10 3 19:5 
2 days after senmtization 78 63 TI 
4 days after sensitization 99 &1 93:5 
6 days after sensitization 85 51 T5 


series, 


About 35 per cent of small lymphocytes in the peripheral 
blood or an oil-induced peritoneal exudate from normal 
guinea-pigs were found to contain lysosomes (Table 2). 
In guinea-pigs which had been sensitized with deed 
tubercle bacilli in water-in-oil emulsion 3—4 months 

reviously, the number of small lymphocytes containing 
yBoeomes had increased to between 80 and 90 per cent. 
Cells from sensitized animals contained about 10-11 
lysosomes per cell as compared with 8-5-5 lysosomes per 
cell in normal animals. Lysoeomes in small lymphocytes 
from sensitized animals were seen to be markedly swollen 
when compared with those from normal animals. Inoube- 
tion of cells from peritoneal exudates with the substrate 
mixture for only 5 min showed that macrophages from 
tuberculin-sensitive animals had more active lysosomes 
than macrophages from normal animals. 


Table 2. Hrrmcr oF BIOSITOATIOK WITH TUBERCLE BAOILLI OX THE 
AOTIYITY OF LYSOSOMES WITHIN PERIPHNRAL 


"Tuberoulln sens tized 
Peut © Mesa Ne ar. Per onk etn No of 
cols per ool cells per œl 
Peritoneal exadate — 36005) —— $5 ag S 


Figuros in parentheses indicate the number of animals examined. 


In an investigation of this type it is important to 
differentiate cells of the lymphocyte series from maoro- 
phages. Macrophages can be distinguished easily because 
their lysosomes appeared to have a more fragile lysosomal 
membrane and consequently the lysosomes stain for acid 
phosphatase after a shorter incubation time than oells of 
the lymphocyte series. Lymphocyte lysosomes would 

to be more stable than those of macrophages. 
Large cells of the lymphocytes series with a basophilio 
cytoplasm (immunoblasts) were seen in lymph nodes 
draining the area of application of a chemical-sensitixing 
agent, reaching & peak in concentration on the fourth day 
after sensitization. A high proportion af these cells 
contained lysosomes. However, these lysosomes were 
present in smaller numbers and were far leas fragile than 
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those geen in . These cells would appear to be 
similar to those described by previous authors?! in studies 
on the lysosome content of lymphoid cella in tissue cultures 
containing phytohsemagglutinin. 

On the days immediately following the application of & 
chemical sensitizing agent to the skin, there was a marked 
increase in the number of small lymphocytes containing -< 
lysosomes in the draining lymph iode: The number of 
active lysosomes in an active cel] also increased, reaching 
& peak on the fourth day after sensitization. It ia not 
known. whether these cells were precursors of the immuno- 
blasts, or were derived from them by cell division. How- 
ever, they were still present in large numbers on the sixth 
day after sensitization, at a time when it was known that 
the number of immunoblasta had fallen considerably*‘. 
It would therefore be unlikely that these cells were about 
to differentiate into immunoblasts. 

It may also be that small lymphocytes containing 
I mes are immunologically competent ocells. It is 

ore interesting that there is an increased number of 

small lymphocytes with lysosomes in animals injected 
with tubercle bacilli in water-in-oil emulsion and that 
these are also much larger in size and increased in number. 
This may also have some bearing on the increased immuno- 
logical respongivenees of animals injected with Freund's 
adjuvant. One might also speculate on whether the amall 
lymphocytes which contain lysosomes are the effector 
cells in delayed-type hypersensitivity. However, in 
preliminary experiments in which tuberculin has been 
injected in eritoneally in & dose sufficient to cause 
aggregation of macrophages (10 ug PPD)’ no significant 
change was found in the lysosomes of either small 
lymphocytes or macrophages. 

J. V. Dumepox 

J. L. TUEK 
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Precocious Anti-diphtheria Response induced 
by RNA Immunoc-carrier 


te ee 
the serum of rabbits immunized with horse serum albumin 
and rat or guinea-pig red blood cells was observed; the 
greatest increase was in the gamma-globulin fraction. 
The RNA extracted from immune rabbit sera (RNA 
Immuno-Carrier or RNA-I-O) was able to induce in normal 
rabbits a precocious antibody production against the same 
antigens used for immunizing the animals’ source of the 
RNA, 

It was then found that RNA-I-C from the serum of 
animals immunised with heterologous RBC was able to 
induce rapid antibody production in normal animals of 
different species?. The possibility was also demonstrated 
of obtaining a precocious auto-haemantibody mse n 
normal rate treated with a suitable amount of A-1-0 
from serum of rabbits immunized with rat RBC‘. 


The following investigations were undertaken to asoer- ^ 


tain whether it is poasible to induce a ious antibody 
in normal animals with A from serum of 
aenal omnid against diphtheria toxin. Further- 


ue 
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more, because in preliminary experiments an attempt to 
obtain an effective RNA-I-C from ‘stored’ antitoxio horse 
serum was unsuccessful, we tested whether the RNA 
content of ‘stored’ immune sera was changed, and whether 
the capacity of inducing immunity in normal animals was 
modified in RNA extracted fram ' immune sere. 

Female rabbita weighing 1-8-2-0 kg, fed on a standard 
diet, were immunized with 200 Lf of diphtheria toxoid 
(‘Anadifterall’ Sclavo) given by four intravenous injections 
at four-day intervals; seven days after, & fifth injection 
SEO igo nsa Gnd. nie age eMecwanis this blood of 
the animals was collected. One part of the serum was 
‘stored’ at +2° C for 40 days, the remainder was used ab 
once. 

The RNA was estimated and extracted from anti- 
diphtheria rabbit sera ‘fresh’ or ‘stored’, according to the 
technique described in a previous paper’; as a control, 
anti-diphtheria horse serum: (from Sclavo, Siena, Italy) 
‘stored’ for 40 days was used as a source of RNA. 

The RNA so obtained was administered by & single 
intravenous injection to normal rabbits, 1-5 body- 
weight; the animals were bled 48 h after the RNA injection 
and the sera were used in the diphtheria toxin neutralising 
testa. a 

Four groups of male guinea-pigs weighing about 250 g 
(with the abdominal skin previously shaved) were used: 
+o the first group was given subcutaneously, in a final 
volume of 4 ml., a mixture of various amounts of diph- 
theria toxin (1 ml. = 1,000 MLD; from Sclavo, Siena, Italy) 
corresponding to 1; 2-5; 5; 7-5; 10; 15; 20 MLD, pre- 
incubated for 1 h at 87° O with 0-05 ml. of serum from 
rabbits treated with RNA-I-C from ‘fresh’ antitoxio 
serum. The second group was treated in the same way 
but using serum of rabbits treated with RNA-I-C from 
‘stored’ antitoxic serum; the third and fourth groupe 
were used as controls, using normal and hyperimmune 
rabbit's serum respectively. 

The MRD was determined in & group of rabbits by 
several dilutions of toxin according to Jensen’. The MRD 
so determined was injected in & final volume of 0-1 ml. into 
the previously shaved abdominal skin of the rabbits 
treated 24 h before with RNA-I-C and, as a oontrol, of 
hyperimmune rabbita. 


Table 1. Errmor OF "ÜTORAGE' ON THs RNA OONTAXT oF IMMUNE SERUM 


BENA Freah serum Stored for 40 days 
mg/100 ml. 9-04 + 0-57 560+ 0-75 
© Per cant 100-00 58-00 


Table 2, Mrrmor om GUDEEA-FIGS OF VARIOUS AMOUNTS OF DIPHTHERIA 
TOXIN WHUTRALIZED BY VARIOUS ANTTTOXIO BIRA im vitro 
MLD of therta toxin 
24 5 x 


1 10 15 10 


toxin 
Berum rabbits 
treated with RNA-I-O local 
from ' serum SS =n lee — hype- 
2 annie 
Tabbits 


oedema 
— ehar death death death death 
death death death death death death death 
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In addition, MRD neutralizing testa were made: dilu- 
tions of various antitoxic sera from 1:500 to 1:128,000 
were incubated for 4 h at 37° C with the MRD of toxin 
and then injected, in a final volume of 0-1 ml., into the 
shaved abdominal skin of normal rabbits. Four groups of 
animala were used: to the first was administered 
MRD pre-incubated with serum of rabbits treated with 
RNA-I-O from ‘fresh’ antitoxio serum, to the second the 
MRD pre-incubated with serum of rabbits treated with 
RNA-I-C from ‘stored’ antitoxic serum; in the third 
group and in the fourth the MRD pre-incubated with 
hyperimmune and normal rabbit serum was used. 

The immune serum ‘stored’ for several days at +2° C 
undergoes a perceptible decrease of ite RNA content 80 
that, after 40 days, it is about half that of ‘fresh’ sorum 
Mabie D. Stand ied abhi 

RNA from ‘fresh’ anti-diphtheria toxin rabbit’s serum, 
when injected into normal rebbite, elicits an antibody 
response which can protect guinea-pigs from the effects of 
the diphtheria toxin (neutralization teet in vitro): in all the 

injected with toxin pre-incubated with serum of 
rabbita treated with RNA-I-C fram ‘freah’ antitoxio serum 
no paresis was found, and a hyperaemio and oedematous 
halo at the point of mjection was obeerved only at the 
highest dose of toxin; the animals of this group were still 
living sixty days after treatment. Similar results were 
obtained in the fourth group in which antitoxic hyper- 
immune serum was used. All the animals of the third 
group, in which toxin neutralized with normal serum was 
used, were dead within 96 h, surviving according to the 
dose injected. Finally, in the guinee-pigs of the second 
group, in which toxin n with serum of rabbits 
treated with RNA-I-C from ‘stored’ antitoxio serum was 
used, only those animals treeted with 1, 2-5 and 5 MLD 
survived sixty days after treatment; the others were dead 
within 96 h (Table 2). Similar resulta were obtained using 
RNA-I-C from ‘stored’ antitoxic horse serum. 

The MRD of diphtheria toxin did not induce the forma- 
tion of a hyperaemio halo within 48 h in the rabbits which 
had received antitoxio RNA-I-C 24 h previously, or in the 
rabbits immunized with toxoid, used as a control. The 
MRD pre-incubated witb normal rabbit’s serum did not 
give & typical reaction within 48 h until serum dilutions 
reached 1:1,000; in the rabbits which had received the 
MRD neutralized with serum from animals treated with 
4resh’ RNA-I-C, it was neutralized by serum diluted 
1:128,000; in the rabbits treated with the MRD neutra- 
ized by serum from rabbits injected with ‘stored’ RNA- 
I-C the highest dilution able to prevent the typical 
hyperaemic reaction was 1:32,000 (Table 3). 

As observed in our earlier work, it appears that it is 
possible to obtain from hyperimmune anti-diphtheria rab- 
bit serum an RNA (RNA-I-C) that can induce a precocious 
anti-diphtheria response when administered by & single 
intravenous injection to normal rabbits. The serum of 
animals treated with this RNA oould neutralize the 
diphtheria toxin im vitro. Storage of immune sera at +2° 
O affects their RNA-I-O content so that the ‘stored’ 
immune sera have a greatly decreased capacity to induce 
a rapid antibody response by their RNA-I-C; it is very 
probable that the ity for that is the high ribo- 
nuclease content of the serum*. Further investigations are 
in progress. 


Table 3. Im stro NEUTRALIKATION OF THE DET TOXIN MED OF Banners SY VARIOUB ANTITOXIO BERA 





Sarum of rabbits treated with RMN A-I-0 


from ‘fresh’ serum 

Serum of rabbits treated with RN A-I-0 
from ‘stored’ serum 

E rabbit serum 

Normal rabbit serum 


Key: —, no skin reachon within 48h; +, 8 mm erythematous halo within 


E t! 











h. 
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Localization of Tumours and Drugs on the 
Chorio-allantoic Membrane of the Chick 
Embryo 

BBaAUBB the chick embryo is immunologically immature 
during the first two weeks of ite development, heterologous 
tissues such as human and rat tumours can be grown on 
the highly vascular chorio-allantoio membrane (CAM) of 
this organism without the necessity of pre-treating it in 
order to suppress the immune mse. Tumours grown 
in this way have bean used to assees the effects of potential 
anti-bumour 15e, 

The technique, although seemingly very simple, is not 
without difficulties, and some of these are sufficiently 
sovere to make Meri duse of the reeulta, if not impoe- 
sible, certainly problematical. Two difficulties in parti- 
cular have prevented the wider use of this method in 
testing for anti-tumour druge: the large variation in growth 
rate of implanted tumour fragments, which resulta in 
uncertain control values in relatively small groups of eggs, 
and the sharp increase in operative mortality when suc- 
cessive doses of the drug under test are administered into 
the yolk sac or intravenously, which are the usual routes 
UE administration in this system. 

e sought to overcome these disadvanteges by applyi 
disks of the kind shown in Fig. 1 to the CAM and filling 
the six peripheral compartments with tumour cells, 
the larger central well with the drug to be examined. 
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Our aim was twofold; first, if an approximately equal 
number of tumour cells were to fill the compartments of 
the diaks, then it seemed possible that tumour nodules of 
approximately equal size might develop. Depression of 
size or weight of the nodules by a drug would then be 
amenable to relatively simple ageesament. If, on the other 


hand, the tumours were found to be of different sizes, then < 


because six tumours instead of the usual one could be 
grown on one CAM, statistical evaluation again of sixe, 
weight, or possibly number of ‘takes’ might be on some- 
what firmer ground. ‘ 

A second aim was to be able to give drugs in a techni- 
cally simple and consistent way without at the same time 
applying them directly to the tumour cells, as might be 
done in tissue culture. It will be seen that the method we 
describe goes some way towards achieving these aims. 
(An outline of this work was given to the British Pharma- 
cological Society, Bristol, 1964, ref. 7.) 

Fertilized White Leghorn eggs were incubated at 103? F 
and implantation was carried out on the 8th day of incu- 
bation. The method of approaching and dropping the 
CAM was essentially that of Ballantyne’. 

Disks were placed on to the ‘dropped’ CAM through the 
window made by removing a portion of the shell and the 
underlying shell membrane. They adhered closely to the 
OAM, the holes in the disks forming six tight outer com- 
partments and a central well, all having the vascular „e 
CAM as their base. The disks were cut from black poly- 
thene sheet 0:0125 mm thick and each weighed 40 mg. 
Before use they were heat sterilized between sheeta of 
filter paper to prevent them from curling. The disks were 
used once only. 

Tn order to see how watertight the compartments were 
when the disks were in position on the CAM, methylene 
blue was dropped into them im one experiment and eosin 
in another. Any tendency for liquids to run together 
under the disks could then be followed with the naked eye 
when methylene blue was used. or under ultra-violet light 
in the case of eosin. 

In the present experiments, only the Walker 256 rat 
carcinosarcoma in the form of a suspension of cells was 
used, though m another series of experiments to be 
reported later, other tumours were also examined. 

The inoculated cells were derived from either the solid 
or ascitic forms of the tumour. Cells from the solid Walker 
tumour were packed by centrifugation and administered 
either in this highly concentrated form (100 oent 
packed cells) or as a 10 per cent cell suspension m sterile 


saline. Cells from the ascitic tumour were concentrated in »* 


& similar manner; the dense upper layer of the cell pellet 
being withdrawn into a 0-25-ml. syringe and used directly 
for moculation (100 cent ascites cells). All suspensions 
were applied dropwise through a 26-gauge needle to each 
of the six compartments in rotation, until the total volume 
had been given. This varied from 0-003 to 0-08 ml. 
according to the cell concentration. After inoculation 
of the cells the eggs were sealed with ‘Sellotape’ and 
returned to the moubator. N 

Solutions of drugs used, in the concentration indicated 
in Table 1, were applied to the central well at intervals 
between 0 and 96 h after tumour moculation through a 
small temporary alit in the ‘Sellotape’ seal. Drugs used 
were bis(2-ohloroethyl) methylamine hydrochloride (mus- 
tine hydrochloride; HN2) and oyclophosphamide. They 
ee eee ae TO All 
drugs were given as a single dose except in the last 
experiment (see Table 1). 

Eggs were inspected daily and embryos that had died 
before the 6th day of incubation were discarded. Atthat 
time all the embryos were killed. A segment of the CAM 


sufficiently large to include the disk and about 5 mm of-* 


the surrounding membrane was cut out and placed in 
neutral buffered formalin. The flxed membranes were 
then examined for the presence of tumour in the six 
compartments. Tumour growth in any one compartment 


. The 
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Table 1. Hrrscr or DEUGS ON (YUXBER oF TUMOUR “Tires 
Total egg Total Total — Varianoe 


Inoeulum TOT ‘takes’ ‘non-takes’ 
0-03 none (control) 10 20 
0-08 Wy 2 (72 h) 7 85 0-0106 
10% oell 0-03 Rr 21 11 
0-086 My 2 (0h) 2 22 0-0151 
0-03 (con 21 £i 
0-08 600y OPA (0 b) 4 14 0 0106 
0-08 14 128 
100% peoked Me By Ret (mah) ag b 0 0129 
0-008 Be ARS eb) 2 5 0 0038 
001 gone (oniro) 16 2 
100% asaltos 001 By 2 (48 h) 4 8 0 0819 
0-01 none (oon 15 9 
* 0-01 rr gl 2 46 020114 
Total ‘takes’ = Ths sam of the number of "takes on each diak in the group. 
a OEN ODD MEN, ex Th coe DN number eae eee m 
er 
All disks had 6 inoculation Bralin was made at 0 daye: Oal 
were from solli Walker tumour and ascites were 


fram 
calls, red, white and peritoneal cells. 


was rated as l ‘take’ irrespective of whether one or more 
than one tumour nodule had developed in that compart- 
ment. 

Representative samples of control and treated mem- 
branes were subjected to histological examination. 
Twenty-four hours after applying the disks to the 
CAMs the mortality rate of the chick embryos was approx- 
imately 25 per cent of the total number of eggs operated. 
This rather high rate was similar to that of sham-operated 
eggs. Initial survival was thus not impaired by the pre- 
sence of tbe disks on the CAMs and neither was their 
survival after a further 5 days incubation. Reaction of 
the membrane to the disks was minimal and confined to & 
slight thickening around the cut edges of the disks. 

The number and size of blood vessels that ran across 

A mpar&ment varied considerably (Fig. 1). 

Equally variable, taking all experiments together, ap- 
peared to be the number of tumour ‘takes’, but in those 
experiments where 100 per oent oell suspensions were 
used, greater uniformity of tumour development seemed 
to be achieved. The tumours, although derived from ocell 
suspensions, showed a high degree of localization (Fig. 2), 
and while the cells might have been expected to be carried 
to distant sites, they grew only at or near the site of 
implantation. Macroscopically they did not metastasize 
ither to other areas ot the CAM or to the embryo and 
rarely spread beyond the outer perimeter of the disks. 
experiments with methylene blue and eosin showed 
that a considerable degree of localization could also be 
obtained with solutions. When disks were properly ap- 
plied, solutions were largely retained within the com- 
partments in which they had been placed. 





is Ee; Disk still attaohed to the membrane in arder to show the 
of tamour nodules. Tumour dertved from ascites celis 
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Histological examination of membranes on which disks 
only had been for six days revealed a little stromal 
thickening as the sole abnormality. In contrast the mem- 
branes on which nodules had developed as æ result of 
tumour cell inoculation had numerous large nests of 
rapidly dividing cells of rat origin in the mesenchymal 
layer. 

Because of the variation in numbers and size of the 
tumours which developed in different compartments, an 
analysis was made of ‘takes’ and ‘non-takes’ in the control 
and drug-treated eggs. The variance calculated for each 
of the experiments is given in Table 1. The method of 
comparison for all seven experimenta taken together was 
that used by Lee’ and gives a total variance of 0:1052. 
The standard error is therefore 4/0-1052-—0-8243. Dif- 
ferences in proportion = 2-1505 +0-8248, that is 6-6 times 
the standard error, and P is lees than 0-001. 

Several facts from these preliminary studies. 
First, that the CAM of the chick embryo is able to 
tolerate a diek of the dimensions and weight that has been 
applied without deleterious effecta. Secondly, multiple 
localixed foci of tumour growth can be produced by 
implantation of living tumour oells in the compartments 
of the disks, thus increasing the statistical value of each 
egg. Since application of drugs in the central well is also 
largely localized, little reaches the tumours by direct 
diffusion; and most of it is probably absorbed into the 
blood veasels or lymphatics which traverse the base of the 
well. Since applications are quick and technically easy, 
drugs can be given in equally or unequally divided doses, 
thereby reducing toxic effects of large single doses. This 
is all the more desirable since we have observed that the 
maximum dose tolerated by the embryo inoreases rapidly 
with increasing age, and while the maximum tolerated dose 
on the 1st day of the experiment may be ineffectual 
against the tumour, that on the 2nd day may have 
reached effective levels. 

Thirdly, a comparison of ‘takes’ and ‘non-takes’ shows 
that known inhibitory substances produce a significant 
reduction in the number of ‘takes’ in the disks. This would 
appear to eliminate the necessity for weighing tumours 
from individual compartments or even the total tumour 
mass on each disk. It would also appear justifiable there- 
fore to assess the potential value of a substance as an 
anti-tumour agent by ite ability to depress the number of 
‘takes’ in this system. 

It is of course possible to vary the scheme and to teat 
six different tumours in tbe peripheral compartments 


the suspension that we have used. 

Finally, aix or seven different drugs may be placed into 
the compartments without tumour in order to assess their 
teratogenio effects alone or in combination. 

We thank Dr. A. J. Lee for the statistical analysis of 
our results, E. V. Willmott and G. D. Leach for the 
photographs, and D. I. Duke and Ian Binks for their 
assistance. 
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Interrelationships of the Visual Cortex 
and Superior Colliculus in the Cat 


It is well known that in the mammal the retina is 
related in a woll-organized manner with the lateral 
geniculate nucleus of the thalamus and with ths visual 
oorbter!, on one hand, and with the superior colliculus? of 
the midbrain, on the other. In addition, a projection 
from the visual and other cortical areas to the tectum 
has been demonstrated’. Apart from a recent investi- 
gation in the rat‘ there is no evidence, however, to indicate 
whether the projection of the cortex on the tectum i18 
topically organized and in particular whether the parts 
of the cortex and tectum related to a specific part of the 
retina are interconnected. This problem of the inter- 
relationships of the visual cortex and the superior colliculus 
has been investigated in the cat m three stages by 
determining, first, the detailed projection of the retina 
on the lateral geniculate nucleus and the superior oolli- 
culus; secondly, the organization of the projection of the 
lateral geniculate nucleus on the visual oortex (and 
thereby the representation of the retina in the cortex); 
and finally, the manner of termination of the cortical 
efferent fibres to the superior colliculus. 

Following the enucleation of an eye, fragmented fibres 
can be traced by the method of Naute and Gygax’ to 
several sites’. On the ipsilateral side, these are lamina 
Al, the dorsal and ventral components of the central 
interlaminar nucleus and the central part of the medial 
interlaminar nucleus of the dorsal nucleus of the lateral 
geniculate body, the ventral nucleus of the lateral geni- 
culate body, the whole extent of the pretectal area 
(particularly the nuoleus of the optic tract) and the 
strate opticum, griseum su iale and griseum inter- 
mediale of the superior colliculus. On the contralateral 
side, terminal degeneration is found in laminae 4 and B, 
the dorsal and ventral components of the central inter- 
laminar nucleus and the medial and lateral parts of the 
medial interlaminar nuoleus of the dorsal lateral geniculate 
body, the ventral lateral geniculate nucleus, the pretectal 
area and nucleus of the optio tract, the same layers of the 
superior colliculus, and in the lateral and medial terminal 
nuolei of the accessory optic tract. The density of the 
terminal degeneration in the superior colliculus is oon- 
siderably greater on the contralateral side. 

The details of the representation of the retinal quadrants 
on the dorsal lateral geniculate nucleus’ and the superior 
colliculus! were examined by placing small electrolytic 
lesions in different parte of the retina. That part of the 
retina lateral to the aree centralis, the temporal retina, 

rojects to the above sites on the ipsilateral side, while 

roe from, the retina on the nasal side of the area centralis 
are distributed only to the contralateral nuclei. The 
superior quadrante of the retina project to the anterior 
part of the lateral geniculate nucleus and to the postero- 
lateral pert of the superior colliculus, while the inferior 
quadrants project posteriorly and antero-medially respec- 
tively. In the lateral geniculate nucleus the horizontal 
retinal meridian is represented obliquely from postero- 
lateral to antero-medial just behind the middle of ita 
antero-posterior extent as viewed from the dorsal aspect, 
while on the colliculus this meridian is disposed obliquely 
from postero-medial to antero-lateral; the representations 
of the vertical meridian are oo-extensive the medial 
and anterior margins of the lateral geniculate body and 
superior colliculus respectively. Very small lesions in the 
immediate vicinity of the aree centralis have shown that 
ib projects to a little behind the middle of the medial 
of the lateral geniculate body and to the antero- 

lateral edge of the superior colliculus, and also that the 
ion from such lesions occupies a dispropor- 


tionately large area compared with similar lesions at the 
periphery of the retina. There is also a well-defined 
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organization in the retinal projection to the interlaminar 
nuclei of the lateral geniculate body. In the central 
interlaminar nuoleus the terminal degeneration found in 
both its dorsal and ventral components on each side 
always adjoins that present in the main laminae. In the 
medial interlaminar nucleus the upper and lower parts 
of the retina project respectively anteriorly and pos- 
teriorly; the central area is represented in the more 
dorsal of the nucleus, while peripheral retinal lesions 
cause neration in the ventral half As the temporal 
hemiretina projects to these nuclei on the ipmlateral side, 
and the nasal on the contralateral, it is olear that there 
is an additional representation of the entire retina m 
each of-the nuolei'. 

The organization of the projection of the lateral geni- 
culate nucleus on the cortex has bean defined by correlating 
the site and extent of retrograde cellular changes in the 
thalamus following lesions of various siges in the visual 
cortex as recently defined’. The nucleus projecta ipsi- 
laterally to areas 17, 18 and 19 in such a way that ita 
anterior and posterior parts project to the corresponding 

rtion of these areas?*; in the medio-lateral dimension, 

owever, there is a reversal in the thalamo-cortical 
relationship, in that medial and lateral parts of the 
nucleus project to the lateral and medial portions 
tively of the cortex. The cellular degeneration in the 


Tc 


central interlaminar nucleus is found to be oo-extensive _ s 


with that in the main laminae. Cellular degeneration is 
found in the medial interlaminar nucleus only when the 
lesion extends beyond area 17, but whether this nucleus 
is connected with area 18 or with area 19 or both has not 
been determined. The retina is therefore represented in 
the visual cortex with the superior quadrante anteriorly 
and the inferior quadrants posteriorly; the area centralis 
is represented near the junction of the lateral and post- 
lateral gyri, and the periphery of the retina along the 
anterior, medial and posterior borders of the visual 
cortex. The representation of the area oentralis is 
relatively greater than that of the rest of the retina. The 
finding of a separate retinal representation in the medial 
interlaminar nucleus together with the differential 
projection of this nucleus to area 18 or area 19 (or both) 
may provide the anatomical basis for the additional retinal 
representation recently found in these areaa!!, 

Following lesions of the visual cortex, terminal fibre 
degeneration is found in several subcortical nuclei; of 
particular relevance are the dorsal! and ventral nuolei 
of the lateral geniculate body, the posterior thalamic and 
pulvinar complex, the pretectum and nucleus of the optic 
tract, and the superior colliculus. The nucleus of the 
optic tract receives fibres from all parte of the visual 
cortex, but the rest of the pretectum is found to be 
related only to a small inferior part of the postlateral 
gyrus. The visual oortex projecta on those layers of the 
superior colliculus which receive retinal fibres and to the 
stratum zonale? in a well-organized manner, the anterior 
part of the cortex being related to the postero-lateral half 
of the oolliculus, and the posterior cortex to the antero- 
medial half. Furthermore, any part of the cortex related 
to a specific part of the retina sends fibres to that part of 
the tectum which is directly related to the same part of 
the retina. The degeneration in the lateral geniculate 
nucleus after lesions in the visual cortex is localized to 
those areas which project to the same parts of the cortex. 
Fibres are found to project to the deeper layers of the 
superior colliculus from other neocortical areas’, 

The observations recorded here, using experimental 
neuroanatomical techniques, have confirmed that there is 
& precise representation of the retina on both the visual 
cortex4 and the superior colliculus i the cat and, in 


addition, have shown that the visual cortex projects in > 


an equally well-organized fashion on the same layers of 
the tectum. Thus, every part of the retina is related to 
& particular part of the tectum directly, and also indirectly 
via the thalamus and cortex. It may be noted that, 
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- Refrigerator Centrifuges 





In performance, compactness and appearance these three large capacity refrigerator centrifuges 
set new standards. 

The “Mistral 6L” Ia the “do luxe" model and has exceptionally large capacity, Incorporating such 
refinements as electronic speed control and preselection, stainless steel working top lid, as well 
ag giving extremely high performance over a wide range of heads. 
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Maximum bottle size 1,250 ml. 1,000 ml. 380 ml 
Maximum total capacity 6 litres 4 litres 1,520 ml 
Maximum speed 6,000 r.p.m. 6,000 r.p.m. 4,800 r.p.m 
Maximum speed with largest head 2,500 r.p.m. 2,500 r.p.m. 2,200 r.p.m 


A Superspeed Attachment Is avallable for all models 
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25-28 BUCKINGHAM GATE, LONDON, S.W.1, ENGLAND 
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Highly Successful 








Some of the outetanding advantages: 


e Stnphinge suspenslon—no friction or backlash 

e Mechanical specimen advance—accurate 
calibration of section thickness 

@ Fine adjustment of automatic advance—steps 
af 5mp from zero to 150mp 
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The outstanding success of 
this microtome for electron 
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to discriminating users, in 
both the New and Old 
Worlds, and the instrument 
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This is due to ite unsophls- 
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e Fullrange of knife adjustments—tt, traverse, 
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e Large specimen travel 0.1 mm by automatic 
advance 

e Large specimen area—cuts 3 x 4 mm If needed 


The Cambridge Ultra-Microtome Is gravity-operated, and has no motor to cause vibration. 
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although the fibres from the retina and the visual cortex 
end in essentially the same layers, fibres from other 
cortical areas terminate predominantly in the deeper 
‘efferent’ layers’. The functional significance of the high 
degree of organization of these oonnexions is not clear; 
it seems probable that it is of importance in the known 
role of the superior colliculus in the control of eye move- 
menta and also in the centrifugal system of fibres to the 
retina". Considering the well-defined organisation of the 
projection of the optic tectum on the nucleus of origin 
of the centrifugal fibres to the retina of the pigeon”, the 
retino-tectal fibres in the cat may serve as the afferent 
. limb of a reflex loop. Through the cortico-tectal fibres, 
there is also the possibility of a cortical mfluence on 
the retina. 

This work was carried out during the tenure of a 


Medical Research Council scholarship. — p, J. Ganay 
Department of Human Anatomy, 
University of Oxford. 
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Relation of Cell Size to the Effect of X-rays 
on Poliovirus Production by Monkey-kidney 
Cells 
Ix several systems of animal cells in tissue culture, 
irradiation with either X- or gamme-rays progressively 
reduces the ability to produce virus (that is, the ‘capacity’) 
until it is between l and 10 per cent of the capacity of 
non-irradiated control cultures. The remaining capacity 
is leas radiosensitive, so that a graph depicting residual 
capacity of the test population as a function of radiation 

dose tends to level off. 

Buch & dose-response curve could indicate that the cells 
in the test population were of two types, with differing 
radiosensitivity. It was that those cells the 
capacity of which was less ioeengitive might be larger 
than the other cells. Since virus production per cell 
increases with the size of the cell, the larger cells would 
synthesize more virus and might therefore require more 
irradiation to stop their virus synthesis‘. 

The evidence presented here supporte that suggestion. 
X-irradiation reduced poliovirus yi from monkey- 
kidney cella of regular size more than it reduced the 
yields from giant monkey-kidney cells. 

For these experimenta, all test monolayers were pre- 
pared by plating suspensions of cella obtained from mono- 
layers of primary monkey kidney, and thoee intended for 
giant-oell monolayers were then irradiated, as previously 
deecribed*. Both the irradiated and the non-irradiated 
plates were incubated at 37^ C in an atmosphere of 4 per 
cent CO, in air for 6 or 7 days, because previous experi- 
ments had demonstrated that by that time the average 
volume of the irradiated cells could be expected to be 4- 
6 times the average volume of the non-irradiated cella‘. 
During the incubation period the medium was renewed 
every second day. 

After incubation, the 2 groupe of monolayers were 
separated into sets which were subjected to different doses 
of X-ray, ranging from 10,000 r. to 193,000 r. (see Table 1). 
The X-ray machine used for this irradiation was that 
used to the giant celle and was operated at the 
same kV and amp (140 kV, 9 m.amp), but this time the 
beam waa unfiltered. As oontrola, each experiment inclu- 
ded one non-irradiated set of plates from eaoh group of 
monolayers. In these experiments the X-ray dose corre- 
sponding to a 87 per cent survival point (the D,) was 
approximately 160 r. for cel] multiplication and 120,000 r. 
for virus infectivity (Levine, unpublished data). 

Table 1. Hrruct or X-ray DOSE OK POLIOYIRUS YIELDS FROM MONOLAYERS 
OF REGULAR AND OF GIAWT MOMKNY-KIDWRY CELLS 


P.F.U. Pero mn of yield from 

Experiment produced per cell oon monolayers 

No. dose (r.) Regular Giant Regular Giant 
1 0 366 960 100 100 
10,000 187 1,000 51 118 
50,000 106 1,060 29 110 
100,000 106 1,000 19 110 
2 0 200 425 100 100 
50,000 150 425 05 100 
3 0 360 800 100 100 
100,000 72 480 10 60 
4 0 37 160 100 100 
143,000 5 87 14 55 
5 0 260 750 100 100 
193,000 50 465 19 e 


After irradiation of the monolayers, the growth medium 
was removed and they were washed once with phoephate 
buffered saline*. Then test and control monolayers were 
infected with type 8 poliovirus (Leon stram) having a 
titre of 1-2 x 10* plaque forming unite (p.¥.U.) per ml. 
Each inoculum consisted of 0-5 ml. virus in 0-5 ml. of 

hate buffered saline. The infected monolayers were 
i ted at 87* C for 1 h to allow the virus to attach to 
the ocells, and were then washed 8 times with phosphate- 
buffered saline, overlaid with Eegle's medium’ enriched 
with 2 per cent oalf-aerum, and returned to the carbon- 
dioxide incubator until cells were destroyed, which was 
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usually 8648 h after infection, when the virus was 
collected. 
Virus yields were determined by plaque assay on 
monolayers of monkey-kidney oells. The number of cells 
per monolayer was determined for representative mono- 
layers from each set before infection and’ was used to 
determine the average yield of virus cell. 
The effecta of various doses of Uray on poliovirus 
yields from monolayers of regular and of giant cella were 
compared (Table 1). Virus yields are expressed as the 
number of P.F.U. produced per cell and as the tage 
of the yield from control monolayers. Al both the 
yield and the effect of the same radiation dose on the 
yield varied among the experiments, virus production by 
the giant-cell monolayers was always more radio-reaistant 
than virus production by the regular-cell monolayers. 
Although these results do not prove that the reaidual 
capacity of a cell population as a function of ita radiation 
dose is related to the proportion of large oells in that 
population, they are compatible with such a relationship. 
SEYMOUR Luvrsm 
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Electron Spin Resonances in Formicidae 

Taa investigation of radiation phenomena in hving 
systems, where the diffusion processes can occur in a 
‘normal manner’, is, a8 recently pointed out by Zimmer 
ei al, & most important task in present electron spin 
resonance research. With this in mind, investigations on 
the effects of ionizing radiation on survival and behaviour 
of ants were extended into the fleld of microwave spectro- 


8oOpy. 

Bo far the following species of ants have been examined 
in their electron spin resonance responses: Lassus umbratus 
(Nyl.), Tetramorium 1 (L.), Formica exsecioides 
Forel, Formica fusca L., Camponatus castaneus (Latr.), an 
Pogonomyrmex ocoidentalis (Cre). The electron spin 
resonance spectra were recorded for each species with a 
Varian 4,500 series, 100 ko/s field modulation spectrometer, 
using & single cavity resonator and spin resonance glass 
tabings of 5 mm diameter as container for the living ante. 
DPPH and pitch were used in dual sample cavity record- 
ings as reference standards for evaluation and comparison. 
of the spectra. In one case, Tetramorium, a quantitative 
determination of the g-value could be made by frequency 
and magnetic field measurements with calibrated equip- 
ment at the National Bureau of Standards. 

Each ant species was checked repeatedly for ita electron 
spin resonance spectrum at different settings of the spectro- 
meter, at different time penods and for different batches 
of ante. Lamus umbratus (Nyl.) was also examined for 
changes in the signal after exposure to cobalt-60 y-radia- 
tion (dose rate 1,550 r./min), and Formica ezsectoides 
was analysed for effects of annealing on the spectrum. 
As expected for ante as living and as found in 
seeds and other biological objects"*, ante exhibited in 
the normal state already typical electron spin resonance 

i On the basis of these signals the investigated 
ante could be divided into two groupe: Group 1—speciee 
which showed a strong, relatively narrow signal in the 
free radical region (the quantitative determination of the 
g-value of the T'etramorium signal gave a value of 2-012) 
and a weaker signal in the g-value range of 8-5-4 (Fig. 1); 
Group 2—species which gave a strong 6-peak signal 
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covering & range of about 600 gauss with peak-to-peak 
distances of about 100 gauss, modulated by a more or lees 
pronounced signal in the free radical region (Fig. 2). 
Irradiation—studied in Group l ants—caused an in- 
crease in height of the signal, followed by a slow decay 
with time after irradiation (Fig. 8), and annealing, explored 
in ante of Group 2, changed the 6-peak signal dramatically. 
Annealing for 2 h at 104° O completely depressed the 
6-peak signal and enhanced the free radical region signal 
(Fig. 4), while samples treated more gently in the biological 
range showed smaller changes in the shape of the signal, 
which returned to ita original form after standing in air 
for several hours at room temperature. s 
Interpretation and identification of the obeerved 
electron spin resonance spectra are ble on the basis 
of existing data on some other biological objects, on 
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Fig. 1. Xeetron spin resonance pattern of normal ants. Group 1. 
Genera Lanus, Taramoriuwun, Pogonomyrmes 





Fig. 2. Mean pean Doak normaal anla: Group 2: 


Genera Formica, 
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Fig. 3. Hlsotron kpin rescnanos 
Pogonomyrmen. , Control ; 
t o, 90 min after exposure; d, 120 mtn after 


electron spin resonance studies in chemical and related 
systems as well as on survival studies with irradiated anta. 
The relatively narrow signal in the g = 2 area without 
pronounced fine structure observed in ante of Group 1 
peepee Tavera b]y een te renal ea for different 
of In the seed experiments this signal has 
been interpreted as the result of the interaction of several 
processes occurring in dormant seeds, and & similar inter- 
pretation may be possible in the case of ants the chemical 
system of which is quite complex. Randolph and Habert 
found in lettuce seeds a resonance with a g-value of perhaps 
4, but emphasized its qualitative nature and did not give 
an explanation for it. Newer studies by Maling e£ al.’ 
showed in nucleic acid complexes a signal with a g-value 
between 3-5 and 4, which could be related to iron. Cotzias* 
directed attention to the possible role of pigments in the 
genesis of the electron spin resonance spectrum. 

The response of the ant signal to ionizing radiation has 
its coun in electron spin resonance examination 
with seeds. Here also the signal changed after irradiation. 

ing doses caused increase in height of the signal 
(number of centres), followed by a slow decay 
of the signal end of the exposure. It would be of 
interest to investigate the relationship between the slow 
decay:of the mendi and the Dich eadiseammuaibe Gf adita, 
which in the case of T'eiramontum was found to be in the 
order of 124,000 r. for LD(95);,. 

The 6-peak signal found in ante of Group 2 idantifles 
iteelf by ite length (600 gauss) and the peak-to-peak 
distance (100 gauss) as the manganese signal attributed 
to the Mn++-ion’. This identification is supported by 
electron spin resonance investigations of living, manganese- 
. containing biological objects and biochemical-chemical 
asystems. Manganese-con' Ohlorela pyrenotdosa 

exhibits a typical manganese signal which is dependent 
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tod anis, Genera 


70 Gauss 
rH 


Fig. 4. iectrom spin resonance pattern of heat-treated ants. Genera 
Fores: Oniaponaieg A, Normal; B, heat-treated 
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exposure 
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on iron content and which changes 
reversibly under illumination”. Reversible 
annealing effects were observed in para- 
magnetic resonance of heat-treated 
manganous preparations where the Mnt- 
i weakened by the treatment, re- 
stored to its original form after standmg 
for several hours in air at room tempera- 
ture’, similar to the responses observed in 
the spectra of heat-treated Formica. 

The work by Cohn and Leigh!*, and by 
Mildran and Cohn, using the paramag- 
netic properties of manganous ion for the 
examination of interaction mechanisms in 
enryme-metal-substrate complexes, also 
invites speculation on the relationship 
between these proceases and similar responses in anta, 
which as living systems offer somo intriguing challenges 
to electron spin resonance research. 


he 


A. T. Kauss 
B. W. BENBON 
Walter Reed Army Institute of Research, 
Division of Nuclear Medicine, 
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A Direct of the Crab Carcinus to 
the ovement of the Sun 


ALTHOUGH it is at first t unlikely that a crab should 
take note of the direction of the Sun's movement directly, 
two lines of evidence already suggest this conclusion. 
Crabs follow with their eyes the movements of & striped 
drum which is revolved around them at even lower 
than one revolution per day’, and sev species of lower 
Crustacea" as woll as the Pacific shore crab Hem4grapsus* 
utilize some feature of the path of the Sun as & basis for 
directional escape movements in relation to the local 
direction of the sea. 

An advantege in working with the orab Carcinus is 
that it responds by eye movements to the movement of 
a single small light in a dark room. When the crab is 
firmly held by the carapace the crab’s eyestalks follow 
both horizontal and vertical movements of the light. For 
movements which subtend anglea of 0-02° to 1-0° at the 
crab’s eye at & lamp velocity of 0-01°/sec the horizontal 
movement is 5-45 per cent of the light’s movement in 
the horizontal plane. The used (1-5 V, 45 m.amp, 
‘Pinlight’, Kay io Co., Fairfleld, New Jersey) gives an. 
illumination, of approximately 0-0005 lux on a surface in 
the position of the crab’s eye. Further work is being 
carried out to analyse the main attributes of the 
to gmall lights, but the figures given here make it evident 
that the crab's visual system is quite able to respond 
ee e Api e E EE 

some of the brighter stars. 

Tyee E of the Bun has oontinuously 
changing horizontal and vertical components, the straight- 
forward demonstration of the crab’s response in the 
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horizontal plane has been restricted to the position at 
noon on midsummer day when the rate of change of 
altitude of the Sun through zero and the rate of 
change of azimuth (which is the projection to the hori- 
zontal plane) was 25-8°/h at Ht Andrews (lat. 56? 20’). 
Movement of the crab’s eye was recorded with a light 
backwardly directed flag (weight 3 mg) mounted on the 
eye, and the flag moved over & horizontally mounted 
photocell (Texas, type I49.221). The crab’s carapace was 
clamped facing due east at the inclination typical of 
normal posture, so that the Sun’s azimuth moved from 
front to back across the right eye. The left eye faced a 
large sheet of black p which oontinued right around 
the Grab so ilias: apart front tio BLODOCE for bie recdedina 
photocell at the rear end of the orab, no contrasting 
objects were present in the visual field exoept tho hori- 
zontal artificial horizon so formed. This is essential for 
the experimental demonstration, because any contrasting 
object in the visual field cute down the movement of both 
eyes, though the apparent velocities are greater for eyes 
which do not follow the moving object. J 

The horizontal movements of the right eye in the 
situation already described are shown in Fig. 1 with the 
movement of the Sun’s azimuth drawn ae & contmuous 
line at half the vertical scale. As in the response to a 
striped drum, the.eye movement is slower than the Sun's 
movement, being 10—40 per oent of it when few stationary 
contrasting objecta are in the visual field. 
movements truly arise from the Sun was shown by 
reversing the apparent movement with a mirror. To do 
this, the Sun was shaded from the right eye by a large 
piece of black paper and & mirror to the north of the 
Sab was used’ to detlacb the Barra raya on to holan oye. 
For the crab as a whole the motion is then reversed and 
the right eye is driven by the movement of the left eye. 
The response fails when the Sun is altogether shaded from 
the eyes for a short time, ae in Fig. 1. 

The latency of the response to the movement of the 
Sun, and therefore the minimum time taken by the 
animal to realize ita escape direction, is near 10 seo of 
time, as shown by direct measurement from the records 


of the eye movements. This means that a movement of - 


the Sun of 2 min of aro is necessary before & response is 
apparent above the noise-level, which is mainly caused 
by tremor of the eyestalk muscles. 

The function of this response is not known. The 
reaction may be no more than & useful indicator that the 
animal can peroeive the celestial movement directly. A 
possible relation to the ability of the orab to make towards 
the sea‘ when stranded on land is suspected but not yet 
proved. The horizontal movement of the eye cuta down 
the horizontal movement of the Sun across the eye, so 
that the rate of change of altitude of the Sun becomes a 
relatively more pronounced variable for the crab. This 
is for two reasons: first, because vertical eye movements 
take place over a limited range of about 5° in the arab; 


0 


0-1* 





NATURE 


That the - 


September 25, 1965 von 207 


the eye then fails to make any more vertical response so 
that the vertical component of the Sun’s speed becomes 
the vertical alip speed; and secondly, because the vertical 
component of the Bun's movement is too slow during 
most of the day to elioit & following movement by the 
eye. If efficient horizontal optomotor reduoe 
or eliminate the horizontal component the celestial 


movement, the change of Sun’s altitude remams aa the Y^ 


feature which stimulates the in succession across 
the retina. Measurement of rate of change of altitude 
requires & reference to the vertical and for Carcinus | 
regulation by the statooyst reflex in the pitching plano 
results in an eye movement of only about 1° for a 10° 
displacement of the arab's body on its transverse axis. 
For an animal without sense of time of day an error of * 
+1°/h in estimation of the vertical velocity of the Sun 
in summer would result in an error of approximately 
+ 9° in the estimation of direction of escape relative to 
the Sun’s azimuth at that moment. By using such a 
method the animal oould substitute the Moon for the , 
Sun with & further error which is at most equal to the 
inolination of the two orbita, 5-18°. Such a mechaniam 
would also explain the orientation of the shore amphipod 
Talitrus saltator by moonlight! without reference to an 
intrinsic lunar rhythm. More sophisticated navigational . 
abilities are not known im Crustacea; but it ia possible ` 
that other animals which move towards home or in definite 


compass directions have the crab’s ability to follow rather* 


accurately the celestial movements. 


Gatty Marine Laboratory 
and Department of Natural History, 
University of 8t. Andrews. 


, Horridge, G. A., and Sandeman, D. O., Proc. Ray. Soo., B, 161, 216 (1964). 
L., and F., The Phyriotogy Crustacea, Waterman, 
T. H.,8, 365 do Proms, 1 1). v eer 
* van Tots, G. F., Untversity of Brit. Oolumbta thesis (1966) (quoted in ref. 2). 
t Dowewina, A., O.R. Soe, Biol., 64, 1009 (1908). 
* Papi, F., tn Cold Spring Harb. Symp. Quent. Piol., 9%, 475 (1960). 
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Cercosporella herpotricholdes Fron on 
Gramineous Hosts in Ireland 


Cuma To factors are known to affect greatly the pre- 
valence of cereal eyespot caused by Cercosporella herpo- 
trichoides, leading to greet variation in disease intensity in 
different seasons. The work of Sprague! shows that sus- 
ceptibility of various gramineous species is a function of 
the environment; many grasses became infected in near. 
optimum greenhouse conditions, whereas only a few ies- 


were found to be naturally infected during an intensive _ 


7-yeer search in the north-western United Btates. Theee 
included Bromus and Agropyron species. Agropyron 
repens, however, was uninfected in the fleld though 
susceptible in the greenhouse. The very pronounced : 
climatic effect on disease incidence and on the host range : 
of the causal agent is shown by the prevalence of eyespot 
on spring-sown cereals in Scotland compared with the ' 
drier parts of southern England’, and on oat arope in the ` 
humid conditions prevalent in Ireland’. There are few 
records of the natural oocurrence of Cercosporella herpo- 1 
irichoides on grasses in Europe, but in Holland the " 
organism was isolated from Alopecurus myosuroides, Poa € 
pratensis and Apera spica-venti*. Hosta found in Finland . 
included Festuca and Poa species as well as Alopeourus 
pratensis and Agropyron repens*, while an isolate was 
obtained from Agrostis stolonifera at Rothamsted’. 

In the Columbia Basin in the United States some of the | 
prevailing grasses are claimed to be native hosts of this ' 
funguse!. The role of possible susceptible pasture and weed ^ 


grasses in the more disease-prone areas of Europe cannot ' ^s 
be overlooked. Such grasses could increase the inooul c 


E 


level in the intensive cereal-producing districte while being . ' 


the main if not the only factor responsible for survival of : 
the fungus where cereals are grown infrequently. 


r 
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During the summer and autumn of 1961, 1962 and 1964, 
itudies ware made of the incidence of eyespot infections on 
pases in Ireland. Various grasses were collected in and 
\djacent to eyespot-infected wheat crops. Stems showing 

esions were surface-sterilized and plated on potato dex- 
zo ae, When a fungus resembling Cercosporella herpo- 

grew from the tissue, disks were obtained from 
Jure culture and set to sporulate for identifloation. - 

Other than the cultivated cereals the only species found 
nfected in 1961 and 1962 was Agropyron repens (couch 
zrase). The only occurrence of the fungus on couch in 1961 
was from an intensively cropped Co. Kilkenny wheat 
feld, where one infected plant was found among 840 
examined. This isolate, grey-black in colour, was darker 
than 12 isolates obtained from wheat, these varying from 
medium to very light grey. This colour difference per- 
sisted when the isolates were grown on different media and 
re-isolated after cross-infection on to wheat and couch in 
the greenhouse. In comparative studies on the isolate from 
Agropyron repens and a typical isolate from T'rittoum 
vulgare is was found that the latter had a somewhat 
greater growth rate (though not significant at the 5 per 
cent level), that it sporulated more rapidly on colonized 
cat grains, and caused earlier lesion development on wheat 
seedings. There was no significant difference between 
spore length measurements of the 2 isolates. The isolates 
were campared for pathogenicity on Agropyron repens and 
‘Tritioum vulgare in a replicated experiment (Table 1). 

The couch isolate was significantly more pathogenic on 
couch at the 0 1 per cent level than was the wheat isolate, 
while the greater resistance of couch than wheat even to 
the isolate from couch was significant at the 1 per cent 
level. 

In 1962, Cercoeporelia herpotrichoides was isolated from 
Agropyron repens from wheat flelds in counties Wexford, 
Waterford and Carlow. In all cases fewer than 5 per cant 
of ahoote were infected, but the isolates in culture were 
variable in colour and indistinguishable from isolates ob- 
tained from wheat. It was not possible to undertake 
pathogenicity studies. 

In 1064, a severe eyespot year, a high incidence of 
infected repens was found m wheat crops 
examined in oountiee Meath, Waterford, Wexford and 
Carlow. The pathogen was also isolated from Avena fatua, 
Lolium perenne, Phloum pratense and Oynosurus cristatus. 

A detailed study was made of an intensely couch- 
infested plot in Co. Waterford on which the fifth suoceesive 
wheat crop was grown. On August 15, 6 random samples 
were taken using a circular hoop 18 in. in diameter. From 
each sample all wheat and couch stems bearing lesions 
were plated for subsequent identification of causal agents 
(Table 2). 

Leeioned straws of wheat and couch not containing 
Oercosporella most usually bad Rhizoctonia solani, Fusa- 
rium oulmorum or an unidentified Basidiomycete. The 
fact that the wheat straws were senescent by the time of 
isolation and may have been dominated by secondary 
organisms, whereas the couch shoots were still green, may 
be partly responsible for the practically equal recovery 
rate of O. herpotrichoides from couch and wheat. The 
result, nevertheless, illustrates the hitherto unrealized 
potential of a common species other than the cultivated 
cereals to act as host m a season favourable for infection 
in Ireland. 

Table 1. MRAN PERCENTAGE INFECTION OF WHEAT AND COUCH STEMS BY 
ISOLATES OF Oorcoeporsila herpotrichoidss FROM WHEAT AND OOUOH 


Control 
Standard error of means =? 1 


“Table 2. Muay PERORWTAGE EYREPOT IMFEOTIOX OF Ô BAMPLEe oF Wout 
AND OOUOH FROM 4 OOUCH-INFESTED W. 


Percentage infection 
Standard error of means = 4 0 
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While strain examination of isolates collected in 1964 
has not yet been made, the existence of different patho- 
genic types of the fungus shown in the 1961 studies cannot 
be ignored, more especially m view of the susceptibility of 
wheat. Different pathogenic forms of this organism rela- 
tive to host specificity have been reported to date else- 
where*.^*, Furthermore, the existence of a typical wheat 
isolate at least samewhat pathogenic on couch, depending 
on climatic conditions, illustrates the danger of higher 
levels of inoculum, resulting from narrow as well as broad 
host range types on grasses, within areas and during 
seasons conducive to disease development. 

In tillage rotations and short-term leys the inoculum 
may be mainly in the form of oolonized debris of the 
earlier-infected stubble crops. This is scarcely the case 
after the ploughing-up of & twenty-year-old pasture where 
the second -sown cereal on such ground often suffers 
severely ind th e first may have moderate infection. The 
possible role of ths pereo hase da Graminice dh. gone 

to the inoculum-level requires thorough examina- 

on of the numerous unsown and wild species often found 
in such old pastures. The findings in the present studies 
are particularly relevant since eyespot lodging in cereal 
flelds is often more pronounced within about 20 yards of 
the fence where there is greatest abundance of weed 
grasses such as couch. 

P. C. CUNNINGHAM 
Agricultural Institute, 
Oak Park, 
Carlow, 
Ireland. 

1 Spragus, R., J. Agric. Res., 53, 659 (19085). 
1 Hynne, AL D., Ana. Appl. Biol., 83, 1 (1946). 
* McKay, B., Loughnane, J. B , and Kavanagh, T., Nature, 177, 103 (1960). 
* Oort, A. J. D., Tujdsohr. PiFiekt., 4$, 179 (1090). 
* Hardh, J. E., Valt. Maatslowsbos Julk , 140, 152 (1953) 
* Giynne, M. D , and Oox, J, Rep. Hotkemst. Bey. Sta., 108 (1958). 
M D., Rep. Rothamst. Exp. Sia., 186 (1051). 
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Petrichor and Plant Growth 


Ir is commonly believed that the advent of rein in 
regions long subject to drought or desert conditions is 
followed by an abnormally rapid response in natural seed 
germination in the areas concerned. As such climatic 
conditions are universally favourable to the accumulation 
and liberation of petrichor! from clays and other silicate 
minerals, as components of soils, it seemed possible that 
some of the substances which acoompany the argillaceous 
odour of petrichor might favourably influence the ger- 
mination of seeds. Our i te have shown that 
there is & marked effect but that it is unexpectedly 
characterized by a retardation rather than an acceleration 
of germination and early plant growth. It was observed 
that minute amounts of the oily extracts prepared from 
various mineral sources significantly delayed the germine- 
tion and growth of creas, mustard and mixed gress seeds. 
Further, it was found that seeds, shown on moistened 
kaolinized granite or other source material which had 
been previously exposed to the atmosphere under the 
warm, dry conditions necessary for the development of 
petrichor, took longer to germinate and had a slower 
growth rate than seeds sown on source material that 
had not been exposed or that had been steam-distilled 
and oven-dried before use. An period of 2-3 
weeks at 60°-75° F with a relative humidity of leas 
than 70 per cent was sufficient to produce a small differ- 
ence in growth rate. This inhibitory effect inoreaeed 
with prolonged exposure of the source material. 

Tso? has shown that fatty acida will inhibit the auxiliary 
bud development of Nicotiana iabaoum planta and that 
the methyl esters of acids C,-O,, were particularly 
effective in this capacity. 
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The acid fraction of petriehor-oontamnmg extracts, 
which has been in some detail, consists of a 
series of normal fatty acids C.-C, (ref. 8) and & number 
of nitrophenolic oompounda. Identification of the latter 
has not yet been completed, but as relatrvely substantial 
amounts of the acids Os, C, and C,, are present, the 
extracts were fractionated and the basic neutral and acid 
portions tested separately for growth -Tegulating properties. 

The tests were made by treating & layer of cotton wool 
in & Petri dish 3-75 in. in diameter with a light petroleum 
(b.p. « 40° O) solution of the fraction in question. The 
petrol was allowed to evaporate at room temperature, 
after which the cotton wool was moistened with 80 ml. 
water and sprinkled with seeds. The germination and 
growth rates of seeds on test trays were compared with 
those of seeds on control trays where light petroleum 
only had been added before watermg and seeding. 

When 1-2 mg of test samples were used (that is, 30— 
70 p.p.m. of water added) all three fractions decreased 
the growth rate of crees, mustard and grass seeds, but 
the effect was much stronger with the basio fraction and 
with some acid fractions. 

Fig. 1 compares the effect of 2-5 mg of & crude bamo 
fraction on creas seeds (No. 11) with an untreated tray 
(No. 12). In this case the cress withered and died before 
reaching maturity. 0-6 mg of basic fraction (20 p.p.m. 
of water) was sufficient to retard growth by 24 h or 
more, but did not otherwise alter the habit of growth. 
When & pasture mixture of perennial rye grasa, wild 
white clover, ladena clover, oockafoot, cowgrass and 
Phalaris was treated with the basic material, the foliated 
species—which germinate several days earlier than the 
grassee—were slow growing and remained stunted, but 
the grass after germination grew strongly. 

The nitrophenolio compounds were separated from the 
fatty acids by ifying the acide with & 12 per cent 
solution of BF, m methanol and ing the acidic 
nitrophenolio compounds from a light petroleam solution 
of the esters with sodiam hydroxide. The nitrophenols 
were recovered from the acidified aqueous alkali by extrac- 
tion with petrol. The ahoot growth of all seeds tested 
ju raded atis br 0.6 Ge cruce et e Oe 
nitrophenols, while root growth, particularly in the case 
of , Was very vigorous. 

ference samples of stearic and palmitic acid when 
applied in amounts of 1-2 mg did not produce any 
noticeable retardation, but the same quantity of ootanóio, 
nonanoio and deoanoio acid did so. The methyl esters 
of the combined acids and & reference sample of methyl 
nonanoate tended to increase growth rates. This suggests 
that in this instance the inhibitory effect of acids may 
be a function of pH. 

Petrol solutions of the total petrichor extracta and 
neutral fractions aged on ing & few weeks and lost 
their potency. This could result from either oxidation 
or interaction of the compounds in solution, bur as the 
isolated baso and nitrophenolio fractions did not age 
readily, interaction appears to be the major factor. 

It can be seen that the growth-regulating properties of 
these extracts are not due to a amgle inhibitory principle 
or to the acids alone, but to the combined action of a 
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number of components in the mixture. As the oom- ~ 


position of extracts from source materials exposed in 
widely separated areas has been found to be mmilar, ıt 
seems likely that oompounds associated with the formation 
of petrichor will have a signifloant effect on seed germina- 
tion and early plant growth in areas intermittently 
subjected to prolonged dry periods. 


I. J. Baar 
R. G. THOMAS 
C.8.I.R.O. 
Division of Mineral Chemistry, 
Melbourne. 


! Bear, L J., and Thomas, B. G., Nature, 201, 003 (1004). 
* Teo, T. O., Nature, 208, 511 (1064). 
* Bear, I. J , and Kranz, %, Austral J Chem.,18, 015 (1965) 
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Use of Streptomycin in the Separation of 
Nucleic Acids from Protein in a Bacterial 
Extract 


Ir is well known that in bacterial extracts, in contrast 
to extracts from animal tissues, nucleio acids interfere 
markedly with the isolation and separation of proteins, 
for example in chromatographic separation on substituted 
cellulose columns. Protamine sulphate and manganese 
chloride’ have been used to precipitate selectively nucleic” 
acids from the protein; these methods have often proved 
difficult and have resulted in much loss of protein. More 
recently, streptomycm or dihy 


protamine sulphate 
method was found to be unreliable due to lack of repro- 
duoibility, even under rigidly controlled conditions. 
Accordingly, the streptomycin method was investigated. 

The ratio of the 280 to 260 
indication of the protein: nucleic acid ratio. In the 
untreated extracts L. plantarum this ratio is usually 
0-55 to 0-57. Substantial removal of the nucleic acids 18 
indicated when the ratio is above 1-0. For purposes of 
comparison, & 280/260 my ratio of 0-7 is equivalent to 
about 0:12 mg nuoleio acid/mg protein, and a ratio of 1:0 
to about 0-033 mg nuoleio acid/mg protein*. However, 
as these are only approximate, it is conmdered 
better to use the 280/260 my ratio. 

The bacterial extracts were p in a Linnane 
blendert. The protein obtained 
ammonium sulphate to 80 per cent saturation was 
dissolved in 0-1M phosphate buffer, pH 7-0, and dialysed 


a 


~~ 


my &beorbance gives an ^ 


y the addition of oí 


in a rotary dialyser against about 1,200 times the volume - 


of 0.0016 M phosphate buffer, pH 7-0, at 5°C. This 
dialysis step was found to be of crucial importance and , 
&ooordi & highly efficient dialyser was constructed. 
With this apparatus and using ‘Visking’ dialysis tubing 
size 8/82 in., equilibrium was achieved for small ione ^ 
(for example, PO,*, 80,*-, Nat eto.) in about 3 h. Thus, 
the buffer was changed after tho first 3 h of dialyms and 
dialysis continued for a further 28 h. 

The precipitation of nucleic acids with 
streptomycm, depends on the salt concentra- 


mation, the salt concentration is inversely 
proportional to the specific resistance of the 
solution. At intervala the extract was 
removed from the dialyser and its specific 
resistance measured with a Philips con- 
ductivity meter (type GM 4249/01) and cell 
(PER 9510/00) at 0° C. Fractions of the 
extract were then diluted to 10 mg protein/ 








ml. with dinlysing buffer and streptomyoin 
sulphate (10 per cent w/v solution, pH 7-0, 


tion of the solution*/* and, to a first approxi- : 


a 


à- 
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Evans Medical Australia (Pty.) Ltd.) 
amounte indicated in Fig. 1. The extract was stirred 
continuously with a magnetic stirrer and kept at 0°C 
during the slow addition of the streptomycin. The 
solutions were then centrifuged and the absorbances of 
the supernatants at 280 and 260 mp were measured in & 
Unicam 'S.P. 500’ spectrophotometer. 

Fig. 1 shows that the degree of selective precipitation 
of nucleic acids depends on the salt content of the 
solution. As the salt concentration is lowered, and the 
speciflo resistance rises, so the degree of selective precipi- 
tation improves. The optimal salt concentration depends 
on the salts present*:* and probably on the source of the 
extract as well. 

Two additional features were noted in these experim- 
ente: (D The precipitetion is not affected over the pH 
range 6-0 to 8-0. It should be noted that this is most 
probably due to the very low concentration of phosphate 
buffer used. Donovick e al.* found that the precipitation 
of DNA by streptomycin could be prevented by phosphate 
buffer and the concentration needed was dependent on 
pH. However, their concentrations of phosphate 
were about 10 times higher than that used here. (2) The 
higher the amount of streptomycin added, compared with 
the protein content of the extract, the amaller the loss of 
protein. With the specific resistance of the extract= 
26-8 x 10°Q, and the ratio of mg streptomycin sulphate/mg 
poe = 0-5, the loss of protein was 35 per cent using the 

iuret method, and when this ratio was 1-0 the loss was 
24 per cent. This latter figure compares favourably with 
the best resulta obteined by the older protamine sulphate 
precipitation method’ and is more easily reproduced. 

At concentrations of streptomycin sulphate greater than 
5 mg/mg protein, the 280/260 my. ratio of all extracta 
approaches a value of 0-9 (see Fig. 1). The reason for this 
may be that at these concentrations of streptomycin, 
relatively more protein than nucleic acids may be precipi- 
tated than at lower concentrations. This point was not 
checked, as the biuret estimation is unreliable in the 
presence of high amounts of streptomycin and the use of 
the absorbance at 280 and 260 my to estimate protein”? 
is too inaccurate while this ratio is changing. 





Ing streptomycin sulphate/mg protein 


ig} dpa A lo plored TES 


a 
(BR), 1:12 x10°2; e, BR, 595x100; A, 


ws 10*0; 
26-3 x 10*0; ab Ano s A 
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Thus the use of streptomycin sulphate in the selective 


precipitation, of nucleic acids from bacterial extracts, as 


outlined here, appears to have many advantages over 
the older eSa. These include reproducibility, moder- 
ately low logs of protein, pH independence, combined witb 
a convenient method of monitoring the crucial dialysis 


We thank Dr. K. Rienite and Mr. J. Barrett for advice. 
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Culture In vitro of Giardia Trophozoites 
from the Rabbit and Chinchilla 

Giardsa may well rank among the earliest described 
intestinal protozoa.  Dobell: contends that these were 
the organieams that Leeuwenhoek in 1681 described from 
his own faeces. Giardia may cause intestinal disease in 
man, The presence of large numbers of these organisms 
in the small intestine is often associated with a syndrome 
that includes diarrhoea, epigastric pain and loss of appe- 
tite. Oral administration of atabrine usually results in 
ihe prompt leper ence in T aes ot 
organisms. iardia are also thought to be a cause of 
enteritis in ohinohillaa?. 

The genus Giardia includes a variety of binucleate 
flagellate protozoan paramtes which inhabit the intestinal 
tract of mammals (including man), birds, reptiles, 
&mphibia and fish. G+tardia oocur in trophozoite and cyst 
form. Each trophozoite has eight and a sucki 
disk, with which it attaches to the epithelium of the 
intestine of ita host. Metamorphosis to the cyst form 
oocurs as trophozoites are swept down the intestme. It 
is as cyste that these organisms are transferred from host 
to host. Exxoystation takes place after swallowed cysts 
reach the small intestine. In a suitable environment, 
trophozoites multiply repeatedly by binary flasion. 

Despite their ubiquity, antiquity and possible patho- 
genicity, no member of the genus Giardia had been 
cultured in vitro until quite recently. In 1960, Kara- 
petyan* described a method with which he had cultured 
Giardia trophosoites from man for seven months. 
Karapetyan established his culture in a complex medium 
in the presence of chicken fibroblasts and Candida 
gulliermondé. Once the Giardia were established, they 
continued +o multiply even though the fibroblasts died 
out and were not replaced; in the absence of Candida, 
however, the Giardia failed to survive. Later, Kara- 

4 reported culturing Giardia trophozoites from 

the rabbit for five months in a complex medium to which 

cerevisiae was added at the time of 

inoctlation; fibroblasts were not used. This report 

concerns our experience with Karapetyan’a method of 

culturing Giardia trophozoites; to our knowledge no 
other workers have reported any attempts to use it. 

We have not been able to culture Giardia from the 
rabbit using Karapetyan’s method. Repeatedly, many 
trophozoites persist in the culture tube for 4 to 7 days, 
after which time their numbers decrease; no tropho- 
zoite survive more than 11 days. 
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Karapetyan's method involves an initial addition of 
yeast to the culture, then the daily replacement of two- 
thirds of the culture fluid with fresh medium. Reasoning 
that @ certain number of metabolizing yeast may be 
necessary for Giardia survival, and that Karapetyan’s 
strain of S. cerevisiae may have differed from ours in 
multiplying more rapidly in this medium, we modified the 
method by daily adding viable yeast as well as cul 
medium. This modification proved successful; using it, 
we have cultured Giardia trophozoites from the rabbit 
for 18 months, and Giardia trophozoites from the ohin- 
chilla for 14 months. Our success suggests the possibility 
that theee two organisms oan be cultured indefinitely 
with this method. í 

Giardia trophozoites for inocula were obtained from 
animal intestine with both the methods fully described 
by Karapetyan‘. Btook cultures were kept and examined 
in 16 x 126 mm Leighton type tissue culture tubes (Belloo 
Glass, Inc., Vineland, New Jersey) plugged with silicone 
rubber stoppers. Organisms to be examined with the 
oil Immersion objective or the phase mi were 
cultured in tissue culture chambers of the type developed 
by Rose’. The procedure for the establishment of cultures 
is shown in Table 1. 


Table 1 
Dey Removed from tube Added to tube 
0 — 2-0 ml. Karapetyan's medium Mo. 1 (K) 


1-0 mL K 
0-1 M NaHOO, to bring pH to 7-2-7-4 
2 2-0 ml oulture fuld 10 mL K 

64 M KEHOO, abore, if 

as neccesary 

8 17 ml culture ftuld 1-5 ml. K 

0-2 mi. Y 

0-1 M. XaHOO, as above, if neccesary 
The procedure used on day 3 is used on all subsequens days. 


As described by Karapetyan‘, medium No. 1 contains 
chick embryo extract, human serum, a tryptic meat 


digest and Hanks’s solution. The yeast suspension is 
made by dispersing one loopful of a 48-h culture of 
S. cerevisiae m 8& Babouraud dextrose agar alant in 


1-0 ml. of medium No. 1. Incubation temperature is 37? C. 

The trophozoites attach to, and eventually completely 
populate, the flat inner surface of the Leightan tube. 
This surface is scanned microscopically each day, and the 
approximate number of organisms per low-power field is 
noted. Tubes which contain about ten trophoraitee per 
low-power fleld on the day after inoculation often have 
about 1,000 trophozoites per low-power fleld 5 to 8 days 
later. Culture fluid from such tubes contains many 
trophozoites and can be used as mooulum to make 
subcultures by the method described above. The forma- 
tion of Giardia oysts has never been observed in 18 months 
of daily examination. 

We have tried repeatedly to maintain established 
cultures of Giardia trophozoites in Karapetyan’s medium 
without added viable yeast. Consistently, the Giardia 
in such cultures have died in 1-2 weeks. Resumption of 
daily additions of yeast to tubes almost devoid of tropho- 
zoites results in vigorous growth and division of the 
protozoa until many thousands of the organiams are 
present per low-power fleld. We have tested three 
strains of S. cerevisiae in the above system. When added 
daily, all proved capable of supporting the growth of 
Giardia. No yeast derivative that we have tested will 
substitute for the living yeast in this system.  Mor- 
phologically, Giardia trophozoites from the rabbit p 1) 
and chinchilla are indistinguishable. Organiams m 
both animals average about 8 mo in width and 13 mo in 
length. Considerable sire variation is observed, since 
many of these organisms are in the process of division. 

The culture of Giardia trophozoites in vitro, described 
here, is one step in an effort to culture members of this 
genus arenically. Though there are obvious limitations 
to the amount of physiological information to be obtained 
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from Giardia growing in mixed oulturee, it is, nevertheless, 


possible to investigate a number of characteristics of X 


these organisms, such as morphology, response to chemo- 
therapeutic agente and preservation at low temperatures. 
We thank the Modioal Reeearch Foundation of Oregon, 
Ino., for grants in aid of this work, and Judith Chadd 
and Loraine Schwartz for their help. 
EnNnsr A. Mayan 
Department of Bastenology, 
University of Oregon Medical School, 
Portland, Oregon. 
Barry L. Pora 


Oregon Regional Primate Research Centre, 
Beaverton, Oregon. 
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t Karapetyan, A. H., J. Parantol., 48, 887 (1062). 

' Rose, G , Texas Repts. Biol. ond Mod., 19, 1074 (1964). 


GENETICS 


Atypical Duffy Blood Group Inheritance and 
Chromosome Abnormalities 


p 


Baikie, Garson and Birrell report in the following he 


communication their disoovery of a child who was & 


mosaic of cells trisomic for a chromosome of the group x 


17-18 and cells trisomio for a chromosome of the ; 
18-15. Three ocells of a total of 60 were trisomio for 
both chromosomes. The child had many congenital |: 
abnbrmalities most of which are associated with trisomy `- 
17-18, but microphthalmia and ór prominence of . 
the heels which occur in trisomy 13-15 were also present. : 
Table 1 shows the blood group results obtained by 


one of us (R. T. 8.) on blood samples from the father, ' 


mother and child. 


Table 1 

ABO MNSs Bh P, Le Fyt By K Jk* Lot Io? 
Mote AB Mie RhRh p I * p 2 oi - t 
Ohüd Ai Ws Rhah + - — 4 DÍ L i 


An abnormality of inheritance of the Duffy group was 
found, in that the father was apparently Fy(a+b—), the 
mother Fy(a—b+) and the child Fy(a—b+). Thus, 
while the father appears to carry two Fy* genes, the 
child is Fy(a—). 

The present finding is the sixth reported observation 
of an anomaly of the Duffy blood group inheritance in a 
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family in which chromosomal abnormality also occurred. 
The first report was that of Chown, Lewis and Kaita!, 
who found, among 22 families with a mongol child, 
three with atypical inheritance of the Duffy blood group 
system. One of the families also showed a possible 
abnormal inheritance of the ABO system. In all three 
. families & parent of the phenotype Fy(a+b—), whose 
[ora oce cian DS omod. 10 De eo n 
at least one Ey(a—b-F) child, while agglutination 
times indicated that some of the Fy(a-- b —) individuals, 
both parents and children, had only a single dose of Fy. 
Only one mongol had been recognized in each of the three 
families studied by Ohown e£ al. and the anomalies of 
blood group inheritance were not found in mongol off- 
spring only. It was thought poeeible that there may be a 
genetic factor affecting the expreesion of a Duffy gene, 
and perhaps an ABO gene too, which may -predispose to 
non-disjunction of chromosome 21. The same authors! 
have since reported results in 58 more families with a 
mongol propoaiun, among whom they found two more 
families with the same anomaly. The parents 
whose red oells had reacted as Fy(a+b— ) were later 
re-tested with a very -titre in 
serum and a very o cae Psi se y ots 
reaction resulted. Tiwas then chow that aftak BOARGE 
the same red cells with the potent anti-Fy> serum an 
eluate could be obtained which reacted specifically as 
Canti-Fyb. It thus appeared that the ooourrenoe of 
non-diajunction affecting chromosome 21 may be related 
in some families to either suppreasion of Fy> or the 
presence of another allele in the Duffy blood group 
system. 


In the present family the father's apparently F'y (a +b —) 
sd alla vere cetatulle me center wit: both aieo and 
incomplete potent anti-Fyb sera using three techniques, 
namely indirect Coombs, agglutination enhancement, and 
elution. The presence of a small amount of Fy> an 
was indicated by each of the three methods used. 
findings are thus analogous to those of Chown e£ al. The 
important difference is that in the present family non- 
disjunction involved chromosomes other than chramo- 
some 21 and occurred several times, if not a great many 
times. The possible association between errors of cell 
division giving rise to chromosomal abnormalities, and 
atypical inheritance of the Duffy blood group system, is 
thus strengthened. 

Race and Sanger? presented details of six Caucasian 
families whose Duffy phenotypes could not be explained 
by the genes Fy and Fyt alone. Two of the anomalies 

‘relate to ote Benne ae Fy(a+b—) and did not 
; transmit Fy* to some children, while in three others, 
one parent who was Fy(a—b-+) did not transmit Fyb as 
expected. In the sixth Caucasian family living in Texas, 
,& son was found to be Fy(a—b—) and there was no 
'known Negro ancestry. Race and Sanger consider that 
wa Fy(a—b—) condition must be present in Caucasians 
that the genetical background is the same as that 
responsible for the Fy(a—b—) type commonly found in 
Negroes. The Fy(a—b—) type has also been found in 
Yemenite and Iraqi families by the same authors. 
. We have ourselves, like Chown e£ al., been able to 
prove that a parent apparently Fy(a+b—) who did 
‘not transmit Fy* did, in fact, posees some Fy> antigen 
i demonstrable only with potent anti-Fy> antisera, and 
, using special techniques for its detection. It would appear 
| that the male parent of the present doubly trisomic baby 
; possesses a third Duffy allele or, alternatively, the expres- 
sion of Fy% in the child has been suppreased either as a 
consequence of the chromosomal abnormalities, or possibly 
as a concomitant of a special liability to errors of oell 
_ division. This last possibility is in accord with the 
“finding! of anomalous Duffy inheritance in individuals 
who were themselves of normal chromosome constitution. 
The present observations do not.allow us to choose 


between these possibilities, and the study is proceeding 
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to determine whether the male parent a Duffy 
antigen which can be shown to be identical with any of 
the low-frequency blood antigens not at present known to 
be part of any particular blood group system. 


R. T. SUMMONS 
Commonwealth Serum Laboratories, 
Melbourne, Australia. 
A. G. BANM 


O. MARGARET Ganson 


University of Melbourne Department 
of Medicine, 
St. Vincent’s Hospital, 
Melbourne, Australia. 
1 Obown, B., Lewis, M., and Kaita, H., Amer. J. H: 
3 Chown, B., Lewis, M., and Kaita, FL, Amer. J. H 
Be np ee aod ener, Iu DNE Groupe aes Men; CHR ewe OLDE, 


' Mosaicism for Trisomy 17-18 and Trisomy 
13-15 in Man 


'Tamoxv for two chromosomes of the normal chromo- 
some lement has been found in several human 
subjecta. chromosomes most often involved in these 
double trisomic states have been the X-chromosome!! 
and chromosomes of the pairs 13-15, 17-1814 and 21. 
In addition, male subjects with 48 chromosomes have 
been described in whom one extra chromosome was an 
X-chromosome, giving the sex chromosome constitution 
XXY, together with true trisomy for an &utoeome!'*. 
Hitherto, trisomies 19-15 and 17—18 have not been found 
in one individual and all the cases of double 
trisomy have apparently had only one cell line. 

We recently examined a new-born female child with 
multiple congenital abnormalities. Chromosome inves- 
tigations on cultures of peripheral blood leucocytes 
showed that of 60 dividing cells 39 were trisomio for a 
chromosome of the pairs 17-18 and 18 were trisomic for 
a chromosome of the group 18-15. Three cells had 48 
chromosomes and were apparently trisomic for a chromo- 
some of both these groups. Buocal mucosal cella were 
normally chromatin positive. Ten drumsticks were 
found in 4,000 polymorphonuclear leucocytes in the 
raices blood. It thus seems possible that the child 

eveloped fram a doubly trisomic zygote of 48 cbromo- 
somes and that loes of one or other additional chromo- 
some occurred very early in development. Since no 
normally constituted cells were found it seems lees 
likely that loes of the additional chromosomes occurred 
selectively and progressively throughout intra-uterme 
development. 

The child wes born at term after a normal pregnancy 
to a mother aged twenty-six who has had no other 
pregnancies. The father was aged thirty-one and has one 
normal child of a previous marriage. Both parents are of 
normal chromosome constitution. The obvious congenital 
abnormalities were mi left microphthalmia, 
malformed ears, folds of redundant akin and subcutaneous 
tissue around the neck, dislocation of the left hip, promin- 
ent heels, short and dorwiflexed great toes, and partial 
syndactyly of other toes. In addition, a loud systolic 
heart murmur was heard and the arms were held in the 
‘surrender ition’ with fingers flexed and the index 
fingers over. the others. Most of these abnormali- 
ties are associa with trisomy 17—18, the exceptions 
being microphthalmia and undue prominence of the heels 
which are commonly found in trisomy 18-15. The child 
died at the age of six weeks. At autopsy the heart had a 
high interventricular septal defect and the ductus arterio- 
sus was incompletely closed. The brain was not grossly 
abnormal apart from an unusually amall cerebellum. 

The results of blood examination of the parents 
and child indicate a poenib]o anomaly of inheritance of 
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the Duffy group system. These are reported in the 
previous communication. 
A. G. Banca 


O. MaARGAENT Garson 


University of Melbourne Department 
of Medicine, 
Bt. Vinoent's Hospital. 
R. G. Brg&ELL 


St. Vincent’s Hospital, 

Melbourne, Australia. 
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‘F A. Ji K. W., Miller, O. J., Mittwoch, U., Penrose, L. 8., 
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PSYCHOLOGY 


Learning in the Polychaete Nereis 


T= rapid withdrawal reflex of the polychaetes Nereis 
diversicolor, N. pelagica and Platynereis dumerilis habi- 
tuates rapidly to sudden stimuli, such as changes in 
illumination or mechanical stimuli, but if a foreign sti- 
mulus is interpolated in & series of stimulus presentations 
it is usually followed by greater reactivity to the original 
stimulus. Responses can sometimes be induced to sudden 
decreases in light intensity in completely habituated 
he by the interpolation of a single tactile stimulus. 

rocess of reflex sensitization has already been 
in the polychaete Mercierella enigmatical. 
dicet species of Nereis are tubiculous or burrowing 
animals which come to the ends of their tubes or burrows 
in order to feed. When feeding they are highly susceptible 
to attack from a wide variety of predators including fishes, 
seabirds and crustaceans. Habituation of the rapid with- 
drawal reflex is usually interpreted as allowing for a oom- 
promise between the conflicting needs of the animal: to 
respond to stimuli caused by predators but not to respond 
to repeated innocuous stimulation such as shadows caused 
by passing clouds and seaweed floating in the water*. 
Sensitization may be of biological importance because it 
enables habituated Nereis to react to a previously mno- 
cuous stimulus if there is a sudden change in the back- 
ground stimulation. 

Recently it has been shown that either sensitization or 
similar processes due to repeated stimulation by an unoon- 
ditioned stimulus (US) can be important in other learning 
situations. In procedures designed to demonstrate olas- 
sical conditioning and avoidance learning in Nerets the 
effects of the US have been responsible for modifications 
in behaviour which might otherwise have been interpreted 
as associative learning. 

Attempts to condition the rapid withdrawal reflex m 
N. diversicolor have been made by pairing a sudden change 
in illumination (CS), to which Nereis habituates, with an 
electric shock (US), which invariably elicits withdrawal. 
Controls subjected to the C8 alone habituate to it whereas 
worms subjected to a series of US—C8 pairi become 
more reactive to the CS. However a si effect can be 
produced by presenting the US between trials so that it is 
not paired with the CS (Fig. 1). Furthermore, controls 
habituating to CS presentations become more reactive if 
one or more groups of ten consecutive electric shocks are 
given between trials. Sensitization of the withdrawal 
reflex by repeated effects of the electric shocks is clearly 
a more tenable interpretation of these data than one of 
classical conditioning. 

The repeated effects of US stimulation have also been 
shown to have an important effect in a learning situation 
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L Heer, Ces yonma 1. skate 
t intensity (O8 during i pierde fies ee 


trio shock bes used as & UB: 
open ares U8 bs US between O8 presentations (continuous 
alone (broken hne). Standard errors are 


previoualy described by the author? in which individual 
N. diverstoolor, N. virens and P. oultrifera could learn to 


avoid an electric shock at the end of a ‘Perspex’ channel. : 


Worms introduced into the channel crawl rapidly to the 
end and continue to do so indefinitely as long as they are 
not punished in any way. However, the behaviour of 
worms given alight electric shocks, whenever they reach 
the end of the channel, becomes modified with training so 
that they either reverse in the channel before reaching the 
electrodes or refuse to crawl along it. It has now been 
shown that electric shocks given outside the apparatus are 
as effective in inducing this modifled behaviour as shocks 
received at the exit of the channel, and that shocks given 
to worms with no experience in the channel have the same 
effect on subsequent performance as shocks given in the 
apparatus. Strong tactile stimulation as a punishment has 
been shown to have a similar effect. Although an explana- 
tion of fatigue can be excluded because trained worms 
crawl actively outaide the apparatus and refusal itself 
often involves an active reversal by the worm, there is no 
doubt that the acquired behaviour cannot satisfactorily 
be regarded as associative learning. It is more likely to be 
the result of a process similar to sensitization of the 
reversal response, which is part of the worm’s normal 
tubiculous behaviour‘, and a meahaniam which inhibite 
forward movement in & confined space, such as a channel 
or burrow, when the worm is harmfully stimulated. 

The importance of sensitization and processes producing 
similar effects has yet to be evaluated. The effects of 
these processes oan be regarded as learning in the sense 
that they are modifications of the animal's behaviour as a 
result of experience but clearly cannot be regarded as 
manifestations of associative learning. Although similar 
processes have not been demonstrated in Nature, the 

ility of widespread sensitization and non-associative 
earning mechanisms in the lower invertebrates cannot be 
excluded. Indeed, it has already been suggested’ that tho 
conditioning claimed in flatworms! may be due to the 
sensitization effecta of electric shocks. A study of these 
processes may be valuable because they may have been 
important in the evolution of the more refined learning 
mechanisms of vertebrates and higher invertebrates. 


B. M. Evans 
Department of Zoology, 
University of Bristol. 
1 Ruler, F., Pull. Lab. Mari. Dinard, $0, 21 (1048) 
1 Nicol, J À. 0O., J. Mar. hol Ass. U K.,89, 808 (1060). 
* Hrane, 8. kL, Amim. Babas., 11, 172 (1068). 
4 Jamas, È. L, and Halas, H. B., Pryohol. Reo., 14, 1 (1064). 
* Thompson, B., and MoComal, J. V., J. Comp. Physiol, Psychol, 48, 65 
(1055). 
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